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Estimates of Selected World Mineral Supplies by Cost Range 

ELMER W. PEHRSON 

Table 1. Comparison of World Production and Estimated World Reserves of Various Metals and Minerals 

World production World reserves a 

Years supply at 
1\!Ietal or mineral Unit Year Quantity Quantity current rate of 

production 

IRoN ORE, iron content 
Actual . Metric tons 1947 91,000,000 19,000,000,000 200 
Potential. 57,000,000,000 625 

MANGANESE ORE, 50 per cent Mn 
ore equivalent. 1948 3,900,000 1,000,000,000 250 

CHROMITE, metallurgical, chemical, refractory. 1948 2,113,000 100,000,000 47 
Tu~GSTEN, 60 per cent \V03 1948 32,000 4,000,000 125 
CoPPER, recoverable content 1947 2,200,000 100,000,000 45 
LEAD, gross content . 1947 1,200,000 40,000,000 33 
ZINC, gross content 1948 1,800,000 70,000,000 39 
TIN, recoverable content . 1948 156,000 6,000,000 38 
BAUXITE, crude ore 1947 6,500,000 1,400,000,000 200 
PoTASH, gross content K 20 . 1948 3,000,000 5,000,000,000 1,600 
PHOSPHATE RocK . 1947 14,400,000 26,000,000,000 1,800 
PETROLEUM, recoverable 

Proved and indicated Barrels 1948 3,400,000,000 75,000,000,000 22 
Ultimate . 555,000,000,000 160 

CoAL, all types 
Coal equivalent . Metric tons 1948 1,510,000,000 5,165,000,000,000 2,200 b 

a See appendix for comments on sources and evaluation of estimates. 
b Allowing for 35 per cent loss of coal in mining. 

APPENDIX TO TABLE I 

Comments on World Reserve Estimates 

Iron ore: Estimates based largely on Harry M. Mikami's 
summary (Economic Geology, vol. 39, no. 1, Jan.-Feb. 
1944, p. 1). Some revisions by C. M. White (A. I. M. E. 
Anniversary Volume-Seventy-Five Years of Progress in 
the Mineral Industry, 1948, p. 573) have been included. 
Further modifications by the author reflect recent develop
ments in the United States, Brazil, Venezuela, and Labra
dor-Quebec. 

Mikami describes his actual and potential reserves as 
follows: 

"Under actual reserves are included those which be
cause of their size, tenor, composition, and location con
stitute an economically available source of iron ore. By 
potential reserves are meant those reserves which, from 
a consideration of the same factors or any combination of 
those factors, cannot at present be exploited." 

Mikami's tonnages include proved and probable ore but 
exclude possible (of uncertain existence) ore where feasible. 
It should be noted that he credits the USSR with only 
15 billion tons of potential ore whereas official Russian 
reports now claim 250 billion 1 • If the latter figure is used 
the position of the Eastern Hemisphere in potential iron 
ore would be substantially improved over that shown in 
table l. 

~11 anganese ore: Based on data obtained largely from 
the Geological Survey, United States Department of the 
Interior. Estimate includes measured, indicated, and in-

1 1 billion equals 1,000 millions. 

£erred reserves of direct shipping and concentrating ores 
expressed in terms of ore containing 50 per cent manga
nese. Tonnage believed to be available under present 
technology; economic availability not specified. Potential 
reserves of manganese ore, particularly in South Africa, 
appear to be very large. 

Chromite: Estimate by author based chiefly on data 
supplied by the United States Geological Survey. Esti
mate represents tonnage of shipping grade metallurgical, 
refractory and chemical grade ores available under present 
technologic conditions; economic availability not speci
fied. Because of the lack of information on chromite 
resources in some of the principal producing areas this 
estimate can be accepted only as an indication of the order 
of magnitude of known commercial reserves. Potential 
and submarginal reserves appear to be very large. It is 
not feasible to make separate estimates for each of the 
three types of ore. 

Tungsten: Ninety per cent of the total reserve is in 
Kiangsi Province, China. The estimate for this area was 
made by T. L. Chou of the Geological Survey of Kiangsi. 
The estimate of reserves in other parts of China is that of 
B. H. I!sing of the National Resources Commission of 
China. These data are given in the book entitled Tungsten, 
by K. C. Li and C. Y. Wang, Reinbold Publishing Corp., 
New York, 1943. United States reserves were taken from 
the U.S. Department of the Interior Report on the J1 ineral 
Position of the United States, 1947. Estimates for other 
parts of the world were taken from the Frank L. Hess 
paper, Tungsten Reserves, presented at the International 
Geological Congress, Moscow, July 1937. The estimates 
by Hess and the Department of the Interior undoubtedly 
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are much more conservative than those by Chou and 
Hsing. 

Copper: Tonnage shown represents copper recoverable 
under present economic and technologic conditions and 
includes reserves in equipped and unequipped properties. 
The estimate for the United States used in the compilation 
includes metal from measured, indicated and inferred 
ores. Estimates of reserves in other parts of the world are 
based largely on measured and indicated ores. Reliable 
estimates of copper reserves are available for most pro
ducing areas so that the compilation is believed to present 
a substantially accurate appraisal of present known com
mercial reserves of copper. The estimate is based largely 
on data made available by the United States Geological 
Survey and Bureau of Mines. 

Lead and Zinc: Reserve estimate represent gross content 
of metal in ore. The compilations are the author's and are 
based largely on the following sources: 
United States-Reserves as of 1944 as presented in the 

Department of the Interior Report on the Nlineral 
Position of the United States, published in 1947. 

USSR-Official figures on reserves as of January 1, 1936 
from Soviet Government reports. 

Other Countries-From the studies by: 
William P. Shea, "Foreign Ore Reserves of Copper, 
Lead, and Zinc"; Eng. and Mng. Jour., vol. 148, no. 1, 
Jan. 194 7, p. 53-58. 
K. C. Dunham, Introduction to the Symposium on 
Geology, Paragenesis and Reserves of the Ores of Lead 
and Zinc, 18th Geological Congress, London, 1948, p. 
20-31. 

The estimate for the United States includes measured, 
indicated, and inferred reserves and it is believed that the 
Soviet reserves also include substantial proportions of 
speculative ore. Data on other parts of the world are in
complete and in many instances represent only measured 

or proved reserves. Consequently they are not believed to 
be comparable to those for the United States and the 
USSR. In partial recognition of this assumption the 
author has rounded his tabulated world totals upwards by 
about 9 per cent. 

Tin: The estimate is taken from John J. Croston's ar
ticle ,Siam's Mining Industry Offers New Opportunities", 
Eng. and Mng. Jour., vol. 147, no. 12, Dec. 1946, p. 60. 
The tonnage represents commercially recoverable tin and 
includes a substantial proportion of inferred reserve. 
Data on USSR reserves are not available and no estimate 
for this country is included in the total; they are believed 
to be significant but not large. 

Bauxite: Estimate based largely on an unpublished 
compilation by the United States Bureau of Mines, dated 
July 1948, which includes bauxite of all grades amenable 
to treatment in existing world plants. Available data do 
not permit classification of reserves on the basis of chemical 
composition. Thus high-grade and low-grade ores are in
cluded in the total without adjustment for Al 20 3 content. 
The reserve includes 350 million tons of Caribbean ma
terial as estimated by 0. C. Schemedeman, "(Caribbean 
Aluminum Ores", Eng. and Mng. Jour., vol. 149, no. 6, 
June 1948, p. 78). 

Potash: Estimates represent water-soluble K 20 content 
of deposits regarded as workable under present conditions 
and are taken from J. W. Turrentine's book, Potash in 
North America, New York 1943, p. 46-49. No allowance 
has been made for losses in mining and treatment. It 
should be noted that in 1948 Ernst Fulda (Steinsalz und 
Kalisalze, Stuttgart 1938, p. 55) estimated world reserves 
at 37 billion tons and other estimates are even higher. 
Turrentine's total may be regarded as a compilation of the 
most conservative estimates available for each area. 

Phosphate rock: The estimate is taken from F. C. Noyes, 
compilation, "Phosphate Rock Industry of Foreign Coun-

Table 2. Comparison of Recent Production Rates and Estimated Reserves of Various Metals and Minerals 

by Hemispheres, in Percentage of World Total 

Western Hemisphere 

United States Other Total Eastern Hemisphere 
Jvletal or mineral -------

Produc- Produc- Produc- Produc-
lion Reserve lion Reserve lion Reserve lion Reserve 

IRON ORE, iron content 
Actual . 52 12 3 35 55 47 45 53 
Potenti'll. 33 26 59 41 

MANGANESE ORE, 50 per cent Mn 
ore equivalent. 3 6 4 9 5 91 95 

CHROMITE, metallurgical, chemical, refractory. a a 6 2 6 2 94 98 
TUNGSTEN, 60 per cent W03 ll l 15 l 26 2 74 98 
CoPPER, recoverable content 35 24 33 34 68 58 32 42 
LEAD, gross content . 29 18 38 21 67 39 33 61 
ZINc, gross content 32 27 29 23 61 50 39 50 
TIN, recoverable content . 25 8 25 8 75 92 
BAUXITE, crude ore 19 3 48 35 67 38 33 62 
PoTASH, gross content K 20 . 35 2 a 35 2 65 98 
PHoSPHATE RocK 64 51 a 3 64 54 36 46 
PETROLEUM, recoverable 

Proved and indicated 59 36 19 14 78 50 22 50 
Ultimate . 14 20 34 66 

CoAL, all types 
Coal equivalent 40 49 2 41 51 59 49 

a Less than half of one per cent. 
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tries," 1\:!ining and 11:/etallurgy, vol25, no. 454, Oct. 1944, 
p. 495) which was based on data supplied by George 
R. Mansfield, K. D. Jacobs, and private sources. Xoyes 
does not indicate the commercial availability of this 
reserve. However, he includes 13 billion tons for the 
enited States of which only 2 billion tons are available 
under present conditions, according to the Department 
of the Interior report on the mineral position of the 
United States. From this it may be concluded that 
utilization of much of the phosphate rock reserve of the 
world depends on future developments in technology and 
market conditions. 

Petroleum: The estimate of proved and indicated 
reserves was taken from Everette De Golyer's article 
"Global Oil Reserves as of January 1, 1949", in The Oil 
and Gas ]Mtr., Vol. H, no. 35, Dec. 30, 1948, p. 144. 
LG. Week's"Highlightson 1947 Developments in Foreign 
Petroleum Fields", Bul. of the Am. Assoc. of Petr. Geol., 

Table 3. Per capita Consumption of Selected Metals 
and Minerals in the United States and Other Areas 

as Estimated for 1947 a 

United Europe Rest of 2Vletal or mineral J:Vorld States (excluding 
USSR) World 

Iron, kilos 39. :335. 65. ll. 
Copper, kilos 0.9 8.2 1.8 0.2 
Lead, kilos . 0.6 4.i 1.3 0.1 
Zinc, kilos O.i 4.9 1.5 0.1 
Tin, kilos. 0.06 0.42 0.14 0.01 
Petroleum, bbls. 1.3 13.8 0.8 0.4 
Coal, metric tons 0.6 4.3 1.3 0.2 

a Based on following population data: '\\'orld, 2,300 million; 
United States, 144 million; Europe (excluding USSR), 380 million; 
rest of World, 1, 7i6 million. 

vol. 32, no. 6, June 1948, p. 1093-1160 is the source of 
the estimate of the ultimate reserve. Both estimates 
represent recoverable petroleum. 

Coal: Unpublished compilation (1948) prepared under 
the supervision of Joseph A. Corgan of the United States 
Bureau of Mines. All types of coal were included. Brown 
coal and lignite reserves have been converted to coal
equivalent tonnages. Estimates represent coal in place 
without discount for losses in mining. 

Table 4. World Reserves of Selected Metals and 
Minerals in Years of Supply Based on 

Various Rates of per capita Consumption" 

Assuming Assuming United 

,71,1 etal or mineral 

IRON ORE 

Actual. 
Potential. . . 

MANGANESE ORE 

CHROMITE 
TUNGSTEN 

COPPER 

LEAD 

Zmc .. 
TIN •. 

BAUXITE. 

PETROLEUM 

Proved and indicated 
Ultimate. 

CoAL •••..••• 

Assuming 
current 

rates 
remain 

unchanged 

200 
H25 
250 

47 
125 
45 
33 
39 
38 

200 

22 
160 

2,200 

a Unadjusted for population trends. 
b Basis for estimate not available. 

World at States at cur-
current rent rate and 
United rest of World 
States at current Euro-

per capita pean (excluding 
rate USSR) rate 

25 66 
74 200 
50 140 

8 40 
34 \) 

5 20 
4 11 
6 18 
6 17 

31 165 

2.5 20 
18 150 

340 985 

Mineral Supplies and Their Measurement (lron-Manganeser 

ANDRE LEGENDRE 

ABSTRACT 

The author studies the position with regard to reserves of iron and manganese ore, the two principal ores used 
in the iron and steel industry. 

The reserves of manganese, which are concentrated in the hands of a few important producers, are not in danger 
of rapid exhaustion. As against a present consumption of 5 million tons, the reserves are estimated at over 1,000 million 
tons, and manganese can to some extent be dispensed with in the iron and steel industry. 

The position with regard to iron ore resources is as follows: as against an annual consumption of 125 million tons 
of iron content, the reserves amount to 16,000 million tons of iron content, or sufficient for 130 years. The American iron 
and steel industry, threatened with the exhaustion of its rich Lake Superior reserves within twenty years, must give 
its urgent attention to concentrating the taconites or utilizing the rich but distant ores of Labrador, Brazil or Venezuela. 
Lastly, the industrial development of the Far East imperatively calls for the utilization of the ferrous laterites, the 
reserves of which run into tens of thousands of millions of tons, but which cannot at present be purified of their nickel 
content. 

The case of the Lorraine deposit illustrates the complexity of the idea of a limit of payability, and the very special 
part played by limestone in the economy of that basin. There are several possible solutions for the problem of the 
utilization of the siliceous ore which is likely to outlast the calcareous ore, but none has yet been fully worked out. 

Examination of a certain number of deposits leads to the conclusion that the methods of estimating reserves should 
be standardized and if possible a system by which they can be expressed in a few simple figures should be devised. 

1 Original text: French. 
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The consumption of minerals has increased consider
ably in recent decades, and more minerals were consumed 
during the last 100 years than in the whole previous 
history of mankind. Consumption is divided between a 
relatively small number of takers: the United States of 
America: Great Britain, Germany, the USSR, France and 
Japan, which together contain only one-quarter of the 
world's population, consume 80 to 90 per cent of its 
mineral production. In order to raise the standard of 
living of the whole world to that of the people of the 
United States and Europe, mineral production would 
have to be at least quadrupled. 

The rapid increase in consumption is already causing 
anxiety to those who look ahead, and who are responsible 
for maintaining the supply of minerals to consumers. If 
consumption were quadrupled, this anxiety would rapidly 
turn into panic. 

It is true that as the known deposits gradually become 
exhausted, extensions of these deposits or other new 
deposits may be discovered, but the discovery of very 
valuable new deposits is becoming less and less likely. 

Ideas of what constitutes payable ore will inevitably 
have to be modified: in certain cases there is already some 
question, if not of exploiting, at least of preserving, 
deposits of a grade of ore too low to be payable at present, 
but which may come within an exploitability limit that 
will have to be accepted, when the impoverishment of 
natural resources leads consumers to be less exacting. 

This clearly shows the changing nature of payability 
limits, which may vary both in time and space. 

The present study will be confined to iron and manga
nese ore reserves, the main minerals used in the iron and 
steel industry. 

IRON A::-<D STEEL IXDUSTRY 

The per capita steel consumption of a country may be 
taken as an excellent index of that country's degree of 
material civilization. 

The number of countries with an important iron and 
steel industry is very small and may for practical purposes 
be reduced to North America (United States and Southern 
Canada), Western Europe and the USSR. 

Any threat to supplies for the iron and steel industry, 
whether owing to the depletion of reserves or the possi
bility of transport being cut off, is felt very keenly both 
by governments and by metallurgists, who make feverish 
efforts to remedy the situation (France in 1929, the United 
States at the present time). 

Furthermore, countries like Sweden, which consume 
only a small proportion of their iron ore resources, regulate 
their exports very carefully, in order to prevent a too 
rapid depletion of the deposits. 

MANGANESE ORE 

In addition to its use in the iron and steel industry, 
manganese has a chemical use (for electric batteries, glass 
etc.). The ore used for chemical purposes is purer, but the 
quantities required are much smaller. The writer of the 
present paper will confine himself to considering manga
nese ore as t1sed in the iron and steel industry. 
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It is difficult to give figures for manganese production 
as they are liable to vary widely from year to year (e.g., 
1,300,000 tons in 1932, 5,300,000 tons in 1936). 

Let us take 5 million tons per year as a basic figure. 
Incidentally, certain producer countries have large

scale projects for increasing extraction which would at 
least double the present figures (CSSR). 

Manganese ore production is concentrated in a small 
number of countries: 

USSR .. . 
India .. . 
Gold Coast. 
Brazil ... 
South Africa . 
Various ... 

Per cent of 
world production 

50 
20 
10 
5 
5 

10 

The USSR is the only country which combines a con
siderable iron and steel industry and large manganese 
resources. 

Apart from the CSSR, the main consumers are all the 
great iron and steel countries-the Cnited States, France, 
Germany, Great Britain, Belgium and Luxembourg. 

RESERVES 

An estimate of manganese ore reserves will be found in 
annex I. There is great uncertainty on the subject, owing 
to the fact that reserves are estimated ¥rith varying degree 
of conservatism in the different countries, and since for 
the time being there is no question of rapid depletion, the 
need to produce very exact figures has not been felt. It 
may be accepted that the reserves of manganese ore are 
probably over 1,000 million tons, excluding the low-grade 
ores with a content lower than 35 per cent, and that there 
is no urgent problem of supply for the iron and steel in
dustry, although a few great iron and steel Powers situated 
at a great distance from the large manganese ore deposits 
may be tempted to look for lower-grade auxiliary deposits 
on their own territory. (During the war, the United 
States worked deposits with a 10 to 35 per cent manganese 
content and mined 400,000 tons of local ore in 1941 and 
1943.) 

Lastly, it should be noted that the consumption of 
manganese ore by iron and steel works can be reduced by 
de-sulphurization of the cast iron with sodium carbonate. 

To sum up-there is an abundance of manganese ores, 
concentrated in the hands of a few large producers. In 
times of crisis, the market is very unstable. 

IHON ORE 

Iron is found extensively in the rocks which form the 
earth's crust, being the fourth largest average component 
of the crust, representing 5 per cent, next in importance 
to oxygen, silica and aluminium. The iron content of rock 
is an inadequate standard for judging the limit above 
which it may be considered ore. whilst certain ores with 
only a 20 per cent content (for instance at Frodingham in 
England) are exploited, laterites (which have a 45 per cent 
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iron content in the dry state) cannot at the present stage 
of technical knowledge be considered as ores. 

It is not possible to define ore more precisely than as a 
"natural mass of rock, of a volume known or estimable 
without a very wide margin of error, similar to that at 
present used as iron ore or sufficiently analogous to that 
ore in composition, to be legitimately considered usable 
as ore in the near future". ( 6) 2 

Several estimates of iron ore reserves have been made. 
At the International Geological Congress at Stockholm in 
1910, world reserves were estimated 22.500 million tons 
of actual ore and 123,000 million tons of potential ore. 

Annex II gives two more recent estimates, one by 
Gmelin (Handbuch der Anorganischen Chemie) and the 
other by Harry Mikami (Economic Geology, 1934). 

Though differing notably on certain points, these two 
arrive at roughly similar figures for the world's proved 
reserves. 

These reserves are of the order of 16,000 million tons of 
iron content, which on the basis of an annual consumption 
of 125 million tons, would mean a 130-years' supply, al
ways assuming that only one-quarter of the earth's 
population really consumes iron ore. 

These reserves are not divided proportionally between 
the different deposits, and the position of the various iron 
and steel industries needs to be considered. 

POSITIO:\' OF THE MAIK IRON AND STEEL INDUSTRIES 
OF THE WORLD AS REGARDS THE SUPPLY OF IRON ORE 

The iron and steel industry is an industry very difficult 
and in any case very slow to move, on account of the large 
investments involved and the large number of workers 
employed. Ironworks are situated either near iron ore 
deposits (Lorraine) or coal seams (Ruhr}, or at points to 
which coal and iron ore can easily be transported (Chicago). 
The normal sources of supply of the world's main iron and 
steel industries are indicated in annex III. 

This shows the quite outstanding importance of the 
following large deposits: 

Lake Superior iron ore deposits; 

Lorraine deposit; 

Swedish deposits (especially those in Lapland); 

Jurassic deposits in Great Britain; 

Russian deposits; 

and to a lesser degree: Newfoundland deposit. 

Annex IV gives some characteristic compositions of the 
ores of each of these deposits. 

Leaving the Lorraine deposit for separate consideration, 
let us now look at the other main deposits from the point 
of view of depletion. 

(a) LAKE SUPERIOR DEPOSITS 

At the present time 85 per cent of the ore used by the 
American iron and steel industry comes from Lake Su-

2 Numbers in parentheses refer to items in the bibliography. 
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perior. Seventy-five per cent of the Lake Superior ores 
are derived from the Mesabi Range. The proportion of 
ore mined by the open-cut method has continually in
creased in the last fifty years. 

The immediate future of the Lake Superior deposits 
may be described as follows: at the rate of 80 million tons 
annually, the total reserves, excluding taconite, will not 
last for twenty years; to keep up this rate of extraction, 
the proportion of underground ore mined will have to be 
raised from an average of 4 per cent to an average of 25 
per cent and the proportion of ore requiring concentration 
(intermediate ore) will have to be raised from an average 
of 20 per cent to an average of 70 per cent. 

The American iron and steel industry is faced with an 
immediate problem: how to regulate very speedily the 
mining and milling of what remains of its rich or medium 
ores, and how to find other ores to make up for their rapid 
depletion. 

(b) SWEDEN 

The Swedish ore reserves are concentrated in two re
gions, Lapland and Central Sweden. 

Lapland possesses one of the best ores in the world, the 
Kiruna ore, at least 1,000 million tons of which still 
remain. At the second mining centre in Lapland, at 
Gellivara, there are still about 400 million tons. Lastly, 
there are a number of other as yet unworked deposits in 
Lapland containing a few hundred million tons, making a 
total of about 2,000 million tons for Lapland as a whole, or 
at a consumption rate of 10 million tons a year, a two 
hundred-years' supply. 

The deposits in Central Sweden are nearer exhaustion: 
they may be estimated at about 220 million tons, which 
means that with an annual average production of 2,800,000 
tons they would have an average life of seventy-five years. 

To sum up, as regards Sweden, the question of the 
supply of the Swedish iron and steel industry, based on the 
ores of Central Sweden, may have to be considered in the 
comparatively near future, but the exhaustion of the ores 
of international importance in Lapland is not yet in sight. 

(c) ENGLISH JURASSIC ORES 

The proved reserves of these relatively low-grade or 
very low-grade ores (at Frodingham) are made up as 
follows: 

Cleveland 

Frodingham 
~1arlstone . 
N orthamptonshire. 

Total 

Jl ill ion tons 

270 
par/l y in depth 

695 
320 

2,000 

3,285 

which at an annual extraction rate of 15 to 16 million tons, 
means that they will last for about two hundred years, or 
in other words that the question of supply is not urgent, 
particularly as the reserves of each of the elementary 
basins are approximately proportionate to the annual ex
traction. 
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(d) USSR 

The figure of 4,500 million tons seems reasonably cor
rect for the proved and probable reserves, made up as 
follows: 

Krivoi Rog. 
Kertch and Taman 
Asia ..... . 

Total 

Mill ion tons 

1,700 
1,400 
1,400 

4,500 

Even on the basis of an annual production of 40 million 
tons (as estimated in the fourth Five-Year Plan) these 
supplies will last for 110 years, in other words there will 
be ample time to prove what are now considered to be the 
potential reserves (6,500 million tons). 

(e) ::-JEWFOCNDLAND 

The proved reserves are very small as this is a sub
marine deposit where boring is impossible. The probable 
reserves may be estimated at 2,500 million tons, only 50 
per cent of which are workable (the deposit is worked with 
the help of pillars which have to be abandoned to prevent 
the roof falling in). The possible reserves may perhaps be 
two or three times greater than the probable reserves. 

Whether or not that is the case, with an annual ex
traction of one to one and a half million tons, the probable 
reserves would last for 1,000 years! 

Thus the Newfoundland ore could immediately be 
drawn upon more extensively. 

PROBLEMS FOR THE FUTURE 

The two main questions are the supply of the American 
iron and steel industry once the rich ores of Lake Superior 
have been exhausted and the possibility of finding suf
ficient quantities of iron ore to supply the whole of the 
Far East. 

(1) SUPPLIES FOR THE A:'vlERICAN IRON AND STEEL 

INDUSTRY3 

The American iron and steel industry, taken unawares 
by the rapid depletion of the Lake Superior ores, is seeking 
salvation in two directions: by studying the possibilities 
of concentrating vast masses of taconite, the rock from 
which the Lake Superior ores are derived; and by pro
specting rich deposits situated at a distance, such as those 
in Labrador, Venezuela and Brazil. 

(a) Concentration of taconites 

Taking only the taconites containing over 35 per cent of 
iron, the reserves in the Lake Superior region are believed 
to amount to 60,000 million tons. They are low-grade ores 
containing a great deal of silica and difficult to reduce. 
About 3 tons of ore are required to produce one ton of 
concentrate. 

The concentration of these ores involves the following 
series of operations: breaking and crushing, concentration 
proper, agglomeration. 

3 See annex V: Ores of the future. 
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Breaking and crushing do not present any special pro
blems. 

In the case of magnetic taconites (which form approxi
mately one-third of the total reserves) the problem of 
concentration may be considered as solved, but the con
centration of non-magnetic taconites is still in the ex
perimental stage. 

The processes for agglomerating a very fine powder 
have not yet been completely worked out. A possible 
method is to form glomerules in a drum and then to harden 
them by firing. 

A few pilot works have been set up to try out methods 
of treating these ores (Pickards, Minn.). 

(b) Prospecting for ores situated at a distance 

An intensive prospecting campaign has been going on 
for several years in Canada, in the Province of Quebec and 
in Labrador: so far 500 million tons of ore have been 
proved. It is estimated that the price per ton of Labrador 
ore delivered at Pittsburgh would be about $9 (so long as 
the St. Lawrence canal has not been completed). In order 
to work the Labrador deposits a 560-kilometre stretch of 
railway connecting the mines with the port of Seven Is
lands would be required. 

The American iron industry has also turned its atten
tion to South America. to the very pure ores found in 
Brazil and Venezuela. In the case of Brazil, access to the 
sea is a problem not yet solved, but in any case the price 
of the ore at ports on the Gulf of Mexico or the Atlantic 
would be very high ($12 is a figure mentioned), and so 
would probably be prohibitive for the ironworks in the 
Great Lakes region, which are accustomed to receive a 
51.5 per cent ore for $7.20 per ton, delivered at Lake 
Erie. In the case of Venezuela, the possibility of reducing 
the ore on the spot, with the aid of the enormous quanti
ties of hydrogen available, is being considered, so that 
only the concentrates would have to be transported to the 
United States. 

Lastly, the United States might draw upon the New
foundland ore but its phosphorous content would necessi
tate a readjustment in American industrial methods. 

In any case, to replace the Lake Superior ores, the 
American iron industry will be obliged to consume ores 
whose price per iron point will be markedly higher than 
that of the present basic ores. 

(2) INDUSTRIAL DEVELOPMEXT OF THE FAR EAST 

India probably possesses sufficient ore to meet her own 
requirements, but in view of the geographical situation of 
the country it would probably be impracticable to trans
port it anywhere else. 

On the other hand, if steel is to be made available to the 
other peoples of the Far East, some solution of the problem 
of treating laterites will have to be found: ferrous laterites 
(dry) containing up to 45 per cent of iron have not yet 
been treated industrially, partly owing to the high per
centage of water in their composition (up to 40 per cent) 
which makes the drying process very costly, and partly 
because of the presence of chrome and especially nickel, 
which it is not always possible to remove: some experi-
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ments have been made by the Nicaro Nickel Project and 
treatment of the fossil laterites of Cle Elum is being studied 
at Salt Lake City and Albany (Oregon). but no definite 
solution has yet been found. 

By the addition of the laterites, the ore reserves would 
be increased by tens of thousands of million tons. The 
reserves of nickel contained in the laterites are also the 
largest in the world. 

THE FRENCH IRON ORES 
(I) THE LORRAINE DEPOSIT 

The Lorraine iron ore is a sedimentary oolitic ore situ
ated in the Aalenian outcropping along the slopes of the 
:Yioselle and the Franco-Luxembourg frontier and dipping 
at a very gentle incline under the limestone of the middle 
Jurassic. 

The maximum thickness of the ferrous formation is 
about 60 metres and it contains a number of strata with a 
payable iron content: their walls, however, are often ill
defined, so that frequent analyses must be taken along the 
strata in mining them. 

Annex VI shows a cross section of the ferrous formation: 
for each elementary stratum, abscissae show the iron con
tent (in grey), the calcareous content (blue line), the 

siliceous content (red line) and the sc~o~ ratio when greater 
' 1 2 

than l (green line). The cross section shown does not 
represent an average for the basin (the strata are all of too 
low grade) but it is of interest in that it shows a zone in 
which almost all the known strata are recognizable, though 
not all are payable, in the same vertical axis. 

The Lorraine ore is a relatively low grade, easily re
ducible phosphorous ore, calcareous or siliceous according 
to the strata, so that by mixing it is possible to make a 

self-smelting burden. The strata in which the ~i~ ratio is 

greater than 1.4 are considered as calcareous. 
It is the presence of these calcareous strata which makes 

this Lorraine deposit valuable. 
A study (12) made about fifteen years ago enables us to 

estimate the ore reserves in this basin, allowing for reduc
tions for inaccuracy or losses in working, at about 4,000 
million tons of workable ore about 50 per cent of which is 
calcareous ore and 50 per cent siliceous ore. 

The authors of the study mentioned give the limits of 
payability as follows: 

Thickness: over 1.80 m. or 1.50 m. according to the 
area. 

Content: 
calcareous ore Fe > 28 per cent; 
siliceous ore Fe> 30 per cent Si02 < 25 per cent. 

(It will be seen that there are several parameters which 
may influence the definition of the payability limits.) 

Since at present about three times more calcareous ore 
is mined than siliceous ore, on the basis of an annual ex
traction of 30 to 35 million tons, it may be estimated that 
the calcareous ore will only last for eighty years: the 
remaining siliceous ore, of low grade by comparison with 
the other siliceous ores of the world, will then lose much of 
its importance. 
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EXPLOITABILITY LIMITS 

The optimum working of a given deposit depends upon 
two essential factors, which may conflict with one another: 
at a given period the ore best adapted to the current 
economic situation must be mined, while avoiding wast
age of the deposit from the point of view of future needs. 

In the case of the Lorraine ore, when a stratum has been 
mined, it is practically impossible subsequently to come 
back and work a higher stratum. The calcareous strata 
are above the siliceous strata but the richest of the cal
careous strata are generally the deepest, and the question 
arises what is to be mined on a given vertic2-l axis in order 
not to "waste" the deposit. 

The operator of a mine, bound by his working costs or 
more exactly by the cost of cast iron at the works which 
he supplies, may tend at a given time to extract the ore 
which gives him the best immediate return for cast iron or 
at any rate the ores which on an average produce cast iron 
at a price lower than or equal to a target figure fixed in 
relation to the economic conditions of the moment. 

If he has more concern for the future, he will tend to 
hold the balance between his reserves of calcareous and 
siliceous ore and, realizing that the siliceous ore will no 
longer have any value when there is no more calcareous 
ore to mix with it, he will set his "exploitability limits" 
for calcareous ore lower. The Administration, responsible 
under the terms of French mining law for the conservation 
of the deposit, takes an attitude in this matter of ex
ploitability limits which is obviously arbitrary but is at 
least of use in fixing standards attracting the attention of 
the mining companies to the point. The way in which 
these limits are fixed is inadequate, as the only parameters 
considered are the width and content of the strata, the 
basin index being only taken into account at intervals by 
discrimination between the calcareous and siliceous strata. 

In a wise determination of exploitability limits many 
factors should be taken into account: 

(1) Chemical characteristics: 

(a) Iron content; 

(b) Number of calcium points above or below neutra
lity, neutrality being defined as the characteristic of 

. h CaO . l an ore Wit a SJ.C>z ratiO equa to 1.4; 

(c) Chemical association in which the calcium is found; 

(d) Sulphur content (the lower part of certain siliceous 
strata has to be abandoned because of their high 
sulphur content). 

The phosphorus content does not enter into consider-

ation; throughout the Lorraine deposit the p ratio is 

practically constant at 2/100. 

(2) Qualities of the deposit: 

(a) Thickness of stratum under consideration; 

(b) Quality of roof (which may vary according to 
whether or not the stratum is the first to be ex
ploited in a given vertical axis), 
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(c) Amount of pumping required; 

(d) Distance to surface. 

(3) Conditions governing 1{tilization: 

(a) Distance to user; 

(b) Obviously the value of the calcium point plus the 
user may vary considerably according to his dis
tance from the mine. 

It is clear that there are far too many parameters to 
make it possible to draw any useful graph of equal cast 
iron production costs; a possible method would be to take 
as variables the two essential variables, namely the iron 
content and the calcium points, and to express the value 
of the calcium point plus as a function of that of the iron 
point. 

Lastly, in fixing the minimum exploitability limits, the 
risks involved in going too low should not be lost sight of. 
Cheap ore and expensive coke are characteristic of the 
French iron industry: impoverishment of the burden 
results in a rapid increase in the cost of production of the 
cast iron. 

FACTORS LIABLE TO INFLUENCE THE EXPLOITABILITY 

LIMITS 

The problem is to make the calcareous ore reserves last 
as long as possible and as nearly as possible for the same 
length of time as the siliceous reserves, or to find means of 
utilizing the latter after the former have been used up. 

The following methods may be contemplated: 
(a) A ruthless administration lowering of the exploit

ability limits of the calcareous ore in relation to the sili
ceous ore. This could not fail to have an influence un
acceptable to the iron works utilizing the ores. It is more 
a question of a future tendency than of immediate action; 

(b) Adaptation of the iron industry to more acid bur
dens, which is not an impossibility: one Lorraine iron 
works is already studying the question; 

(c) Concentration of the siliceous ores. This may be 
envisaged chiefly with the ores of low consistency and 
those in which the ooliths are buried in barren cement. 
One experimental station is now being set up with this 
object in view; 

(d) Prospecting low-grade ferruginous limestone (for 
instance, containing 20 per cent of iron) outside the ferri
ferous basin proper, but in the near neighbourhood, so 
that it would be possible to use the siliceous ore later with 
an addition of calcareous ore, which would be better than 
limestone flux proper, because it would contain several 
additional units of iron. 

(2) WESTERN DEPOSITS 

There are two groups of deposits in the west, one m 
Normandy and one in Anjou and Brittany. 

These deposits are less well known than the Lorraine 
dep:::Jsit: the mines were started near certain outcrops and 
have continued operating underground. \Vhere no oper
ations are in progress, little is known apart from the situ
ation of the outcrops, the dip of the strata and the hard
ness of the rock rendering boring very costly. 
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In any case, the same defmitions of exploitability cannot 
be used. Here the siliceous ore is much richer in iron than 
the Lorraine ore but much more difficult to work (very 
faulted deposit). 

The reserves may be estimated as follows: 
.Normandy: 

Content: 35 to 55 per cent of iron 
Proved reserves . 150 million tons 
Probable reserves 550 million tons 
Possible reserves. small 

Anjou-Brittany: 

Content: 48 to 57 per cent of iron 
Proved reserves . 35 million tons 
Probable reserves 150 million tons 
Possible reserves. about I or 2 thousand 

million tons 
The essential need is for a thorough prospecting of the 

reserves in Brittany, where numerous rich outcrops exist. 
Only on the basis of a thorough exploration programme 
can a sound mining enterprise be built up. The problem 
is to find out to what extent the Breton ore, which is 
magnetic, can be easily concentrated and can be used to 
supplement the Lorraine ore. 

CONCLUSIONS 

The impression derived from this rapid survey is some
what vague: there seems to be particular inconsistency in 
the matter of reserves. That is due in part to the very 
nature of things, for a deposit is not really well known 
until after it has been mined and in part to the fact that 
different writers use similar expressions with a somewhat 
varying meaning. 

If a real balance sheet of world resources in iron ore and, 
more generally, in ores of all kinds, is to be established, it 
seems essential to standardize the conception of reserves. 

Reserves can be considered from two points of view, 
either according to the extent they are known or ac
cording to the possibilities of immediate utilization of the 
ore. 

(a) CLASSIFICATION BY EXTENT OF KNOWLEDGE 

l(eserves which have been explored on at least two sides 
or by a number of borings sufficient to leave no doubt as 
to their existence may be called certain or proved reserves; 
probable reserves are those explored on one side or by only 
a few borings, and poss·ible reserves those whose existence 
is deduced on the basis of purely geological data. 

Mining cannot begin until there is a proved tonnage: it is 
necessary to be certain that a sufficient ore-body exists 
before investing the considerable sums required for the 
complete installation of a working. 

(b) CLASSIFICATION ACCORDING TO POSSIBILITIES OF 

UTILIZATION 

Ore comparable to the kind currently worked and used 
is called "actual" ore; potential ore is any ore which cannot 
compete with actual ores--either because its iron content 
is too low, or because its proportion of undesirable con
stituents is too high, or because it is situated at such a 
distance as to make the cost of its use in existing iron 
works prohibitive. 
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Whilst possible ore may become probable or proved ore 
as a result of intensified exploration, it is only with the 
passage of time and under the combined influence of 
technical development, exhaustion of present ores and 
creation of new iron works at a distance from the mines 
that potential ores can become "actual". 

There is of course a whole series of intermediate stages 
between actual and potential ore, and if arbitrary limits 
must be established between them we would propose the 
following: 

Actual ore is ore capable of being utilized at an existing 
iron works, without increasing the cost of the cast iron 
produced by a figure greater than the difference between 
the cost of production of iron at two works in the same 
basin, other things being equal. 

Lastly, it should not be forgotten that a single figure is 
quite inadequate to define anything so complex as a 
deposit, whether this figure be the tonnage of ore available, 
the tonnage of metal contained in the ore or even the ton
nage of recoverable iron when it is necessary to limit 
extraction to a certain percentage (example: \Vabama) or 

when a considerable loss occurs in the process of con
centration (which may be tolerated in the case of certain 
low-grade but cheap orcs). 

The characteristics of the deposit should at least be 
supplemented by a few essential figures (basicity index, 
phosphorus index etc.) and by the cost per iron point 
delivered at the iron works most suited to use the ore in 
question. 

Finally an attempt might be made to classify ores by 
analogy with a few standard ores: the variations from the 
standard contents of these standard ores would be re
presented by plus or minus quantities, which together 
would provide an index roughly describing the ore in 
question. The characteristics to be taken into account 
might be those enumerated in the study of the Lorraine 
ore. 

The standard ores might be, for instance: a self-smelting 
Lorraine ore, a Lake Superior ore and a well-defmed 
quality of Kiruna ore. 

By this method it would be possible to give a good idea 
of the workable value of any deposit. 

ANNEX I 

Reserves of Manganese Ore 

(1) USSR. AJ itt ion tons 

"Mill ion tons (2) India. At least . 150 
(a) Tchiaturi. 100 to 150 (3) Gold Coast. At least . 13 
(b) Nikopol 100 to 400 

(4) South Africa. Several hundred million tons. 
(c) Various 50 

Probably more than 1,000 million. 

Total 250 to 600 {5) Brazil. At least 45 million tons. 

ANNEX II 

Iron Ore Reserves 

Gmelin 2\fikami 
-"---·---

Countries 
Proved reserves 106 Actual reserves Potential reserves 

metric tons (10 6 net tons) 106 net tons) 
-"--"~-"---"--"---- -------··-"--"-

content Ore Grade I>l eta I content Ore Grade ;We tal content 

EuROPE 

France. 9,763.5 :3,320.0 4,500 .,. 
"" 1,57il 6,000 :35 2,100 

Great Britain . 2,929.3 862.2 :3,100 30 930 7,000 30 2,100 
Sweden. 1,335.:! 845.0 1,250 62 775 1.250 60 725 
Germany. 1,117.6 391.2 800 32 256 2,000 :iO 600 
Spain 711.0 :349.0 800 45 360 1,000 35 350 
European f{ussia 830"9 376.4 :!,100 4ii l ,:l9ii 15,000 35 5,250 
Norwav .. 367.0 124.0 300 :~5 105 1,000 30 300 
Luxem-bourg 270.0 90.0 
Austria. 219"0 iiA 200 35 70 200 
Greece 100.0 45.0 100 50 50 50 45 23 
Czechoslovakia 92.9 38.9 55 40 22 100 
Belgium 62.0 25.0 
Poland. 33.7 10.8 140 30 42 200 25 50 
Romania. 29"7 12.4 25 40 10 
Yugoslavia 29.4 13.3 70 50 35 
Hungary. 19.9 6.9 80 40 32 
Italy. 6.0 3"3 60 50 30 
Switzerland . 1.6 0"8 20 :lo 6 
Bulgaria 1.4 0.7 
Albania 20 50 10 
Finland 90 35 32 
Portugal 50 45 23 100 

Total. 17,902.2 6,592.3 14,670 39 5,725 34,000 
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ANNEX II 

(continued) Iron Ore Reserves 
·---··~···--···~··· 

GmeUn Aiikami 

Couutries Proved reserves 106 Actual reserves Potential reserves 
metric tons (106 net tons) (10• net tons) 

NoRTH A~rER!CA 

X ewfoundland 3,635 1,908 1,250 40 500 2,000 40 800 
Canada. 150 84 100 50 50 10,000 35 3,500 
United States. 4,258 2,305 3,800 45 1,710 67,000 il5 23,450 
Mexico. 55 30 100 60 60 100 
Cuba. 3,150 1,42:l 3,000 40 1,200 12,000 
Labrador. 62 

Total. 11,248 :3,750 8,250 43 3,520 92,100 

SO!.'TH AMERICA 

Venezuela 500 320 100 60 60 1,000 45 450 
Chile. 120 60 72 
Brazil 7.!>00 4,8ii) 4,000 60 2,400 11,000 40 4,400 
Colombia. 35 f)5 19 
Peru. 100 60 60 

Total. 8,000 .},HJ5 4,320 2,592 12,035 4,869 

Asu 
India 400 266 3,600 60 2,160 10,000 
China 400 244 500 40 200 700 35 245 
Japan 20 12 70 40 28 
French Indo-China 50 50 25 
Korea 70 35 25 300 30 90 
Malaya. 75 55 41 
Netherlands Indies 100 1,500 
Philippines 500 47 235 500 
Turkey. 15 65 10 35 
USSR (Asia) 1,400 45 630 2,400 

Total. 820 522 6,380 53 3,404 15,435 

AFRICA 

Algeria. 160 50 80 
Tunisia. 150 s:l 30 50 15 
French Morocco . 60 
Spanish ;viorocco 30 55 17 
French Tunisia 2,500 4i'i 1,125 
Southern Rhodesia 100 62 25 
Sierra Leone 20 55 11 55 
Union of South Africa 1,000 55 550 7,000 45 3,150 
Togoland. 20 50 10 

Total. 250 145 1,240 54 673 12,000 

AusTRALIA. 136 80 400 60 240 
NEW CALEDOXIA 20 52 10 

Grand Total . 38,356.2 18,284 35,280 46 16,164 165,570 

2 II 
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ANNEX III 

Important Ironworks: Their Main Sources of Supply 
---~-···-~····-~·~·-··- ----·--·-

Ironworks Source of ore Ironworks Source of ore 
-·~--··~---·· -··~-~···----··---··---··- -~··-~··-~··-~··-·-·-·-~-·-

United States of America Lake Superior . 
per cent 

86 
8 

="ewfoundland 
French North Africa 

Alabama 
Various. 6 Germany ...... . Lorraine and \Vestern France 

Sweden 
France the Saar . . Lorraine Newfoundland 

:'-[orth Africa 
Belgium- Luxembourg Lorraine Spain 

Sweden Local ores 

Great Britain . . . . . English Jurassic (Cleveland, Fro
dingham, Marlstone, Northamp
tonshire) 

vSSR ........ . 
per cent 

Ukraine (Krivo1-Rog). 60 
Urals. . 30 (1938) 

Sweden Various . . . . . . . 10 

ANNEX IV 

Standard Ores (Present large deposits) 

Ore Fe Si02 CaO p Re- Country Ore Fe Si02 CaO p Re-
Country ·marks marks 

United Lake i5L5 10 0.045 to lJSSR Krivoi- 63 7 0.04 
States of Superior per cent 0.180 Rog 
America (non-Bes- (Martite) 

semer) 
New- High 5:3 10 2.7 0.09 

Sweden Kiruna .56 to 71 1.5 <3 0.03 to 1.8 foundland Grade 
per cent 

France Lorraine 32 6 17· 
England Froding- 8 to 25 5 to 16 10 calcareous I P/Fe = ham to 25 (Hayange) 

2 I\orth- 28 to :34 7 to .:!0 I to 15 Lorraine 36 17 
7 \ ampton- siliceous per cent 

shire Al20 3 (Aumctz) J 
4 to 12 
per 
cent 

·-~····-~·--

ANNEX V 

Ores of the future 

Fe Si02 
p Remarks Fe sw, p Remarks 

··--·--·· 

French Canada Bessemer 62 7 O.O:l 
Guinea Laterites 45 to 55 2 to 4 0.02 to Constituent (Labrador) Mangani- 51 6 0.15 :!Yin i per ceu t 

0.24 water con- ferous 
tains Ni and V euezuela El Pao 69 0.4 0.0.:! 
Cr. Brazil Hematite 66 to 70 0.1 to 1.5 0.01 to 

United Taconites 3 40 0.04 Iron content 0.08 
States of very variable. Itabirite t\0 to 66 0.3 to 5 0.03 to 
America 0.06 
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MINERAL SUPPLIES AND THEIR MEASUREMENT BATEMAN 

Geographical Factors in the Utilization of Mineral Deposits 

ALAN M. BATEMAN 

INTRODUCTION 

This subject may perhaps best be approached by a brief 
glance at the mineral background. If we study the develop
ment of the industrial nations we will note that their rise 
coincided with their utilization of mineral resources, 
notably that of coal and iron. Coal supplied the energy 
that made the wheels go round and the wheels were made 
of steel. We have come to realize that the energy of fuels 
and the solidity of metals spelled industrial growth and 
those countries abundantly endowed with both attained 
predominance over their competitors and became the 
great manufacturing and trading nations. It is no ac
cident that great industrial cities sprang up in central 
England, in the Ruhr, in France, and around the Great 
Lakes regions of the United States; for there coal and iron 
met and the products of the junction spread to the far 
corners of the world. Those nations lacking these sub
stances became agricultural or handicraft nations and 
mineral resources came to be regarded as one of the chief 
goals of economic sufficiency. 

The world realization that industrial development of 
modern life depended upon a liberal endowment of mineral 
resources, or access to them, created such an insatiable 
appetite for minerals that within the period embracing the 
two world wars we have dug and consumed more minerals 
than in all previous history. This has made deep inroads 
into irreplaceable mineral resources. They do not grow 
again like a crop of corn. Former adequate supplies now 
look meagre, and sources of large supplies are becoming 
fewer and fewer. The more manufacturing proceeds, the 
greater the inroads upon the very basis of manufacturing, 
and the greater the depletion in mineral resources. It is 
fitting therefore that conservation and wise utilization of 
mineral resources should command the attention of this 
congress. It is further fitting that attention should be 
directed to all factors that bear upon the development of 
new resources to replace those that are undergoing such 
rapid depletion, and this includes geographical factors. 

BACKGROUND 

Geographical factors in the development of the Western 
Hemisphere offer a clue to the part that such factors may 
play in the development and utilization of other mineral 
resources in the future. 

The lure of a gold strike in California one hundred years 
ago initiated a gold rush that spread rapidly over Califor
nia. Crude mining was initiated, followed almost im
mediately by farming to supply the miners with food, and 
small handicraft industries 1to supply them with tools 
and equipment. Then, further farming and industries 
arose to supply those who were supplying the miners. 
A little known, sparsely settled region, was rapidly 
transformed by the initiation of development of mineral 
:·esources into a productive, flourishing, and wealthy 
otate. 
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The gold rush of California in 1849 led to the search 
for gold and silver in the unsettled states of Nevada, 
Arizona, New Mexico and Utah, and the Rocky Mountain 
states of Colorado, Montana and Idaho. Wild regions, 
roamed by bands of Indians and herds of buffalo became 
dotted by scattered mining centres. Local resources were 
tapped to supply these centres, transportation was initi
ated, supplies began to flow, and communities indepen
dent of mining came into being and existed for their own 
account and for export. The discovery of bulky non-ferrous 
metals created more lasting communities and demands for 
heavy transportation facilities. Likewise the gold rush to 
the forbidding Yukon and Alaska in 1898 midst hardship 
and tragedy was the forerunner of geographic changes that 
led to the development of this harsh country. 

Todav, in the unsettled wilderness of north-eastern 
Quebec"and Labrador, two new large mineral deposits, one 
of iron ore and the other of titanium ore, are undergoing 
development and exploitation. Geographic factors had to 
be carefully studied before decision was reached to go 
ahead with expenditures that would amount to scores of 
millions of dollars. The geographic factors chiefly involved 
are present lack of land transportation; availability of 
water transport at the rail terminal for ocean-going ves
sels, whereby transportation costs could be cut; bulk of 
product versus cost of transportation and market price of 
product; questions of freezing of ore in railroad cars, and 
consequent unloading difficulties, during the long sub
arctic winters; problems of mine operation during the 
many low-temperature and high-snowfall months; pro
blems of protecting water supplies during the winter 
months; availability of timber for mining operations; 
availability of fuel or water power in sub-arctic lands for 
mining and domestic purposes; effect of a bleak, lonely 
country, and harsh climate on retention of labour. These, 
and many other geographical factors, had to be carefully 
studied and balanced against cost of mining, processing, 
transportation and the value of the product at the place 
of delivery. In these two cases the effect of geographical 
factors is largely that of determining feasibility, and of 
costs. If the deposits had been located in New Jersey, for 
instance, practically all of the geographical factors men
tioned above would not need to be considered and one 
could consider at once that, provided the quality of the 
ores was satisfactory, economic exploitation could be 
assured. 

Similarly, geographic factors, although of different 
character, will have to be considered in the contemplated 
development of iron ore deposits in Venezuela, low-grade 
chrome deposits in Turkey, iron-ore deposits in Brazil, 
zinc deposits in Bolivia, manganese deposits in the hinter
land of Brazil, and in many other cases. 

THE GEOGRAPHICAL FACTORS 

Geographical factors may determine whether a mineral 
deposit can be utilized, or whether it is economic to at-



UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

tempt to utilize it. In general, if a mineral deposit is in
dicated to be valuable, adverse geographical factors are a 
hindrance, rather than a preventative, to utilization. 
Mostly, they can be overcome provided scientific and 
engineering skills, ingenuity, and venture capital, are 
available. Geographical obstacles become then chiefly a 
matter of cost and economics. The intrepid British, 
American, Canadian, Australian, French, Dutch, and 
Belgian mineral pioneers, with their knowledge and skills 
have not hesitated to initiate mining developments in far 
off remote parts of the United States, Canada, Alaska, 
l\'Iexico, South America, Australia, Africa, Russia, and 
parts of Asia. They are the ones who have developed most 
of the world's mineral resources. 

The various geographic factors that bear on the util
ization of mineral deposits may now each be considered 
separately, with some examples of deposits in which such 
factors have had to, or will have to, be taken into con
sideration. Although each factor is dealt with separately, 
it should be realized that in actuality several geographic 
factors may enter into the problem of development and 
utilization of a single deposit. 

LOCATIO I\ 

The geographic situation of a mineral deposit is perhaps 
the most important single item that determines whether it 
may be utilized. Location immediately raises a number of 
questions as to utilization that must be resolved before 
consideration of development can proceed. As an extreme 
case, the location of a non-ferrous mineral deposit in 
north-west Greenland would entrain many geographical 
problems that would be absent with a similar type of 
deposit located alongside the Canadian Pacific I<.ailroad 
or on the banks of the River Plate. Location may involve 
not only transportation but elevation, climatic and health 
conditions, labour supply, availability of water, timber 
and fuels, accessibility to market and other conditions. 
Most obstacles of location, however, can be overcome 
provided the increased cost of doing so is not prohibitive, 
or provided the material is desired regardless of cost. 

TRAXSPORTATION 

Transportation ranks first among geographical factors 
in the utilization of mineral resources. For the most part 
recent discoveries of minerals take place in sparsely settled 
regions where transportation is absent. Two questions 

justify the capital expenditures for transportation con
struction, other geographical factors may weigh in favour 
of construction, namely, the development of the products 
of forest or agriculture that may spread the cost of trans
port, and lower it on the mineral products. Or, transport 
construction may be politically advisable for the develop
ment of a frontier region. 

In the case of ores amenable to beneficiation, concen
tration processes may be installed at the place of extrac
tion and the volume of the shipping product may thereby 
be so greatly reduced that the cost of transportation 
becomes a minor part of the cost of the product. For 
example, a copper ore containing 2 per cent metal, may be 
concentrated so that the copper minerals in twenty tons 
of ore are reduced to one ton of concentrates, thereby 
reducing the cost of transportation to approximately one
twentieth of the cost of the original ore. If the concen
trates can be smelted at the point of extraction, the volume 
is further reduced, with additional saving in transport
ation costs. Although rail or water transport is most 
desirable for the shipment of such non-ferrous metals. 
movement by trucks may be feasible if the terrain and 
accessibility to market permit. 

High-value, low-volume products such as gold and 
silver may not even require the building of railroads or 
roads, but may be serviced by air. The output of a 
successful gold mine may be packed in hand bags. Suc
cessful gold mines at Bulolo, New Guinea, in British 
Guiana, in the Andes, and in Northern Canada, are 
serviced entirely by airplanes. 

TOPOGRAPHY 

Topography generally determines the means of trans
portation to be used and the effect of cost of transport
ation on the utilization of mineral deposits. Flattish 
topography such as that of the African plateaus favours 
construction at low-cost of railroads or highways and this 
feature alone may determine the utilization of a given 
mineral deposit. Rugged mountainous areas may defy the 
building of railroads or highways but oftentimes the in
accessible parts may be spanned by aerial tramways, or 
tunnels may be bored beneath them. Few valuable 
deposits, however, have been left undeveloped in rugged 
mountainous regions because of inability to bring them 
within reach of some kind of transportation. 

immediately arise, namely the feasibility of establishing WATER St:PPL Y 

transportation, and the transportation cost of shipping The availability of fresh water supply may be a deter-
the product to market. These in turn depend upon the mining geographical factor in the utilization of mineral 
character of the mineral product to be utilized and resources. This problem is, of course, particularly acute 
whether water, rail, truck or air transportation is used. in arid or desert regions, and may be the largest single 

Low-value, bulk mineral products such as coal, iron ore, cost in development, or even render a deposit uneconomic. 
or phosphate rock must move in large volume at low Most mining operations are accompanied by ore benefici
transportation cost to compete in world markets and ation which requires huge quantities of water and in Chile 
require therefore, water or rail transport. If such means and Australia water supplies have to be brought distances 
of transport are not available it requires that the mineral of scores of miles involving large capital expenditures. In 
deposits contain tonnages large enough to repay the capital one large Chilean mine the quantity of water available 
expenditures of transportation installation. If the rail or determines the capacity of operations. Water scarcity is 
water transport cannot be installed because of the physical not restricted solely to arid regions; it is a problem of 
geography, or because the tonnage would not justify the many flattish regions and of regions of perennial frost. 
expenditure, the deposits are then uneconomic under \Vater purification commonly has to be resorted to in 
present conditions. If the tonnage of the deposit does not many areas, particularly in tropical ones. 

14 



MINERAL SUPPLIES AND THEIR MEASUREMENT BATEMAN 

POWER SO\JRCES 

Sources of available power supply rank next to trans
portation and water supply in the geographical factors 
affecting utilization of mineral resources. Much power is 
required for mineral extraction and its generation usually 
constitutes one of the chief items of capital outlay and 
cost. Most new mineral developments of the future will 
come from frontier regions where existing power supply is 
lacking. Consequently, power must be developed and one 
must look to the availability of water power, coal, oil, gas, 
wood, subterranean heat or atomic power. 

Water power is the most preferred energy since it saves 
transportation and storage of fuels but unfortunately it is 
not often available. Because of its high installation cost, 
the ore reserves of the deposit must be sufficiently large to 
repay over their life the capital cost involved. Lacking 
water power, other energy sources, presumably fuels, must 
be utilized and the choice is determined by the geographic 
location of the deposit and of the fuel. The preferred fuel, 
of course, is natural gas or petroleum if available. In the 
case of deposits of small to medium size one must resort 
to the less expensive power installations, using fuels, and 
the proximity of the fuel may be the determining economic 
factor. Even a diesel plant using fuel oil might not be 
economic under adverse transportation. In many places 
for small deposits where transport cost prohibits the use 
of imported fuels, local wood has been used, as in parts of 
Africa, Northern Canada, Alaska, and South America. 

In most cases, large deposits that indicate a satisfactory 
margin of profit, will justify the building of transportation 
to them and this solves the problems of power supply. 

CLDIATE 

The factor of climate is seldom a deterrent to the 
development of mineral resources. Man has an amazing 
ability to adapt himself and his operations to climatic 
conditions, however severe. Hence, an unfavourable 
climate imposes only additional costs of operation made 
necessary to provide physical comfort or satisfactory 
operating conditions. A sub-arctic climate requires for 
many months additional heating for plants and houses, at 
a cost; it requires special means of handling and trans
porting ores to prevent freezing, or methods of defrosting; 
it involves problems of winter water supply and of snow 
disposal; it involves high expense to keep lines of com
munication open; it may even restrict operations to a 
short summer season as in the placer-mining operations in 
Alaska. Water transportation may also be restricted to 
summer months, necessitating much winter storage ca
pacity for the mineral products. All of these features add 
to the cost of operations, and in the case of "near-mar
ginal" properties may even render them uneconomic. 

At the other extreme, a humid tropical climate, likewise 
adds to the cost of operations although to a lesser amount. 
This comes about by lower labour and managerial effi
·iency in a debilitating climate and the necessity for long 
vacations. Also, air conditioning may be necessary, as in 
the oil regions of Saudi Arabia. The problems of health 
md sanitation in tropical climates also generally add to 
the cost of operations. 
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TIMBER 

The availability of timber is another geographical factor 
pertinent to the development of minerals. Mines are great 
consumers of timber and lumber, both for surface and 
underground operations, and a large mine needs its own 
forest. If local timber is not available or suitable, it must 
be brought in and that demands a means of transportation. 

LABO\JR SUPPLY 

In the development of minerals indigenous labour is 
desired but the geography may decree that none is avail
able and an added cost to the minerals is imposed in re
cruiting, transporting, housing, and returning labour. For 
the New Caledonia nickel operations labour had to be 
imported from far off Java; Northern Canada and Alaska 
labour has to be brought in; this is true also of the hinter
land regions of South America; and for most African 
operations labour has to be recruited elsewhere. 

FOOD SVPPLIES 

If local food supplies can be raised in the region sur
rounding mineral deposits it adds to health, comfort, 
lower living cost, and lower operating cost. The lack of 
nearby fertile areas has been no great handicap in the 
utilization of mineral deposits in such unfertile regions as 
Saudi Arabia, Alaska, Northern Canada and parts of 
South America. 

HEALTH A:-.ID SA)llTATI0:-.1 

The geographical location of mineral deposits often 
necessitates elaborate precautions for health and sani
tation-problems particularly pertinent to unsettled 
tropical and subtropical regions where fevers, plague, 
dysentery, or other diseases are apt to be present. Such 
problems are generally absent in cold northern and high 
mountain climates. Thus, in the development of the 
Northern Rhodesia copper belt an intense and successful 
health and sanitation programme was initiated to inhibit 
malaria, typhoid, dysentry and other diseases. Similar 
steps were taken in Katanga, Belgian Congo, Tanganyika 
gold districts, Bulolo, New Guinea, Persian Gulf, Vene
zuela, and Colombia oil fields, Netherland Indies and 
Malayan tin fields, Gold Coast manganese fields, and in 
many other localities. Such precautions are essential for 
the safety and maintenance of labour, and have to be 
considered as an integral cost of mining operations. 

JVXTAPOSITION OF RESOURCES 

The most ideal conditions for the utilization of mineral 
resources are the juxtaposition of several favourable geo
graphic factors. Indeed, for some mineral industries, such 
as a steel project, it is almost essential for economic 
operation that supplies of iron ore, coal, and limestone 
flux, be closely grouped. That has been a fundamental 
factor in the development of such great steel centres as 
Pennsylvania; Great Lakes region; Birmingham, Alabama; 
and the l(uhr. The lack of such grouping near the large 
iron ore deposits of Itabira, Brazil, Orinoco region of 
Venezuela, Chile, or even Kiruna, Sweden, is a deterrent 
to large steel industries in those localities. The iron ore, 
perforce, must move to coal and limestone. 
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Similarly, a precious and base-metal smelting industry, 
must have available to it ores that can serve as collectors 
for precious metals, ores to supply the proper proportions 
of bases and silica, and necessary fluxes. 

MARKETS FOR BY-PRODUCTS 

Oftentimes the economic possibilities of a mineral 
deposit may depend upon the utilization of by-products 
which can find a market near by. This in turn may 
depend upon the physical, geographic and industrial 
development, and the density of population. To illustrate, 
the forthcoming exploitation of the large titanium deposit 
in northern Quebec, referred to earlier, vvill be economical
ly feasible only because by-product iron can be marketed 
in the industrialized St. Lawrence water wav. The sale of 
by-product pyrite for sulphur burning for paper pulp in
dustry has made marginal copper deposits profitable. 
Similarly other by-products whose utilization nearby has 
helped make marginal deposits economic are: fluorspar 
for steel making or chemicals; manganese carbonate for 
manganese ore; magnetic iron from titanium ore; barite 
for industrial use and oil drilling; feldspar for ceramics; 
quartz for silica glass and abrasives; crushed rocks for 
highways, building construction and concrete aggregates; 
and minerals for abrasives, lithium, strontium and other 
compounds. 

SOlliE HECENT :mNEHAL DEVELOP:\'IENTS 

Some new large mineral developments going on today, 
where geographical factors have had to be carefully 
weighed and overcome, illustrate the relationship between 
geography and utilization. 

In addition to the huge iron-ore and titanium properties 
undergoing development in sub-arctic Quebec, a sub
arctic gold district at Great Slave Lake, North-west 
Canada, is being developed where the heavy transport
ation is by water for only a few months, and the airplane 
is necessary. In the unsettled tropical hinterlands of 
Venezuela, near the Orinoco River, large iron-ore deposits 
are undergoing development for ocean transport delivery 
to north-eastern Atlantic ports. There, geographical 
factors revolve around transportation and the problems 
of developing a low-cost product in a low-lying tropical 
region. Similarly, large manganese deposits are being in
vestigated in the sparsely-settled, tropical regions of 
Brazil where transportation is crude or lacking. New large 
sulphide copper ore installations are taking place in Chile, 
Northern Rhodesia, and Katanga. Large-scale new gold 
developments are being pushed under the favourable geo
graphical conditions of the Orange Free State in South 
Africa, and lead-zinc-copper developments in the remote 
regions of South West Africa. 

These are but a few of the many new mineral deposits 
undergoing exploration or development in remote lands 
where geographical factors are ever to the fore. 
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Again, some of the noteworthy developments completed 
in the last decade or so have demonstrated the successful 
overcoming of severe geographical factors in utilizing 
mineral resources. A few examples ¥.ill serve as illustra
tions. 

In the rigorous sub-arctic of Canada the uranium-silver 
deposits of Great Bear Lake were brought into production 
where transportation over a distance of f1ve hundred miles 
from railhead was by inland waterways open only from 
June to September. In Finland, the development of nickel 
deposits at Petsamo, on the Arctic Ocean, was under way 
when the Second World War broke out. In Africa, the 
great Northern Rhodesian Copper Belt was opened up in 
forested wilderness, infested with fever and roamed by 
lions, and numerous other mineral deposits of lesser im
portance have been brought into production throughout 
other parts of geographically difficult Africa. Latin 
America has witnessed the recent development of the 
$33 million Nicaro Nickel project in north-eastern Cuba, 
the large copper deposit of Y auricocha in the high Andes 
of Peru, the development of oil in eastern Bolivia and 
southern Chile; and the further development of the 
Itabira iron deposit in Brazil. 

Each of the above examples of recent successful utiliz
ation of mineral resources has demonstrated the necessity 
of the co-operation and interweaving of technical skills. 
The mining geologist has been called upon to appraise the 
size, value, and potentialities of the deposit and whether 
the tonnage involved and its value merit further consider
ation. He has also been called upon to guide the explo
ration to obtain data to furnish answers to the above 
questions. The mining engineer has been called upon to 
appraise the mining possibilities, to determine the location 
of mine openings, to choose the mining and beneficiation 
methods and to determine the means and cost of trans
portation and power development. The metallurgical 
engineer is called upon to determine the character and 
design of beneficiation, refining and smelting plants. The 
mining or civil engineer may be called upon to design and 
construct, aerial or gravity tramways, haulage ways, 
highways or railways adapted to the topography and 
climate of the region. The engineer's skills are also utilized 
to design and construct housing, public utilities and health 
and recreational facilities adapted to the peculiarities of 
the people, or the topography, and the climate. All of 
these are interwoven with financing. 

Thus, the utilization of mineral resources necessitates 
the co-operative effort of the skills of geologists and of 
engineers to investigate and attempt to overcome the 
many and varied geographical factors in order to strive to 
make the property an economic success. But skills alone 
will not avail unless the costs of production and trans
portation can be made less than the selling price of the 
product. 
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Geographical Factors in the Utilization of the 

Mineral Resources of Brazil 

S. FROES ABREU 

ABSTRACT 

In this paper it is shown that the greater part of the mineral production in Brazil comes from a 500-kilometre strip 
ong the eastern coast. 

Mention is made of the principal minerals and ores produced with the reserves presented, the grades shown and 
the geographical conditions emphasized that are favourable or unfavourable to their economic utilization. It is pointed 
out that the coal mines are very far from the industrial centres and that wood is the chief fuel employed in the country. 
Finally, it is said that even in the strip mentioned there are still tracts that are very little known where, because of the 
geological structure, it should be possible to find important mineral deposits. 

·INTRODUCTION 

Brazil has an area of 8.5 million sq. km. with a popu
lation of 45 million concentrated in the eastern part along 
a coastal strip of 500 km. in width. This strip which 
accounts for 25 per cent of the total area of the country, 
contains 85 per cent of the population and produces about 
98 per cent of the minerals. 

In this strip there are small tracts of high mineral con
centration such as the Borborema area (beryl, tungsten, 
tantalite), the Chapada Diamantina (diamond), central 
and eastern Minas Geraes (iron, manganese, gold, quartz, 
mica), southern Santa Catarina and Rio Grande do Sui 
(coal). 

Brazilian mineral production has an annual value of 
about 1,600 million cruzeiros or $ US 80 million. Data on 
mineral production during 194 7 rna y be seen in the chart 
annexed. The greater part of mineral production in Brazil 
comes from Archaean and Algonkian rocks, from which 
nearly four-fifths of the total value is produced. 

IRON ORE AKD THE IRON INDUSTRY 

The big deposits of iron ore are located in Minas Geraes 
comprising huge deposits scattered in an area of 5,000 
sq. km. south and south-east of Belo Horizonte. The 
reserves are estimated at 15,000 million tons of high
grade ore (between 50 and 70 per cent iron), low in phos
phorus and sulphur. Iron ore production between 1942 
and 1946 averaged 0.7 million tons yearly, 99 per cent 
coming from Minas Geraes. In 1948 about 97 per cent 
came from Minas Geraes and 2.8 per cent from Mato 
Grosso. In this state the Urucum deposits have around 
5,000 million tons of high-grade ore, which can be exported 
by the I)araguay River to Argentina or elsewhere. 

The iron industry is now producing around half a 
million tons of pig iron yearly (553,000 tons in 1948) of 
which 296,000 tons were made with charcoal and 257,000 
tons with coke. Of the 22 blast furnaces producing pig 
iron, 11 are located in Minas Geraes, 4 in Sao Paulo, 3 in 
Rio de Janeiro, and one in each of the states of Espirito 
Santo, Pernambuco, Parana and :Mato Grosso. The 
greater part of the production comes from Minas Geraes 
(51.9 per cent in 1947) and Rio de Janeiro (40.6 per cent), 
while other states contributed only 7.5 per cent. The most 
important metallurgical establishment is the Volta Redon-
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da plant, located in the Parahiba Valley between the cities 
of Rio and Sao Paulo, which produced 223,000 tons of pig 
iron in 1948, using coke made of domestic coal blended 
with imported coal. 

The coking-coal beds in Brazil are very far from the iron 
ores, lying in Tubarao and Ararangua river basin, 1,100 
km. south-west of the iron ore region of Minas Geraes. 

The geographical factors-the great distance from the 
coal beds and the proximity to the extensive forests
caused the iron industry to operate with charcoal. 

The rapid depletion of the forests suggests the develop
ment of electro-metallurgy through the utilization of the 
large hydro-electric resources in the Rio Doce basin. The 
iron industry using coke is economically possible only 
along the coast of Rio or Espirito Santo, where facilities 
for importing coke will be obtained in close connexion \\'ith 
the exportation of iron ore. 

The high price of the domestic coke is due to the need of 
a very expensive cleaning of the coal before distillation, in 
order to eliminate the greater part of the sulphur and ob
jectionable ash. 

CE:\1El\T 

The cement plants have been located according to the 
market and access to limestone quarries low in magnesia. 
Two are in Rio de Janeiro, two in Sao Paulo, two in Minas 
Geraes, two in Rio Grande do Sui, one in each of the 
following states: Pernambuco, Paraiba, Espirito Santo 
and Parana. All use imported fuel oil, but raw materials 
are domestic-limestone and clay of local production and 
gypsite transported from Rio Grande do Norte, Ceara and 
Pernambuco. 

Domestic production of Portland cement in 1948 was 
1.1 million tons having a value of 618.7 million cruzeiros 
($US 30.9 million). 

COAL 

The coal resources of Brazil are not very important and 
coal mining has not led to the establishment of industrial 
centres around the coal beds, either in Rio Grande do Sui or 
Santa Catarina and Parana. While the more important 
coal deposits are located in the southern states, about 
eight-tenths of the industry was established around the 
"':rea between the three capital cities, Rio de Janeiro, Sao 
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are being investigated by private Brazilian interests con
nected with American firms. The ore bodies lie about 
240 km. from the port of Macapa, which is some 3,000 
miles from the Atlantic ports of the Vnited States while 
Rio de Janeiro is about 4,750 miles. 

Tu-:-;GSTE-:-;, TA~TALUili, BERYL, CASSITERITE AND 

AMBLIGO~ITE 

These ores are found in an area of 20,000 sq. km. in the 
States of Paraiba and Rio Grande do Norte, where more 
than 400 mineral deposits are known and explored mostly 
by hand with the employment of local cheap labour. 
Scheelite mines are in contact between crystalline schists 
and limestones, mostly of dolomitic character, whereas the 
other minerals are mined from pegmatites. Other beryl
lium, ambligonite and tantalite areas in north-east Brazil 
lie in the State of Ceara (about 5,000 sq. km. in Cascavel, 
Aquiraz, Quixeramobim-Cachoeira). During the last war, 
under the encouragement of high prices, these ore deposits 
were intensively explored, but now, owing to low prices, 
attention has been turned to agriculture and occupations 
more profitable than hand-mining. These areas are un
doubtedly of world-wide importance for tungsten, beryl
lium and tantalum production. These ores contribute 2.5 
per cent of Brazil's total mineral production and are 
shipped mostly from Recife. 

QUARTZ 

The principal quartz-producing areas are in Minas 
Geraes, Goias and Bahia very far from the ports. The 
distances do not constitute a heavy handicap because only 
the high grades are exported. Quartz in Brazil is found in 
veins or in patches in the granitic, quartzitic and limestone 
areas and has been intensively sought during the war. 
Production dropped in late years but an important ac
tivity remains in the most promising areas. New quartz
bearing zones may be found in Goias in the very little 
known areas. Total production of quartz in 1948 amounted 
to 369 tons valued at 37 million cruzeiros ($ US 18.5 
million). 

SEMI-PRECIOUS STO:-.!ES 

The semi-precious stones, like aquamarines and ame
thysts, are not deeply influenced by distances or trans
portation difficulties. A great part of the quartz and beryl 
was transported by air during war time. The aquamarine, 
beryl, kuntzite and turmaline producing area is northern 
Minas Geraes in the Rio Doce and ] equitinhonha basins. 
Bahia and Rio Grande do Sui produce beautiful ame
thysts, those of the latter state being found in amygdales 
on the basalt. Export of semi-precious stones in 194 7 
amounted to nearly 2 million cruzeiros ($ US 100,000), 
chiefly for aquamarines, topazes, turmalines and ame
thysts. 

l\IAGXESITE 

Enormous deposits of magnesite are known in Ceara 
(Jose de Alencar, Oros, Carius) and Bahia (Brumado) but 
they are explored only on a small scale for domestic con
sumption. The Ceara deposits lie around 450 km. by rail
way from the sea port of Fortaleza, and are estimated at 
more than 500 million tons. Those of Bahia lie about 

19 

Brazil: Mineral Production, 1947 

JJillion United States 
cnt£ezros dollars 

l. Gems and semi- Diamonds 
precious stones Semi-precious 

(Turmaline aqua
marine topaz, 
amethysts) 
Quartz 

2. Gold and silver 

3. Fuels ... 

4. Metallic ores 

Gold (incl. placer) 
Silver 

Coal 
Petroleum 

Iron ore (export only) 
Manganese ore 
Chromite 

5. X on-metallic ores Kaolin 
Feldspar 
Apatite 
Barytes 
Mica 
Arsenic oxide 
Asbestos 
Gypsite 
Bituminen s.s. 
fluorite · 
Diatomite 
Bauxite 
;\Iarble 

6. Semi-rare ores . Zirconium ore 
Tantalate 
Beryllium 
::\fonazite sand 
Tungsten ore 
Cassiterite 

52.4 
3.7 

37.2 

161.5 a 
0.3 

274.3 
4.8 

14.4 
:~2.1 
0.8a 

3.5a 
4.5b 
5.0b 

ll.Ob 
1:3.3 

4.0 
l.5b 

22.0b 
0.5 b 
I.Ob 
2.0b 
0.6b 
4.2 

3.4 
3.0 
3.3 
3 ~ 

29 .. 5 
6.0 

7. llineral industries Metallurgy (pig iron) 429.5 
Portland cement 424.2 
Lime 50.0b 

1,606. 7 

2,620,000 
18.5,000 

1,860,000 

8,075,000 
15,000 

13,715,000 
240,000 

720,000 
1,605,000 

40,000 

175,000 
225,000 
250,000 
550,000 
665,000 
200,000 

75,000 
1' 100,000 

25,000 
50,000 

100,000 
30,000 

210,000 

170,000 
150,000 
165,000 
160,000 

1,475,000 
300,000 

21,475,000 
21,210,000 

2,500,000 

80,335,000 

a To the production of gold from the mines has been added the 
estimate of placer production. 

b Estimates, from reliable sources and information obtained 
from producers, dealers or consumers. \Vhile not actual statistics, 
the numbers are considered by the author to be satisfactory. 

630 km. by railway from Salvador and about 700 km. 
from the metallurgical area of Minas Geraes where they 
are being utilized for refractories. These deposits contain 
various grades and types of the ore and are also estimated 
at more than 500 million tons. 

NICKEL AND COBALT 

Several small deposits are known in Minas Geraes, but a 
large one has been discovered in S. Jose do Tocantins, in 
Goias State, including manganese-bearing and cobalt
bearing ores. According to Pecora, the estimated reserves 
of 45 prospects examined do not exceed 9 million tons of 
ore running 1 to 3 per cent ~i; for the district as a whole 
he estimated 16 million tons from 1 to :3 per cent Ki, and 
believes it possible to have 5 million tons averaging 4 per 
cent Ni, or 1 million tons averaging 6 per cent Ni. The 
Ni-Co-:Vfn-bearing ore can amount to at least 18,000 tons 
and possibly more than 75,000 tons of 1 to 2 per cent Co 
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ore. The isolation of these deposits, so far away from 
roads, industrial centres and fuel facilities, has hampered 
the development of this most important nickel-cobalt 
district of Brazil. 

COXCLl'SIOX 

The best known area in Brazil is the strip 500 km. in 
width along the eastern coast covering 25 per cent of the 
territory. The other 75 per cent about which extensive 
geological generalizations are being made, is very little 
known. What is now mapped as Archaean without 
mention of any detail or mineral occurrence probably also 
includes Algonkian formations which generally contain 
gold, semi-precious stones, iron and manganese. The very 
limited knowledge of that large area, which covers more 
than 6 million sq. km. is due to shortage of technicians in 
the country and also to the decline of the spirit of con
quest among Brazilians-that spirit of conquest which 
prevailed formerly when the Bandeirantes fighting the In
dians, penetrated deep into the far west. Only modern 
techniques are recommended for the survey of this hinter
land. In the opinion of the author aero-geology and air
borne magnetic surveys will be of maximum help in 
making research in those wild areas. 1 

In this 500 km. strip some areas in south-eastern Bahia, 
northern Minas Geraes and south-eastern Sao Paulo. 
demand investigation because of the possibility that 
important deposits of beryl, semi-precious stones, lead
zinc-silver and gold will be discovered there. 

1 See below page 83, "The Best Methods of Accelerating 
Mineral Discoveries in the Central and ::>rorthcm Parts of Brazil", 
by the same author. 
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The Geographical Basis of the Cement Industry in India and Pakistan 

K: RAJAGOPALASWAMY 

ABSTRACT 

There are at present 21 cement factories in India and five in Pakistan with a total capacity of 3.35 million tons per 
annum. Three new factories are being built and most of the existing factories are being extended. It is expected that 
by 1951 the total capacity of the 29 factories would be about 4.85 million tons per annum. 

The demand for cement in India and Pakistan has in recent years been greater than the supply. Yet, it has not 
been possible to expand the industry to the extent it was considered necessary. 

The geographical factors relating to the utilization of cement raw-materials in India and Pakistan are far from 
ideal. Most of the cement factories though located in proximity to limestone deposits, are of considerable distance 
from the important coal fields, large gypsum deposits and large consuming centres of cement, with the result that the 
production costs as well as distribution costs are high. The cost of packing materials (jute bags) is high. The capital 
costs involved in extending an existing factory or in erecting a new factory are high. In spite of these adverse factors 
the selling price of cement in India and Pakistan is not very much more than in the United States. 

In India and Pakistan, considerable amount of prospecting work is carried out by geologists, and efforts are being 
made to locate sites for erecting new factories as near the consuming centres as possible so that cement can be supplied 
cheaper than at present. Special attention is paid to the conservation and utilization of cement raw-materials. With 
the possibility of utilizing low-grade limestone after beneficiation and also the manufacture of cement machinery in 
India and Pakistan, it is hoped that cheap cement would be made available to the consumer. 

INTRODCCTION 

The ement industry is one of the basic industries of 
[ndia and Pakistan. Cement manufactured in these two 

21 

countries is Portland cement. Its importance has been 
well brought out during the last two \Vorld Wars when 
almost every ton of cement manufactured in the un
divided India was utilized for war purposes, and the 
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public could obtain little or no cement for their normal 
requirements. The growth of the Indian cement industry 
has been almost spectacular as shown by the following 
tonnage1 figures of cement consumption. 

Year Indian ce1nent Imports in tons Total consumption 
in tons in tons 

1914 1,000 150,000 151,000 
1919 87,000 83,000 170,000 
1924 264,000 88,000 352,000 
1929 560,000 75,000 635,000 
1934 729,000 52,000 781,000 
1939 1,510,000 Nil 1,510,000 
1944 2,008,000 Nil 2,008,000 
1949" 2,300,000 25,000 2,325,000 

a Estimate for India and Pakistan. 

At present there are 21 cement factories in India and 
five in Pakistan, with a total capacity of 3.35 million tons 
per annum. Most of these factories are being extended and 
three new factories are under construction in India, three 
of which are about to commence production. It is ex
pected that within a couple of years the total capacity of 
these 29 factories in India and Pakistan would be about 
4.85 million tons per annum. There are also other schemes 
under consideration for the erection of more factories and 
it is likely that the present target figure of 6 million tons 
per annum will be reached during the next few years. The 
attached statement, which appears at the end of this 
paper, shows the location of the various factories. 

The chief geographical factors ;;;}zich determine the location 
<~f a cement factory are: 

(1) Availability of suitable raw materials, namely: 
(a) Limestone or any highly calcareous material, 
(b) Argillaceous material such as shale, clay, baux

ite, etc., 
(c) Gypsum. 

(2) Coal (or oil) necessary for burning the raw-mix into 
clinker and for generating power. 

(3) Water supply required in the manufacturing 
process. 

('1) Availability of labour. 
(5) Transport facilities. 
(6) Market for cement. 

There is a great demand for cement both in India and 
Pakistan. Cement is being used extensively in the con
struction of large buildings, highways, bridges, dams, air
port runways and many other major and minor projects. 
At present the demand is considerably more than the 
supply. Yet, it has not been possible to expand the in
dustry in recent years to the extent it was considered 
necessary. Production figures show that although over 
2 million tons were produced in the year 1944, the in
crease in production in 1949 is expected to be only about 
0.3 million tons. The reasons for the slow progress in 
recent years are, amongst others, the lack of adequate 
facilities for transporting coal to the cement factories and 

I Throughout this paper the ton referred to is a gross ton of 
2,240 lbs. 

cement to the consuming centres, and labour unrest which 
has been responsible for the shutting down of some of the 
factories for short periods. There is however reason to 
hope that the transport position as well as the labour 
situation will improve soon, as a result of the efforts of the 
Government of India and the Pakistan Goverment in 
their respective countries. 

The other geographical factors, namely the availability 
of suitable raw materials, and the supply of coal for fuel 
and power requirements, are factors which are of con
siderable importance to India and Pakistan. Limestone 
suitable for cement manufacture is no doubt found in 
many of the geological formations from the Precambrian 
to the Recent, but if we examine more closely the location 
of the cement factories, nearly all of which are within 
reasonable distance from the limestone deposits, it will be 
noticed that most of these factories are at considerable 
distance from the important coalfields, large gypsum 
deposits, and large consuming centres of cement. 

The cost of production and distribution of cement in 
in India and Pakistan is somewhat high, on account of 
the following factors: 

(1) The important coal fields are concentrated in 
Eastern India and are far away from most of the cement 
factories. 

The coal fields of Rajputana, West Punjab, Baluchistan, 
North West Frontier Province and Kashmir are of small 
size and generally contain poor quality coal. Moreover, 
they are very expensive to mine. For instance, the pits
mouth price of Baluchistan coal is about Rs. 27 ($US 8.2) 
per ton, approximately twice the price of Bihar-Bengal 
coal which is of much better quality. 

The price of coal in Singareni (Hyderabad State) is so 
high that it is more economical to supply the Shahabad 
cement factory (located in Hyderabad State) with Bihar
Bengal coal. Similarly it is cheaper to supply the cement 
factory in East Bengal (Pakistan) with Bihar-Bengal coal 
rather than coal from aajacent Assam. 
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The cement industry in India and Pakistan pays as 
much to the railways for transporting coal as it does to the 
collieries for supplying coal, in spite of the fact that the 
pitsmouth price of coal in India and Pakistan is high 
(varying from Rs. 13 toRs. 30 per ton, i.e., 4 to 9 dollars 
per ton) and the freight rate on coal per ton-mile is lower 
than in many countries. 

(2) The large deposits of gypsum in India and Pakistan 
are very few. Only those of the North West Frontier 
Province, West Punjab {Khewra etc.),Rajputana {Bikaner 
and Jodhpur States now part of the Greater Rajasthan 
Union), and South India (Trichinopoly) are worth mention
ing. The other gypsum deposits have limited reserves, 
often expensive to mine, and are of only local importance. 

Trichinopoly gypsum which is sold at Rs. 27 per ton 
($US 8.2), f.o.r. dispatching station, is an expensive 
proposition even for the factories in South India. 

Most of the cement factories in India and Pakistan are 
obtaining long lead gypsum from West Punjab and 
Rajputana paying freight rates amounting to about three 
times the price of gypsum. 
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Cement Factories in India and Pakistan 

AssOCIATED CEMENT COMPANY's FACTORIES 

(Rated capacity at present 2.2 million tons per annum, to be increased to 2.7 million tons by 1950-1951) 

Cement works 

l. Bhupendra. 
2. Coim batore. 
3. Chaibasa. 
4. C. P. 
5. Dwarka 
6. Gwalior 
7. Khalari 
8. Kistna. 
9. Lakheri 

10. Porbandar 
ll. Shahabad 
12. Sind. 
13. Wah. 

Nearest railway station 

Surajpur-N.W. & E.P. Ry .. 
Madukkarai-S.L Ry. 
Jhinkpani-B.N. Ry .. 
Jukehi-G.LP. Ry ... 
Dwarka-J. & D. Ry .. 
Banmor-G.LP. Ry .. 
Khalari-E.I. Ry. . . 
Mangalagiri-M.S.M. Ry. 
Lakheri-B.B.C.I. Ry. . 
Porbandar-P.S. Ry. . . 
Shahabad-G.I.P. Ry. . 
Rohri-1\'.W. & E.P. Ry. 
Wah-N.W. & E.P. Ry .. 

OTHER FACTORIES 

Province or State 

Patiala & E.P. 
Madras Presidency 
Bihar 
Central Province 
Bombay Presidency 
Madhya Bharat 
Bihar 
Madras Presidency 
Rajasthan 
Saurashtra 
Hyderabad 
Sind (Pakistan) 
W. Punjab (Pakistan) 

(Rated capacity at present 1.15 million tons per annum, to be increased to 1.65 million tons by 1950--1951) 

Cement works 

H. Andhra 
15. Assam Bengal . 
lil. Dalmiapuram. . 
17. Dalmia Dandot. 
18. Dalmia Dadri. . 
19. Kalyanpur ... 
20. Mysore Iron & Steel \Vks. 
21. Rhotas Indnstries, Ltd. 
22. Shantinagar . 
23. Sane Valley . 
24. India . . -. . 
23. Shree Digvijay 
26. Travancore. . 

Cement works 

27. A. C. C.'s Sevalia. 
28. Dalmia J aipur 
29. Dalrnia Orissa . 

N em· est railway station 

Bezwada-M.S.M. Ry. . . 
Chhatak (River Station) . . 
Dalmiapuram-S.I. Ry. . . . 
Dandot-N.W. & E.P. Ry. . 
Dalmia Dadri-B.B.C.L Ry .. 
Banjari-D.RL. Ry ..... 
Bhadravati-M.S.M. Ry. . . 
Dalmianagar-E.I. Ry. . . . 
Drig Road-N.W. & E.P. Ry. 
Japla-E.L Ry ... 
Tinnevelly-S.I. Ry. 
Jamnagar-J.D. Ry. 
Alwaye-S.I. Ry. 

Province or State 

Madras Presidency 
E. Bengal (Pakistan) 
Madras Presidencv 
\\'. Punjab (Paki;tan) 
Patiala & E.P. States 
Bihar 
::VIysore 
Bihar 
Sind (Pakistan) 
Bihar 
i\Iadras Presidency 
Saurashtra 
Travancore and Cochin Union 

FACTORIES UNDER CONSTRUCTION 

(Estimated Capacity 0.5 million tons per annum) 

Near est railway station 

Sevalia-B.B.C.I. Ry.. . . . . 
Sawai 1\Iadhopur-B.B.C.I. Ry. 
Jamga-B.N. Ry. . . 

Province or State 

Bombay Presidency 
Greater Rajasthan 
Orissa 

(3) The large provinces of united Provinces and West 
Bengal do not have limestone deposits within economic 
distance from railhead although no doubt at a later date 
additional railway lines are likely to be constructed with a 
view to opening up new areas for industrial development. 
Consequently there are no cement factories in United 
Provinces and West Bengal at present and cement supplies 
are made from adjacent provinces. 

Pakistan to the various consuming centres is about Rs. 15 
($ US 't5) per ton, and the average distance over which 
cement is transported is more than 250 miles. 

(5) The cost of packing materials has risen very high in 
India and Pakistan. At present it costs about Rs. 11 
($ US 3.3) to pack a ton of cement in 20 jute bags. 

(6) Mention may also be made of the high capital costs 
involved in the extension of an existing cement works or 
the erection of a new cement factory. Today it would cost 
about Rs. 1,25,000,00 ($ uS :3.8 million) to erect a 
factory of the capacity of 100,000 tons per annum, as 
against a cost of only Rs. 45,000,00 ($ US 1.36 million) 
ten years ago. Naturally the depreciation on cost of 
machinery etc., would be a high figure at the present day. 

The cement factory in East Bengal (Pakistan) obtains 
its requirements of limestone from Assam in the Indian 
Dominion, although there is no cement factory in Assam 
itself on account of the fact that the limestone deposits are 
too far from railhead. 

( 4) The cement factories located as they are, in proximi
ty to limestone deposits, are at considerable distance from 
the important consuming centres of cement such as Bom
bay, Calcutta, Madras, Nagpur, Lucknow and Lahore, 
with the result that at present the average freight on 
•.:ement distributed from the factories in India and 
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Summarizing the economics of organization of cement 
industry in India and Pakistan, it may be stated that the 
production cost of packed cement and charges for distri
bution of cement would be high on account of the following 
factors: 
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(a) High capital costs involved in erecting a new fac-
tory or in extending an existing factory; 

~(b) High cost of long lead coat and gypsum; 
(c) Price of packing materials; 
(d) Freight rates on the distribution of cement over 

long distances. 
In spite of the above-mentioned adverse factors, the 

price of cement in India and Pakistan is not very much 
higher than in the United States. In India and Pakistan, 
the selling price is Rs. 82.5 ($ US 25) per ton of cement 
packed in jute bags and delivered to the consumer, i.e., 
inclusive of the transportation charges. In the United 
States, the price that the consumer has to pay depends 
upon the distance from the factory to the consuming 
centre. The ex-works price of unpacked cement is about 
2.3 dollars per barrel which works out to 13.7 dollars per 
gross ton. If a consumer in the Cnited States wishes to 
have a ton of cement delivered in jute bags (instead of the 
usual paper bags which are cheaper but less durable), at a 
point 250 miles away from the factory (as in India and 
Pakistan), he would have to pay 1:3.7 dollars for the price 
of cement, 3.3 dollars for jute bags (as in India and Pa
kistan) and 6.5 dollars as transportation charges, making a 
total of 23.5 dollars per ton as against 25 dollars in India 
and Pakistan. 

It is interesting to note that in the Gnited States the 
cost of production of cement is lower than in India and 
Pakistan, partly because of the large size of the plants. 
For instance, the three factories situated at Buffington 
(Indiana). Alpena (Michigan) and Permanante (California) 
together can produce annually as much as all the existing 

26 cement factories in India and Pakistan and naturally 
their cost of production should be considerably less. 

In India and Pakistan, efforts are being made to reduce 
the cost of production of cement, so that it can be sold 
cheaper and made available to a larger number of users 
than at present. The Associated Cement Companies 
Ltd who produce approximately 70 per cent of the total 
cement production in the two countries have a large staff 
of geologists who are continually prospecting for cement 
raw-materials and coal throughout India and Pakistan 
with a view to locating sites for erecting new factories as 
near the consuming centres as possible. Their mining 
engineers and other technical staff are paying special at
tention to the conservation and proper utilization of the 
cement raw-materials at their various factories. Attempts 
are being made to manufacture blast-furnace cement 
which can serve a number of purposes for which the 
more expensive Portland cement is used at present. The 
question of utilizing low-grade limestone after subjecting 
the ore to flotation process and thereby removing excess 
silica and enriching the lime content is also engaging their 
attention. Lastly, mention may be made of the fact that 
the Associated Cement Companies Ltd. built a cement 
works at Chaibasa in Bihar during the war period with 
cement machinery (kilns, mills, etc.) manufactured at 
their several factories in India and Pakistan. The outlook 
for cement industry in India and Pakistan is bright and it 
is hoped that cheap cement will be made available to the 
consumers at a not very distant future in spite of the fact 
that the geographical factors relating to the utilization of 
cement raw-materials are by no means ideal. 

The Supply and Industrial Applications of Scrap Metals 

H. J. MILLER 

ABSTRACT 

Of the various sources of scrap, comprising "residues", "new" or "process" scrap, and "old" scrap, the latter is 
the only form which supplements supplies of primary metals. Estimates are given of the world's total store of metals, 
these having been derived by the use of certain assumed recovery factors for individual metals. From statistical data 
available in both the United States of America and the United Kingdom for copper, lead, zinc, aluminium and other 
metals, estimates have been made of the probable supply position for scrap, relative to virgin metals, which now obtains 
in the world. It is considered that there will in future be a gradual increase in the supplies of old scrap. The uses of 
both old and new scrap have been considered and the difficulties involved in utilising scrap so that the products comply 
with modern specifications have been mentioned. Since in the case of some metals the past outlets for scrap have been 
in the direct production of low-grade alloys or products it is concluded that, without a further expansion of such uses, 
it will be necessary to consider the adoption of processes which provide for the treatment of scrap to recover the con
stituent metals in a high state of purity. 

Metallic scrap materials originate from three essentially 
distinct sources, namely: 

(a) The metallurgical industries, engaged on the con
version of the raw materials into various usable forms, 
from which operations small quantities of contaminated 
metals, slags, skimmings and other "residues" arise as by
products; 

(b) The engineering or other consuming industries, 
which, in the course of further fabrication of the metals, 
produce large quantities of "process scrap" (sometimes 
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termed "new scrap"), in the form of webbing, trimmings, 
swart, etc.; 

(c) Demolition operations, from which salvage or 
demolition scrap is obtained, and which is perhaps best 
described as "old scrap". 

The above are usually considered as available to supple
ment the primary metal supplies, though strictly it is only 
the old scrap which should be regarded in this way. There 
is in addition a large amount of "runaround scrap" in the 
metallurgical industry but this does not appear on the 
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market, at least in great quantities; it is almost invariably 
reconsumed in the works in which it arises, and therefore 
it is not usually included as scrap which enters into 
statistical returns. 

Information on the arisings and consumption of scrap 
metals is published by U.S. Bureau of Standards, the 
American Bureau of :Metal Statistics, the British Bureau 
of Non-Ferrous Metal Statistics, and the U.K. Ministry of 
Supply (Light Metals). It is far from an easy matter to 
obtain and collate statistics relating to scrap metals, as 
these arise at so many points, and it is believed that the 
official figures in respect of process scrap are definitely 
low because in many works there is an effective re
utilization of process scrap, so that such material is not 
marketed. Therefore in the interpretation of statistics 
relating to secondary materials, allowance must be made 
for the difficulties in the compilation and interpretation of 
data. Ingalls (1) 1 has in fact stated that it is impossible 
to undertake an effective survey of the scrap industry by 
purely statistical means, and he prefers the method of 
obtaining typical data for specific industries and deducing 
intelligently from this. The scrap figures published by the 
British Bureau of Non-Ferrous Metal Statistics are the 
differences between the amounts of products made by the 
industry groups and the amounts of virgin metals used, 
both of which are known with great accuracy. 

In practical usage, the source of scrap, i.e., process or 
old, is of little significance, and the classification system 
applied in the different industries for the different metals 
is of more concern; in some cases it happens that old scrap 
is of higher value than some process scrap, though 
generally the latter is the superior material. All old scrap 
and the bulk of the process scrap passes through the hands 
of metal merchants, who classify and feed the materials to 
the consuming metallurgical industries. In a number of 
cases in the non-ferrous industry special arrangements are 
made whereby process scrap is returned direct by 
customers to the original suppliers, as in this way a 
cleaner form of scrap is secured. Another procedure which 
is adopted in the non-ferrous metals industry is the 
"ingotting" of scrap, so as to render the latter more easily 
consumable; ingotting reduces bulk and averages the 
composition while in some cases a certain amount of 
refining is effected. 

The importance of the various sources of scrap, as 
defined above, is far from constant with the different 
metals. The occurrence of process scrap from user in
dustries is much lower with some metals than with others, 
as for example in the case of lead where process scrap is 
apparently only 5 per cent of the total (virgin and scrap) 
consumption, as against about 20 per cent in the case of 
the copper and copper-alloy industry. The recovery of 
old scrap also varies widely being much influenced by the 
nature of the applications. Some applications are such 
that there is ultimately a complete recovery of the metal, 
and thus the metal can be regarded as being merely "on 
loan" for a specific period, after which it becomes available 
again for further use; other applications are such that 
there is no recovery whatever of the metal. In th,e former 
type of applications, it is impossible to state an average 

1 Numbers within parentheses refer to items in the bibliography. 
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time before the metals are returned for further use and 
actually the life may vary from an extremely short one to 
upwards of a hundred years. Thus it is difficult to calcu
late when the metal can be expected to come back for 
re-use. 

There would appear to have been confusion on some 
occasions in the past regarding the importance of scrap as 
a source of supply of raw materials, though experience 
since the paper which Barbour (2) gave on copper should 
have confirmed his contention that supplies of scrap do 
not offer any threat to new metal production. The oc
currence of old scrap-which is the only form of secondary 
metal which really "adds to supplies-is to a large extent 
dependent on progression, since vehicles, ships, buildings, 
plant, equipment, or whatever one is concerned with, are 
only scrapped when there is something new------often larger 
and better-to take their place, which in turn requires 
more virgin metals. For this reason it is definitely a 
mistake to regard the "store" of metals which are in use 
as an alternative to new metal production, and all that 
can be done is to form a view as to what quantities of old 
scrap are likely to come forward for possible use. On the 
other hand changes in fashion occasionally result in large 
amounts of particular forms of scrap becoming available 
without a corresponding consumption of new metals; an 
instance is the replacement of tramway systems by bus 
services, which releases large amounts of copper and steel. 

In the case of some metals there is a limited capacity 
only for reconsuming materials of scrap origin, and the 
commercial values and possible uses of scrap depend largely 
on freedom from injurious impurities so that it can be 
utilized without much effort for the production of metals 
and alloys to recognized specifications. Within recent 
years specifications have in general become more stringent, 
a matter which has been dictated by the requirements of 
the more modern and highly mechanized fabrication prac
tices; in consequence, works practice which was possible 
in the past may not now be acceptable. A further factor 
in this matter of possible scrap consumption is the volume 
of trade in the particular metal, compared with the 
amount of scrap that is coming forward at a given time. 
With conditions of continuing trade expansion, there is 
relative ease in consuming scrap and such material may in 
fact be in extremely short supply, but when there is a 
reversal in the trade conditions, there may be difficulty 
in consuming the whole of the arisings of scrap. This 
stipulation applies particularly to certain non-ferrous 
metals in which stringent specifications apply to the pro
ducts. In these instances there remains the alternative 
procedure of treating the scrap by the comparatively 
costly processes of smelting, so as to recover the primary 
metals, a procedure which is undertaken particularly in 
the case of copper and lead. 

In connexion with this problem of utilizing in the most 
economical way the supplies of scrap of certain of the 
metals, it has to be remembered that the per capita con
sumption of copper and other metals in most of the world 
has been only a fraction of that in the United States of 
America and \Vestern Europe. An increased consumption 
in the backward countries by virtue of industrial develop
ment, which would essentially result in a requirement for 
primary metals, may for a time render it possible for such 
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countries to take large quantities of secondary metals; in 
this event it might be anticipated that there would 
develop an export business in scrap or secondary ingots 
from the United States and from Western Europe. On 
the other hand an increased consumption of metals in the 
backward countries by purchase of fabricated metals and 
equipment would give rise to the reverse problem, and it 
would ultimately be necessary to transport scrap back to 
the fabricating centres, though this would not occur in 
volume for some time. Whichever pattern is followed, the 
overseas position of scrap materials promises to be of in
creasing importance. 

Because of the above factors, which 'tender it impossible 
to propound a series of general statements which are 
applicable to all metals, it has been considered preferable 
in this survey to refer to each metal separately, though in 
the space available it is not possible to deal fully with all 
aspects appertaining to the subject. 

ASSESSMENT OF THE WORLD'S STORE OF METALS 

In the first column of table 1 there is recorded the pro
duction of virgin metals for the last hundred years. In the 
second column an estimate of the recovery factors is 
quoted, these percentages having been estimated by the 
author in all cases, except for iron where a previously 
recorded estimate (3) has been accepted; it must be 
emphasized that these figures are only estimates, or 
rather intelligent guesses, as there is no possible way of 
arriving at specific figures. 

From this data the world's present store of the various 
metals has been derived, and these estimates are quoted 
in the third column. The maximum and present approx
imate productions of the individual metals are also 
recorded in the table so that an easy comparison can be 
made between the production rates and the total store of 
metals. 

COPPER 

working methods, it is possible to experience a fairly wide 
range in f1gures, and therefore there is good reason for 
accepting the United States experience of 20 per cent for 
process or new scrap. 

The world position is estimated to amount to a supply 
of 1.3 million tons per year of copper in scrap forms, so 
that with 2.2 million tons of virgin copper the metal
lurgical industry has a total supply of 3.5 million tons per 
year copper content. As already pointed out the industry 
carries a load of runaround scrap in addition, but this does 
not enter into consideration. The analysis of the 1.3 
million tons scrap into the various types and compositions 
cannot be carried very far but the author would assume 
that probably 50 per cent of this, or 650,000 tons is old 
scrap. Actually the United States figures for 1946 are on 
a 50-50 basis for old and new scrap but in pre-war years 
the figures indicated that old scrap provided two-thirds of 
the total scrap contribution. 

This variable experience is considered to be due largely 
to variations in general trade affecting p1imary metal 
requirements. The quantities of old scrap do not vary in 
exact relationship with trade, but are subject to an al
together different set of laws. On the other hand, new 
scrap is definitely related to trading conditions and it has 
already been suggested that it amounts to an average of 
20 per cent of the total metal fabricated. Thus the relative 
proportions of old to both new scrap and total supplies 
can vary widely. The latter has in fact been pointed 
out recently (5) in data relative to the United States 
and it was estimated that the time is approaching when 
old scrap supplies may contribute one-third of the total 
copper supplies, though at present it is estimated that 
they amount to one-quarter. In the ultimate, if absolute 
stability of new production occurs over a long period, then 
it would seem that old scrap supplies could rise to as much 
as 60 per cent of the total primary and old metal, though 
it is not envisaged that such a condition will eventuate. 

Of the uses to which copper is applied most of them are 
of a non-consumable nature, which accounts for the re-

The outstanding features with copper are the high re- covery factor being placed at 65 per cent. The expected 
covery factor from past applications, namely 65 per cent life of copper products ranges widely but the author has 
according to the estimate in table 1 and also the large assumed an average of twenty-five years; this means that 
amount of process scrap arising in the course of manu- the salvage yield in 1945-1955 might be expected to be 
facturing processes. Hence a considerable volume of scrap 65 per cent of the metal consumed in 1920-1930, in which 
is involved and recent figures for the United States of case the figure should be 0.9 million tons per year, as 
America and the United Kingdom are recorded in table 2, compared with an estimate of 650,000 tons which is now 
from which it is seen that with allowances for the different coming forward from this source. Actually, assessment 
approaches of the organizations in the two countries there of supplies of old scrap by theoretical calculation is im
is good agreement regarding the percentage amount of possible as there are fallacies attaching to methods which 
scrap employed in recent years. In the United States of involve the acceptance of any average figure for the life of 
America some of the scrap is passed through electrolytic copper products. In addition the incidence of war has of 
refineries and appears on the market along with primary course interfered with normal replacement and salvage 
copper. programmes, besides having created special problems in 

The amount of process or new scrap arising in user in- connexion ·with, first, the provision and then the sub
dustries is shown by the United States of America data to sequent scrapping of war equipment. However, the calcu
be 20 per cent of the total raw material feed; the author (4) lation serves to show what might ultimately be expected 
has previously suggested that for United Kingdom in- from old scrap supplies. 
dustry, the process scrap amounted to 23.5 per cent of The next matter of importance is how does industry 
the output of fabricated metal, this f1gure being supple- utilize the scrap which comes forward from all sources, 
mented by a small amount in respect of residues arising and this is best considered by reviewing the constitution 
within the metal industry itself. Since the amount of of the industry. The constitution of the copper industry 
process scrap varies with different materials, products and is such that slightly more than 50 per cent of the total 
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copper supplies (not virgin) is required for the production 
of unalloyed copper products and the remainder is con
sumed in alloy and miscellaneous forms, divided into about 
13 per cent for extruded brass rods and sections, 16 per 
cent for the wrought alpha brasses, 3 per cent for wrought 
alloys other than brasses, 10 per cent for cast products, 
and 2 per cent for chemicals, besides various other minor 
uses. Due to specification requirements, coupled with 
limitation in works practice and similar factors, only 
certain high-grade materials in segregated condition can 
be returned for direct use by most fire refiners of copper 
and by fabricators of the w;ought alpha brasses. Lower
grade -scrap materials may be consumed by the extruded 
brass trade, the casting trades and in the production of 
chemicals, which trades together total about 25 per cent 
of the whole industry, although these three latter trades 
permit more liberty to be taken, it must be realized that 
quite high standards must be attained in the case of some 
of these products also. For scrap and residues which 
cannot be absorbed direct in these trades there remains 
the possibility of smelting andfor electrolytic refining, so 
that the copper content is obtained in the form of refined 
copper once more; this practice has been conducted in 
the United States on approximately 100,000 tons per year 
but has not been carried out elsewhere other than in 
Germany. 

In the past the copper industry has undergone continual 
expansion, though the rate has been far from steady. 
Such expansion has facilitated the direct use of scrap, 
especially as the expansion has been w:=:ll balanced an.d 
has included the extruded brass and castmgs trades. It 1s 
an open question as to what will happen in the future, but 
if further expansion of the copper industry is experienced 
then it would appear from recent trends that this will be 
more pronounced in the trade sections which call for 
stringent control of impurities, the largest increase being 
in the use of unalloyed copper for electrical purposes. 

It is the author's view that if there is not a continual all 
round expansion of the industry, so that the alloy trades 
can use the bulk of the scrap, then it will be inevitable in 
the future to process increasing tonnages of scrap by 
processes which will reclaim the separate constituent 
metals in a state of high purity, corresponding in fact to 
virgin metaL Such processes are fairly costly since they 
involve some form of smelting process, followed by electro
lysis of the copper and special treatment of other recovered 
~etals, so as to achieve the desired final purity. Given 
sufficient plant capacity, this then determines the price 
which scrap metals command at the lower end of the 
scale; the upper end of the scale for selected high-purity 
scrap is set by the mixture values, less a small amount to 
compensate for handling, loss, contamination and so forth. 
Thus the market value of copper-base scrap can range 
over quite wide limits, according to the particular uses for 
which it is fitted. 

LEAD 

Lead provides the only definite example of a static or 
declining activity in virgin metal production, this state of 
affairs having been brought about by exhaustion of 
deposits. The present production of about 1.5 million short 
tons per year corresponds to the average production for 
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the past forty years, and hence one would expect a 
condition of fair stability to have been reached in supplies 
of "old" metaL 

Both United States and United Kingdom statistics for 
the last three years, as shown in table 3, indicate that 
the recovery of lead from scrap sources has been running 
at the rate of about 40 to 45 per cent of the total supplies 
of lead. However, it is possible that the figures have been 
swollen by the recovery of lead from war stores. As it is 
suspected that other countries do not show such a high 
ratio for their secondary lead supplies, as for example, in 
Canada and Australia, where there may not have been the 
same incentive, it would appear reasonable to credit the 
world position as being based on a slightly lower scrap 
recovery. It is suggested that the total may be 900,000 
tons per year, to give a total lead supply of 2.4 million tons 
per year, in which case the proportion of scrap would be 
37.5 per cent on total supplies or 56 per cent on the virgin 
supply. An important feature with scrap lead is that most 
of the recovery is due to salvage operations and very little, 
namely only 10 to 15 per cent to process scrap. 

The present rate of scrap arisings are coming rather 
close to the recovery factor on the total amount of lead 
installed a generation or more ago. However, it has al
ready been pointed out that fallacies attach to any at
tempt at calculation of old supplies but the author con
siders that it is reasonable to anticipate that fairly uniform 
amounts of old lead will continue to come forward, though 
many have expressed the view that present supplies of 
scrap lead are abnormally high and cannot be maintained. 

The uses of lead have shown considerable changes over a 
period of years but a study of the data for both United 
States and "Cnited Kingdom uses justifies the conclusion 
that the present peace time uses are about 20 to 25 per 
cent in applications where the metal is consumed (mainly 
chemicals, paint, shot and foil) and 75 to 80 per cent as 
metal in applications where there are prospects of ultimate 
recovery, subject of course to an allowance in respect of 
wastage; hence the recovery figure of 60 per cent quoted. 

The processing of scrap lead is comparatively simple and 
is conducted with high efficiency for recovery of the metal 
in the form of alloys (chiefly antimonial lead), commercial 
lead ingots or fully refined ingots. The refining processes 
are conducted at low cost, at least in comparison with 
those ruling for copper, and for this reason scrap lead 
materials have a high price in relation to quotations for 
the virgin metal. 

ZI:'JC 

In table '1 a summary is given of available data on the 
primary and secondary zinc position in the ~United States 
and the United Kingdom and from this it appears that 
a similar over-all situation obtains in the two cases, with 
secondary supplies running at about 25 to 30 per cent 
of the total. The probable world position is that secondary 
zinc supplies now amount to 500,000 tons per year to give, 
along with the 1.6 million tons per year virgin, a total zinc 
supply of 2.1 million tons per year. It should be stressed 
that only a small amount of this secondary zinc supply is 
from salvage, the bulk being various forms of process 
scrap and residues; probably old scrap provides little 
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more than 100,000 tons per year judging by the United 
States experience. 

The main uses of zinc, and their approximate per
centages expressed on the total (not virgin) consumption 
are galvanizing, 25 to 30; copper alloy, 25 to 30; zinc-base 
die-castings, 10 to 20; rolled zinc, 10 and zinc oxide and 
lithopone, 15 to 20 per cent; there are certain wide dis
crepancies in the uses in the two countries. Of the uses, 
the first two have been established for a long period, the 
die-castings industry is of recent growth while the others 
are of intermediate development. Galvanizing gives no 
ultimate recovery, though this industry gives rise to large 
amounts of residues, which in fact amount to over one
quarter of the secondary zinc supplies; the uses of zinc for 
pigments also involve absolute consumption but the other 
main uses in copper alloys, die castings and rolled metal, 
present the possibility of ultimate recovery by salvage. 
Hence the ultimate recovery factor was suggested at 25 
per cent of the metal applied; obviously copper alloys 
provide the greatest scope for recovery. 

Thus in the case of zinc, the arisings of secondary metal 
are limited, and on the whole their re-absorption in in
dustry has not given rise to any difficulties, either tech
nically or in regard to the tonnage. The chief outlet for 
the secondary materials have been for the production of 
lithopone and oxide, though brass scrap circulates in the 
brass and copper industry only. 

The salvage scrap which it might be expected '.\-'.ill come 
forward in increasing amounts from die castings, may 
ultimately give rise to a problem, as it has been pointed 
out that the indiscriminate use of such scrap for die 
castings, without proper attention to the maintenance of 
high purity standards, could ultimately injure the whole 
reputation of the die-castings industry. On the other 
hand it is not possible to obtain anything like the commer
cial value of the metal by alternative procedures, since the 
cost of redistillation operations is high. This remark on 
commercial values applies also to the other zinc base 
materials and a very wide range in price operates for 
secondary zinc materials, according to whether the content 
is available for use in the metallic state or otherwise. 

ALU:I<IINIUM 

The aluminium industry has a special position in view 
of its recent development, as it made especially rapid 
growth in the 1939-1945 war, being now several times the 
pre-war level, apart from certain European countries and 
Japan; there are indications that the industry should 
continue to expand, since metal price movements have 
improved the competitive position. Most of the uses of 
the metal are in applications where recovery might ulti
mately be possible, though the small nature of many of 
the articles has been responsible for placing the recovery 
value at as low as 40 per cent. 

Because of its war-time growth and the special necessity 
of maintaining purity of materials at the highest level, the 
aluminium industry has instituted a system involving 
more care over segregation, remelting and other treatment 
operations than have other metallurgical industries. In 
consequence, the "up-grading" of scrap material, which 
was a war-time feature, is proceeding as a regular routine, 
and the secondary aluminium-ingot industry is established 
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on a firm basis. That this will continue is almost implicit 
from the fact that a very poor market exists for con
taminated metal. The British Standards Institution will 
shortly issue specifications covering ingots and castings 
made largely from secondary material. Although in the 
United Kingdom, most secondary metal is utilized for 
castings, some quantity is also used in the production of 
wrought metals, though there is a definite limitation to the 
scope in this field. 

Recent statistics for the aluminium industry are given 
in table 5. Both United States and United Kingdom 
figures show that secondary material amounts to about 
40 per cent of the total supplies, and the United States 
experience is that roughly two-thirds of this is from new 
or process scrap, and one-third from old scrap. It is 
thought that the amount of old scrap may have been un
duly swollen by the recovery of metal from obsolete air
craft and that there will be a diminution in future supplies 
of old scrap. 

In view of the limited experience which has been pos
sible since the enormous war-time growth of the industry, 
it would be unwise to quote any opinions on the probable 
arisings of scrap under peace-time conditions. However 
with present indicated demands for light-alloy castings, 
there is promise of a sufficient outlet for secondary metal 
and hence it will probably be a long way ahead before it 
will be necessary to undertake major refining operations 
on scrap, corresponding to the conversion of such material 
to virgin quality, which operations are difficult and costly. 

TI~ 

Of the world's past production of tin it is very doubtful 
whether more than 20 per cent is recoverable, the re
maining 80 per cent having been used in applications 
where it is disseminated to such an extent that no attempt 
at recovery is worthwhile. At the present time the output 
of primary tin is supplemented by fairly substantial 
quantities of secondary metal, which latter is in the form 
of secondary tin, (produced by detinners operating on 
new sheet cuttings) solders, type and white metals (pro
duced from process residues and old scrap), and gun
metals and red brasses, (produced from similar grades of 
process and old scrap). The contribution of secondary 
sources for a few years has amounted to 22 to 30 per cent 
of the total tin consumption in both the United States 
and the United Kingdom and, from the statistics available 
in the United States, process scrap and residues account 
for something over one-third of the secondary, the 
remainder being furnished by old scrap. 

The reason for the moderately low contribution which 
the salvage of old scrap can make to tin supplies is ap
parent from the uses which are made of the primary metal, 
namely, tin plate 35 per cent, tinning 5 per cent, foil and 
collapsible tubes 5 per cent, bearing metals 10 per cent, 
copper alloys 20 per cent, solder 20 per cent, and other 
uses 5 per cent. Of these uses, the majority do not give 
any scope for recovery and probably the best recovery 
factor occurs with copper alloys, but even in this case 
there is a considerable loss of the tin content as the iden
tity of a certain amount of the alloy material becomes lost 
and the tin enters into much other copper alloy scrap, 
where it is merely regarded as an impurity. In view of this 
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fact some copper smelting and refining firms have devel
oped special processes by which it is possible to recover tin 
as well as copper from mixed scrap, when the latter is 
ultimately processed for metal recovery. 

~ICKEL 

The applications of nickel for the most part involve the 
use of small amounts of the metal as alloying additions, 
and thus the metal is largely dispersed throughout the 
metallurgical industries, with the consequence that the 
suggested recovery factor has been placed as low as 20 
per cent. 

The metal is used in its various applications as follows: 
alloy steels 40 per cent, cast irons 5 per cent, nickel 
chromium alloys 6 per cent, electro-deposition 12 per cent, 
and malleable nickel and non-ferrous alloys 34 per cent. 

Probably the bulk of process scrap is utilized where 
effective use is made of the nickel content. Old scrap of 
the various nickel irons and steels is most difikult to 
segregate and it is to be feared that much of it finds its 
way into the normal quality mild steels where the nickel 
content is lost. 

Old scrap in the nickel rich alloys, including nickel sil
vers and the copper nickel alloys, is generally well segre
gated and is re-used in applications where effective use is 
made of the nickel content, such as in the production of 
nickel silvers and nickel bronzes. On the other hand the 
nickel content of many of the copper alloys becomes lost, 
though in the ultimate when such materials are smelted 
and electrolytically refined for recovery of the copper 
content, the nickel is recovered in the form of nickel 
sulphate. Thus in the copper alloy industry there must 
ultimately be little loss of nickeL 

IRO~ AXD STEEL 

The position with regard to the use of iron and steel 
scrap is rather different from that with other metals, by 
reason of the relative ease with which scrap metal can be 
converted into new metal. In practice, scrap metal may 
be regarded as almost equivalent to virgin material for the 
manufacture of ordinary commercial steels, provided that 
there is no serious contamination by other elements such 
as nickel or copper. 

As a result, very full use is made of such scrap as can be 
made available. In general, this scrap is remelted in 
electric furnaces or used in conjunction with circulating 
or process scrap and pig iron in varying proportions, ac
cording to local conditions, for the manufacture of steel 

Table 1. World's Store of Metals in Millions of Short Tons 

Total Probable Estimate Jf aximum Present 
producl"ion recovery of store annual annual 
of virgin factor of metals productionprodu,ction 

metals per cent 
(100 years 
to 1.947) 

Iron tl5 
Copper 80 65 :n 2.6 2.2 

(1943) 
Lead 85 60 ;)l 1.93 1.5 

(1929) 
Zinc (;;) 2;:) 16 2.0 1.6 

(1943) 
Aluminium lr:i 40 6 2,1 1.0 

(1943) 
Tin. .5 20 0.26 0.15 

(1940) 
Nickel 2.5 20 0.5 0.17 0.13 

(1943) 

France, this factor is of less importance since a large 
proportion of the steel is made by the Basic Bessemer 
or Thomas process. 

The prominence given to scrap supplies recently, arises 
from the fact that old scrap is largely a balancing factor 
in the production of steel. The amount of old scrap avail
able is naturally determined to a large extent by the 
general policy on the replacement of obsolete machinery 
and equipment. There is always a definite lag between 
increase of demand for steel and the availability of the 
scrap produced by this increased use of steel. This lag is 
influenced mainly by the availability, at an economic 
price, of steel for new construction and the pressure for 
modem and more efficient equipment in the various 
branches of industry. 

OTHER :M:ETALS 

Such metals as manganese, chromium, tungsten, 
molybdenum and others which are employed as alloying 
additions in iron and steel have low recovery factors. 
Process scrap is probably well segregated and profitably 
employed but with old scrap it is feared that the identity 
is lost and the alloying elements thereby enter into or
dinary mild steels, or are lost in slags. 

In the non-ferrous applications of minor metals, again 
the quantities are so small, or the elements so dissemi
nated, that recovery from old scrap is generally not a 
practical accomplishment. With precious metals there is 
of course an excellent recovery, as the uses are specialized 
and there is an adequate identification system. 

in open hearth furnaces. By these methods, the whole of Acknowledgements: The author desires to thank the 
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rosion (15 per cent) and an allowance for incomplete re- helpful comments were also received from Aluminium 
:avery. On this basis, old scrap can be expected to make Development Association, British Iron and Steel Federa
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U.S.A. 

Consumption of virgin copper . . . . 

Recovery of secondary copper b total 
comprising: 
Unalloyed copper. 
Copper in alloys . 
From "new" scrap 
From "old" scrap 

Total of virgin and secondary . . . . 

Percentage from secondary copper 
Percentage from primary copper . 

Table 2. Copper Base Materials 

(All figures given in short tons) 

1946 1947 
1,228,400 1,2V8,400 

803,546 
136,!109 
666,637 
397,093 
406,453 

2,0:H,94u 

:m.5 
60Jj 

G1·eat Britain a 

Consumption of primary and secon-
ary metal 

Unalloyed copper products: 
H.C. products . 
Rods, bars and sections. 
Sheet, strip and plate 
Tubes 
Castings and miscellaneous 

Alloyed copper products (copper 
content): 
·wire 
Rods. bars and sections. 
Sheet, strip and plate 
Tubes 
Castings and miscellaneous 
Copper sulphate 

Total copper content of product,; 

Comprising: 
Virgin copper 
Secondary copper 

Percentage from secondary copper . 
Percentage from primary copper . 

a British Bureau of Non-Ferrous :\Ietal Statistics. 
b U.S. Bureau of 1\Iines. 

Table 3. Lead Base Materials 

(All figures given in short tons) 

1941] 

195,058 
6,384 

66,ll0 
:l2,426 

6,720 

1:1,150 
83,827 
62.862 
11,928 
59,038 
L3,457 

552,960 

3G4,457 
188,5!H 

34.1 
65.!} 

c-.s.A. Gr,;ai Britain~ 

Consumption (total) by end uses b 

Cable ........... . 
Batteries . . . . . . . . . . 
Red lead and litharge (cxc. batteries) 
White lead 
Building. . . 
Ammunition . 
Foil. ... . 
Solder ... . 
Bearing metal 
Typcmetal. 
Tetraethvl. 
Calking : . 
Other uses. 

Total lead consumption . 

Consumption of virgin lead c _ 
Consumption of secondary lead , .. 
Recovery of secondary lead c 

sub-divided into ~new scrap 
(Old scrap 

Percentage (recovery) from secondary 
supplies ....... . 

Percentage from primary supplies . . 

1946 

110,000 
260,000 

G1,000 
48,000 
78,000 
30,000 

4,000 
53,000 
41,000 
:13,000 
48,000 
39,000 

118,000 

925,000 

. •!77,686 
508,8:~:\ 

392,787 
48,244 

:144,54:1 

45.1 

.54.9 

a British Bureau of Non~Ferrous Metal Statistics. 
b American Bureau of Metal Statistics. 
c U.S. Bureau of Mines. 

158,700 \ 
380,000 i 

G5,600 I 
55,000. 
78,000 
40,000 

:1,600 
59,000 
40,100 i 
25,600 I 
()6,600! 
49,900: 

148,9001 
-----: 
1. 112.ooo I 

714.:~3o 1 

I 

:17.4 

G2.2 

Consumption of primary and 
secondarv metal 
Cable .. · ....... . 
Battery ........ . 
Oxides and compounds for battery 
Oxides and compounds for other 

uses . . . . 
White lead .. 
Sheet and pipe 
Ammunition. . 
Foil and collapsible tubes . 
Solder . . . 
Alloys ... 
~Iiscellaneous 

Total lead consumption. 

Comprising: 
Virgin lead 
Secondary lead 

Percentage from secondary supplies. 

Percentage from primary supplies 

30 

1941] 

96,4:~n 

32,619 
24,ii40 

32,501 
25,397 
93,6:~G 

4,920 
4,08\l 

12,211 
13,918 
14,995 

355,26i) 

216,730 
138,533 

39.0 

Gl.O 

--~~---

1947 

220,218 
6,940 

66,831 
:~8,476 

6,720 

14,910 
98,fl79 
71,782 
11,831 
59,707 
9,:~9(; 

GOG, 790 

392,l:3:l 
213,657 

3;).~{ 

u4.7 

IOG,672 
28.355 
22!025 

32,8:30 
23,857 
96,2(;2 

2,402 
2,507 

ll,674 
14,407 
14,314 

355,305 

199,098 
15G,207 

44.0 

5G.O 

1948 

240,858 
8,704 

53,047 
44,764 

6,720 

16,249 
84,929 
70,802 
13,652 
35,172 

8,405 

603.302 

il99,6l:~ 

203,688 

:13.8 
66.2 

H/48 

129,535 
28,49:3 
22,969 

34,527 
22,888 
93,610 

4,180 
2,701 

11,572 
14,904 
16,128 

381,507 

210,497 
171,010 

44.8 

55.2 

-----~----
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Table 4. Zinc Base Materials 

(All figures given in short tons) 

U.S.A. Great Britain a 

Consumption of slab zinc h: 

Galvanizing 
Brass .. . 
Sheet .. . 
Die castings 
Oxide ... 
Other uses. 

Total ............. . 
Zinc content of ores for direct oxide pro~ 

duction (approx) . . . . . . . . . 

Secondary zinc materials h: 
Zinc in copper alloys: new scrap 
Zinc in copper alloys: old scrap 
Zinc base products: new scrap 
Zinc base products: old scrap 
Other. 

Total . 

Total Zinc Industry 

Percentage from secondary 
Percentage from primary 

194/i 

319,759 
149,102 
92,397 

212,211 
19,170 

8,603 

801,242 

85,000 

107,548 
49,336 

II 5,245 
27,690 

860 

300,679 

1,186,034 

:::u 
74.7 

a British Bureau of Non-Ferrous Metal Statistics. 
b U.S. Bureau of Mines. 

1947 

359,583 
108,591 
71,151 

215,022 
18,44 7 

7,881 

Consumption of primary and second
ary metal: 
Galvanizing . 
Brass .... 
Rolled metal 
Die castings . 
Zinc oxide 
Zinc dust . 
Other uses 

Total zinc content of products. 

Comprising: 
Virgin zinc . . . . . . . 
Secondary zinc (in copper 
Secondary zinc (in residues 

other scrap) 

Percentage from secondary supplies. 
Percentage from primary supplies .. 

-----··-·----··-~ .. ---

Table 5. Aluminium Base Materials 

(All J1gures given in short tons) 

1946 

81,9·16 
105,776 

29.591 
24,113 
62.018 

6,922 
13,721 

:324,087 

242,020 

82,067 

25.:1 
74.7 

U.S.A. Great Britain a 

Virgin Aluminium Consumption b. . 
Secondary Aluminium Production h. 

Comprising new scrap . 
Comprising old scrap . . . . . . 

Percentage from secondary 
Percentage from primary . 

1946 
461,877 
278,073 
187,538 

90,.53.'5 

:n.6 
62.4 

1947 
Virgin Aluminium (despatches) 
Secondary Aluminium (despatches). 

Output of fabricated products: 

Sheet, strip and foil . . . 
Extrusions, tubes and wire 
Castings 
Forgings 

Total .. 

Percentage Secondary in l'. K. 
Aluminium consumption: 

For wrought products 
For cast products 
For destructive nu.rnos(:s (i.e. 

powder, flake, consti-
tuents, steel etc.) 

Average for all products 

1.946 
129,000 

118,354 
:{7,194 
39,262 

2,438 

197,248 

:33.4 
82.4 

80.2 
44.4 

1947 

84,378 
120,836 

29,229 
41,006 
.)9,053 

5,957 
13,902 

354,361 

249,997 

55,227 
49,137 

29.4 
70.6 

1947 
178,259 
l20,H2 

151,954 
44,467 
52,308 

3,694 

2.)2,423 

27.9 
81.3 

t\H.6 
40.2 

a U.K. Ministry of Supply. 
h U.S. Bureau of Mines. 

c Estimates based on information for II months of year. 
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MILLER 

1948 

93,302 
108,744 
:n,oo7 
32,744 
59,986 

7,81:3 
14,145 

347,741 

2.50,021 

48,262 
·19,4.58 

28.1 
71.9 

1948 c 

192,326 
78,046 

].16,609 
53,296 
5<1.,534 

3,656 

258,095 

7.4 
81.3 

68.8 
24.9 
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The Accumulation and Conservation of Metals-in-Use 

CHARLES WHITE MERRILL 

ABSTRACT 

The conservation of metal-in-use is open to every community advanced beyond the Stone Age. Conservation is 
promoted by uses from which high percentages of reclamation are possible, by thrifty practices among users, and by 
efficient channels for the return of obsolete and damaged metallic articles to re-use of their metal content. Measure
ments of the pools of metals-in-use cannot be more than estimates, but useful approximations are possible. The 
quantity of metal in use per capita is a rough measure of a community's capacity for industrialization and its standard 
of living. National accumulation of metals is a slow process, a factor that gives stability to the distribution pattern of 
world industry. 

The reclamation of metals from use is one of the most 
effective conservation measures and one that still offers 
substantial possibilities for improving efficiency in util
izationoftheworld's metallic resources. This form of con
servation is open to every community that has progressed 
beyond the Stone Age, even though its terrain may 
be barren of natural metallic mineral resources. \Veil
established habits of scrap-metal reclamation and channels 
for the flow through refining processes back into produc
tive use add to the economic strength of any community. 
This conservation of metallic capital reduces the cost of 
maintenance of metal supply through new production and 
helps the expansion in stocks so important to a rising 
standard of living. A large supply of metals-in-use is a 
major element in economic and social security; the pre
servation of such capital for service to future generations 
is a form of conservation that recommends itself most 
highly. 

The possibilities for reclamation depend on the use 
made of a metaL Some uses consume metals completely, 
whereas other employments permit virtual complete 
reclamation. On the extreme of high reclamation may be 
cited the gold held in treasuries and banks as a basis for 
currencies and credits, which serves almost indefinitelv 
without being consumed. At the other extreme, as ail 
example, stands lead used in manufacturing tetraethyl 
fluid for improving the octane rating of gasoline, which 
when burned disperses all of the metal beyond any pos
sibilitv of reclamation. Among those uses to which metals 
are pi'It from which some reclamation can be expected 
there is >vide variation in the cycle of service. \Vhereas the 
steel used in the framework of a modern office building 
may serve fifty to a hundred years or even more before 
returning to the steel furnaces, the steel reclaimed from 
automobiles in the United States, according to late 

32 

statistics, has an average cycle in use only slightly 
than a decade. 

Precise statistics measuring reclaimable metal-in-use 
are lacking. Measurements of such accumulations can be 
made only with difficulty and are no more than estimates. 
Where comprehensive data on metal (primary and se
condary) consumption and scrap-metal reclamation are 
available over a considerable period, a balance sheet can 
be set up which measures the extent of the pool of metal
in-use. As complete statistics of this kind do not go back 
very far for any metal or for any country, it is necessary 
to assume the quantity of reclaimable metal at the time 
when satisfactory statistics begin. The figures on con
sumption must be broken down into various uses so that 
factors can be applied indicating the percentage of return 
that can be expected from each use. For example, the 
zinc employed in the manufacture of paint pigments 
would be given a 100 per cent discount because its use 
would be entirely dispersive. The zinc going into brass 
would be given a much smaller discount, possibly 30 per 
cent. In most instances, determination of the discount 
factors can be no more than an estimate, but they do 
furnish a guide in arriving at the accumulation of metals
in-use. When the consumption data include a use distri
bution, it is possible to factor each use to arrive at a 
reclaimable part of the annual total. In the earlier years. 
however, such data are either incomplete or unavailable. 
although over-all consumption figures may be in existence. 
These, however, are likely to be based on a calculation 
reached through a balan~ing of production, changes in 
stocks, imports and exports. After the annual reclaimable 
consumption has been determined, it is necessary to sub
tract from it the actual reclamation that takes place each 
year. The difference is the increment to the pool of metal
in-use. For the more recent years, there are fairly sub-
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stantial data on the production of metals from old scrap. 
For the earlier years, however, this information is meagre. 

After a balance sheet based on the available information 
has been set up, some averages can be arrived at as to the 
ratio between annual consumption and the annual in
crement to the pool of metal-in-use. The accompanying 
tables present available information for the United States 
for copper, lead and zinc. Iron and steel data are included 
in the text. 

An investigation of the accumulation of copper-in-use 
in the United States was made recently by a government 
group under Bureau of Mines leadership. The accom
panying table 1 was constructed from data contained in 
this group's unpublished report. There are two assump
tions upon which the tabulation is based: (1) That out of 
over 6 million tons of new copper produced before 1908, 
3 million tons of recoverable copper were in use in 1908, 
when the annual record is begun; and (2) that 25 per cent 
of the copper entering consumption after 1908 will never 
return as scrap for re-use. The rise in the content of the 
pool-in-use from 3 million tons to 22,500,000 tons should 
be discounted by making an allowance for the rise in 
population· during the same period from 87,900,000 to 
147,800,000. Nevertheless copper-in-use per capita rose 
from 68lb. at the beginning of 1908 to 304lb. at the end of 
1948. 

Data on United States recovery of lead from old scrap 
are comprehensive only since 1939, although statistics on 
apparent consumption of primary and secondary lead 
cover a much longer period. Consumption figures by uses, 
now available, make it possible to estimate the quantity 
of recoverable lead added annually to the pool of lead-in
use. The following recoverable factors have been esti
mated: Storage batteries, 85 per cent; cable coverings, 90 
per cent; building, 15 per cent; bearing metal, 60 per cent; 
type metal, 90 per cent; and other, 32 per cent. The ac
companying table 2 shows the average recovery factor for 
each year 1939 to 1947, varying from a low of 40 per cent 
in 1942 to a high of 50 per cent in 194 7. The recovery of 
lead from old scrap also is presented in the table. The last 
column, which has been calculated by subtracting second
ary lead recovered from the recoverable input, shows the 
net increment to the quantity of lead-in-use. Over the 
nine-year period, the increment comes to 1,100,000 short 
tons or 13 per cent of the consumption of primary and 
secondary lead for the period. 

A similar tabulation for zinc consumption and recla
mation for 1939-1947, presented in table 3, shows that a 
little over 14 per cent of the consumption during the period 
appears to have remained as an increment to the pool of 
metal-in-use. This figure probably is higher than actuality 
because so much of the increment was based on an as
sumed recovery factor of 70 per cent from brass. Much of 
the brass produced during the period, however, was in the 
form of war material from which there was a very low 
reclamation as far as the United States was concerned. 

The American Iron and Steel Institute in a recent study 
states' that, at the beginning of 194 7, an estimated 1,038 

1 "Iron and Steel per capita Increases 339 per cent since 1900", 
Steel Facts, February 1948, no. 88, New York. 
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million net tons of recoverable iron and steel were in use 
in the United States. This pool of metal-in-use repre
sented an average of 14,500 lb. of metal at the service of 
each member of the population. In 1900 the average per 
capita figure was 3, 300 1 b. A tth e record-breaking peacetime 
production rate of 1948-when 65,973,138 net tons of 
steel products, 12,540,960 tons of iron castings, and 
1, 759,127 tons of steel castings were made-it would have 
required over 13 years to accumulate a supply equal to the 
iron and steel then in use. 

Another method of estimating the pool of metal-in-use 
is to determine the number of units containing important 
quantities of the metal and arriving at some average 
content per unit. For example, such items as automobiles 
are subject to accurate count in the United States because 
of motor-vehicle registration laws. It is possible to deter
mine with some degree of precision the average iron and 
steel content per automobile, the average lead content of 
the storage battery in each, and other such rough 
measures of metals-in-use. Some of the figures so de
termined are impressive. For example, the entire steel 
production of the world would have to be channelled into 
automobile production for five months to furnish enough 
of this metal for the automobiles now operating in the 
United States. 

In addition to the consumption of metals through dis
persive uses, there are other drains on a country's metal 
supply. Exports of manufactured goods containing 
metals, even though resulting in salvageable scrap, never
theless represent a complete metal loss to the exporting 
country. Losses caused by exportation of manufactured 
goods and munitions during both world wars deterred 
more rapid accumulation of metal-in-use inventories in the 
United States. Because of such losses, the gross accumu
lations shown in the copper table are exaggerated. Losses 
involved in waging wars may be great through sinkings at 
sea resulting from enemy action and through destruction 
on foreign battlefields. There have been periods when the 
export of scrap itself has been a serious drain on domestic 
metal supply. It should be noted, however, that most of 
these processes can be reversed as through the import of 
metal-bearing articles and the import of scrap metal for 
processing. 

Although this paper is concerned with the accumulation 
of metal-in-use and the maintenance of such a pool through 
a maximum of reclamation of obsolete and damaged metal 
articles, it should be borne in mind that the metal capital 
of a country also includes its unfabricated stocks. Ordi
narily such stocks are very small when compared with the 
metal already in use, but with the expansion of strategic 
stock-piling, significant quantities are in the process of 
accumulation. Industrial stabilization through cartels 
and otherwise has also resulted from time to time in 
considerable metal stock-piles in various parts of the 
world. 

The stock of metals in a country usually is the result of 
long accumulation. In older communities metal will be 
found in objects centuries old, yet still in use. The vastly 
expanded metal requirements of the Machine Age, how
ever, have been such as to put metals to use in quantities 
that dwarf the accumulations existing from earlier times. 
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The quantities of metal to be found are to some extent 
a measure of the period of accumulation but are more 
significant in reflecting the degree of industralization and 
the standard of living attained by the general population. 
Satisfactory data on the metal accumulations in different 
countries are not available, but the testimony presented2 

by James Boyd, Director of the Bureau of Mines, before 
a committee of the United States Senate is interesting: 
Annual per capita consumption of steel in the United 
States in 1947 was 781.8 lb.; Europe (excluding USSR), 
160.7 lb.; and the rest of the world 28.0 lb. Similar data 
for copper were 18.0, 4.0 and 0.4 lb.; for lead, 10.0, 3.0, 
and O)llb.; and for zinc 11.0, 3.0 and 0.3lb. These widely 
divergent rates of consumption rates will be found re
flected in the accumulation rates in the pools of metals
in-use. Although this paper is not directed to the problem 
of accumulating a national metal stock, it should be clear 
how important it is for every country, whether well
endowed or poor, to husband its metallic capital. The 
conservational use of a small supply permits a larger share 
of acquisitions to augment the national reclaimable stock
in-use. 

The collection of scrap and its preparation for market
ing have developed into very large and important in
dustries in all industrialized countries. In the United 
States 32,711,000 net tons of iron and steel scrap, valued 
at $1,216,849,200, were marketed (including inter-plant 
transfers) in 1948; and 9M,OOO short tons of copper, 
valued at S418,376,000, and 502,000 tons of lead, valued 
at $179,716,000, were reclaimed in the same year. The 
waste-material business as a whole has produced metallic 
scrap with a total value exceeding $1,000 million each 
year since 1946. A large organization has developed for 
the collection, sorting and preparation of scrap metal and 
its smelting and marketing. 

When industry is operating under normal conditions, 
the flow of new and secondary metals into the various 
usages and the return of scrap material from each use 
tend to reach an equilibrium. The supply of secondary 
metal at any one time, however, always depends upon 
what was put into use at some earlier period. As different 
usages have different average cycles of service, the col
lection at any particular time is a composite reflection of 
the degree of industrial activity of a considerable number 
of past periods. As a result, there is usually a substantial 
unbalance between secondary-metal supply and current 
industrial demand owing to the fluctuation in industrial 
activity, change in population and its standard of living, 
and the long-time trends in the use pattern of each metal. 
As an example of unusual change in the size of the metal 
pool-in-use may be cited what happened in the Gnited 
States in the years since the close of the Second \Vorld 
War in connexion with automobile storage batteries. At 
the close of the war the registration of automobiles and 
trucks had declined to 31 million. By the end of 1948 the 
registration had risen to 41 million units. Grmvth in auto
mobile registration at the pre-war rate of 1 million units 
annually would have added only 3 million units in the 

2 Hearings before the Committee on Interior and Insular Affairs, 
United States Senate, 8lst Congress, lst session, on National Re
sources Policy, 4 February 1949, pages 392-3. 

Table I. Estimated Accumulation of Copper-in-Use 
in the United States 

(Based on unpublished study by C. E. Julihn of the U.S. 
Bureau of Mines) 

(Thousands of short tons) 

Pool of copper-in-use 

Year 

1845-1907. 
In use through 

1907 
1!l08 
1909 
1910 
1911 
1912 
1913 
19H 
Hll5 
19lli 
1917 
1918 
1919 
1!l20 
1!)21 
1922 
192:{ 
1\124 
Hl25 
1()26 
1927 
1\128 
l!l29 
1\130 
1\131 
1!!:32 
1 !l3:.l 
1934 
1935 
Hl36 
1937 
1938 
193!) 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 

Consumption (apparent) 

"Vew 
copper 

(1) 

6,083 a 

3,000b 
240.0 
344.3 
:l66.2 
:l40.9 
:l88.0 
406.1 
350.8 
i'i68.:l 
739.4 
697.4 
830.8 
457.2 
526.9 
:305.5 
448.a 
650.2 
67i.4 
700.5 
785.1 
711.5 
804.3 
889.3 
632.5 
451.0 
259.6 
339.4 
322.6 
441.4 
65(! 2 
694.9 
407.0 
714.9 

1,008.8 
1,64Lti 
1,608.0 
1,502.0 
1,504.0 
1,415.0 
1,391.0 
1,286.0 
1,202.0b 

Old 
scrap 

(2) 

:30.0'' 
55.0h 
64.5 
76.0 

107.0 
91.5 
87.9 

12L:J 
17.'5.0 
194.9 
176.7 
152.6 
169.0 
132.0 
202.8 
270.9 
2!)6.2 
29LO 
337.3 
:139.4 
365.5 
404.4 
342.2 
261.3 
181.0 
2()0.3 
310.!1 
361.7 
382.7 
408.9 
267.3 
286.9 
333.9 
412.7 
427.1 
427.5 
456.7 
497.1 
406.5 
503.4 
500.0b 

Total 
(3) 

290.0 
39fU{ 
430.7 
416.9 
495.0 
497.6 
438.7 
689.5 
914.4 
892.3 

1,007.5 
609.8 
695.9 
437.5 
65l.l 
921.1 
943.6 
991.5 

1,122.4 
1,050.9 
1,169.8 
1,293. 7 

974.7 
712.3 
440.!l 
599.7 
633.5 
8o:u 

1,038.9 
1,103.8 

674.3 
1,001.8 
1,342.7 
2,054.3 
2,03.5.1 
1,929.5 
1,960. 7 
1,912.1 
1, 797.5 
1, 789.4 
1, 702.0b 

col. 2 
(4) 

167.5 
244.5 
258.5 
236.7 
26<1.2 
281.7 
241.1 
395.9 
510.8 
474.:3 
578.9 
304.8 
352.9 
196.1 
285.5 
419.9 
441.5 
452.6 
504.5 
448.8 
511.8 
i)65.8 
388.8 
272.9 
149.4 
189.5 
164.2 
240.6 
396.5 
419.0 
:238.4 
464.4 
673.1 

1,128.0 
1,099.2 
1,019.6 
1,013.8 

937.0 
941.6 
838.7 
776.5 

1908-1948 .. 29,706.3 11,158.9 40,865.2 19,489.5 
Before 1908 . 6,083 a 6,083 a 3,000.0 h 

a United States production. 
b Estimated. 

Total at 
end of 
re~.lr 

(5) 

3,000b 
:3,167.5 
3,412.0 
3,670.5 
3,907.2 
4,171.4 
4,453.1 
4,694.2 
;'),090.1 
:3,600.9 
6,075.2 
6,654.1 
(;,958.9 
7,311.8 
7,507.9 
7,793.4 
8,213.:l 
8,654.8 
9,107.4 
9,611.\1 

10,060.7 
lO,G72.5 
II, 138.:3 
11,527.1 
11,800.0 
11,949.4 
12,138.9 
12,303.1 
12,54:3.7 
12,940.2 
13,359.2 
13,597.6 
14,062.0 
14,735.1 
15,863.1 
16,962.3 
17,981.9 
18,995.7 
19,932.7 
20,874.3 
21,713.0 
22,489.5 

post-war years 1946-1948. The difference between the 
average rate and what actually took place means an ab
normal expansion in automobile registration of 7 million 
units in three years. At an average of 21 lb. of lead per 
battery, this amounts to the absorption of 73,500 tons of 
lead. There can be no doubt that this extraordinary 
addition to the pool of lead-in-use in the United States 
calling for 2 per cent of the world's mine production 
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Table 2. Estimated Increments to Pool of Lead-in-Use in the United States, 1939-1947 

(Short tons) 

Actual Recouery Increment to 
Year consumption factor Recoverable Old scrap accumulated lead 

(per cent) reserve-tn-use 

193\) 667,000 42 280,400 210,800 69,600 
1940 782,000 43 336,700 226,583 110,117 
1941 1,050,000 42 440,400 380,280 60,120 
1942 1,043,000 40 420,200 308,588 111,612 
1943 Ll13,000 40 445,200 310,703 134,497 
1944 1,118,643 45 503,389 289,933 213,456 
1945 1,051,602 46 483,737 309,849 173,888 
1946 956,476 47 449,544 344,543 105,001 
1947 1,172,000 50 586,000 444,578 141,422 

Total 8,953,721 3,945,570 2,825,857 1,119,713 

Table 3. Estimated Increments to Pool of Zinc-in-Use in the United States, 1939-1947 

(Short tons) 

Actual Recovery Increment to 
Year consumption factor Recoverable Old scrap accumulated zinc 

(per cent) reserve-in-use 

193\J 626,000 22 137,100 45,100 92,000 
1940 719,000 25 179,800 64,204 115,596 
1941 827,435 1\J 159,290 81,154 78,136 
]942 728,169 33 238,581 72,987 165,594 
1943 816,777 37 305,840 84,22.5 221,615 
1944 888,626 32 283,453 113,161 170,292 
1945 852,311 24 204,406 91,266 113,140 
1946 801,242 1.5 119,601 77,223 42,378 
1947 786,360 12 92,899 74,979 17,920 

--- ------~-

Total 7.045,920 1,720,970 704,299 1,016,671 

,Juring the period was an important factor in the apparent 
lead shortage and the soaring market price. 

Dissipative uses of metals have received unfavourable 
criticism from many conservationists. Any use of de
pletable resources like minerals, however, involves some 
decrease in the total store. The degree of dissipation, the 
e-ssentiality of the use, and the abundance of the natural 
resource must be taken into consideration. Usually the 
restraining influence of penalties for dissipative use or of 
premiums for the use of more abundant substitutes is 
preferable to prohibitions. The degree of dependence on 
importation also is a factor that a Government will con
sider. 

The accumulation of a store of metal-in-use large 

Summary of Discussion 

The CHAIRl\IA~ announced that the meeting would con
'.;ider seven papers dealing with three subjects: the esti
mate of selected world mineral supplies by cost range, 
~eographical factors in mineral development, and the 
recovery of metals from scrap. In view of the shortness of 
time, he asked authors, in submitting their papers, to 
touch briefly on the most important points. 
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enough to permit an industrial economy and a high stan
dard of living usually is the work of generations. Thus 
there is a material basis in the world for economic stability 
not easily unbalanced. The present distribution of in
dustry in the world departs considerably from the distri
bution of the natural resources from which are derived the 
power and the material for construction and fabrication. 
To an extent the eminence of areas with poor natural
resource endowment represents the accumulation of metal 
capital when economic conditions were more favourable 
and to an extent a wiser and thriftier use of what has been 
available. The opposite can explain the industrial back
wardness of some rich areas. But whether rich or poor, 
any area can improve its economic status through 
measures that expand the store of metals-in-use. 

Mr. PEHRSON said that a detailed appraisal of world 
mineral reserves could not be made because of the lack of 
knowledge of world mineral supplies and the inability to 
anticipate technical developments and political changes. 
The expansion of knowledge was an extremely costly 
process and would be determined by such unpredictable 
factors as social and economic pressures and technical 
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progress. He would therefore only attempt to summarize 
the existing reserve position of some of the major minerals 
with a view to stimulating possible action in the develop
ment of new supplies. A quantitative knowledge of re
serves was as essential to the wise utilization of mineral 
resources as any other statistics; he had attempted to 
bring together the estimates of various experts in different 
parts of the world. 

Commenting on the tables in his paper, Mr. Pehrson 
said that table 1 gave the best estimates available of 
world reserves of a variety of mineral resources. Un
fortunately no good basis was available for sulphur or 
gold estimates. In general, the estimates were generous, 
with the possible exception of those for lead and zinc. 
Two figures were given for iron ore, the sum of which 
gave the total potential reserve. In the case of petroleum, 
the ultimate reserve figure included the proved reserve. 
The table showed that the world was well supplied with 
coal, potash and phosphate rock. In fact, for the follow
ing decade or so there would be no serious shortage of any 
mineral, but in the more remote future a shortage in non
ferrous metals would have to be faced. The petroleum 
resources of the world were considerably less important 
than coal as a future source of energy, and water power 
was less important than either. The outlook for iron ore 
was quite favourable, and it must be remembered that the 
earth's crust contained enormous quantities of iron but in 
a lower concentration than that used for the estimate. 

In general, the outlook for a major improvement in the 
mineral reserves of the United States was not very favour
able since the country had been thoroughly prospected, 
and the problem of finding and the cost of exploiting 
further bodies of minerals seemed prohibitive in the light 
of current technical knowledge. Vast areas, however, 
particularly in Asia, Africa and South America had not 
been so intensely prospected as Europe and the United 
States and the outlook for further discoveries there was 
good, on condition that the necessary economic climate 
was provided. 

Table 2 pointed out the fact that world mineral re
serves were poorly distributed with respect to existing 
population and consumption. Again, the Western Hemi
sphere was consuming its mineral reserves much more 
rapidly than the Eastern, particularly in the case of 
tungsten and potash. Little could be done about the 
maldistribution of reserves, but the problems arising from 
it could be solved and the United Nations provided an 
ideal forum in which to do so. Consuming countries must 
recognize that it was a natural ambition of those countries 
which produced raw materials to obtain as much profit as 
possible from them. Minerals, which were so vital to an 
improvement in the standard of living, should occupy a 
major part in international discussions, and the current 
conference might well mark the beginning of such a trend. 

A rise in the standard of living meant a tremendous 
increase in the consumption of minerals, and table 3 
showed that the United States was the area with the 
greatest consumption and that Europe occupied the 
second place. If the standard of living of peoples outside 
those countries was to be increased, there would be an 
enormous drain on world mineral resources. The existing 
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world pattern of mineral consumption mi&ht not be con
tinued in the future. 

Table 4 also provided conclusive evidence that some
thing drastic must be done about the mineral reserves 
position if the standard of living in various countries was 
to be improved. 

Summing up, Mr. Pehrson stated that no serious short
age was impending in the world supply position of any 
important industrial mineral but that problems would 
arise within a few decades if the current rate of con
sumption continued; if living standards were inCI.-eased, 
such problems would be multiplied. Referring to war
time experience in the United States, he said that the 
Bureau of Mines and the United States Geological Survey 
had produced an official report on the "Mineral Position 
of the United States", which had been useful in focussing 
attention on relevant problems. He felt that similar 
treatment of mineral knowledge should be encouraged in 
other parts of the world. 

Mineral problems for future generations, however, 
would be only partly solved by new discoveries and by 
conservation. Scientists must be induced to consider 
economic facts and to become reserve minded, and Govern
ments and industry must co-operate in pooling their 
knowledge. 

In the absence of its author, Mr. BLONDEL presented 
Mr. Legendre's paper on "Mineral Supplies and their 
Measurement-Iron and Manganese". Mr. Blondel said 
that after Mr. Pehrson's able exposition it was not neces
sary to go into details concerning Mr. Legendre's paper; 
it dealt chiefly with deposits of iron ore in Lorraine, which 
constituted a very important part of the total world 
reserves. Mr. Legendre had proceeded to the same sort 
of technical studies for Lorraine as Mr. Pehrson had carried 
out in the United States, but Mr. Legendre's conclusions 
were so detailed that it was impossible to summarize them 
generally. 

The problem of estimating mineral reserves of iron ore 
merited renewed consideration in the light of recent 
developments, and he himself hoped to treat it further at 
future international scientific conferences. 

In the meantime he wished to point out that experience 
showed that tonnage figures of reserves were rarely used 
with due caution and conclusions were reached which had 
no real validity but which, since they appeared to be 
based on exact figures, were sometimes used to support 
dangerous theses. Consequently scientists should attempt 
to present information in a form less susceptible to mis
interpretation. Mineral reserves fell into two categories, 
actual and potential, but the layman did not understand 
the meaning of potential reserves and tended to over
estimate actual reserves. It was difficult to fix figures for 
potential reserves and they were necessarily inexact. 
Indeed the notion of potential reserves could only be 
understood if it was considered over a period of time, 
because some reserves became exploitable and others 
ceased to be so in the light of new developments in econo
mics and technology. He therefore asked that scientists 
should not give figures on "reserves". 

If figures were not used, it might be asked what pre
cision could be obtained. It was impossible to evaluate 
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the mineral reserves of different countries in terms of 
barrels and tons; what was required was a scale of com
parison such as that used for measuring natural pheno
mena like earthquakes. 

He indicated that he intended to raise the problem 
again in other meetings. 

Mr. ABREU agreed with Mr. Blondel that the public 
might misunderstand or be misled by the use of figures in 
estimating mineral reserves, but technicians and scientists 
were not likely to be deceived by them. Moreover, figures 
were very necessary as a basis for studies and surveys, as 
well as a means of imparting information. 

Mr. ERSELCUK, referring to Mr. Pehrson's introductory 
paper, stated that he considered that the author had been 
over-conservative in evaluating the world reserves of 
minerals. The figures pertaining to United States reserves 
were doubtless correct, but those for other countries were 
more conservative than they might be. For instance, the 
staff of Purdue University had compiled some figures on 
reserves of petroleum and copper which were based on the 
same data used by Mr. Pehrson, plus some additional 
figures from various parts of the world, including new 
discoveries. According to those figures, world copper 
reserves amounted to llO million tons metal content, and 
petroleum reserves, 132,000 million barrels proved. Those 
were probably underestimates, as it was difficult to ascer
tain the situation in many parts of the world, and few 
geological surveys had been made in recent years. 

The world scrap-metal supply constituted another large 
reserve, especially in copper. Approximately 60 per cent of 
the copper mined annually returned in a few years as scrap. 

Another factor to be considered in estimating world 
reserves was the conversion of useless material into re
sources by application of new techniques. Social and 
economic conditions had made such conversion necessary 
in some parts of the world, but in some countries it was 
only beginning. Such conversion would raise the world 
reserve of copper to more than 200 million tons. 

Mr. McLDrTOCK, in reference to Mr. Pehrson's remark 
that geologists had prospected the United States very 
well and that there was only a slight chance of discovering 
any further hidden resources, expressed the belief that the 
chances of discovery of new deposits of minerals were very 
good. In the United Kingdom, which was probably the 
most intensively surveyed country in the world, a coal 
field had recently been discovered which contained an 
actual reserve of 400 million tons and a probable reserve 
of 1,000 million tons. Some oil companies in the United 
Kingdom still believed that there might be oil deposits in 
the country. The Government had recently given the 
Geological Survey limited funds for borings. A potash 
deposit which had been discovered recently might prove 
to be one of the most important discoveries in a country 
of the size of the United Kingdom within the last one 
hundred years. 

Mr. PEHRSON replied that such an optimistic view 
would be more convincing if the statistical record of 
production of minerals in the United Kingdom did not 
show such precipitous downward slopes. Even in coal the 
present production rate is lower than it had been two 
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decades before. \Vhat was needed was dynamic action on 
geological research to discover new techniques for ore
finding and on exploration for hidden deposits. 

In reply to Mr. Blondel he said that figures on mineral 
reserves were necessary in order to properly evaluate 
resource problems. Moreover, action on a national or 
international level was usually precipitated by men who 
were not scientists and in order to impress upon them the 
necessity for action, it was imperative to give them figures. 

Mr. RAUSHEC\BUSH asked Mr. Pehrson if the waste in 
extraction mentioned in connexion with his table of 
estimates was preventable or non-preventable waste. 

He also wished to know on what cost basis the figures in 
table 1 for actual and potential estimates were excluded 
from the potential category. 

Mr. PEHRSON repeated his statement that the figures 
on reserves did not reflect precise cost factors, but that 
they represented the best judgment of the experts who 
had compiled them concerning actual and potential 
reserves. Much of the waste in mineral production could 
be avoided at a price. 

Mr. HuBBERT supported Mr. Pehrson's request for 
specific information. He recalled that most minerals had 
been extracted within the previous thirty years and that 
shortages in many of them were already foreseen. \Vhether 
or not the figures were accurate, they indicated the outlook 
in various fields of mining. Although the figures used 
might be inconsistent, they would not conceal the fact 
that considerable shortages would occur at an early date. 

Mr. BATEMAX added that even approximate figures 
served a very useful purpose. They gave a perspective in 
visualizing any programmes of development and con
servation of resources and in obtaining appropriations 
from Governments for further survey and exploitation of 
resources. 

The CHAIR1IAX called attention to the fact that the 
figures used in estimates of reserves in various parts of the 
world were of very unequal value. In less-developed areas 
there were fewer facilities for making estimates. There 
were few private companies to make surveys, and the 
Governments usually considered geological surveys as 
luxuries. Therefore data was limited. Moreover, detailed 
information from different parts of the world was likely to 
be of varying degrees of precision. A country might have 
detailed information on certain minerals to which it at
tached importance and little or none on others. But even 
so the figures indicated an order of magnitude and were 
valuable as a basis for estimates. 

Mr. BATEMAN read his experience paper on "Geo
graphical Factors in the Utilization of Mineral Deposits". 
He maintained that nations which possessed and had used 
mineral resources, particularly coal and iron, had become 
great industrially. The utilization of mineral resources 
had caused industrial growth and political power. They 
had rightly come to be regarded as a prerequisite for 
economic sufficiency. Factors which permitted or hin
dered the utilization of mineral resources, therefore, were 
important for the development of all countries containing 
them. 
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The discovery of gold and silver in western )l' orth 
America had led to the solution of geographical difficulties 
and to the subsequent agricultural and industrial develop
ment of the previously virgin regions concerned. That 
historical example showed the part which such factors 
might be expected to play in the development and util
ization of mineral resources in the future. 

The principal geographical factors which determined 
whether a mineral deposit could be utilized were its situ
ation and the factors of transport, topography, power 
resources, water supply, climate, sanitary conditions, 
timber supply, labour, and food supplies, the neighbour
hood of such resources as iron ore, coal and flux and the 
markets for products and by-products. In most cases, the 
geographical obstacles could be overcome by the requi
site technical skills, provided that the mineral deposits 
were of sufficient size and of sufficiently high grade to 
offset the costs involved. 

Mr. Bateman emphasized that the development of 
mines required technical skill and adequate financing. 
The geographical difficulties could be assessed in terms of 
the economic value of the finished product. They should 
be regarded as obstacles rather than as reasons for 
abandoning such development. Very few mineral deposits 
had ever been abandoned purely as a result of unfavour
able geographical factors. The examples of recently 
developed iron ores in Quebec, Venezuela and Labrador 
and manganese in Brazil showed that geographical factors 
were not regarded as insuperable when an adequate re
turn was in prospect. The deciding factor was always 
ultimately the economic. 

Mr. ABREU introduced his experience paper on "Geo
graphical Factors in the LJtilization of the Mineral Re
sources of Brazil". He stressed the fact that the greater 
part of the mineral production in Brazil came from a 
500-kilometre strip along its eastern coast which repre
sented only one-quarter of the area of that country. He 
mentioned the principal minerals and ores produced, the 
estimated reserves and their grades and emphasized the 
geographical conditions favourable or unfavourable to 
their economic utilization. The coalmines, in particular, 
were situated at a great distance from the industrial 
centres; wood was therefore the chief fuel. Even in the 
coastal strip, tracts existed which had not been fully 
explored. The geological structure of the area made it 
likely that further large mineral deposits might be found 
there. The principal problem in Brazil was not that of 
conservation but that of further exploration. 

Mr. RAJAGOPALASWAMY presented his experience paper 
on "The Geographical Basis of the Cement Industry in 
India and Pakistan". There were 21 cement factories in 
India and five in Pakistan, with a total capacity of 3.35 
million tons per year. Three new factories were being 
built. It was expected that by 1951 the total capacity of 
the 29 factories would be approximately 4.85 million tons 
per year. 

The demand for cement in India and Pakistan in recent 
years had been greater than the supply. It had, however, 
been impossible to expand that industry to the extent 
considered necessary. 

38 

The geographical factors relating to the utilization of 
cement raw materials in India and Pakistan were far from 
ideal. Most of the cement factories, although near lime
stone deposits, were far from the larger coal fields, large 
gypsum deposits and centres of consumption, so that both 
production and distribution costs were high, as was the 
cost of packing the material in jute bags. The capital 
costs involved in extending an existing factory or building 
a new one were high. Despite such adverse factors, 
however, the selling price of cement was not much higher 
in India and Pakistan than in the United States of 
America. 

A considerable amount of prospecting work was being 
carried out in India and Pakistan by geologists. Efforts 
were being made to find suitable sites for new factories as 
near the consuming centres as possible in order to reduce 
the prevailing price of cement. Special attention was paid 
to the conservation and utilization of cement raw ma
terials. With the possibility of utilizing low-grade lime
stone after beneficiation and with the manufacture of 
cement machinery in India and Pakistan, it was to be 
hoped that cheap cement would become available to the 
consumer. 

In the absence of the author, Mr. McLI;\!TOCK presented 
Mr. Miller's introductory paper on the "Supply and In
dustrial Applications of Scrap Metals". Mr. Miller had 
given estimates of the world's total store of metals derived 
by the use of certain assumed recovery factors for in
dividual metals. From statistical data available in both 
the United States of America and the United Kingdom 
for copper, lead, zinc, aluminium and other metals, esti
mates had been made of the probable supply position for 
scrap in relation to virgin metals. He considered that 
there would be a gradual increase in the supplies of old 
scrap in the future. The uses of both old and new scrap 
had been considered and the author had mentioned the 
difficulties involved in utilizing scrap in such a way that the 
products complied with modern specifications. Since, in 
the case of some metals, previous outlets for scrap had 
been in the direct production of low-grade alloys or pro
ducts, the author had concluded that, unless a further 
expansion of such uses took place, it would be necessary 
to consider the adoption of processes which provided for 
the treatment of scrap to recover the constituent metals in 
a high state of purity. 

Mr. MERRILL summarized his experience paper on "The 
Accumulation and Conservation of Metals-in-Use". Con
servation was promoted by uses from which high per
centages of reclamation were possible, by thrifty practices 
among users and by the provision of efficient channels for 
the return of obsolete and damaged metallic articles for 
the re-use of their metal content. Measurements of the 
pools of metals-in-use could be no more than estimates, 
but useful approximations were possible. The quantity 
of metal in use per capita was a rough measure of a com
munity's potential capacity for industrialization and its 
standard of living. The national accumulation of metals 
was a slow process and a factor which lent stability to the 
distribution pattern of world industry. 

:\fr. FEiss observed that Mr. Merrill's excellent paper 



had largely dealt with quantitative factors and had 
opened the question of the qualitative factors. 

The qualitative aspect of conservation had been unduly 
neglected so far during the Conference. Increasing cost 
was one method by which conservation was automatic
ally enforced; oil, lead and zinc would probably become 
increasingly expensive as they became scarcer. The Con
ference, however, should give a lead in educating the con
sumer in conservation. The Cnited States provided 
examples of undue waste. Automobiles, for example, 
were tending to become faster and more powerful, yet the 
number of passengers carried was not increasing in pro
portion to the horsepower and materials utilized. The 
United States had had only a very brief history of con
servation; it had wasted much of its original resources. 
The United Nations should attempt to educate in con
servation not merely the experts assembled at the Con
ference but also the public as a whole. 

Mr. HEWETT agreed with Mr. Feiss. The programme of 
the Conference appeared to lay stress upon conservation 
in production and neglect conservation in utilization. 
Conservation implied the wise use of resources and all 
parts of the population should be responsible. The pro
blem did not concern merely the experts; it must .,be 
brought home to every individuaL 

Mr. RAUSHENBUSH asked Mr. Hewett and :Ylr. Feiss to 
be more specific. \Vould they recommend that certain 
minerals should not be used at all or only to a limited 
extent? How did they think that such a measure could be 
achieved except by the automatic operation of high prices 
for scarce products? 

Mr. McLINTOCK expressed his surprise that no mention 
had been made of the only alternative, in his opinion, to 
the factor of the price structure-direct measures of control, 
which he believed to be the only effective method of con
servation in utilization. 

::\Ir. DrxEY thought that the Conference ought to con
sider whether minerals which might soon become scarce 
were currently being used to the best advantage and 
whether their use should be continued or whether some 
such form of control as had been imposed during the war 
should be instituted. That question concerned the eco
nomic development of all countries. If it were found that 
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the best possible use of minerals was not being made, 
measures should be sought to remedy that defect. 

.~fr. FooTE disagreed with Mr. Hewett. There were 
virtues in living extravagantly. The United States had 
become the greatest industrial country in the world as a 
result of incessant competition and the continuous util
ization of its resources. Those factors had led to the 
growth of research laboratories in which alternatives were 
sought for resources in danger of depletion. It might be 
confidently expected that the scientist would adequately 
meet any emergency. 

::Y1r. HEWETT said that he personally would be reluctant 
to accept controls, but felt that it would be desirable that 
users of many materials be educated in their responsibili
ties. The use of crude oil instead of coal for domestic 
heating might be regarded as an example of such irre
sponsibility. 

Mr. MoxTURE observed that mineral resources were a 
fixed quantity-whatever that quantity might be. Sooner 
or later, those resources must inevitably be exhausted. 
To live extravagantly, as Mr. Foote had suggested, might 
have virtues, but it would be to disregard all responsi
bility to posterity. Undoubtedly, it would be impossible 
to. obtain any exact estimate of existing and potential 
mmeral resources because technological, economic and 
social factors altered continuously. An example of such 
change was provided by the corundum deposits in Canada, 
which had been of great importance until new artificial 
abrasives v;,•ere invented; they had then become a negligible 
asset. It was essential, however, that some sort of estimate 
of existing and potential resources should be obtained; 
it was the essential prerequisite for planning the safe and 
effective utilization of resources. The absence of such 
planning was extremely dangerous. 

Turning to the question of geographical factors, Mr. 
Monture said that the determining factor was price. 
Deposits must either be of a grade sufficiently high to 
withstand transportation to distant places or the price of 
the product must yield an adequate return in relation to 
the geographical difficulties involved. If the material 
concerned were definitely needed, the scientist would 
supply it, provided that the price was adequate. Everv 
material had an inherent use. Its price would rise i~ 
proportion to its increasing scarcity. 
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Mineral Resources: Outlook for Future Discovery 

F. DIXEY, C.M.G., O.B.E 

ABSTRACT 

The outlook for mineral discovery in any region will depend primarily on the extent to which the geology of that 
region is already known, and on the stage of advancement of the relative techniques of topographical survey, air survey, 
geophysics, and so forth. In many countries a large proportion of the more obvious deposits has already been discovered, 
and the finding of concealed or poorly-exposed deposits will be a relatively slow process. 

Owing to the dangerous depletion of many essential mineral resources during the recent war, most countries have 
endeavoured rapidly to extend their geological surveys, and the larger oil and mining companies have similarly in
creased their activities. There is accordingly a great national obligation to ensure that no means of investigation is left 
untried, so that something very near a stock-taking of the world's remaining resources may be achieved. Continuous 
research into fundamental geological problems is required in order to carry the search for new minerals into new 
domains. 

The next few years will see a great increase in facilities for investigating the world's mineral resources, as well as 
in research concerning new uses, and in finding substitutes for those minerals that are in short supply; in all these 
respects the outlook for mineral discovery has never been better. The final results of these great new investigations 
it would of course be hard to estimate, yet it may safely be anticipated that a number of important suspected concealed 
deposits will be proved, that the number of other spectacular discoveries will not be large, but that a very large number 
of medium and small deposits, both of export minerals and those required for local use, will be brought to light. Finally, 
it may be concluded that there is no foreseeable finality in mineral discovery, for the field continually widens with 
the general advance of knowledge. 

This Section of the Conference will consider the outlook 
for new mineral discoveries in various parts of the world. 
There \viii be presented four or five papers, each consider
ing a broad geographical region, discussing the estimates 
of selected undiscovered mineral reserves and the de
duction of possible reserves as evidenced by rates of 
discovery. The outlook for mineral discovery in any 
region must depend primarily on the extent to which the 
geology of that region is already known, and on the stage 
that has been reached in investigation by the relative 
techniques of topographic surveying, air surveying, geo
physics, etc. The outlook for the future will depend also 
on the results of early empirical prospecting and of mining 
operations, and the light these may throw on the possible 
extension of known deposits or the existence of new ones. 

As regards deduction of possible reserves as evidenced 
by rates of discovery, it would not ordinarily be possible 
to accomplish useful results in this direction except where 
the territory concerned consisted more or less uniformly 
of mineralized rocks in which numerous mineral deposits 
were already known and in which mining had already 
given successful results. In this case, of course, it would 
be possible to make some sort of forecast of the results of 
future prospecting and mining operations. 

In general, however, actual conditions are far more 
complex. Even within one territory there are often con
siderable variations in such factors as climate, density of 
vegetation, accessibility, political stability, state of 
development of the inhabitants, facilities for prospecting 
and mining, progress of geological survey and of prospect
ing, and other such factors, as well as the availability of 
capital, have all affected rates of discovery in the past; 
moreover, certain of them have operated so irregularly and 
often so unpredictably, that the results achieved could offer 
no sure guide on the prospects of future discovery. It may, 
however, be said that where conditions actually are such 
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that new discoveries are possible, progress in the near 
future, as in the recent past, is likely to be far greater than 
in earlier times. Xevertheless, it has to be remembered 
that in many countries a large proportion of the more 
obvious deposits has already been discovered, and that 
the finding of any remaining concealed or poorly exposed 
deposits will be a relatively slow process. 

\Ve are invited to consider also those data necessary to 
indicate the extent of future probable discoveries; these 
are clearly a thorough knowledge of the geological for
mations and of their mineralization, and also of the geo
physical and other related techniques by which this 
knowledge may be extended. 

As regards the estimates of selected undiscovered 
mineral reserves, these can of course be expressed only in 
general terms, but it can be said, on the basis of present 
knowledge, that in some regions, the possibilities of which 
have as yet been but little investigated, there is good 
prospect of the discovery of new mineral deposits. Further
more, experience has repeatedly shown that even in 
countries thought to have been well explored important 
new deposits have from time to time come to light. \Vhere 
the geology is known in outline, and but little prospecting 
has been done, it is possible to say that in given areas 
certain minerals would probably occur, in others that 
certain minerals may possibly occur, and in yet others 
that the prospects of finding minerals are negligible or 
non-existent. The mineral reserves of a countrv are es
sentially dependent on the amount of mineralization that 
has occurred, and our knowledge of their extent depends on 
the proportion of the country that has been thoroughly 
geologically surveyed and prospected; it follows that in 
many well-developed countries there is nothing more to 
be expected than the exploitation of known fields and an 
increase in the reserves of the minerals already kncr•Nn to 
occur in them. 
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There are many important factors that affect the out
look for future discovery of mineral resources. 

The first is perhaps the extent to which a country has 
teen explored and developed. There are still a few con
siderable territories that for various reasons are still un
known or only partially explored. Some have been 
l.itherto largely neglected owing to extremes of climate or 
clifficulty of access: such are the Antarctic Continent, 
northern Canada and other polar regions, the arid interior 
c·f Australia and extensive desert areas in Africa and in 
Asia; others are the large areas of dense tropical forest in 
~:·outh America, in the Far Eastern countries and in parts 
d Africa. But as the demand for new resources of all 
kinds becomes more imperative, the area of unknown 
1erritory is steadily being reduced. 

The exploration and development of many countries is 
delayed by lack of communications. Numerous mineral 
deposits in remote places have been merely recorded but 
:wt examined since there is no present prospect of work
ng or exporting them; on the other hand, provided it is of 
mfficient importance, a mineral deposit will justify the 
building of road or other transport no matter where it may 
be found, and the beginning of the development of many 
countries has arisen from the construction of railways for 
mining purposes. 

The sound estimation of mineral resources must depend 
of course upon thorough geological survey. This fact is 
now generally appreciated by administrations, although 
even now a request is sometimes received for a mineral 
survey of a new territory, rather than a geological survey, 
under the mistaken view that a geologist can go straight 
to the mineral deposits without first becoming familiar 
with the general geology. In general, official geological 
surveys have the advantage of greater stability and better 
facilities for accumulating experience and records. 

Owing to the dangerous depletion of many essential 
mineral resources during the recent war, all countries in 
the post-war years have endeavoured rapidly to extend 
their geological surveys so as, in many cases, to make good 
the neglect of the preceding decades, and such action has 
been taken particularly in the colonial territories of the 
principal Powers. The larger oil and mining companies 
have similarly increased their activities. At the same 
time, there has been a marked increase in the re-exami
nation of deposits already known but unworked, and 
considerable efforts are being made to effect an increase of 
production in existing mines. 

All this activity has led to a greatly increased demand 
for first-rate geologists, a demand that the universities 
have been unable to meet all at once. However, they now 
know the present and future needs of the larger geological 
organizations; great interest in geology as a career has 
been aroused among students, and large numbers of men 
are now in training. Even so it will take several years to 
complete the establishments of the main organizations, 
and until this has been done the great new drive for 
geological and mineral exploration cannot really get into 
its stride. 

During the next five to ten years the outlook for the 
discovery of new mineral resources will accordingly be 
brighter than ever before, although it would be wise to 
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bear in mind that the new discoveries which mav con
fidently be anticipated will not necessarily alw;ys be 
spectacular or individually of world importance. 

Clearly there is a great national obligation to ensure 
that no means of investigation is left untried, so that 
something very near a stock-taking of the world's re
maining resources may be achieved. Unfortunately, 
however, in various countries certain aspects of geological 
survey, prospecting and mining, are restricted or for
bidden, and this inevitably slows down the progress of 
mineral discovery. In some cases the restrictions are due 
to a fear of exploitation, in the less satisfactory sense, or 
of disturbance of the balance of labour, etc.; in others 
they are due to a desire to regulate production in the 
general interests of the industry to prevent inefficient or 
uneconomic development, or to a fear of too rapid a waste 
of resources; in still others they may be explained by 
high considerations of international policy. 

Surprising and disconcerting though it may be to many 
geologists and mining engineers, the advantages of de
veloping mineral resources are by no means universally 
admitted. In parts of Africa the native rulers, by present 
desire or past treaties, have discouraged or prohibited 
prospecting operations; they prefer their countries to 
remain essentially pastoral or agricultural, and they wish 
to avoid any risk of the disruption of their tribal life, or of 
loss of land, as a result of the introduction of alien peoples 
by mining activities. It is, however, fair to say that under 
modern conditions whereby the rights of native peoples in 
African territories are carefully safeguarded, more en
lightened views are beginning to prevail, and in some 
cases the rulers, conscious of the advantage of royalties 
devoted to social services, now press for mineral develop
ment. Again, in other territories, the Administration has 
from time to time discouraged mining enterprise, on the 
very cogent grounds that the local labour was no more 
than sufficient for agricultural and other existing demands, 
and it was desired to avoid the political and other com
plications, admittedly serious to many countries, of 
imported labour. 

Mining enterprise is sometimes too in direct competition 
with other land interests. Opencast mining, as of coal and 
of iron ore in England, of tin in Malaya and ~igeria, and 
of bauxite in other countries, may take heavy toll of 
valuable agricultural land, and the problem of restoring 
the land to normal use after mining operations have 
ceased is sometimes an extremely difficult one. In many 
places alluvial deposits, and other deposits in hollows, 
underlie the only available agricultural land, and in these 
circumstances, as well as when minerals occur in forest 
reserves, there may be strong local opposition to prospect
ing and mining. Hydraulic mining operations on the lower 
slopes of valley :sides sometimes have to be controlled 
lest the resulting waste should destroy the cultivated 
fields below. Again, without very special precautions, 
waste from mines may pollute rivers or choke them with 
silt and sand, and may cause the destruction of villages 
and the diversion of roads and rivers. In all these cases 
the problems have to be considered on a broad and general 
basis so that conflicting claims can be reconciled, and the 
country's natural resources, whatever their nature, used 
to the best advantage. All these considerations point to 



... ,_.,-,_,,.,.,.="""Vl''"«"'-~~":""fJOli.·-··"' -------------------------.--.... -01114 ... , ____ _ 

UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

the fundamental necessity of making early investigation 
into a country's mineral resources so that the alienation of 
land for other purposes may take place after and not before 
the mineral possibilities have been determined. 

The search for minerals is, of course, always stimulated 
by favourable market conditions, which lead to interest in 
low-grade deposits that would otherwise be valueless, and 
doubtless this will always remain so. 

Apart from the more obvious applications of geology 
and associated techniques to the question of mineral 
discovery, there are certain fundamental geological 
questions on which continuous research is necessary in 
order to carry the search for mineral resources into new 
domains. 

The problems include those of the origin and nature of 
plutonic rocks, and of the mineral deposits associated with 
them; problems of metamorphism, and the mineral 
deposits associated with the metamorphic rocks; strati
graphical and structural problems, the solution of which 
may lead to the discovery of important new mineral 
deposits, such as the concealed coal-fields of Great Britain, 
the concealed gold-reef occurrences of South Africa and 
the Gold Coast, and many important oil-fields; problems 
of erosion and deposition, affecting the detection of past 
and present placer deposits; and a wide range of geo
physical problems, the solution of which leads to a deeper 

and more accurate probing of the crust in a search for 
concealed structures and mineral deposits. Again, ad
vances in metallurgy, ore separation, etc. enable more and 
more refractory and low-grade ore bodies to be brought 
within the range of workable deposits, and new industrial 
demands and processes bring many hitherto valueless 
rocks and minerals into the category of useful materials. 
Finally, advances in mining technique, particularly in 
working to greater depths, greatly increase the workable 
reserves of many important mineral deposits. 

Summarizing, therefore, it may be said that the next 
few years will see a great increase in facilities for in
vestigating the world's mineral resources, as well as in 
research concerning new uses, and in finding substitutes 
for those minerals that are in short supply; in all these 
respects the outlook for mineral discovery has never been 
better. The final results of these great new investigations 
it would of course be hard to estimate, yet it may safely be 
anticipated that a number of important suspected con
cealed deposits will be proved, that the number of other 
spectacular discoveries will not be large, but that a very 
large number of medium and small deposits, both of 
export minerals and of those required for local use, will be 
brought to light. Finally, we may conclude that there is 
no foreseeable finality in mineral discovery, for the field 
continually widens with the general advance of knowledge. 

Outlook for Mineral Discovery in Great Britain 

W. F. P. McLINTOCK 

ABSTRACT 

Great Britain illustrates in a marked degree the prospects of discovery and the trend of mineral development in 
regions with well-established mineral industries where geological knowledge is at a satisfactory level. In such regions 
mineral discovery is no longer a matter for the prospector. Rather is it the concern of the geologist, the geophysicist, 
the mining engineer and the driller. The discovery and development of mineral deposits in such countries is a long 
and costly business and can be done only by organizations with substantial capital resources or by governments. Even 
in Great Britain where the mineral industry has been developed for many generations, reserves of the principal basic 
raw materials are still sufficient to meet current production for many years ahead and, by the employment of modern 
methods of prospecting followed by the drill, it is still possible to add substantially to these reserves by new discoveries. 

Great Britain, measuring only some 96,000 square miles 
in area, is a small country which nevertheless has sus
tained a diverse and extensive mineral industry over a very 
long period. It was also the first country to establish an 
official Geological Survey which has been conducting 
systematic geological mapping and investigation since its 
foundation 114: years ago. It might seem, therefore, that 
the prospects of fresh mineral discoveries in Great Britain 
were extremely remote; and, indeed, it may be said at the 
outset that the day of spectacular discovery of new 
mineral deposits at outcrop by the traditional methods of 
the old prospectors has long since passed away. In a region 
where the surface geology is now so well known, mineral 
discovery and development depend on the production and 
interpretation of up-to-date large-scale geological maps, 
on the employment if need be of geophysical methods 
suitable to the particular problem in view and, finally, on 
the carrying out of a properly designed programme of 
boring and sub-surface exploration. These operations in-
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volve considerable expenditure and can be carried out 
only by organizations with substantial funds at their 
disposal. Recent experience has shown, however, that 
even in a country so highly developed and industrialized 
as Great Britain, systematic investigation on the lines 
indicated can still lead to successful discovery of important 
mineral deposits with results of considerable economic 
consequence. 

As has been indicated above, the basis of this work is the 
production of accurate geological maps, which has been 
the responsibility of the Geological Survey since its foun
dation in 1835. The whole country has been mapped on 
the scale of one inch to the mile and two-thirds of it on the 
scale of six inches to the mile. In the course of this work 
particular attention has been paid to the areas of economic 
importance, the coal-fields, the iron-ore fields and the 
districts where mineral deposits have been or are being 
worked. 
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THE COAL-FIELDS 

In the case of the coal-fields the closest co-operation is 
maintained between the Geological Survey and the officers 
of the National Coal Board responsible for development 
and production and a staff of thirty geologists (roughly 
£,0 per cent of the available staff of the Geological Survey) 
?.re constantly employed on coal-field geology. The unifi
cation of the coal-mining industry under the National 
Co.:,l Board, on 1 January 194 7, involved the transference 
of 800 companies and 1,500 collieries to the ownership of 
one single authority, and has made possible the initiation 
of schemes of reconstruction, exploration and develop
ment, the need for which had long been recognized. Thus, 
in the important Lancashire coal-field reserves of coal 
have been dwindling over the last thirty years and annual 
output which amounted to 26,500,000 tons in 1907 had 
Jallen in 194 7 to 11,000,000 tons. Since 1914, 297 mines in 
Lancashire and all the 18 mines in Cheshire have been 
abandoned. In 1945 the Geological Survey reported that 
:m active boring campaign was an essential preliminary to 
the exploitation of coal at several favourable localities 
which lay for the most part to the south of the working 
coal-field. The National Coal Board acting on that advice 
have commenced operations and the first of a series of 
deep borings has been completed and has disclosed several 
seams of workable thickness at workable depth. Three 
other deep borings are in progress and more are planned. 
The information yielded by these will form the basis of the 
major reorganization of several collieries and lead eventu
ally to an increase in annual output. 

Work on similar lines is in progress throughout the 
other main coal-fields of this country. Within the last two 
vears 260 boreholes have been completed and a compara
ble number are in progress and much valuable information 
has been obtained regarding the distribution, thickness 
and economic possibilities of the coal-bearing formations 
which extend under the younger rocks surrounding exist
ing exposed coal-fields. 

LINTOCK 

South Staffordshire and Warwickshire. The lateral extent 
of the concealed field has still to be proved but preliminary 
indications are that the amount of workable coal is of the 
order of 400 million tons. 

IRON ORE 

Iron ores rank second in importance only to coal in 
Great Britain and existing reserves fall into two main 
categories: the haematite ores and the bedded or primary 
ores. 

THE HAEl\IATITE ORES 

These occur mainly in the carboniferous limestone into 
which the iron has been introduced by solutions. They 
are relatively high in iron content (56 to 60 per cent) and 
low in phosphorus; they are of restricted extent and the 
known reserves are extremely limited although periodical
ly new bodies are proved by exploratory drilling and 
magnetometer surveys. At present they yield less than 
5 per cent of the total British output but thev are of 
importance as providing the only home source~ of low 
phosphorus ore. 

THE BEDDED OR PRDfARY ORES 

These are sedimentary deposits which have not received 
any appreciable addition to their iron content since their 
formation. The principal bedded ores, jurassic in age, are 
confined to eastern and central England where they are 
worked in a discontinuous belt from Banbury (Oxford
shire) in the south to Middlesborough (Yorkshire) in the 
north. The bulk of the production comes from there 
horizons in the jurassic system, the Frodingham Bed in 
the Lower Lias, the Madstone Rock Bed in the Middle 
Lias, and theN orthampton Sand Ironstone of the Inferior 
Colite Series. 

The Frodingham Bed is restricted to a relatively small 
area (45 square miles) in north Lincolnshire; but its con
siderable workable thickness, up to 30 ft., compensates 
for its limited lateral extent. The Madstone ore with a 
productive thickness of 6 to 10 ft. is developed in the 
Cleveland district of Yorkshire, in east Leicestershire, 
south Lincolnshire and north Oxfordshire. The North
ampton Sand Ironstone Field, the most extensive of the 
bedded ore fields with a length of 80 miles and a maximum 
width of 20 miles, covers part of Northamptonshire, Rut
land, south Lincolnshire and east Leicestershire. The 
workable thickness is 7 to 12 ft. 

Large areas of north-eastern, central, eastern and south
eastern England, remote from the exposed coal-fields, are 
covered by these younger rocks and considerable attention 
is now being paid to the question of what underlies these 
younger formations at depth. The occurrence of produc
tive coal measures under the chalk near Dover was made 
nearly sixty years ago, and has led to the development of a 
considerable coal-field, 190 square miles in extent, with 
reserves of approximately 2,000 million tons and an an- In all the bedded ironstone fields the strata are flat 
nual output at present of 11/

2 
million tons. As the result of lying and the geological structure is relatively simple. 

intensive prospecting and exploration for oil conducted This has made possible exploitation in large open-cast 
over the last ten years there is noyr good reason to believe pits. Normally the overburden is removed by electrically 
that coal-fields may be found in other areas under similar operated draglines or quarry shovels and the ore got by 
conditions. Thus coal has been found of considerable small quarry shovels and loaded directly into wagons on 
extent and thickness in Lincolnshire although at a depth rail. Overburden up to 85ft. is at present being removed 
of 4,000 to 5,000 ft. which at present is beyond the limit and this is likely to be increased to 105 ft. in the near 
of economic exploitation. Within the last two years funds future. The larger open-cast workings have outputs of the 
have been allocated to the Geological Survey for putting order of 10,000 tons per week. Underground mining is at 
down a series of deep borings to explore geological struc- present confined mainly to the Cleveland Field in York
ture at depth. The first of these deep borings was recently shire. 
completed and has proved a considerable thickness of coal The ores are all low grade with iron content ranging 
measures with valuable coal seams at workable depth from 18 to 35 per cent. The richest ore, the Northampton 
under the triassic rocks between the exposed coal-fields of Sand, with iron averaging 28 to 35 per cent, has normally 
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a silica content of 6 to 18 per cent, together with 2 to 10 
per cent of lime. The Frodingham Bed and the Oxford
shire Marlstone, the leanest of the ores, with 18 to 24 
per cent of iron, owe their exploitation to their high lime 
(10 to 25 per cent) and low silica (5 to 12 per cent) content. 
In general ore is regarded as unworkable if the iron 
content is less than twice the silica. Commonly the limey 
Frodingham and Marlstone Beds are blended with the 
more siliceous Northampton Sandstone to provide a self
fluxing burden in the furnaces. Thus, 3 to 4 tons of ore 
are normally required to provide a ton of blast furnace 
iron with coke consumption ranging from 20 cwt. to 25 
cwt. per ton of pig iron. 

The whole of the bedded ironstone fields, an area of 
nearly 900 square miles, has been mapped on the scale of 
six inches to one mile by the Geological Survey. The 
"proved" and "probable" reserves have been estimated as 
of the order of 2,400 million tons with an additional1,000 
million tons of "possible" ore. Since their development 
commenced in the middle of last century the bedded ore 
fields have already yielded an aggregate of 825 million 
tons. 

FUTURE PROSPECTS 

In 1942 British iron-ore production reached its maxi
mum figure of 20 million tons (of which just under 19 
million tons were from the bedded ores). Today, with 
foreign (imported) ore once more available, home output 
is running at about 14 million tons per annum. 

At this rate of production ore supplies appear to be 
assured for about 200 years. 

The day when any spectacular new discoveries of iron 
ore in Britain can be anticipated is long past. The bounda
ries of the main fields are almost everywhere accurately 
known. In the case of the Frodingham Bed alone is there 
any likelihood of continuation of the ore down dip beyond 
the area that has been explored. Even should the bed be 
proved to exist it is probable that its depth and the 
ground-water conditions would discourage its exploitation 
within the foreseeable future. The same may be said of 
bedded jurassic ironstones proved of recent years in 
Southern England (Kent and Hampshire) at depths of 
over 3,500 ft. in borings for oil. Future geological work in 
the iron-ore fields is likely to be devoted to proving in 
greater detail the quality and extent of the "possible" 
reserves. Advances are to be looked for chiefly in mining 
methods, in smelting practice and in ore-dressing. 

Two major problems face the British ironstone industry. 
One is the gradual exhaustion of the open-cast reserves 
which will necessitate within the next fifty years a greatly 
increased amount of underground mining. Mining has 
many disadvantages compared ·with open-cast working
higher costs, greater difficulty in maintaining constant 
furnace burdens and, worst of all, a much greater demand 
on manpower. These difficulties will have to be overcome 
by improvements in underground lay-out and mecha
nization. The second problem is the need, rendered im
perative by rising fuel costs, of devising some beneficiation 
process that will provide a richer burden for the blast 
furnace. Methods such as washing, flotation or magnet
izing roasting, successfully employed on the low-grade 
iron ores of the United States and of certain European 
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countries, are of little avail with the British ores on ac
count of their richness in the iron-alumino silicate, chamo
site. No economically practicable method of separating 
the iron-bearing and slag-forming constituents in this 
mineral has so far been developed. The ore-dressing 
problem has high priority as a subject for research in the 
industry. Its solution would not only allow the low-grade 
British ores to compete successfully with richer foreign 
ores but might also appreciably increase home ore reserves 
by bringing within the limit of workability material at 
present regarded as valueless. 

OTHER MINERAL RESOURCES 

Great Britain is self-supporting in regard to china clay, 
ball clay, fullers' earth, salt, anhydrite, gypsum, fluorspar, 
and witherite, while barytes deposits yield 70 per cent of 
home needs. At the present rate of extraction, foreseeable 
reserves of the last three are sufficient for fifteen or twenty 
years' supply, but the reserves of the remainder are 
estimated to be adequate for fifty years or more. China 
clay, ball clay, and fullers' earth, are at present produced 
at a rate that permits considerable export. The brief 
accounts given below describe the nature of the deposits 
and the position with regard to reserves. 

CHINA CLAY 

British china clay is not a sedimentary deposit, but the 
result of hydrothermal action upon the feldspars of the 
permo-carboniferous granites of Devon and Cornwall. The 
full depth of the deposits has never been proved but from 
their mode of formation they may extend to depths too 
great for exploitation. Since the deposits occur only 
within the granite masses, there is no chance of further 
discoveries and the future of the industry depends on the 
as yet unworked areas and the extension in depth below 
present workings, which do not exceed 360 ft. It is esti
mated that reserves are sufficient for a century at present 
output. The clay, produced at the rate of half a million 
tons annually, is one of Britain's chief export commodities, 
more than 50 per cent of the raw material being shipped 
abroad. 

BALL CLAY 

Ball clays occur as eocene and oligocene sedimentaries. 
They are estimated to have sufficient reserves for fifty 
years at over a quarter of a million tons per year; con
siderable amounts are exported. 

FULLERS' EARTH 

This occurs in clay-like beds of jurassic and cretaceous 
age; reserves are regarded as good for about 50 years at the 
present annual consumption of nearly 50,000 tons which 
includes home needs and export. 

EVAPORITES 

Extensive deposits of rock-salt, anhydrite and gypsum 
are worked from strata of permian and triassic age in the 
Midlands and northern England. The rate of development 
of each of these minerals at present is adequate to main
tain an annual production of about three million tons of 
rock-salt and one million tons each of gypsum and an
hydrite. Apart from one mine, halite is obtained entirely 
by brine-pumping methods, the centres of production 
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being Cheshire, east Durham and north Lancashire. Gyp
~um is quarried and mined, while a single large mine in 
Durham provides the bulk of the output of anhydrite. It 
i;; estimated that there are ample reserves of halite and 
<.nhydrite sufficient at least for a hundred years' extrac
t ion at the present rate, while gypsum resources, including 
~orne in jurassic strata in Sussex, are believed to be 
;,dequate for at least fifty years' working. 

In 1939 a boring for oil in north-west Yorkshire re
'·ealed the presence of the potash minerals, sylvine, 
carnallite and polyhalite in the permian evaporite se
quence. The exploration of this potential potash field, 
now proceeding, may prove to be one of the most im
portant developments in the mineral industry of Britain 
during this century. 

LEAD AND ZINC 

Up to 1869 Britain was the leading world-producer of 
:ead ore. Comparison of production with development 
::ootage in one of the principal fields, that of the northern 
Pennines, has shown that in the heyday of the field, when 
a total of 120 miles of dead development drivage was 
.mdertaken, the yield of lead concentrates amounted to 
:1.71 tons per fathom (6 ft.) of drivage. Although pro
mising virgin areas remain, the deposits of this and other 
British fields have become less and less attractive eco
nomically, with the result that the necessary development 
to maintain production has not been carried out, and the 
output is now very small. At Halkyn, North Wales, 
however, the extension of a sea-level drainage tunnel for 
an additional distance of four miles gave access to 90,000 
tons of lead concentrates between 1930 and 1939. The 
driving of this tunnel has recently been resumed. The 
only recent production of zinc has been from remilling of 
waste heaps, but there are small developed reserves in 
several mines. 

FU!ORSPAR, WITHERITE, BARYTES 

Since the beginning of the century interest m the 
metalliferous fields of the carboniferous rocks of the 
Pennines has turned to the gangue minerals of the lead
zinc deposits. Here fluorite occurs in the inner and deeper 
zones, the barium minerals in the outer zones. An annual 
production of 60,000 tons fluorspar (including 10,000 tons 
of acid grade) is maintained, and expansion to 100,000 
tons annually is contemplated. War-time demand stimu
lated development, and since 1940 some 500,000 tons 
have been added to reserves, which are now estimated at 
1,300,000 tons (all categories). Barytes production in 
Britain, now about 80,000 tons per year, has also been 
greatly stimulated since 1937, and was able to make good 
the loss of continental imports during the war. It is con
sidered doubtful, however, whether further expansion is 
possible. Apart from one source in Mexico, the world's 
supply of witherite comes from mines in north-east Eng
land which have reserves for fifteen to twenty years at the 
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present extraction rate of 15,000 tons per year. At one of 
these mines the tonnage added by development has sub
stantially exceeded the output during the past ten years. 

TIN 

The tin deposits of Great Britain occur solely in the 
south-western peninsula of Cornwall and Devon as vein 
deposits associated with permo-carboniferous granitic 
intrusions. The metal was being produced there at least 
2,500 years ago and the region has since been under close 
observation by a resident mining community; there is, 
therefore, little or no chance of new discoveries being 
made at surface. 

The arrangement of mineral deposits in depth zones 
was first established in Cornwall, where lead and zinc were 
found to give place, in depth, to copper and that to tin. 
By inference it was assumed that beneath all copper 
deposits there existed potential deposits of tin. Recent 
researches, however, have shown that minerals of the 
deeper zones are more restricted, laterally, than those 
of the higher zones; thus tin, though normally occurring 
below copper, is restricted to a small lateral extent as 
compared with copper. This fact has greatly reduced the 
previously assumed potential deposits of tin. 

The economic lower limit of content for tin lodes is about 
20 lb. of cassiterite per ton of ore. Considerable deposits 
below this grade, at present unexploitable, may become 
workable if cheap methods of extraction from low-grade 
deposits could be devised. These, however, hardly consti
tute undiscovered reserves. 

Unless a programme of large-scale, deep prospecting is 
carried out in likely areas, no new discoveries can be 
foreseen in the near future. The present life of the two 
active mines may be put at ten or fifteen years. The 
maximum output from Cornwall and Devon was 10,000 
tons of metal per annum from 1870 to 1890, when this 
country produced 50 per cent of the world output. The 
present production is 800 tons of tin metal per annum, 
i.e., 2.5 per cent of home consumption. 

TUNGSTEX 

Wolfram, like cassiterite, occurs as a vein mineral 
mainly in Cornwall; its habit, however, is dissimilar for it 
occurs in small scattered bunches and, except for the 
Castle-an-Dinas lode, not in persistent runs of values. Its 
recovery comes largely as a by-product from the mines 
where it is sporadically distributed in the tin veins. A 
large low-grade stockwork of wolfram and cassiterite at 
Hemerden in Devon runs at about 3 lb. of mixed con
centrates per ton but so far recovery on an economic 
scale has not been successful. 

The annual yield from Cornwall is around 250 tons per 
annum but present production is 66 tons or less than 1 
per cent of home consumption; future production is 
dependent upon the working of tin. 
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Outlook for Future Mineral Discovery in North and South Americ 

W. E. WRATHER 

ABSTRACT 

For most mineral commodities, data at present available do not permit satisfactory quantitative estimates of undis
covered deposits, through either direct appraisal or consideration of trends. Petroleum constitutes an exception. Past 
trends of discovery and production suggest that reserves may become as high as 30 billion barrels before depletion 
forces a permanent decline. For iron mining in the Lake Superior district, for which there are fair statistics, the last 
small amount of the high-grade ore will be mined out sometime after the turn of the century, if the past trend continues. 

Petroleum geologists appraise future discovery by assuming that known petroleum-producing areas are a general 
measure of the possibilities of unexplored but geologically favourable regions. A similar formula might be developed 
for other metals and minerals, notably the porphyry copper deposits, much of the lead and zinc in the United States, 
most of its tungsten, and some manganese, mercury, iron, and fluorspar. A first attempt for the porphyry copper de
posits, for example, yields the figure of 15 million tons or more of copper in undiscovered deposits. The four-fifths of 
the Canadian shield as yet unexplored should be especially susceptible to this kind of analysis, as might also Latin 
America when more geologic information is available. 

Another possible method, applicable to some deposits, lie~ in the discovery of the relation between grade and 
tonnage. 

The fact that present data are not adequate for over-all quantitative appraisal of future discovery should not obscure 
realization that useful quantitative appraisal can be made with relatively meagre data. Geologic judgment is always 
a major factor in appraisal, regardless of the amount of data available. 

The subject upon which I am asked to talk is "Outlook 
for future mineral discovery in North and South America". 
A simple enough subject- until one considers the scope 
that has been specified: "Data necessary to indicate the 
extent of future probable discoveries". To my mind the 
fact that this group should add to its agenda an attempt 
to estimate the undiscovered reserves of the world, re
presents a mile post in economic geology, for it indicates 
the growth of an idea hitherto derided-namely, that it is 
possible to estimate quantitatively the possibilities of 
future mineral discoveries ahead of physical exploration. 
In the past we may have been satisfied with a statement 
that possibilities for future discovery were good, or bad, 
or fair; indeed, we considered foolhardy that man who 
was willing to express his opinion in more definite terms. 
Today we wish to know how good is "good", how much is 
"much". In fact, we must know, for without such specific 
knowledge the world cannot carry out its determination 
to choose and move toward a goal instead of wandering 
aimlessly. 

I feel a personal gratification in this development 
because I have long felt that one of the essential in
gredients for successful discovery is discovery-mindedness, 
by which I mean a conviction that the earth's crust still 
contains much to be discovered, that we know or can 
figure out where to search for it, and that we know or can 
figure out how to do this. Two factors determine how 
successful we ·will be: First, the amount of material 
awaiting discovery, and second, our skill in looking for it. 
I believe we can dismiss the first factor with the statement 
that long before man has discovered all the mineral 
deposits that nature has created, he will have ceased to 
need them. 

If you will accept that statement with me, then we are 
agreed that the responsibility for future supply of mineral 
raw materials is squarely up to the economic geologist. 
Wallace Pratt, in discussing the search for oil, has ex-
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pressed the idea more succinctly: "\Vhere oil really is 
then ... is in our own heads". 

But acceptance of the notion that undiscovered reserves 
can be reasonably estimated is far short of making such 
estimates. Many a mining engineer, geologist, and econo
mist has plotted curves of past production and, projecting 
the curves into the future, has wondered if the projection 
could be accepted as indicating future discovery. We have 
already agreed that the earth's crust contains undiscov
ered deposits and that, therefore, human ability is the 
determining factor. The only way I know of to gauge that 
ability is to assume that men will rise to the challenge in 
the future as successfully as they have in the past. 

One measure of past ability in this direction is rate of 
discovery in response to increasing demand for the raw 
materials. Unfortunately, except for the United States 
petroleum industry and for iron mining in the Lake 
Superior region, no sort of reliable statistical data from 
which to determine that rate have as yet been compiled 
for this hemisphere. The reason for this is that national 
and international estimates of reserves did not really 
begin until the 1930's; moreover, such estimates have 
included only proved material and material commercially 
mineable at the time. Much submarginal material that the 
estimators did not include was known to be present in the 
ground. As improved technology made this submarginal 
material available, it became included in subsequent 
estimates, so that greater estimates of reserves did not 
necessarily mean new discoveries. 

For the petroleum industry in the United States (as 
viewed over the past 45 years or so) the total amount of 
oil discovered has doubled about every twelve years. The 
cumulative rate of discovery has been somewhat less since 
1944 than for preceding years, but whether or not this 
represents a permanent falling off must, for the time being, 
remain a matter of opinion. Thus far the rate of discovery 
has been such that our known reserves have gradually 
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increased until on January 1 of this year they stood at an 
all-time high of more than 24,000 million barrels. On the 
o1 her hand, cumulative production has doubled about 
e• ·ery nine years. If we are willing to accept the past 
a·:erage rate of discovery as a measure of our ability to 
fi 1d oil in the United States, and if we assume that the 
p 1st rate of increasing production will continue, then we 
rr.ight, if we wished, conclude that reserves will eventually 
rPach a figure of 30,000 million barrels or more, some
~ here around 1965. 

The future alone can demonstrate whether such pro
j<ction of past trends is valid. Eventually, production 
'\ill begin to eat into reserves, and this prospect introduces 
a1 element that vitiates the past as an absolute guide to 
the future. For various technical reasons, reserves must 
be many times the annualrateof withdrawal. Presumably, 
there is some critical ratio. During the war, when pro
d11ction was approximately equal to the maximum efficient 
opacity of known fields, the ratio was about 12 to 1. At 
any rate, if and when depletion reduces reserves down to 
tt1e critical ratio as an insurmountable figure, production 
would then have to drop to some point roughly com
mensurate with or below the rate of discovery. A com
plicating factor is that we will have to turn more and 
more to synthetic fuels as production is forced down; and 
the development of synthetic sources will gradually 
relieve the pressure for new oil discoveries. 

For the Lake Superior iron country, we have a statistic
al background extending back to 1915. Judging from the 
average rates of discovery and consumption since then, 
depletion will have consumed the high-grade ores some
time after the turn of the century, but, as contrasted with 
oil, production is expected to remain up despite depletion 
because of increased utilization of lower-grade ores. The 
recent Labrador, Brazilian and Venezuelan discoveries 
suggest that still other deposits of iron ore in North and 
South America await discovery, but since the search for 
and development of such deposits must compete with 
improving beneficiation methods, how can we at this time 
deduce quantitatively what may or may not be dis
•.:overed? My question refers to absolute tonnages. In 
relative terms, I believe we can safely say that there will 
·:>e no dearth of iron ore in the Western hemisphere for a 
long time. We might even say that it will be available at a 
price not necessarily out of line with economic conditions 
in general. 

So much for past rates of discovery as indicative of the 
future. Another aspect of the resource problem that we 
are asked to discuss in this symposium is the estimation of 
undiscovered reserves. A technique used by some pe
troleum geologists is to consider that known producing 
areas are a general measure, on an area basis, of the 
possibilities of unexplored but geologically favourable 
regions. A similar approach might be considered for other 
commodities. Perhaps one of the best regions to apply it 
might be the Basin and Range province of North America, 
which contains the important porphyry copper deposits of 
the Gnited States, much of our zinc and lead, most of our 
tungsten, and some mercury, iron and fluorspar. It also 
contains large low-grade deposits of manganese. 

The commodities mentioned are those for which we 
might try to develop some formula for appraising un-
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discovered ore on the area basis. I am not sure what form 
such a formula may eventually take, but I can indicate 
our present trend of thought. Except for the low-grade 
deposits of manganese, deposits of these materials occur 
in the "positive" areas, the mountain ranges. It is possi
ble that some deposits occur also in the grabens, but there 
is no evidence pro or con bearing on that point. Anyway, 
as a practical matter we may leave them out of consider
ation for the present generation or more because the valley 
fill in the grabens is so deep. Each of the ranges is bor
dered by a gravel-covered pediment several miles wide at 
some places. Potentially they should be as rich in mineral 
deposits as the exposed parts of the "high". In order to 
appraise them quantitatively, however, we must have a 
factual and quantitative picture (as contrasted with im
pression) of the geologic controls and distribution of each 
type of deposit. For example, the controls relating to 
porphyry copper deposits are not the same as for contact
metamorphic zinc or tungsten deposits, and still less so for 
the fluorspar deposits. 

We do not yet have that factual quantitative picture, 
except in a very sketchy way. Continuing to refer to the 
porphyry copper deposits for illustration, we know that 
they seem to be restricted to two general areas: a roughly 
circular area about 125 miles in diameter in Utah and 
Nevada, and an elliptical area about 250 miles by 175 
miles in New Mexico and Arizona. The second area may 
extend into Mexico. It is estimated that in these two 
areas the pediments occupy one-third to one-half as much 
of the total as do the mountain ranges. The porphyry 
copper deposits have thus far produced nearly 15 million 
tons of copper and have reserves estimated conservatively 
at 15 million tons. Is it too daring to say that, when we 
have penetrated the problem further, we may estimate an 
additional 15 million or more tons of copper remaining to 
be discovered in new deposits? 

The large low-grade manganese deposits are playa de
posits in the valley fill, and for them, as compared with the 
copper deposits, an appraisal of undiscovered ore could be 
relatively simple. I say "could be", because we have not 
yet mapped the great expanses of the Basin and Range 
province, even to the degree necessary for the speculative 
kind of estimate given for copper. 

Canada is another region to which the area method of 
appraisal might be applied. Many of Canada's great 
developments have been in the pre-Cambrian shield, 
which occupies most of the eastern half of Canada. The 
shield consists of "islands" or belts of metamorphosed 
volcanic and sedimentary rocks surrounded by a great sea 
of granitic rocks, and most of the known ore deposits are 
in or adjacent to these "islands". 

Probably not more than 20 per cent of the pre-Cambrian 
terrain has been explored in any degree of detail. Given 
the necessary statistical background, supported by a 
necessary minimum of geologic information on such items 
as location and outline of the non-granitic "islands", 
position and extent of structural "breaks", and distri
bution of certain rock types, one might with success make 
an appraisal of the undiscovered ore deposits of the other 
80 per cent of the shield area. 

The great pre-Cambrian shield of Brazil is another area 
of future promise. Within the last few years important 
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tungsten, iron and manganese deposits have been discov
ered there. A comparison of the distribution of known 
mineral deposits with the distribution of population in 
Brazil reveals the same pattern, from which we may 
conclude that many mineral deposits await discovery in 
the present less-populated areas. 

.Most of the known base-metal deposits of South Ameri
ca are in the Cordilleran chain that extends from Cape 
Horn to the Isthmus of Panama. There must be many 
deposits as yet undiscovered but we lack the geologic in
formation needed for appraisal to even a greater degree 
than for Canada, for detailed geologic knowledge is con
fined to the vicinity of the older mining districts. 

There is one other way of estimating future discovery 
that appears to have been neglected but that may 
have significant possibilities. Studies under way in the 
Geological Survey indicate that, for deposits in which 
there is a gradation from relatively high-grade to 
relatively low-grade material, the relation between grade 
and tonnage follows a definite geometric ratio. There 

may also be a definite ratio between grade and tonnage 
for whole assemblages of deposits of a single type. 

Once this relation is established, it may be possible to 
prophesy ahead of actual exploration the amount and 
corresponding grade of ore present in the ground at 
known deposits. 

These several methods-analysis of geologic types, areal 
appraisal based on geologic mapping, and shrewd con
sideration of trends-or methods similar to them, should 
make it possible to estimate future discovery in some 
usable quantitative form. The fact that we do not at the 
moment have the necessary data should be more of a spur 
than a deterrent. I propose that we set out specifically to 
get the necessary geologic and statistical background and 
not be content to have it come as a by-product of other 
work. At the same time, I propose also that we have 
courage in determining the minimum data we must ac
tually have. The very nature of the problem precludes 
any estimate, ever, that is accurate in a scientific sense, 
and consequently we should not be too reluctant to ap
praise the future for fear our appraisal may be wrong. 

Outlook for Mineral Discovery in Australia 

H.G.RAGGATT 

ABSTRACT 

The paper is restricted to discussion of the outlook for discoveries of metalliferous vein deposits in Australia. 
The possible discoveries are placed in four categories: (I) gold; (2) reserves contiguous with or adjacent to working 
mines; (3) veins, evidence of which would not be noticed by the old-time prospector; ( 4) completely concealed deposits. 

The outlook for future discovery of gold deposits in the Pre-Cambrian rocks of Western Australia is different from 
that of all other metals. The number of known favourable prospects is considerable, the technique of discovery has 
been reasonably successful and can be considerably improved; hence it is concluded a satisfactory discovery rate could 
be maintained if the economic conditions which the industry enjoyed prior to World War II were to be regained. 

The success of the drilling campaign which followed a comprehensive geological survey, supplemented by geo
physical survey at Broken Hill, N.S.W. in 1936-1937, together with success which has attended less intensive investi
gation of other fields, suggests that important reserves of ore can be discovered contiguous with and adjacent to working 
mines in the major mineral fields listed in the paper. 

It is probable that there are many evidences of ore deposition which the old-time prospector would not regard as 
significant and that these can be found by investigators employing all known scientific prospecting techniques, and 
those which may be developed in the future. The problem of discovery of completely concealed mineral deposits is 
closely related to that just mentioned and can be solved if adequate research and exploration are carried out and there 
is sufficient incentive to promote development. 

By way of introduction it is necessary to point out that 
this paper has been written at short notice upon a topic 
selected by the Economic and Social Council of the United 
Nations. This Committee has listed the general subject of 
"Increasing Mineral Resources by Discovery" for dis
cussion under the following two headings: 

(a) Outlook for future discovery. (Estimates of selected 
undiscovered mineral reserves; deduction of possible re
serves as evidenced by rates of discovery.) 

(b) Possibilities and costs of methods of discovery. 
(Techniques and costs; effectiveness of proved geological 
methods of mineral exploration. New techniques in 
geologic mapping and exploration, including geophysical 
and geochemical, under-sea exploration and others being 
developed; equipment and costs.) 
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It is desired to point out that this paper deals only with 
the first of these two headings and more specifically with 
the outlook for future discovery of metalliferous vein 
deposits in Australia. 

The notes which accompanied the Secretary-General's 
invitation to contribute to this topic are worded in such a 
way as to suggest that those responsible for their drafting 
believe that the subject can be dealt with statistically. It 
is impossible to do this for Australia, on the basis of 
available data. Even if statistics were available of ex
penditure incurred, amount of diamond drilling under
taken, and so on, it would be necessarv to know the cir
cumstances in which each investigatio~ was made to be 
able to draw any useful conclusions. The time available 
for preparation of this paper does not allow of such en
quiry being made. 
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There was possibly, also, in the minds of those who 
drafted the subjects, the thought that the future of the 
m,neral industry lies in the exploitation of outcropping 
d<·posits still awaiting discovery by old-time methods in 
He under-developed and less closely settled regions of the 
W)fld. To some extent it must be true that outcropping 
m [neral deposits await discovery in under-developed lands. 
HJwever, I believe, that there are not nearly as many of 
tl1ese as is popularly supposed and, therefore, that the 
fLture of the mineral industry depends only to a minor 
e:;tent on such discoveries. The remark-our vast un
d·:veloped natural resources-is so often made by un
idormed persons that it generally escapes challenge; it is 
frequently applied to Australia, one of the larger ge
Oi~raphical world units, settled as yet by only a small 
p )pulation. In the sense in which this cliche is used to 
mean that outcropping ore deposits just have to be looked 
fCir to be found, the sooner it is dismissed as untrue the 
bdter. It may come as a shock to many but it is quite 
true (gold deposits and the vicinity of working mines 
excluded) that there are few places in Australia where a 
mining company could be given a straight-out recom
mendation to drill with a reasonable chance of proving a 
metalliferous vein deposit of moderate dimensions. 

From 1842 until the 1890's metalliferous vein deposits 
of one kind or another were being discovered almost 
continuously, but the only important discoveries since 
that time have been the lead-zinc lodes at Mt. Isa in 1923, 
and the tin-wolfram veins at Aberfovle in 1926. In a 
r·aper written in 19,17 I pointed out that the age of ore 
being mined in Australia has progressively increased since 
] 898 and that, excluding coal, over 80 per cent of current 
mineral production is from deposits discovered prior to 
] 900. Granting the odd chance that a significant find may 
be made, the conclusion is inescapable that most, if not 
nearly all, of the metalliferous vein deposits which could be 
discovered by the methods in use up to 1900 have been 
found. 

It will be noted that "gold deposits" and "vicinity of 
working mines" have been excluded from the statement 
made above concerning a drilling recommendation. 

The outlook for discovery of gold deposits in Australia 
is different from that for all other metals. To a minor 
extent this is so because the romance associated with the 
1:asily won gold of the latter half of the nineteenth century 
still lingers, and the Australian public is always prepared 
to invest in gold mines. In other words money can nearly 
always be found for gold exploration which therefore has 
been sustained over the years at a relatively high rate. 
But the public's interest in gold mining would have waned 
long since if it had not been true that there have always 
been promising prospects awaiting exploration and 
development. If this discussion dealt only with gold it 
could be said with confidence that the outlook for future 
discoveries remains good. In fact if the industry regains 
the economic conditions which it enjoyed before World 
War II, gold mining has a rosy future, particularly in 
Western Australia. There are many prospects awaiting 
development and no doubt an adequate discovery rate 
could be maintained. 

Except for periods of relatively short duration the 
economics of gold mining, unlike that of other metals, 
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has been particularly stable over considerable periods of 
time, so that, in general, long-term planning of exploration 
and development has been possible. 

Later in this paper the opinion is expressed that the rate 
of mineral discovery will be determined by economic 
factors at least to the same extent as by the application of 
scientific methods. The most important of these economic 
factors is stability in the price-cost differential. An 
assured satisfactory price for metals over long periods 
would have a marked effect for the better on the world's 
mineral production. Too often, political and economic 
decisions are made which make it clear that many people 
in authority do not appreciate what is involved in discover
ing a mineral deposit, bringing a mine into production and 
maintaining production; this lack of understanding, un
witting though it may be, causes the closing down of 
mines which could go on producing much-needed metals 
for many years, metals which if not produced at the time 
may be lost permanently. The writer feels that this is so 
also because Governments do not yet realize fully that the 
mineral industry is at a critical stage of its history. 

Our knowledge of the conditions under which important 
concentrations of metalliferous ores occur increases slowlv, 
but the total accumulation of knowledge since 1900 ~is 
significant. In Australia the most marked advance in our 
understanding of ore occurrence--or perhaps, more 
correctly, the one which has led to the largest number of 
noteworthy discoveries-has been in the working out of 
the structural conditions favourable for the deposition of 
gold in the Pre-Cambrian rocks of Western Australia. 
This in itself is a significant achievement since it has come 
about merely through a new awareness of the necessity 
for attention to detail in geological mapping, and a grow
ing ability to visualize clearly structural conditions in 
three dimensions. Apart from the use of air photographs 
as an aid to geological mapping and a very limited use of 
geophysics, no new field techniques have been employed. 
Indeed, the structural approach to the search for gold 
deposits in the Pre-Cambrian rocks of Western Australia, 
based on geological mapping alone, has been so successful 
that it may be expected that the discovery rate will in
crease further when these methods are supplemented by 
geophysical surveys, even if these are used only as an aid 
to mapping. To date, only a limited amount of geophysic
al work of this, or any other, kind has been done on the 
Western Australian goldfields, but the results are suf
ficiently conclusive to show that gaps in a structural 
picture which has been obtained by normal geological 
mapping methods can, in many places, be filled in by the 
use of the magnetometer. Apart from magnetometric 
surveys other geophysical methods are, as yet, virtually 
untried. The technique of geochemical exploration has 
not been used at all so far in gold exploration in Australia. 

It is, then, with some confidence that (given favourable 
economic conditions) the writer looks forward to a favour
able future for the discovery of gold in Australia. 

Returning now to the areas in the vicinity of working 
mines mentioned earlier, and leaving gold out of con
sideration, the major metalliferous areas1 in Australia are· 

1 I refer only to vein deposits; not to deposits such as bauxite. 
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1. Mt. Isa and Cloncurry district generally, Queens
land: lead-zinc and copper. 

2. Herberton-Chillagoe district, Queensland: tin, lead, 
antimony, wolfram. 

3. Mt. Morgan, Queensland: copper. 
4. Broken Hill, N.S.W.: chiefly famous for lead, zinc 

and silver, but important also for copper, antimony, gold, 
cadmium and cobalt. 

5. Cobar-Nymagee, N.S.W. district: copper and gold. 
6. West-coast of Tasmania including Mt. Lyell (copper) 

and Read-Rosebery (lead-zinc and copper). 
7. Middleback Range, S.A.: iron ore. 
8. Yampi Sound, W.A.: iron ore. 
From time to time geological examinations have been 

made of all these areas but few of these examinations 
would be regarded as coming near the standards required 
of present day investigations. Four comprehensive ge
ological surveys have been made of the Broken Hill area 
by Jacquet (1894), Mawson (1912), Andrews (1922) and 
Gustafson (1936-1937 unpublished). Each of these sur
veys may be taken as typical of its day and I feel it will be 
agreed that if each is compared with its predecessor and 
judged by the value of its contribution to ore discovery 
the last stands out as the most important. I would like to 
pay a tribute to my friend Gustafson for the individual 
merit of his contribution; the calibre of the individual in
vestigator naturally is an important factor in determining 
the value of a geological survey, but a consideration of 
that kind does not reduce the value of the generalization, 
proved by the Broken Hill example, that marked advances 
are being made in the understanding of conditions in 
which metalliferous ores are deposited. It would, in fact, 
be an interesting study in itself-and most valuable to 
students of economic geology-to trace the evolution of 
geological thought about the Broken Hill structure, but 
space does not permit this here. 

The following brief notes will serve to indicate broadly 
what was achieved by the Gustafson survey. Before this 
survey was made it had been established that the Broken 
Hill structure is broadly an anticline trending North
South with a saddle-shaped body developed along the 
long axis. In the southernmost workings-those of the 
Zinc Corporation, Ltd.-so far as they had progressed at 
that time, the pitch of the ore-body was such that, if it 
had continued further south, working conditions would 
have become increasingly difficult in that direction and 
ultimately, possibly, would have become uneconomic. 
To enable a drilling campaign to be planned it was es
sential to know the precise position of the axis of the fold 
and to establish whether the structure continued un
broken to the South. Outcrop information was deficient 
in many places but the geologists were materially assisted 
by geophysical surveys carried out under the direction of 
J. M. Rayner. Magnetometer methods were used to map 
a key horizon (banded ironstone) which established the 
continuity of the anticline. Gravity surveys in the 
southern area suggested that the ore-body was nearer the 
surface than it would have been had the kno\vn pitch 
continued. Hence an exploration programme could be 
planned \vith some confidence and it is common knowledge 
that very considerable reserves of ore have since been 
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proved within vertical limits economically workable under 
normal conditions. 

To emphasize that there is always something more to 
learn it may be added that the geological interpretation 
which encouraged this exploration was only broadly cor
rect; in detail it is now known to have been considerably 
in error. 

Being such a large and rich ore-body, it is natural that 
the Broken Hill lode should have been geologically sur
veyed in considerable detail, but similar surveys, subject 
to constant revision, are required of all important metal
liferous areas, while the working mines in those areas still 
have considerable reserves (or life) and whilst exploration 
can be carried out from, and if necessary followed up by, 
extensions of the existing workings. Too often, because of 
the short-term outlook of shareholders and directors of 
mining companies, such work is put off too long; then 
later, either vital information may no longer be accessible 
when funds for exploration become available, or funds 
cannot be found when the easily discovered ore is nearing 
depletion. 

Nothing approaching the comprehensiveness of either 
the Andrews or Gustafson survey has been made any
where else in Australia, but significant additions to ore 
discovery have resulted from work more limited in scope 
at .Mt. Morgan (copper-pyrite-gold) and Mt. Lyell (copper
pyrite). 

Such experiences as these lead to the observation that 
many of Australia's metalliferous mineral fields where 
there are working mines may well repay comprehensive 
detailed investigation. If this investigation is followed by 
planned exploration it seems reasonable to conclude
having regard to the results already achieved-that 
substantial reserves of ore will be found adjacent to or 
contiguous with the known ore-bodies in at least some 
cases. 

\Ve may now turn to the outlook for discovery of "new" 
ore-bodies-i.e., those not adjacent to or contiguous \vith 
known ore-bodies. Here we undoubtedly enter the realm 
of speculation, but the writer would state at once that he 
believes this problem is as much a matter of economics as 
of the application of scientific methods of exploration. 

It has been pointed out already that we can rely no 
longer on new discoveries being made by the use of a pick 
and a loaming dish-the discoveries which must now be 
made will be either deposits evidence of which the old
time prospector would not recognize, or deposits which do 
not crop out. 

The surface of the earth is a series of random approxi
mately horizontal sections, extending over a vertical in
terval of many thousands of feet; its intersection with the 
vein type of ore deposits has almost infinite variety. The 
present surface is accidental in relation to the levels at 
which ore deposits have been formed throughout geologic
al time; hence, it follows that if the present surface could 
be stripped down, the number and size of ore-bodies 
exposed at any new surface within, say, the next 20,000 ft. 
of the earth's crust would be about the same as at the 
present surface. This statement poses the prospecting 
problem in its broadest terms, and from it follows the 
conclusions that, not only must there be much surface 
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evidence of vein mineralization which is likely to have 
been overlooked by the old timers, but also, that there are 
at least as many ore deposits that do not crop out as those 
that do. 

The first kind-the ore-bodies of which there is some 
surface evidence of mineralization--can be discovered by 
the use of modern techniques-geological survey followed 
or accompanied by geophysical survey, geochemical sur
vey, and some means of making holes in the ground to 
obtain samples. Some ore-bodies of this kind will be 
discovered more or less accidentally. Two Australian 
examples may be quoted of discoveries which belong to 
this group. On the evidence available it is impossible to 
decide how much the discoveries were due to chance and 
low much to design. 

Sporadic evidence of copper mineralization is found at 
the surface near the Mt. Isa (Queensland) lodes but it was 
rot until diamond drilling was carried out to test the lead
zinc ore-body at depth that it was realized that an im
I•ortant copper ore-body was also present (Blanchard & 
Hall, 1942). Proved and indicated (extractable) reserves 
ere now estimated at 2,558,000 tons, containing 4 per cent 
C•)pper. 
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In 1926 some narrow veins containing cassiterite and 
wolfram were being tested at Aberfoyle (Tasmania). These 
did not appear to be important but in sinking a vertical 
shaft through barren overburden to test them, other veins 
were cut which led to the establishment of the Aberfoyle 
mine, referred to earlier in this paper. 

Another more recent example may be quoted of the 
proving of important reserves-though not at present 
economically workable-by diamond drilling based on 
geological survey of an area where there is evidence of 
mineralization at the surface. This is the Dugald River 
area in Queensland where diamond drilling by a sub
sidiary of the Zinc Corporation Ltd. in 1948 established 
the presence of two ore shoots, one 1,130 ft. long and 
29 ft. wide assaying lead 2.2 per cent, silver 2.2 oz. per 
ton, zinc 12.7 per cent and the other 670ft. long and 15ft. 
wide assaying lead 1. 7 per cent, silver 2.1 oz. per ton, 
zinc 2.4 per cent. 

An extensive planned investigation is in progress in the 
Cobar-Nymagee district (Central New South Wales) in the 
search for copper-gold ore-bodies. Mining in this district 
has been important in the past and is still in progress. 
Two companies, the Commonwealth Bureau of Mineral 
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Resources, and the New South Wales Mines Department 
are co-operating in this work which includes geological 
surveys, geophysical surveys, geochemical surveys and 
diamond drilling. If it is successful it may well serve as a 
pattern for future investigations on a regional scale. 

The discovery of the second kind of ore deposit mention
ed above-those completely concealed-will require con
tinually increasing effort and research and improved 
methods of exploration. 

Present known reserves of most of the major metals 
will probably be exhausted or seriously depleted in fifty 
years. The writer has no doubt that science is equal to the 
challenge of depletion and has no doubt that the necessary 
research and exploration will receive every encouragement 
from the various governments. Everything possible 
should be done as a matter of national and international 
policy not only to encourage research into the factors 
controlling ore-deposition and to encourage exploration, 
but to facilitate interchange of ideas and techniques 
between the nations. Some of the research and exploration 
may be so costly that it might well be done under 
international auspices. If, coupled with intensified efforts 
in research and exploration, governments should realize 
soon enough the urgency of the problem, the world need 
not go short of metals fifty years hence. Australia has an 
additional special reason to be much concerned in the 
problem of mineral exploration since an authoritative 

Summary of Discussion 

Mr. DrxEY presented his paper on the outlook for new 
mineral discoveries in various parts of the world. He 
pointed out that the possibilities of increasing mineral 
resources in any region depended primarily on the extent 
to which the geology of that region was already known, on 
the stage of advancement of the techniques of topogra
phical survey, air survey, geophysics and related :fields, 
and on the results of prospecting and mining operations. 
Rates of discovery would be affected not only by those 
factors, but also by such conditions as climate, density of 
vegetation, accessibility, political stability, state of 
development of the inhabitants, facilities for prospecting 
and mining and availability of capital. 

It was to be remembered that in many countries most 
of the outcropping deposits had already been discovered 
and the :finding of any concealed deposits would be a 
relatively slow process. In many well explored countries, 
there was nothing more to be expected than the exploit
ation of known fields and an increase in the reserves of the 
minerals already known to occur in them. Experience had 
repeatedly shown, however, that even in areas thought to 
have been well explored, important new deposits were to 
be found from time to time. 

Exploration and development of many countries had 
been delayed by lack of communications. Many deposits 
in remote places had been merely recorded, but not 
examined. If they were of sufficient importance, they 
would justify the building of roads or the provision of 
other transport facilities. Most countries had tried to 
extend their geological surveys, especially in the colonial 

committee2 has recently stated that, in its opinion, apart 
from supporting a very sparse pastoral population, fifty 
per cent of the Australian continent must look to mining 
as its only possible means of development. 

It will not be enough, however, to spend lavishly on 
research and exploration-the most decisive factor of all 
in mineral development is to make it worth-while to 
develop mineral deposits when found, or, in other words, 
mining must be made an attractive form of investment in 
keeping with the hazards involved; unless of course 
Governments themselves are prepared to accept those 
hazards and also the large expenditures involved. 
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territories of the principal Powers. Many oil and mining 
companies had also increased their activities in that 
direction. Efforts were being made to increase production 
in existing mines and to re-examine deposits which were 
alreadv known. Such efforts led to an increased demand 
for go~d geologists. More students were interested in 
geology as a career and were in training. During the next 
:five to ten years, the outlook for discovery of new mineral 
resources would be brighter than ever before. 

It was surprising that in some countries the native 
rulers had discouraged or prohibited prospecting oper
ations, preferring that their countries should remain 
pastoral or agricultural. They wished to avoid the loss of 
land and the introduction of alien peoples as a result of 
mining activities. In other countries the Government had 
at times discouraged mining enterprise on the ground that 
local labour was sufficient only for agricultural and other 
existing demands; they wished to avoid the political and 
other complications of imported labour. There was also 
the difficult problem of restoring the land to normal use 
after mining operations had ceased; that difficulty often 
caused strong local opposition to prospecting and mining. 

It was necessary to make early investigation into 
mineral resources, so that alienation of the land for other 
purposes might take place after and not before the mineral 
possibilities had been determined. 

There were certain fundamental geological questions on 
which research was necessary, such as those concerning 
the origin and nature of plutonic rocks and associated 
mineral deposits, problems of metamorphism, stratigra-
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phical and structural problems, erosion and deposition. 
Within the following few years, there was likely to be an 

increase in facilities for investigating the world's mineral 
re~.ources and new uses of, and substitutes for, minerals 
thtt were in short supply. A number of important 
su;pected concealed deposits would probably be proved; 
few spectacular discoveries were likely to be made; many 
smaller deposits would be brought to light. There was no 
foreseeable finality in mineral discovery. 

:Yfr. McLINTOCK presented his paper on the "Outlook 
fo'~ Mineral Discovery in Great Britain". He called at
kltion to the fact that he had divided his paper into four 
sedions, which dealt with the historical background, the 
coal-fields, iron ore, and other minerals. He recalled that 
Great Britain, although it had an area of approximately 
96,000 square miles, had sustained a diverse and extensive 
mineral industry over a long period. It had been the first 
co,mtry to establish a Geological Survey, which for one 
hundred and fourteen years had been conducting ge
obgical mapping and investigations. The surface geology 
w LS well known. A programme of boring and sub-surface 
eJ\ ploration, with suitable geophysical methods and ge
ohgical maps, should be carried out. Investigation along 
those lines could still lead to discovery of important 
mineral deposits. 

Great Britain had recently nationalized its coal-fields. 
E'{ploitation, development and discovery of coal was the 
responsibility of the National Coal Board. It worked in 
cc,-operation with the Geological Survey. A staff of thirty 
g<ologists were employed on coal-field geology. Since the 
Gwernment had taken over the fields, new schemes of 
reconstruction, exploration and development had been 
initiated. Acting on the advice of the Geological Survey, 
the National Coal Board had begun an active boring 
c<trnpaign, and had disclosed several seams at workable 
d('pth. Two hundred and sixty boreholes had been com
pleted and almost that many were in progress. 

Private enterprise had an important role to play in 
d,gcovery. Many oil companies still believed that oil 
v,ould be discovered in the United Kingdom. They had 
made many explorations and in their search had discov
ered important deposits of coal, potash and other minerals, 
including iron ore. They had submitted to the Govern
ment the information that they had thus discovered; it 
was a valuable contribution to the knowledge of the sub
surface area of the l;nited Kingdom. 

Deposits of iron ore and other minerals, such as gypsum, 
fluorspar, barytes and witherite had been estimated. 
Brief accounts of the deposits were included in the paper. 

Mr. McLintock added that the non-metallic mineral 
industry of Great Britain might be placed, in the near 
future, under the supervision of a :Mineral Commission, 
which would search for raw materials that were in short 
supply. 

Mr. WRATHER, in presenting his paper on the "Outlook 
for Future Mineral Discovery inN orth and South America", 
explained that the future welfare of those continents would 
depend largely on future mineral production. It is no 
longer satisfactory to sum up possibilities in generalities; 
\Ve must estimate and express them quantitatively. 
Except for a few resources, such as phosphate rock, coal 

and petroleum, existing data were inadequate for quanti
tative estimates of undeveloped deposits. 

The data required to estimate the extent of future 
probable discoveries could be obtained by three types of 
investigation: statistical analysis of past rates and trends 
of production and discovery; appraisal based on the idea 
that known producing areas are a measure of the possi
bilities of the unexplored regions which were geologically 
favourable, in proportion to their areas; and an intensive 
study of the geology of ore deposits and the best means of 
detecting them. 

In regard to the past rates of discovery, Mr. Wrather 
explained that they were well known in the petroleum 
industry; records had been kept and analysed for years. 
On the basis of such records, an estimate of the probable 
trend and extent of future discovery could be made, for 
the United States at least. Data of the same sort had been 
collected for the Lake Superior iron country, but other
wise no effective effort had been made to determine rate 
of past discovery. An early step in appraisal was to 
collect such data, over a long period of time, for each 
metal and mineral. 

With respect to appraisal of mineral resource possi
bilities by the area method, petroleum geologists in 
general were the first to make serious attempts. The pre
Cambrian shield of Canada, the basin and range province 
of the Western United States, the Brazilian shield and the 
Andean chain from Cape Horn to Panama were among the 
favourable geological provinces which one might attempt 
to appraise by this method. It would be a gigantic and 
costly task to obtain the necessary geologic data, but it 
must be accomplished if satisfactory estimates of the 
future mineral supply of the western hemisphere are to 
be made. 

A study of the geological characteristics of all types of 
mineral deposits was closely allied with these appraisals. 
Large-scale geological maps of extensive areas were 
necessary before the reasons for the localization of mineral 
regions could be determined. Progress must be made also 
concerning the origin of ore deposits before the problem of 
ore discovery could be solved. 
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In conclusion, Mr. Wrather emphasized two factors 
which would determine success in discovery of ore, name
ly, the amount of material remaining in the ground 
awaiting discovery and the skill of geologists and miners 
in finding it. Most of the easily discovered deposits had 
been found; unexplored areas, concealed by vegetation, 
valley fill or capping rocks were vast, and hidden deposits 
awaited discovery there. 

In the absence of Mr. Raggatt, its author, Mr. LEHMANN 
summarized the paper on the "Outlook for Mineral 
Discovery in Australia". 

The paper was restricted to discussion of the outlook 
for discoveries of metalliferous vein deposits in Australia. 
The possible discoveries were placed in four categories
(!) gold; (2) reserves contiguous with or adjacent to 
working mines; (3) veins, evidence of which would not be 
noticed by the old-time prospec.or; (4) completely 
concealed deposits. 

The outlook for future discovery of gold deposits in the 
Pre-Cambrian rocks of Western Australia was different 
from that of all other metals. The number of known 
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favourable prospects was considerable, the technique of 
discovery had been reasonably successful and could be 
considerably improved; hence it was concluded a satis
factory discovery rate could be maintained if the economic 
conditions which the industry enjoyed prior to the 
Second World War were to be regained. 

The success of the drilling campaign which followed a 
comprehensive geological survey, supplemented by ge
ophysical survey at Broken Hill, N.S.W. in 1936-1937, 
together with success which had attended less intensive 
investigation of other fields, suggested that important 
reserves of ore could be discovered contiguous with and 
adjacent to working mines in the major mineral fields 
listed in the paper. 

It is probable that there were many evidences of ore 
deposition which the old-time prospector would not 
regard as significant and that these could be found by 
investigators employing all known scientific prospecting 
techniques, and those which might be developed in the 
future. The problem of discovery of completely concealed 
mineral deposits was closely related to that just mentioned 
and could be solved if adequate research and exploration 
were carried out and there were sufficient incentive to 
promote development. 

The CHAIR:>iAN called for general discussion on the 
outlook for future discovery of minerals. 

Mr. WEAVER agreed with Mr. McLintock on the virtues 
of exploratory boring for information. He recalled that 
:\fr. Blondel had at a previous plenary meeting emphasized 
the view that very considerable further discoveries of oil 
might be expected, but that there was much less proba
bility of very large finds of other minerals under existing 
technical conditions. That difference could be attributed 
to the difference between oil and mineral exploratory 
programmes. In the United States, the mining industry 
had never selected critical geological areas for research 
into the problems of the origin of ores but had confined 
itself to the interpretation of outcrops. 

At a recent symposium on the origin of granites held by 
the Geological Society of America, for example, the con
siderable differences of opinion among the geologists 
present had been due to the fact that they had never 
selected areas where theories could be critically tested. 
That defect might be remedied by the selection of ex
ploratory boreholes, as suggested by Mr. McLintock. 

A certain amount of such work had, however, been 
done by the United States oil industry. Large sums had 
been spent upon stratographic tests, in which boreholes 
had been put down to discover where geologically signifi
cant data on oil occurrences could be obtained rather than 
the evidence of actual deposits. The problem of explor
ation for minerals might be solved if geologists made the 
appropriate recommendations and adequate capital was 
found to implement them, whether deposits were dis
covered or not. 

carried out in each country and what results were expect
ed therefrom; what general results were expected over a 
relatively long period in the future; and what conditions 
existed for international co-operation in the exploration 
for minerals. The fmal question had not yet been raised, 
so far as he knew, in the UNSCCUR discussions. Ex
ploration was still only too frequently regarded as a 
national matter and its findings were restricted to nation
als of the countries in which it had been undertaken. 
Admittedly, certain limitations would be required if such 
exploration were to be internationalized: individual 
Governments would have to appreciate that foreigners 
coming into their country held certain basic ideas of their 
own and persons going abroad must realize that they 
would have to compromise on certain of their own 
cherished ideas. 

As there would be time neither for reflection nor for 
discussion of those questions during the current session, 
he proposed that they should be circulated to members of 
UNSCCUR for comment at a later date and that the 
replies and comments submitted should be discussed at a 
further session of UNSCCUR, perhaps in the following 
year. 

:\1r. KELLY said that the fact, noted by Mr. Weaver, 
that the oil companies would spend large sums on ge
ological research, whether immediately profitable or not, 
whereas the mining companies would not do so, applied 
equally to the use of geophysics. It had been estimated 
that the oil companies spent 150 million dollars annually 
on geophysical work--from 1 to 2 per cent of their total 
income. :Mr. Foote at a previous meeting had estimated, 
perhaps over-optimistically, that the mining companies 
spent one and a half million dollars annually for that 
purpose. Approximately 50 per cent of oil discoveries an
nually could be attributed to the use of geophysics. It was 
true that so large a proportion would not have remained 
entirely undiscovered if geophysical methods had not been 
applied, as many discoveries would have been made by 
other methods. The 50 per cent figure, however, did 
emphasize the extreme importance of the use of ge
ophysics in oil exploration. 

Discoveries by geophysical methods were far less fre
quent in mining than in oil; the percentage of income 
spent upon geophysics was also far smaller. It might be 
hoped that if the mining industry spent more on geophysic
al work, discoveries would increase proportionately. 

He asked Mr. McLintock whether geophysicists in the 
United Kingdom would be put to work studying strati
graphy in the coal basins, although he believed that 
geophysics had not yet been applied to coal exploration to 
any great extent. 

Mr. McLINTOCK replied that the United Kingdom Coal 
Board was fully aware of the importance of geophysics; 
the principal difficulty was the lack of available staff. It 
could be expected, however, that geophysics would be 

:Mr. BLONDEL sairl that a comprehensive view of the applied to an increasing extent in the future. The Ge
discussions suggeste<1 that the general problem could be ological Survey had at its disposal a large body of ge
summarized in five questions. Those questions were: ophysical data supplied by the oil companies, but was 
what technical methods for mineral exploration were cur- fmding some difficulty in reducing it to manageable form. 
rently being employed; in what direction were techniques The Survey was using gravimetric methods. Approxi
being improved; what mineral exploration was being mately 50,000 pounds had been allocated for an airborne 
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gnvimetric survey. The seismic method had not yet been 
en ployed. The immediate problem in the United King
de m was, however, that of development in the mines; 
ge)physical explorations were rather a matter for long
ra 1ge programmes. 

:Vfr. KELLY welcomed Mr. McLintock's assurances, the 
m 1re so in that Britishers had been pioneers in geophysic
al exploration work as long ago as 1830. 

Mr. BOYD fully supported Mr. Blonder's suggestion for 
at: international approach to the problems of mineral 
re,,ources. Some interim measures might be encouraged, 
si11ce some of Mr. Blondel's questions referred to matters, 
th·~ answers to which were supplied by daily experience. 
Tl:e United States Bureau of Mines, for example, was co
OJ·erating informally with other countries, particularly 
With regard to fuels, in order to a void so far as possible the 
dt.plication of research. 

Mr. KRISHNAN said that countries such as India oc
cupied a place intermediate between the difficult, un
explored colonial areas mentioned by Mr. Dixey and the 
geologically well-explored areas described by Mr. McLin
tock. 

In India, the difficulties in undertaking geological 
exploration arose principally from the fact that the ge
ological survey office was very small and was called upon 
to carry out so many different kinds of work that the 
requisite specialization of geologists was almost impossi
ble . .:Vforeover, the survev office suffered from a chronic 
shortage of funds and wa; always one of the first agencies 
affected at times of economic depression. 

In connexion with Mr. Kelly's observations, the re
quisite stimulus to geophysical research might be given if 
it could be determined what percentage of income from 
mining was spent on exploration. That percentage should 
be calculated on the basis of royalties rather than of gross 
income, in order to allow for the incidence of taxation. 

In countries such as India the airborne magnetometer 
survey had obvious advantages in that it focussed ex
ploration on areas where results could be obtained im
mediately. Applied geophysics should be used to a far 
greater extent in under-developed countries than it was 
currently. In India, the oil companies had applied ge
ophysical methods in certain areas in which they had a 
ptrticular interest, but, in the case of minerals, very little 
incentive for such work existed in areas where no surface 
deposits were known. 

SUMMARY OF DISCUSSION 

region of nearly one million square miles which was of 
considerable geological importance. 

Government geological surveys had proceeded at widely 
varying rates in the different territories; a relatively small 
area had been examined in detail and large areas had been 
examined in part; in some places, such as Borneo, Govern
ment geological surveying was just about to begin. 

Geological examination of the colonies had mostly been 
begun after the First World \:Var and the staff available 
for carrying it out had been reduced at times of national 
emergency, which had caused the work to fall into ar
rears. In many colonies, oil and mining companies had 
carried out their own surveys and communicated the 
results to the Government. Plans were being developed 
for the expansion of existing geological surveys and the 
establishment of new ones. Until recently the Colonial 
Geological Survey had operated as a separate entity in 
each colony, but in 19·17 the Directorate of Colonial 
Geological Surveys had been established to co-ordinate 
them, and one and a half million pounds had been made 
available to provide for local headquarters buildings, staff 
salaries and similar expenditure. At the end of 1946 there 
had been fifty geologists in the Colonial Geological Sur
vey; there were now one hundred, and it was hoped that 
by 1952 there would be nearly two hundred. 

The Survey's main object was to produce a basic 
geological map of the territories, but that was only part 
of a wider plan of colonial development. 

Giving details of possible future developments in miner
al discovery, Mr. Dixey said that there was a possibility of 
finding further diamond-bearing areas in Tanganyika, 
Sierra Leone and British Guiana; gold in Tanganyika, the 
Gold Coast and Sierra Leone; alluvial tin in Malaya; iron 
ore in Malaya and Sierra Leone; bauxite in the Far East; 
oil in Trinidad, Sarawak, North Borneo and Nigeria. 

Mr. BATEMAN said he had been impressed by the many 
fruitful suggestions made at the meeting. 

In considering such areas as the Canadian shield, Alaska 
and South America, he was struck by the small proportion 
of geologically favourable areas which were not covered by 
soil, forest or vegetation, and he felt that a considerable 
proportion of the areas not directly visible to the naked 
eye or to instruments would probably be found to contain 
minerals. He emphasized the necessity of devoting greater 
attention to research problems with the use of such 
methods as the gamma-ray, and the airborne magneto
meter. He also mentioned the possibility of carrying out 
research into a district as a whole beyond the confines of 
individual deposits. 

It was the duty of experts such as those represented at 
the Conference to persuade mining companies and Govern
ments of the necessity of undertaking that research. 

A high rate of profit and supplies of the raw material 
sufficient for export were overriding considerations for 
e'~ploration in most under-developed countries, so that a 
r•'asonable expectation of profitable results was a pre
r• quisite for geological studies. India would welcome a 
more adventurous approach to the problem of exploration. 

He had highly appreciated Mr. Blondel's tentative Mr. BLOCH said the question of whether fundamental 
questionnaire and hoped that adequate answers would be research was to be carried out by the Government or by 

private enterprise was of great importance, particularly in 
f<.rthcoming. smaller countries, and became even more so when the 

Mr. DrxEY spoke of prospects for mineral development country's economic position was poor and little money 
in under-developed countries. The British colonies com- was available for fundamental research. Private enter
rrised an area of over two million square miles, and in prise was likely to profit from fundamental research, and 
Last and Central Africa they formed one geographical it might therefore be asked why private companies should 
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not assign money to it. Consideration should also be given 
to how money was to be divided between fundamental and 
applied research. 

Mr. Mo:xTCRE agreed with Mr. Blondel's proposal, but 
emphasized that the problem as far as the future was 
concerned was not solely one of research. Little had been 
added to the world's resources until the ore discovered had 
been actually mined and processed and a tremendous 
capital expenditure was necessary for mineral develop
ment. The question of the amount of risk capital available 
for exploiting known mineral resources therefore became 
extremely important. In order to obtain such risk capital 
it must be offered certain guarantees of protection. 
Governments should endeavour to ensure political stabili
ty, and taxation and royalties should be applied in such a 
wav as to encourage capital for new development rather 
than to discourage it. 

Taking up the question of exploratory boring for in
formation, he opposed the idea of sinking bore holes at 
random in the Canadian pre-Cambrian shield. 

Mr. FooTE, replying to Mr. Monture, said it was perhaps 
not desirable to bore holes in the pre-Cambrian shield for 
information, but that, if a reconnaissance survey were 
first made by magnetic methods, it would be possible to 
discover fault-planes. 

The geophysical methods which had been so successful 
in oil-prospecting were not necessarily adaptable to 
mining, but there was no reason why fundamentally new 
methods, such as geochemistry, should not be developed 

by mining companies. He referred to an article in a geo
physical journal by Dr. Brandt of Canada outlining new 
methods which he hoped might be developed to the stage 
of practical application. He indicated that the oil com
panies were currently carrying out fundamental geological 
research and had made important discoveries in well
logging phenomena. 

Mr. LEHMANN reminded the participants that the terms 
of reference of the Conference did not permit it to make 
recommendations but that Mr. Blondel's suggestions 
would be brought to the knowledge of the Economic and 
Social Council which was in a position to carry them 
further. 

Mr. HIGAZY, speaking on the outlook for future dis
covery of minerals in the less-developed countries, said 
there was interest on the part of the less-developed 
countries the use of modem methods. Such countries 
should be industrialized wherever possible, so as to build 
up a sound productive economy and raise the standard of 
living. As many students as possible should be sent for 
training to more highly developed countries and there 
should also be exchanges of technicians. As an interim 
step, while the students were in training, the United 
Nations might sponsor international scientific co-operation 
by arranging for scientists from the more developed coun
tries to work for limited periods in the less developed. 

The CHAIRMAN thanked members for their co-operation 
and hoped that Mr. Blondel's constructive proposals 
would not be neglected. 

58 



Increasing Mineral Resources by Discovery 

24 August 1949 

Chairman: 

Paul D. FOOTE, Executive Vice President, Gulf Research Development Company, 
Pittsburgh, Pennsylvania, U.S.A. 

Contributed Papers: 

Possibilities and Costs of Methods of ::\lineral Discovery 
Anton GRAY, Chief Geologist, Kennecott Copper Corporation, 120 Broadway, 

New York, N.Y., U.S.A. 

Methods in Prospecting for Sulphide Ores in :\'orthern Sweden 
Per GEIJER, Director, Geological Survey of Sweden, Stockholm, Sweden 

Modern Geophysical Methods as Aid in Mineral Exploration 
Hans Lu::-mBERG, President, Lundberg Explorations Ltd., Toronto, Ontario, 

Canada 

Mineral Resources of India 
M. S. KmsH!'iAX, Director, India Bureau of Mines, Government of India, New 

Delhi, India 

Lead and Zinc Resources in Sardinia 
Mario CARTA, Chief Engineer, Iglesias Mining District, (Sardinia), Italy 

Possibilities and Costs of Methods of Mineral Discoverv in Liberia 
Arthur SHEHMAX, Director, Bureau of Mines and Geology, R. L., Treasury 

Department, Monrovia, Liberia 

Increasing Mineral Resources by Discovery: Possibilities and Costs of }fethods of 
Discovery 
Antonio CALVACHE, Director of Woods, Mines and Waters in the Ministry of 

Agriculture, Havana, Cuba 

Possibilities for the Discovery of Mineral Deposits in Bolivia- General Considerations 
Federico AHLFELD, Serv~·cio Petrola y Minas, lv!inisterio de Fomenta, La Paz, 

Bolivia 

The Best Methods of Accelerating Mineral Discoveries in the Central and Northern 
Parts of Brazil 
S. FR6Es ABREU, Conselho Naciona! Geografia, Rio de Janeiro, Brazil 

The Origin of Italian Sulphur -New Lines of Research 

Roberto GUALTIERI, Member of the Mines Department, Ministry of Industry 
and Commerce, Rome, Italy 

Development of Mineral Wealth in Yugoslavia 
Stojan PAVLOVIC, Professor, University of Belgrade, Belgrade, Yugoslavia 

Summary of Discussion: 

Discussants: 

::\fessrs. ATKINSON, BATEJ\IAN, DIXEY, LUNDBERG, GESTER, HCBBERT, BALSLEY, 
H. jENSEN, KELLY, FErss, HoTCHKiss, KRISHNAN, SHERJ.fAN, ABREU, 
PAvLovrc, HEAD, BLoxDEL, 'MoNTURE, PocGH, McLrNTOcK. HEWETT 

Programme Officer: 

lVIr. R. G. LEHMANN 



UNSCCUR PROCEEDINGS: MINERAL RESOURCES 
~~--~-------···---···---···~-- ···---····--------···---···---···---···-·-· 

Possibilities and Costs of Methods of MineraI Discovery 

DR. ANTON GRAY 

ABSTRACT 

For the purpose of estimating the possibilities and costs of exploration, mineral occurrences are divided into three 
classes: first, the districts or groups of deposits; second, the ore deposits which make up these districts; and, third, the 
individual ore-bodies that form the deposits. 

The opinion is expressed that in the near future most new mineral sources will result from the discovery of exten
sions to known deposits. Probably for several generations at least such extensions combined with discoveries of new 
deposits in known districts, will keep pace with the mining of metallic ore. New mineral districts will most likely be 
discovered only as present inaccessible parts of the earth are made accessible, and under the incentive of greater need 
than we now have for the metals and higher prices for them. 

In the writer's opinion, to estimate the cost of the exploration that has led to the discovery of most mineral deposits 
is practically impossible. Two illustrations are given, however, which show the cost of specific exploration problems 
in recent times. These two illustrations are the development of the Far West Rand in the Transvaal and the discovery 
of the Allard Lake ore-bodies in Quebec. 

Experience would seem to indicate that in considering 
the possibilities and costs of discovering minerals by explo
ration, mineral occurrences may be classified roughly 
according to the size of the target they offer to the various 
methods that have been used to search them out. This 
classification is advantageous because the methods of 
search which might be expected to give results in one case 
may be totally inapplicable in others. 

Mineral deposits for the most part have been found in 
groups, or districts, in which the individual deposits occur 
under the same general geological conditions and usually 
contain more or less the same metals. There are, also, 
what are apparently isolated deposits, although if the 
truth were fully known many of these probably would not 
be isolated. These districts, such as the Belgian Congo 
copper fields, the· California Mother Lode, and the Linares 
lead district of Spain, form the first division of my classi
fication. The second division is formed of the individual 
deposits of these districts: for example, Kambove mine in 
the Congo, the Kennedy-Argonaut vein in California, and 
the Cruz vein at Linares. The third division consists of the 
separate orebodies that make up the deposits. 

The possibilities of discovery, the costs and the methods 
that would apply to exploration for new districts differ 
greatly from those that would apply to exploration for a 
mineral deposit within a known district. Searching for an 
extension to a knovvn deposit, a new orebody, is still 
another and much easier problem and one being solved 
continuously by every mining company in the normal 
course of its development. Only a financially strong 
company can carry out efficiently the search for hidden 
deposits. Only a government can afford, under present 
conditions, to carry out adequately exploration for un
known mineral districts. 

These statements may seem to be in direct contradiction 
to the fact that all the known mineral districts and practi
cally all the known mineral deposits were found by pro
spectors, usually men with no great financial resources 
and often little technical ability, but who were prepared 
to risk their whole lives on the chance of finding a mine. 
Most of them failed; a very small proportion succeeded, 
and their work forms the basis of the mineral industry of 
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today. Now conditions have changed. The prospectors 
have penetrated and explored most of the accessible parts 
of the earth. There are some places, as for instance the 
high Himalayas, where the only people physically capable 
of prospecting have not as yet the knowledge or incentive 
to do so. Some day this will change and then there may be 
important discoveries. The same applies probably to some 
of the polar regions, but for the presently accessible parts 
of the earth the day of the individual prospector is drawing 
to a close. 

There may be mineral districts in the old rocks that are 
hidden under the sediments of the Mississippi Valley. 
There may be great mineral deposits under the swamps of 
the Amazon or bevond the shorelines on the continental 
shelves. No prosp~ctor could ever find these, no private 
company could afford to search for them with the methods 
and tools available today; and yet with increasing geo
logical knowledge and better tools they might be found. 
The cost of such exploration as this cannot now be esti
mated, but certainly it will be undertaken only by, or 
with the co-operation of, governments and only as metals 
become very scarce and dear, for the work involved is 
tremendous, involving expensive research programs, geo
physical and geochemical surveys over great areas, proba
bly deep boring and the solution of deep-mining problems. 
In many countries it would require also drastic changes in 
the laws relating to mineral ownership. 

Exploration for mineral deposits within known mineral 
districts is a less expensive and much easier problem, and 
one which is being solved with some success by mining 
organizations all over the world. The principal tool used 
in this work is the experience gained in the district being 
explored, combined with the recorded experience gained 
from other districts. The sum of all this experience, 
codified and explained in the light of our knowledge of the 
general sciences, constitutes the principles of what is 
usually called the "Geology of Ore Deposits''. The valuable 
subsidiary tools, such as geophysics, geochemistry, pho
tography from the air, and deep boring, all must be used 
in conjunction with and interpreted in the light of the 
known geological principles governing the occurrence of 
metalliferous ores. To estimate the cost of this work it is 
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not sufficient to know that a ground magnetometer survey 
< osts about $50 per mile of magnetic traverse while an 
drborne survey costs approximately $10 per mile and 
i hat deep boring may cost $5 or $10 per foot. The cost of 
fmding a mineral deposit is the cost of all the time and 
work that lead to its discovery, and the largest factor in 
1 his cost is the skill with which the geological possibilities 
ae estimated and the tools used. Usually it is necessary 
1 o make a good many unsuccessful efforts before a sus
pected mineral deposit is located, and the cost of these 
1msuccessful attempts must also be charged against the 
deposit when it is found. 

I am completely unable to estimate the cost of the 
(Xploration that has led to many of the presently success
bl mining operations. In some cases one must take into 
<.ccount the work of many prospectors, syndicates and 
cften several companies which failed before the present 
1 ompany, assuming none of the debts of the former un
ouccessful attempts but building on the experience and 
Lnowledge provided by those failures. was able to make a 
profitable operation. If the costs of the unsuccessful 
cperations had to be borne, many successful mines ·would 
JLot be operating. Such a history is not uncommon in the 
Jnining industry. It is the rule rather than the exception. 

The mining companies of which I have experience at-
1 ack the problem of the cost of exploration rather differ
ently. An attempt is first made to value the known de-
>osits of a district and from this to draw conclusions as to 

, he probable value of any that may be found. A decision 
i::; then taken as to the expenditure that can be justified in 
1.he search for other and similar bodies, having in mind the 
·1robabilities of success or failure, as well as the financial 
; apacity of the company undertaking the exploration. 
Iaving decided the amount that can be spent on this 

· vork, or risked on this work if you prefer because there is 
Llways a large element of risk in the search for mineral 
-leposits, the next step is to decide the most efficient 
lrogram that can be financed within the limits set. The 
;ey to exploration success in the long run is to refrain 
rom spending too much on any one venture. 

A brief outline of the history of two successful explo
·ation programs will, I think, illustrate at least part of 
,vhat has been said and show what this work can cost. 
•)ne of the most informative examples is the discovery and 
, levelopment of the Witwatersrand gold fields in the 
Transvaal. Gold was discovered about 1880 by pro
''pectors in rocks exposed above ground. Once discovered, 
:.he gold-bearing rocks, which proved to be ancient sedi
·nents, were traced over 40 miles by additional surface 
·lrospecting and shallow mining work. Then both on the 
•:astern and western ends of the gold-bearing belt the 
sediments carrying the precious metal were lost under 
vounger rocks. Over the years, deep drilling and ever 
:leeper mining located and followed the extension of these 
:;o-called reefs to the east until some thirty years after the 
-)figinal discovery, what is now known as the "Far East 
Rand" had been more or less completely outlined and the 
reefs had been followed in all some sixty miles. Up to this 
point the discovery and development of the field had been 
accomplished by surface prospecting, mining and deep 
drilling. 
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Geological studies indicated that at the western end of 
the field the reefs were cut off by faults. One section of 
reef was located by drilling through some thousand feet 
of rock, much of which was cavernous water-bearing 
limestone. An attempt was made to sink shafts to the 
reef but the equipment available at the time was not equal 
to the task and the attempt was abandoned. It was not 
until about 1930 that engineering skill and equipment 
were developed to the point where another attempt was 
justified, and this effort succeeded. Then, with mining 
possible, the problem was how to locate the gold reefs 
lying hidden still farther to the west beyond other faults. 

This problem was finally solved by using the recently 
perfected magnetometer, which has since proved one of 
the most useful geophysical tools. By this time it was 
known that certain highly magnetic shale beds occur in 
the gold-bearing series of sediments and that if these 
could be traced, the gold-bearing reefs could be located. 
A very extensive magnetometer survey was made of the 
country under which the reefs were thought to lie. After 
several years' work, it was thought that the position of the 
magnetic shales had been indicated with sufficient accu
racy to justify drilling. This drilling was done and the 
reefs located. At the present time, fifteen years after this 
magnetometer survey was made, three mines are operating 
or developing on this so-called "Far \Vest Rand". This 
discovery must be credited primarily to the development 
of the magnetometer as a precise instrument of geo
physical surveying, but partly also to the geologists who 
pointed out the possibility of locating the reefs west of the 
faults and the engineers who solved the problems of deep 
mining in difficult ground. The exploration work alone, 
including 2,000 miles of magnetic traverses and several 
deep bore holes, required six years and an expenditure of 
over $2 million. The deposits it was hoped might be 
found, of course, justified such expenditure. 

One more illustration will show how the magnetometer 
has recently been further developed and its usefulness 
extended. Iron-titanium ore was discovered by pro
spectors on the north shore of the St. Lawrence I<iver in 
Quebec many years ago. Recent technological advances 
have given added value to this ore, and a few years ago a 
search was undertaken for this material. The first step 
was a general reconnaissance, to decide from the geological 
evidence available which area offered most promise of a 
discovery. This completed, prospectors were sent in to 
comb an area of some 1,500 square miles for surface ex
posures of the mineral, many of which were found. Kow 
the problem was how to determine, quickly and accurate
ly, the sizes of the deposits. Most of the rock of the area is 
covered by swamp and glacial drift but the ore, being 
slightly magnetic, can be followed by the magnetometer. 
To make a ground magnetometer survey would require 
several years and because of the rough terrain would be 
very expensive, so the recently developed technique of 
flying the magnetometer in an airplane was used. This 
work, 5,000 traverse miles flown, was completed in two 
months at a cost of less than $100,000. The exploration, 
incidentally, was successful. A mine is now being devel
oped after three years of geological work, geophysical sur
veying and drilling that cost about $500,000. This ex-
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penditure also was well justified by the type of deposit 
being searched for. 

It would seem almost certain that in the near future 
most of the new mineral resources brought in by discovery 
will be extensions of known deposits. Almost every 
operating mine is continually exploring its own ground 
and while in most cases the new ore is deeper and lower 
grade, and consequently more costly, the outlook is that 
for a generation or so it will replace the ore mined. Even
tually the present mines-must be worked out. 

I believe that for some time at least the discoveries of 
new deposits may very well keep pace with the rate at 
which old mines cease to operate. New deposits in known 

districts must become more difficult and expensive to find, 
but search will be spurred by the inevitably increasing 
prices of the metals won. It is my own opinion that new 
deposits and extensions of old deposits found by improved 
exploration techniques probably will maintain an ade
quate supply of most metals for several generations at 
least. 

As for the discovery of new mineral districts, I believe 
these will come only as presently inaccessible parts of the 
earth are made accessible, or under the incentive of greater 
need than we now have for the metals, when geophysical 
and other exploration tools are better developed and 
deeper mining is economically possible. 

Methods in Prospecting for Sulphide Ores in Northern Sweden 

PROFESSOR PER GEIJER 

ABSTRACT 

Prospecting for sulphide ores of copper etc. in northern Sweden is being carried out by the use of a combination 
of geological and geophysical methods, adapted for use in a country generally covered by a thick mantle of glacial drift. 
Thus, the tracing of glacially transported builders of ore can lead up to the discovery of a deposit, or at least efficiently 
limit the area which has to be covered by geophysical methods. Among the latter, both magnetic and electrical are 
employed, but the actual discovery of sulphidic ore bodies has generally been due to electrical methods. These are 
still being improved. So far, the results of the prospecting activity have clearly justified the expense. 

In the last three decades extensive prospecting for 
sulphide ores has been carried on in northern Sweden, 
through the Boliden mining company and the Geological 
Survey, mainly in the Skellefte district and in the moun
tains. The methods used by these two organizations are 
essentially the same, and they have proved effective and 
comparatively cheap. While they are obviously deter
mined by local geological conditions, it is believed that they 
may prove applicable, more or less directly, in many other 
districts to a larger extent than has so far been the case. 

The geological conditions are essentially as follows: 
The rocks are metamorphic, Pre-Cambrian in the Skel

lefte district, Cambro-Silurian in the mountains. The ore 
bodies are compact sulphide bodies of the lenticular or 
"fish-shaped" type, or more or less rich sulphide im
pregnations. Values are generally in copper, zinc and 
pyrites, but in some cases gold, silver, lead or arsenic is 
also present. In the former Skellefte district, particularly, 
the bed-rock is overlain by a thick and strikingly con
tinuous mantle of glacial drift, mainly moraine. Thus, 
outcrops are scarce and the drift cover averages some
where about 10 metres, even being up to 40 metres locally. 
The first indications of the presence of sulphide miner
alization is given by boulders transported by the ice 
during the Ice Age and now enclosed in the moraine. For 
some time prospecting was directed to following up such 
leads, and this is still normally the first stage, especially in 
some outlying districts. By mapping the positon of ore 
boulders, the picture of a "spreading fan" is obtained, or 
rather a narrow circle sector, at the apex of which is the 
place of derivation of the boulders. Observations on 
glacial striae and other indications of the direction of ice 
movement may help, but there are regions where ir-

regularities or changes in this direction have resulted in a 
somewhat confusing picture. It is often difficult to obtain 
a sufficiently clear idea of the "spreading fan", as the 
boulders may be scattered and few, and moreover the 
morainic drift containing them may be covered over wide 
areas by dense vegetation or by later deposits, such as 
swamps. Because of this, and of the general scarcity of 
outcrops, it is only in exceptional cases that an ore deposit 
has been located solely by tracing from boulders, without 
supplementary geophysical work. Remarkable cases out
side the district now under consideration, but offering the 
same general problems, were the discovery in 1947 of a 
small but extremely rich silver deposit in middle Sweden 
and the recent discovery of a zone of small concentration 
of manganese ore, traced for 125 kilometres from the 
original boulder discovery1• In some cases, particularly 
with flat-lying ore bodies, it has turned out that almost 
the whole deposit has been ploughed up by the ice and 
distributed as a boulder fan. 
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An interesting feature in this kind of geological field 
work is the fact that seeking for boulders and "outcrop 
hunting" is largely done by ordinary woodsmen, under the 
supervision of a trained geologist. The men selected for 
the work are of course keen and observant, and sur
prisingly many have managed to acquire quite quickly the 
necessary general knowledge of the rocks and ores that 
one may encounter. Since the country in which the work 
is done is often a wilderness, their general knowledge of 
woodcraft is a considerable advantage. As the conditions 
under which such work is carried out may greatly vary 

1 Odman, "Manganese mineralization in the Ultevis district"; 
Sveriges Geo-. UndersiJkning ser. C. no. 487. 
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v ith the character of the country, no average costs can be 
I resented. The "boulder seekers" are paid wages ap
J roximately corresponding to the ordinary local standard, 
J Ius premiums for new boulder indications or similar 
r ~suits. 

As already mentioned, it has mostly been found neces
stry mainly due to the drift cover, to turn to geophysical 
r 1ethods for the definite localization of the ore body. In 
s11ch cases the mapping of the boulders has served by 
r:~stricting the area to which these more expensive 
nethods must be applied. In some cases, the area to be 
covered geophysically may be a small one, but sometimes 
the indications given by the boulders are vague and much 
brger areas have to be examined. ·where there are out
crops, ordinary geological mapping may make possible a 
f trther limitation of the area to be surveyed geophysically, 
as part of the rock units of the district, such as granite, 
rever harbour any ore deposits. Of later years, in 
g~~ophysical field work has often been carried out in regions 
c f "likely" rocks without the incitement of discoveries of 
c~re boulders. 

Geophysical work has been both magnetic and electrical 
1:ut the actual discovery of sulphide ore bodies is, as a 
rule, due to electrical methods. Only in exceptional cases 
bas magnetic work, made possible chiefly by the presence 
of considerable pyrrhotite in certain types of deposits, 
resulted in the discovery of a workable ore body. But 
magnetic reconnaissances, by the Tiberg magnetometer or 
the Schmidt balance, is largely used for obtaining a 
general orientation about the stratography and structure 
of a drift-covered area, especially as the presence of much 
pyrrhotite in the boundary zones of areas of graphitic 
schists gives a good horizon of reference. 

The possibilities of electrical prospecting may be said 
t, > have been first demonstrated in the Skellefte district, 
vvith the discovery, in 1918, of the Kristineberg deposit 
(•:upriferous pyrites). During the first years, the Lund
berg-Nathorst method of equipotential lines was used. 
Later, electromagnetic methods were employed (Sund
berg)2, starting with a system that used a fixed cable laid 
out in a loop on the ground, the observations being 
recorded by one or several teams of four who took measure
ments in a system of points generally about ten metres 
apart. Among the discoveries made with this method is 
Boliden, the most valuable deposit so far encountered in 
the Skellefte district. Of later years, the "sling-ram" 
method (S. Werner, Geol. Smvey of Sweden) has been used 
almost exclusively. The term literally signifies "loop 

• For data on these stages in the development of methods and 
hr results, compare Sundberg, Lundberg, and Eklund, Electrical 
pospecting in Sweden; Sveriges Geot. Undersokning, ser. C. no. 327. 
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frame". l~nlike the older system of electromagnetic sur
vey, there is no fixed cable; instead the transmitter is 
carried along during the measuring operations. Briefly 
described, the aspect of the field work is as follows3 : 

An electromagnetic alternating current field is produced 
by a transmitter and is measured with the aid of a receiver 
placed at a certain fixed distance (measuring distance) 
from the transmitter, the measuring distance being adjust
ed to the local conditions of the area to be investigated. 
The transmitter consists of a tube generator connected 
with a transmitting coil, and the receiver of a receiving 
coil, a compensator and an amplifier with a head-phone. 
This equipment is light in weight and easy to carry, and, as 
it is not bulky, progress in forest country is but little 
impeded by the frames. Work is often done on skis in 
winter time, when crossing of swamps and lakes is facili
tated (thisrefersalsoto the older electromagnetic methods). 
A "sling-ram" team consists of four men, and there are no 
additional men in the field. To be employed on such work 
a man must have some routine training, but does not need 
such scientific and technical qualifications as are required 
for the planning of the work and the interpretation of 
results. On the average, such a team will take readings of 
about 300 stations (generally about 20 metres apart) in an 
eight-hour day. Reckoned per square kilometre the total 
field work amounts to: line staking, two men in three 
days; electrical work, four men in four days (stations 20 
metres apart in lines 40 metres apart). 

While the more or less solid sulphide ore type common 
in the districts investigated is especially favourable for 
electrical prospecting, there are many complications that 
call for a careful correlation of geological and geophysical 
work to avoid mistakes. Special difficulties have been 
caused by the graphitic schists that are of wide-spread 
occurrence. On the other hand, the electrical conductivity 
of these rocks also makes it possible easily to map their 
extent. .More intricate problems still requiring study are 
presented by the electrical map pictures originating from 
different mineralogical and textural types of sulphide ore, 
or by seeking for more deep-seated ore bodies. 

The total number of sulphide deposits in northern 
Sweden that have been discovered by electrical pro
specting amounts to about forty, about a dozen of which 
are in actual production or being prepared for it; many 
consist of a cluster of separate ore bodies. It is therefore 
the opinion of those employing the methods here pre
sented that these methods have proved both effective and 
economical under the local conditions. 

3 A description of the methods will soon be published by Mr. 
\Verner in the geophysical journal Tetlus, Stockholm. 



UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

Modern Geophysical Methods as Aid in Mineral Exploration 

HANS LUNDBERG 

ABSTRACT 

Developments in aviation and electronics in recent years have made it possible to realize the prospector's dream 
of geophysical exploration from the air and this has revolutionized the prospecting technique so that a new exploration 
routine is gradually working itself to the fore. 

It is suggested that these methods be utilized by trained geologists and geophysicists to cover large territories 
in heretofore unexplored portions of the globe. The technique is also highly recommended in established mining areas 
to help the understanding of geological structure and occurrence of mineral deposits. If large enough territories are 
included in such surveys they can be carried out at costs one-twentieth to one-fiftieth of the cost of the work on the 
ground. The time required for such surveys is one-hundredth to one-twohundredth of the time for the same work on 
the ground. 

Such exploration technique would gradually increase mineral discoveries at the least possible cost and in that way 
aid the building of mineral resources by countries and continents in very short time. 

The old time prospector roamed around the country 
without much elaborate equipment; although unskilled, 
he developed a sense of ore-finding sometimes based on 
what we now know to be scientific facts, but generally 
bordering on superstition and mysticism. As a rule his 
discoveries were made by accident when he saw the ore 
outcrop or struck it with his pick and shovel. Most mines 
and mineral deposits were discovered in this haphazard 
way until the beginning of this century, when campaigns 
of systematic search were started with methods based on 
sound scientific principles. 

From the days of the first World War when modern 
geophysical prospecting technique was initiated, and up 
to the present time, there have been investigated vast 
areas in the United States, Canada, Sweden, South Africa, 
Soviet Russia and elsewhere areas which could not have 
been prospected in the old ways or by the costly trenching 
or drilling methods. 

By the use of this new technique expensive drilling 
operations or other exploratory work may be confined to 
"suspected" localities which have been outlined as a result 
of geophysical surveys, and thus wild-cat drilling can be 
avoided. The cost of geophysical prospecting as compared 
with the old methods is so low that it has completely 
revolutionized the attitude towards exploration work and 
encouraged the greatly expanded prospecting activity 
which, before the second World War, resulted in the 
phenomenal increase in oil and ore reserves. 

The "suspected areas" localized by geophysical ex
ploration constitute portions of the rock formation where 
physical characteristics differ sufficiently from the sur
roundings. These differences must, however, be situated 
close enough to the surface to allow their presence to be 
revealed by anomalies caused in a field of force on the 
earth's surface. Such localization may be called two
dimensional since it gives as a result a map on which the 
disturbing bodies are outlined, and as a rule it is also 
possible to indicate how deep they are buried below the 
surface. 

In areas explored for oil, water, etc. the modern pro
specting technique includes point to point depth deter
mination to the more or less horizontal layers of the rock 
formation where sharp contrasts in physical charac-
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teristics exist. The ;:esults are expressed as maps of the 
area with figures of depth to surface of change or "key 
horizons", in other words a three-dimensional picture is 
obtained. 

The physical characteristics of the rock formation 
which may be observed in geophysical surveys are: 
(1) magnetic susceptibility; (2) specific gravity; (3) electric 
conductivity; (4) elasticity. 

The geophysical methods are thus divided into magnetic, 
gravimetric, electric and seismic. Other methods exist 
such as chemical, micro-chemical, radioactivity, etc., but 
they are not discussed in this paper. 

The magnetic and gravity methods are based upon 
detection and recording of anomalies in the earth's natural 
fields of force. With the electric and seismic methods 
artificial fields of force are created and applied in different 
directions to the area under investigation. Using the two 
latter methods it is then possible to obtain different per
spectives of the disturbing bodies in the rock formation. 
This is not possible when using the magnetic and gravity 
methods. 

During the second World War the astounding develop
ments in aviation and electronics made it possible to 
realize the prospector's dream of geophysical exploration 
from the air; in fact, there are available today air-borne 
magnetic methods, and very shortly also electrical and 
gravity surveys will become air-borne. In such surveys a 
continuous recording of geophysical field intensities is 
made during flight. The speed of operation of these 
methods is considerable so that very large areas may be 
covered in a short time. A survey from the air requires 
only one-fiftieth to one-two hundredth of the time it takes 
to do the same work on the ground. 

Although more elaborate instruments and more ex
pensive aircraft are used the cost of the surveys has been 
greatly reduced so that, from the air, the work may be 
done for one-tenth to one-twentieth of what it would cost 
to carry out similar surveys on the ground. Therefore, 
once again the exploration technique has been revolution
ized and a complete change of routine and survey pro
cedure has taken place. With the present base metal 
famine the newest methods and most modern exploration 
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technique should be of the utmost importance for the 
raJ lid investigation and inventory of mineral resources in 
wl1ole countries, whether old or new, near or remote, 
ac' :essible or inaccessible. 

Recent experiences from surveys with air-borne methods 
sh, lW that all areas have the same chance of being studied 
sir ce they are carried out systematically and unimpeded. 
When following the old routine, however, sections difficult 
of access often never came under the eye of the geologist 
and consequently escaped exploration. Already the new 
ro~ ttine has been tried out in many parts of the world and 
in all cases proven superior, cheaper, faster, and more 
revealing as to possibilities; in fact many very valuable 
on: discoveries have been made, following this new routine, 
in areas which were considered thoroughly and sufficiently 
pr lspected by ground exploration and chances there for 
mineral discoveries exhausted. 

Assuming that topographic maps or air photographs 
an, a vail able the new routine would include the following 
stE,ps: 

Firstly: reconnaissance flights recording magnetic or 
elt'Ctrical field characteristics with the lines flown close 
enough to reveal details of regional structural geology. 

Secondly: intermediate lines may be flown parallel to 
th~se, or their courses changed so that the most suitable 
patterns of flights are followed. In this way the mesh of 
the grid may be made to suit any particular geological or 
eomomic purpose. 

It would seem rather backward and time-wasting, when 
exploration of a country, or territory, or large area is 

considered, to follow the old routine by first sending out a 
geologist who would then have to acquaint himself with 
conditions, follow known paths, and struggle over difficult 
topographic hazards to reach, if he is lucky, interesting or 
promising areas, or else he may find himself completely 
handicapped by impenetrable jungle, thick overburden, 
muskeg, swamps, lakes, etc. Even if he locates interesting 
spots, only comparatively small areas would be recon
noitred in relatively long periods of time: several years or 
field seasons. 

A reconnaissance flight using air-borne geophysical 
recordings of magnetic or electrical characteristics, 
however, will make it possible quickly to classify areas so 
that areas of uniform physical conditions may be elimi
nated since, from geological standpoints, these generally 
present little hope for mineral discoveries. On the other 
hand indications, irregularities, or anomalies, whether 
regional or local, strong or weak, would make it possible 
within a few days to outliue, classify, and select areas for 
the geologist upon which he may find it worthwhile to 
concentrate his efforts. 

When flying the instruments in a helicopter it is possible 
to make the recordings at low altitude and thus obtain 
sufficient detail for ore exploration. It is also possible with 
the helicopter to fly at different fixed altitudes and in that 
way to obtain different perspectives of the disturbing 
bodies in the rock formation so that their size and depth 
may be estimated. It is also possible to fix the location of 
a disturbing body on the map or on the ground so that the 
geologist, the prospector or the driller may be directed to 
the location without difficulty. 

Time Required and Cost of Various Geophysical Survey Methods 

(Canadian Bush) 

Cost per acre Cost per sq. mile 

Method Daily average Cost per Lines Lines Lines 
(Linear miles) linear mile 300ft. apart 600ft. apart 300ft. apart 

s s s s 
GROUND OPERATIONS 

Observations every 
50 ft. 

Magnetic: 
Tiberg. 2 30 .84 .42 540 
Askania 60 1.68 .84 1,080 

Electric: 
Self Potential. 60 1.68 .84 1,080 
Plain Resistivity l-2 125-160 3.51-4.50 !.75-2.25 2,250-2,880 
Electromagnetic l-2 150-250 4.20-i.OO 2.10-3.50 2,700-4,500 
Ratio Survey. t 2;30-350 7.00-10.00 3.50-5.00 4,500-6,300 

LINE CUTTING AXD 

SURVEYING. 1 25-50 . 70-1.40 .40-1.00 450-900 " 
AIR·BORNE OPERATIOC\S Duration of 

continuous recording operation 
Helicopter !50 l day 20 .56 .28 360 
(3 hrs at 50 m.p.h.) l week 18 .51 .25 324 
per day I month 10 .28 .14 180 

l year 5 .14 .07 90 

Anson twinmotor 450 l day li5 .42 .21 270 
(or similar type) l week 11 .31 .16 198 
(3 hrs at 150 m.p.h.) l month 5 .14 .07 90 
per day l year 4 .11 .06 72 
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COST AXD TIME REQUIRED 

The table gives cost and time required for magnetic 
and electrical surveys carried out on the ground and as 
air-borne operations. Costs naturally vary from one place 
to another but the figures give the general limits. For 
geophysical ground operations it is necessary to clear and 
stake out lines so that, in order to arrive at a true com
parison, the cost and time for this work should be added 
to the cost and time of the actual survey. 

The table shows work accomplished in the first column 
expressed as daily average. On the ground, observations 
are assumed to be taken at 50-ft. intervals along prepared 
lines, as contrasted with continuous recordings of the air
borne methods along flown lines. 

The second column shows cost per linear mile. The 
figures for air-borne work vary a great deal depending on 
the size of the area covered, or the duration of the survev, 
so that with one type of aircraft the cost per mile vari~s 
between $20 if the operation lasts for one day only, and 
$5 for surveys of long duration. 

The cost per acre is shown in the third column. Since 
these figures depend on how closely the surveyed lines are 
spaced, the cost for two different spacings is shown, with 
lines 300 and 600 ft. apart. 

The cost per square mile is shmvn in the fourth column, 
assuming lines surveyed 300 ft. apart. 

CONCLUSIOX 

A staff of good geologists and geophysicists could carry 
out rapid and thorough searches for minerals with these 
established methods at their disposal, and cover in great 
detail vast areas in short time. 

First a country or a region must be mapped; this is 
generally done by air photography. From such maps and 
photographs the topography and much general geological 
information is obtained. The detailed study of these maps 
together with any known geological information lays the 
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basis for the planning of systematic reconnaissance flights 
with magnetic and electrical methods. Such reconnais
sance is generally carried out from fast flying fixed winged 
airplanes. The patterns of lines to be flown are laid out to 
take best advantage of topographic and geological con
ditions. 

The larger the territory flown the lower becomes the 
cost of such flights and it is therefore more expedient to 
cover large blocks than smaller selected areas. By in
cluding the whole country in reconnaissance flights a 
regional picture is obtained which contributes much to the 
understanding of the geological structure. At the same 
time detailed information is obtained from virgin territory 
or areas of relatively unknown geology. 

The data obtained from the flights are then studied by 
geophysicists and geologists together, and depending on 
the results the flown territory may be divided into classi
fied sectors selected for: 

1. Geological examinations on the ground or from 
helicopter. 

2. Detail flights with magnetic or electric methods from 
helicopter (ore prospecting). 

3. Geophysical surveys on the ground (oil prospecting). 
4. Geological detail studies on the ground. 
5. Geophysical detail surveys on the ground. 
6. Drilling or other exploratory work on the ground. 
7. Elimination from further studies as being of no 

economic interest. 
To successfully carry out such a large scale programme 

a well organized staff of trained geologists and geophysical 
experts is required. It would initiate, however, a new era 
in exploration technique utilizing great and advanced 
improvements, vastly enhance the expectancy of mineral 
discoveries at the least possible cost, and ultimately in
crease the mineral resources not only by districts and 
regions but by whole countries and continents within an 
amazingly short time. 



INCREASING MINERAL RESOURCES BY DISCOVERY KRISHNAN 

Mineral Resources of India 

M. S. KRISHNAN 

ABSTRACT 

No reliable estimates are available for the reserves of most of India's minerals; when available, the figures are only 
approximate. The reserves of coal to a depth of 1,000 ft. on an average are of the order of 25,000 million tons in work
able seams. The iron ores of eastern and southern India will amount to perhaps 10,000 million tons of high grade 
material and as much or more of low grade material; this does not include the vast deposits of laterite (30 to 35 per cent 
iron) of which many thousand million tons are available. It is believed that some 20 million tons of high grade and 
probably more than double that quantity of low grade manganese ore are available. More than 100 million tons of magne
site are estimated to be present in South India. Of bauxite, mica and ilmenite the country has excellent resources, more 
than enough for its needs . 

.Among the chief deficiencies are petroleum, sulphur, and ores of copper, lead, zinc, tin, mercury, tungsten, molyb
denum, nickel, cobalt and a few others. For these India will have to depend at least partly on imports. The nation 
seems to be self-sufficient with regard to most of the non-metallic minerals-clays, glass sands, abrasives, mineral 
pigments, refractories and so forth. 

So far, the minerals of India were exploited mainly for purposes of export to foreign countries. But, with the 
establishment of a national government, a positive policy of conservation of resources and of encouragement to the 
founding of industries which use minerals will be followed. With these objects in view, the Geological Survey is being 
expanded and a Bureau of Mines and several research laboratories are being established. 

The known mineral resources of India, taken in relation 
to the area or population of the country, can be considered 
as only very moderate in size and variety. Exploration 
has so far been confined to the use of ordinary geological 
methods and surface observations. Reliable estimates of 
reserves are often lacking and detailed prospecting work 
has been done only in a comparatively small number of 
cases. The following is a short review of the present 
position. 

FT:ELS 

Coal: India is fairly well supplied with coal, the deposits 
bdng confined almost entirely to eastern India, in Assam, 
Bengal, Bihar, Central Provinces and Hyderabad. The 
workable reserves, to a depth of 1,000 ft., are estimated at 
20,000 million tons of Gondwana coal, with perhaps 
5 .. 000 million tons of Tertiary coal available from Assam, 
in addition. Less than 1,500 million tons of the Gondwana 
coals are suitable for making metallurgical coke, but these 
a:·e used nowadays largely for ordinary steam-raising in 
lc•comotives and boilers. Since some of the deposits in 
the Godavari and Mahanadi Valleys have not been fully 
investigated, it is likely that the reserves may be larger 
than is indicated above. The present annual production 
of coal is between 25 and 30 million tons. 

There are deposits of lignite in the Tertiaries of the 
coastal regions of Madras and Travancore, in Kashmir and 
in Bikaner (Rajputana). These may amount to well over 
1 ,000 million tons. 

Petroleum: Oil has been located and worked in Upper 
Assam, the current output being some 85 million gallons 
(imperial) of crude per year. There are some further 
possibilities of discovery in Assam and the reserves may 
last perhaps fifteen or twenty years. The coastal areas 
cuntain Tertiary sediments but their potentialities are yet 
t•l be investigated. 

).IETALLIFEROUS ]\U:\ERALS 

also in Kashmir. No estimates of reserves have been 
made, but they are undoubtedly of a large magnitude. 
The two aluminium-reduction works now functioning in 
Bengal and Travancore produce only some 5,000 tons of 
aluminium per year. 

Chromite: Deposits of chromite are being worked in 
Bihar, Orissa, Madras and Mysore, the annual output 
being around 30,000 tons. The reserves have not been 
estimated but the deposits are expected to last for some 
years. Intensive search may yet bring to light some new 
deposits. 

Copper: The only deposits now being worked are those 
of Mosaboni in Bihar, producing around 350,000 tons of 
ore which yield some 6,000 tons of the metal. There are, 
however, several prospects and abandoned ancient mines 
in Madras, Rajputana, Bihar and Sikkim which need 
detailed prospecting by geophysical methods and by 
drilling. The prospects of finding additional sources are, 
therefore, quite fair. The Mosaboni deposits may not last 
for more than a decade or so, unless further development 
proves the existence of unsuspected ore-bodies. 

Gold: The only deposits of importance are those of the 
Kolar gold field in Mysore State which produce around 
300,000 oz. per year. The veins are steep-dipping and are 
being worked at a depth of 7,000 ft. to 9,000 ft. from the 
surface. It is likely that the deposits continue to much 
greater depths and will be worked so long as the mining 
problems are amenable to solution. 

Some smaller deposits of the same type in quartz veins 
traversing ancient Schistose rocks are being worked in the 
neighbouring parts of Madras and Hyderabad. It seems 
likely that other deposits may be found by intensive 
prospecting in similar geological formations. 

Iron: The iron ore deposits of India are amongst the 
largest in the world. Numerous high grade hematite ore
bodies occur to the south-west of Calcutta in Orissa and 
Central Provinces and they are estimated to contain some 

Bauxite: Rich and extensive deposits of bauxite have 8,000 million tons of high grade (over 60 per cent iron) and 
been located in the western and central parts of India and about the same quantity of lower grades. In addition to 
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these, there are hematite and magnetite deposits in Bom
bay, Mysore and Madras, which together may yield 2,000 
million tons of workable grades. Lastly there are the 
sideritic and limonitic ores of the Raniganj coal field 
which were formerly smelted. 

Only high grades ores are being utilized at present for 
smelting in the works in Bengal, Bihar and Mysore and it 
is likely that the iron and steel production (about two 
million tons at present) will be largely expanded in the 
course of a few years. 

There are vast deposits of ferruginous laterites in many 
parts of the country, containing 30 to 35 per cent iron, 
much alumina and sometimes manganese. The reserves 
must run into many thousand million tons in the aggre
gate. They are bound to come into prominence when the 
richer iron ores are used up. 

Manganese: Since the early years of the present century 
India has been a very important producer of manganese 
ore. The chief deposits are located in Central Provinces, 
Central India, Bombay, Orissa, Madras and Mysore, and 
the annual output is about half a million tons, most of 
which is exported. The reserves are not known but some 
estimates put the high grade ore at 15 to 20 million tons 
and the lower grade ore at two to four times that amount. 

Magnesite: Extensive deposits of high grade magnesite 
(traversing altered dunite) are found in Salem (Madras) 
and in Mysore. To the depth of 100 ft. the reserves of 
good-grade material are of the order of 100 million tons. 
It should also be possible to recover the thin veins and 
streaks of magnesite abundantly disseminated in the 
dunite rock. The annual output is about 30,000 tons at 
present, partly used in India and partly exported. 

India has also vast deposits of dolomite in many places 
and an extensive sea-board so that she can command 
abundant reserves of the raw materials for the manufac
ture of magnesium. 

Lead and zinc ores: Though numerous occurrences 
especially of lead ore have been recorded, practically all 
of them are insignificant. In recent years lead-zinc de
posits in Mewar State, Rajputana, have been reopened 
with promising results. The re-examination of other 
known occurrences may also bring to light workable 
deposits. 

Titanium: Ilmenite, the chief mineral of titanium, is 
found in large quantities in the coastal sands of Travan
core and Madras. A little rutile is also associated with it. 
The mineral has been concentrated and exported for over 
twenty years, and the maximum export of over 250,000 
tons was reached at about the beginning of the war. The 
reserves of ilmenite in those beach sands are perhaps of 
the order of 250 to 300 million tons. Some titanium is 
present also in the magnetite deposits of Singhbhum and 
the adjoining area of Mayurbhanj State in Orissa. 

Vanadium: The titaniferous magnetites of Singhbhum 
and Mayurbhanj contain some vanadium in places, this 
constituent (V20 5) varying from a fractional per cent of 
ore to 6 or 7 per cent. The total vanadium content of the 
deposits may perhaps run into a few million tons. 
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Asbestos: Several deposits of tremolite asbestos have 
been noticed in different parts of the country and attempts 
have been made to use the material in industry. A small 
group of chrysotile deposits in the Cuddapah district of 
Madras has been worked for about two decades, producing 
200 to 400 tons per year, mainly for export. These deposits 
are likely to continue to some depth. 

Building _stones: Stones of various types for building 
and decorative purposes-granites, gneisses, charnockites, 
traps, schists, quartzites, sandstones, limestones and 
marbles, slates and flagstones-are extensively worked in 
various parts of the country but the industry is still run on 
rather primitive lines. Though it is known that the value 
of the annual output exceeds 10 million rupees, the 
statistics relating to building stones are incomplete and 
unreliable. 

Clays: India possesses ample reserves of clays of various 
types, many of which have not yet been properly developed. 
Kaolin is available along the south-western coast inTra
vancore, Malabar and Kanara, and in Bihar. White clays 
are found in the Cuddapah, Kurnool, Vindhyan, Gondw"a
na and Tertiary formations; fireclays in the Gondwanas 
and elsewhere; fullers, earth in Rajputana and bentonite 
in Rajputana and Kashmir. The reserves have not been 
estimated and even statistics of production are defective. 

Corundum: Deposits of corundum are found in Assam 
Bihar, Central Provinces, Mysore and Madras. There i~ 
now an annual production of 200 to 300 tons but some of 
the Assam deposits require intensive prospecting. 

. Diamon_d: There is at present a small diamond-mining 
mdustry m the Panna State. Diamond-bearing con
glomerate horizons were being extensively worked in the 
Kistna and Tungabhadra drainage basins 200 years ago. 
It should be possible for a new undertaking with good 
financial backing to re-examine the diamond-bearing 
horizons and work them, using labour-saving devices. 

Graphite: Numerous small deposits of graphite are 
worked in the Eastern Ghats region of Madras and Orissa 
and some deposits are known in Rajputana and Travan
core. The present production is of the order of 1,000 tons 
annually. The Eastern Ghats region may be expected to 
continue production on a small scale for many years. 

Gypsum: Good deposits of gypsum occur in Jodhpur, 
Bikaner and Jaisalmer in Rajputana, in Cutch, in parts of 
the Himalayan foothill region and in Madras. The first 
mentioned group is the most important and contains some 
40 million tons, but more deposits may be brought to light 
by drilling. 

Limestone and dolomite: These are available in very 
large quantities in the various geological formations
Archaean, Cuddapah, Kurnool, Vindhyan, Tertiary and 
the Himalayan Mesozoics. The reserves, though not 
known with any degree of accuracy, are ample for all 
purposes. The output, for the manufacture of cement and 
lime, for fluxes and for chemical purposes, is of the order 
of five million tons per year. 

Kyanite and sillimanite: Large deposits of kyanite and 
sillimanite are known to occur in Assam, Bihar, Central 
Provinces and Central India. For several years past, 
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0,(•00 to 15,000 tons of high grade kyanite have been 
lrO• luced annually from Bihar but most of the material is 
xplrted. 

Jrica: Though India has been for many years the 
arg est producer of block mica in the world, it possesses 
:xcllent reserves in the deposits of Bihar, Madras and 
~aj putana. The annual production (which is generally 
~aw:;ed by exports) is of the order of 3,000 to 5,000 tons of 
lre'sed mica. There is a small factory for the manufac
ur•. of micanite in Calcutta and a second is expected to 
un :tion soon near Madras. A mica-grinding industry has 
wt yet been established though the waste mica from the 
nir.es and that in many of the dumps would keep a few 
acrories active. The domestic market will expand with 
:he establishment of an electrical machinery manufac
ur ng industry. 

!:'odium. salts: Common salt (sodium chloride) is pro
:luced from sea water and from the salt lakes of Rajputana, 
:he total annual output being about 1,250,000 tons. The 
;alt lakes also produce some sodium sulphate (10,000 tons 
Jer year). In many parts of the country, efflorescences of 
sodium sulphate and carbonate appear during the drier 
parts of the year, but as the yield is poor it has not been 
po,sible to collect and refine these economically. 

Steatite: Steatite of good quality is found in Jaipur 
(Rajputana), Jubbulpore (Central Provinces) and Kur
nod (:Vladras). The reserves are not known, but the an
nual output is about 25,000 tons. Vast quantities of in
fer.or material are available in numerous places, this 
being used for making images, cooking utensils, water 
troughs and sinks and other useful articles. 

)1. deplorable feature of India's mineral economics is 
th,,t all of the nation's important minerals have been, and 
an being, worked for export at prices which scarcely 
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bring it any appreciable benefit. Much the greater part 
of the output of manganese ore, chromite, ilmenite, mica 
and magnesite has been exported but the picture will now 
rapidly change and every effort will be made to utilize 
these in domestic industries. India is well placed regarding 
the raw materials for iron and steel, aluminium and 
magnesium manufacture, which are bound to develop 
greatly in a few years. On the other hand there are some 
minerals and metals in which the countrv is deficient to a 
smaller or larger extent, these being copp"er, lead, zinc, tin, 
mercury, tungsten, molybdenum, nickel, cobalt, pe
troleum and sulphur. This general picture may, however, 
be modified by new discoveries of deposits through in
tensive prospecting, using all the new techniques, and 
through technological advancement by means of which 
marginal deposits may be worked and substitutes pressed 
into service. The considerable strengthening of the 
Geological Survey and the recent establishment of a 
Bureau of :\:lines and of laboratories for fuel, metallurgical 
and ceramic research are steps which will intensify the 
search for minerals and enable the country to adopt 
measures of conservation by elimination of waste in 
working, handling and utilization. 
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Lead and Zinc Resources in Sardinial 

MARIO CARTA 

ABSTRACT 

The lead and zinc mining industry has the most continuous and economically the soundest record in the long 
history of mining in Sardinia. In 1940 and 1948 its production was 112,000 and 75,600 tons of metal content respectively. 

The present resources of the mines are estimated at 880,000 tons of metal content, made up of 265,000 tons of lead 
and 615,000 tons of zinc. 

The future possibilities in depth (i.e., in the vertical sense) of the deposits are of course diminished to the extent 
of the quantities already produced. 

Concrete possibilities for discovery are offered: 
(a) In the immediate environs of deposits now being worked, by a return to the higher levels and exploration of 

the lateral zones; 
(b) In the peripheral areas of present mines, by geological and geophysical location of buried deposits; 
(c) In the many other zones of Sardinia indicated, by the re-examination, co-ordination and utilization of 

earlier results, however modest. 
Material left unused by earlier concentrating processes make up a large reserve, particularly of calamine and 

oxidized lead-bearing deposits, neglected in the past through lack of means of concentration; these deposits can now 
be refined by the use of the cyclone separator with a heavy medium. 

Old fillings-in are another considerable but more difficult reserve. 

I 

No record remains of the beginnings of mining and 
metallurgy in Sardinia. 

The prehistoric Nuragici, the Phoenicians, the Cartha
ginians, the Romans and later the Pisans, mined in Sar
dinia. Their work was interrupted for long periods and 
was undoubtedly very modest in comparison with more 
recent developments. Nevertheless it was considerable, 

Table A. Corps of Mines: District of 
Sardinia: Production of Commercial 

Minerals, 1850 to 1948 

lv! etallic minerals 
Zinc . 
Lead. 
Silver. 
Iron . 
Antimony. 
Copper .. 
Manganese 
Arsenic . . 
Tin .... 
:'>Iolybdenum 
Nickel and cobalt 
Tungsten .... 

Tons 
7,600,000 
3,200,000 

46,000 
1,530,000 

138,000 
75,000 

108,000 
12,000 

430 
190 
300 

30 

Total metallic minerals . 12,709,950 

Non-metallic minerals 
Pyrites . 
Barites . 
Talc .. 
Fluorites 
Kaolin . 
Refractory clays . 
Smectic clays (fullers' earth) 

Total non-metallic 
minerals 

Fossil fuels . . 

Grand total . 

1 Original text: Italian. 

119,000 
202,000 
105,000 

1,800 
581,000 
262,000 

12,000 

1,282,800 
11,996,000 

25,988,750 

for traces of it can be found in all the regions now worked 
for lead, silver and antimony. 

It was not, however, until 1850 that the industrv 
started to develop really quickly under the stimulus ;f 
government interest, the possibilities opened up by ex
plosives and new technical knowledge. It was strengthened 
by the Mining Law of 1859, which defined the legal and 
technical relations between the State, which gave up 
government operation, and private prospectors and con
cessionaires. 

The year 1850, then, marked the beginning of the 
modern history of the Sardinian mining industry. The 
diagrams which are shmvn, summarizing the vicissitudes 
of production of the mining district of Sardinia during the 
last ninety-eight years, in which, in round figures, the 
commercial production was as shown in Table A, start 
from that year. 

The most important branch of Sardinian mining up to 
the present time has been that of the lead-containing and 
zinc-containing minerals. Their production constitutes 
the kernel of the mining industry of Sardinia by reason of 
its continuity and economic soundness. This is clearly 
shown by the course of Figure 2, which shows that even 
during the severest crises production never declined pro
portionately. 
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II 

In 1940 the production of commercial lead-and zinc
bearing minerals in Sardinia was : 

Table B 

Tons 
Lead ores ..... 69,519 
Blende ...... 81,988 
Calcined calamine . 21,202 
Low-grade calamine 57,288 

Total. . . . . 229,997 

111 etallic 
content 

Tons 
44,000 
47,000 

9,000 
12,000 

112,000 
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r 'hese come from 50 productive concessions, 12 of 
which account for 92 per cent of the total. 

r 'he 1948 production was: 

Tons 

Lead ores . . . . . 42,818 
Blende . . . . . . 67,387 
Calcined calamine . 17,326 
Low-grade calamine 20,973 

Total . . . . . 148,504 

Jlf etallic 
content 

Tons 

26,890 
36,960 

7,970 
3,770 

75,590 

The mining map• shows the situation of the present 
:oncessions, some of which are inoperative, and of the 
3.reas in respect of which licences to prospect for lead-and 
lin::-containing and other minerals have been granted. 

III 

The inventory of reserves of the lead and zinc mines, 
including the present chief centres of production, indicates 
in Table C the quantities of mineral ores visible, probable 
3.ll<l possible. 

Table C 

i'vfinerals Visible Probable Possible Content 
tons tons Ions per cent 

Plumbifcrous: 
C>xidized 700,000 460,000 400,000 3-8 
Sulphides 460,000 200,000 200,000 4-12 

~Ii" cd sulphides of lead 8-4 
and zinc 3,800,000 1,100,000 800,000 4-7 

Blendcs . 900,000 400,000 400,000 6-13 
Mi"ed plumbiferous 4 

and calamine 100,000 140,000 200,000 9 
:=ahmines. 400,000 400,000 500,000 12-30 

Total. 6,360,000 2, 700,000 2,500,000 

The aggregate of 11,560,000 tons of crude lead and zinc 
:.>res visible, probable and possible leads to the following 
est[mate of commercial minerals, on the basis of expected 
yield and of present production: 

Average Visible Probable Possible 
:\!Iinerals content tons tons tons Total 

per cent 
Plumbiferous . 63 Pb 250,000 90,000 80,000 420,000 
Blende. 55 Zn 450,000 150,000 110,000 710,000 
Cakined 

calamine . 45 Zn 60,000 70,000 70,000 200,000 
Low-grade 

calamine . 18 Zn 250,000 250,000 250,000 750,000 

Total . . . . . . 1,000,000 560,000 510,000 2,080,000 

This total corresponds to a metal content of 265,000 
tor.s of lead and 615,000 tons of zinc. 

This estimate is confined to the reserves which, in the 
prE sent state of concentrating plants in Sardinia, can 
apparently be worked profitably. It excludes the less 
im>ortant mining zones indicated, and the tailings from 
earlier concentration operations, as well as the other 
po;.sibilities opened up by technical progress and experience, 
evt,n at approximate maximum estimates as given below. 

The reserves enumerated are distributed in the mines at 
pn sent in production in different proportions, not always 

2 It was impossible, for technical reasons, to reproduce the map 
[n ·.his volume 
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adequate to the existing methods of production, so that 
the life of the different mines varies appreciably. 

About half the above reserves belong to the Iglesias and 
Fluminese areas and the remainder to the Arburese, with 
a few small fractions (in all a few per cent) for the other 
zones of Sardinia. 

The working deposits, which are all very old, have a 
characteristic subvertical course (veins, columns, colum
nar masses); the workings, which began as open-cast, 
subsequently developed in depth and now are a good way 
below the surface; at these levels possibilities are neces
sarily diminished. It is now clearly recognized that with 
increasing depth the extent of the deposits decreases, 
there is a change in the occurrence of zinc-bearing ores 
and a diminution in the metal content. 

The situation does not leave much margin of safety, 
and calls for more intensive and extensive exploration, 
which is at present confined to the old traditional fields 
and carried on with means which are insufficient to repair 
the war-damaged plant and inadequate to permit of the 
required expansion. 

IV 

The directions in which exploration appears to promise 
fruitful results are as follows: 

(a) The immediate neighbourhood of the deposits now 
being worked; 

(b) The external peripheral areas nearest to the present 
mines; 

(c) The other zones of Sardinia indicated. 
Under (a) it seems particularly desirable to recognize 

the possibility that the deposits may extend further hori
zontally and laterally. 

Our deposits often have a difficult morphology, with a 
vertical course and not well marked. The workings have 
mostly deepened too rapidly, and exploration has in the 
past, under the pressure of economic necessity, often 
passed by zones, situated immediately adjacent to the 
workings, which at present levels still seem workable. 
The problem is therefore generally to return to the deeper 
zones of our old mines, which in some cases is being done 
with outstanding results, by resuming work on veins 
which can be utilized profitably by modern technical 
methods. 

The problem of thorough exploration in our deposits, 
which are all more or less complicated either in structure 
or in their mineral distribution, will only be solved by 
systematic exploration in different directions, the odds 
against which we may hope to be narrowed to a certain 
extent by efficient methods of applied geophysical re
search. 

Increase of useful reserves under this head is in other 
respects related to technical improvement, as regards 
mechanization in the interior, so far as possible, modern
ization of the concentrating plant by the introduction of 
the sink and float process, and full utilization of the 
oxidized, plumbiferous and calamine deposits which will 
eventually constitute one of the most important of the 
industry's reserves. 

Under (b) the zones which appear most promising are 
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still those of Iglesias and Sulcis, along the traditional 
contacts; Oridda, the metamorphic aureole of which has 
been all too little explored; and Arburese over the whole 
of the schistous area, including the zones buried by 
alluvion, which surround the granite. 

Under this head exploration involves operations of 
larger scope, forming part of large-scale geological and 
geophysical studies based on the presumption of new 
bcried deposits. Lucky discoveries of the recent past 
demonstrate the possibilities open to a systematic in
vestigation backed by sufficient funds. 

(c) Outside these two sectors Sardinia, both in the 
linestone dolomitic cambrian area and the schistous 
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Silurian area, is dotted with innumerable traces of old 
workings. In the past these have repeatedly attracted the 
attention of prospectors, usually poor and solitary men, 
who were impelled by the need to produce something 
somehow, and were from time to time crippled in their 
slow undertakings by crises in the market. Prospecting 
has therefore been completely unorganized, constantly 
starting again from the beginning, sometimes with in
adequate technical direction, always short of means, and 
faced with mineral formations of difficult morphology and 
structure. 

Such is the origin of the problems set by these zones, 
which have not received attention from the larger under-
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takings and have for the most part not been finally solved 
but remain open questions. Meanwhile for many years 
hardly any work has been done, except for about twenty 
persons, by small prospectors. 

The most important areas are: 
(a) Upper and lower Sulcis; 
(b) Iglesias proper; 
(c) Fluminese; 
(d) Arburese; 
(e) 
(f) 
(g) 
(h) 
(i) 

Sarcidano; 
Sarrabus; 
Sal to di Quirra; 
Ogliastra and Barbagia di Belvi and di Ollolai; 

(l) The ::\ uorese zone around Lula; 
(m) 
( n) :'\f urra di Sassari. 

An organization that is technically and financially free 
and vigorous, that sets out to renew the study of the out
standing problems on an organic and integrated basis of 
theory in order finally to solve them, will, it seems, have 
the following fundamental tasks: It will have to make a 
critical inventory, allowing for the technical possibilities, 
for the appearance of virgin metal-bearing deposits, for 
the results of former work, for the possibility of prospect
ing in the areas in which concessions are not being worked, 
and of present vacancies both in the deposit and in the 
wastes of old workings. It will have to classify concrete 
possibilities and distribute them over a scheme of work to 
be carried out with suitable equipment and the help of 
applied geophysics. It will have to utilize the results of 
prospecting, however modest, with modern semi-portable 
apparatus. 

v 

One of the most important steps in the immediate 
development of lead and zinc mining in Sardinia will be 
the working of old residues discarded by concentrating 
operations carried out in the more or less remote past. 

Any progress in the technique of concentration 
odically attracts the attention of miners to old lC~•lu'""'" 
which may be worked with profit. The development of 
flotation in particular has led to a marked resumption of 
work on the old discarded material which, either together 
with the produce of the mine or alone, is introduced 
directly into the circuit of the flotation plant. 

This process is still confined to the larger mines and to 

The most modern concentration technique, however, 
holds out revolutionary possibilities even in this sector, 
apart from the treatment of mine produce. Preconcen
tration by the static sink-float process, centrifugal pro
cesses, and particularly the cyclone separator with a 
heavy medium, will now make it possible to work old 
residues even with a lead content below 1 per cent, and 
old calamine residues, which can be refined in this way to 
a commercial content of 40 per cent zinc. 

We have proved, by tests carried out at the Iglesias 
Mining Institute, the possibility of utilizing calamine fines 
and lead-bearing fines by using the cyclone separator with 
a heavy medium. \Vith one passage only and a feed of 
5 mm. and 65 mesh, we obtained preconcentrates such 
that, when the lead was recovered by flotation, the residue 
yielded commercial calamine with a content not lower than 
38 to ,10 per cent zinc. 

This test has greatly widened the mining possibilities of 
Sardinia in regard to low-grade oxidized deposits and old 
hitherto neglected residues of mixed lead-bearing ores and 
calamines and is already brilliantly solving a long
standing problem. The following diagram, showing the 
treatment of a mixed ore consisting of oxides of lead and 
calamine, is based on iP. 

Fine 2.5 mm. (L3.5) 

Lead = 4. 7 3; zinc 10.4 

Coarse 2.5 mm. 

Sink~float treatment 
I 

-+Float (64) 

Lead 0.35 

Zinc = 3.1i) 
t 

Sink (20.2) 

Lead= 6.12; zinc= 21.3 
j. 

l\Iilling 

Cyclone 

Lead = 5.52; zinc 16.5 
I 
!--Float (24.6) 

' 1 Lead 0.43; zine 6 

Sink (11.1) 

Lead = 16.9; zinc 40 per cent 
.j. 

Flotation 

lead-bearing minerals, whereas so far little or no use has Lead concentrate (2.8) 
been made of any zinc-bearing minerals possibly associat-
ed with them; it is not applied to deposits consisting Lead 60; zinc = 20 

Zinc concentrate (8.3) 

Lead = 2.3; zinc 40- 45 

chiefly of zinc ore, nor to the calamines which usually 
have a high metal content. 

Moreover, the cost of direct flotation treatment of old 
plumbiferous residues, which are usually completely or 
partially oxidized, sets the limit of recoverability at about 
2 to 3 per cent of lead. Reserves of higher content, as yet 
untouched, do not seem to be visible, at any rate in the 
neighbourhood of the active mines. 
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If the estimation of old residues is restricted to those 
deposits which, either by their gross weight (> 100,000 
tons) or by their high metal content, appear utilizable, the 
following estimate seems reasonable: 

a Figures in parentheses indicate percentage weight in the feed. 
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Vfainly lead-bearing residues . . . . . . . 
\fainly zinc-bearing and calamine residues . 
,ead and zinc-bearing residues (calamines) 

Total . 

Tons 

2,300,000 
2,000,000 
2,250,000 

6,550,000 

On a conservative estimate of the yield, these are 
(·quivalent to: 
Lead-bearing concentrates 130,000 tons at 55 per cent lead 

---~ ···----------··· 

Blende concentrates. 40,000 tons at 55 per cent lead 
Calamine concentrates. . 330,000 tons at 40 per cent zinc 
with a total metal content of 225,500 tons. 

Old and recent fillings-in within many Sardinian mines 
resulting from direct grading of concentration residues 
taken below ground hold out abundant possibilities; these 
may be estimated conservatively, taking into account 
only the largest and easiest workings, at not less than 
200,000 tons of lead and zinc concentrates. 

Possibilities and Costs of Methods of Mineral Discovery in Liberia 

ARTHUR SHERMAN 

ABSTRACT 

This paper is concerned with increasing Liberia's mineral resources by discovery. 
The Government has put forth several efforts through private companies to learn about its resources. What infor

mation such companies obtained was usually kept to themselves, and the Government therefore decided to gather its 
own facts. 

Geologically the country is similar to the neighbouring countries of Sierra Leone, French Guinea and the Ivory 
Coast, and it is reasonable to expect that the minerals which occur there should also appear in Liberia. 

Transportation is not as advanced in Liberia as the surrounding countries nor is labour as abundant and easy to 
procure. 

Such discoveries as have been made in Liberia are the result of reconnaissance work and lack data on quantity 
and quality. Magnetic surveys may have a possible application in determining the extent of placer gold deposits con
taining magnetic black sands, and geochemical prospecting might be found useful because of extensive and deep
seated weathering of the country rock and the reconcentration in creeks and valleys of their heavy mineral content 
which might give a clue to the existence of hidden deposits. 

Specific detailed information on Liberia's resources is necessary and international technical assistance is solicited. 

I:-JTRODUCTIOK 

The Liberian Government on several occasions has 
granted concessions to companies asking for exclusive 
rights to explore the country. Notable among these was 
the Liberian Development Company which in 1906 enter
Ed into partnership with the Government but reported only 
gold and a few diamonds in one small section of Liberia. 
Then a syndicate was formed in 1932 to explore first for 
~;old, then diamonds and iron and finally for anything of 
Economic interest. Work done on the Bomi Hills iron 
deposit was the beginning of interest in that direction. 

Because very little information was given out about the 
results of their several investigations, the Government in 
J 941 authorized the writer, its first Mining Engineer, to 
l1egin a reconnaissance survey of the mineral possibilities 
{•f the country. In December 1943 this work was augment
Ed by a party of geologists on loan to the Government by 
the United States Geological Survey, who collaborated 
with the Government's Mining Engineer in making a 
detailed examination of the Bomi Hills iron deposit. This 
was the principal achievement of the party, and it resulted 
in the country's first apparently successful mining enter
prise, The Liberia Mining Company. 

LOCATION AND DESCRIPTION 

Liberia is situated between Sierra Leone on the north, 
French Guinea and French Ivory Coast on the east and 
~ cmth, and the Atlantic Ocean on its west along a coastline 
(, 75 

of about 350 miles. Its longitude ranges between 7°30' 
and 11 °30' west of Greenwich, and its latitude between 
4°32' Nand 8°33' N. Its main geographic subdivisions are 
three provinces, the Western, Central and Eastern whirh 
are bounded by rivers running normal to the coast line. 
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It appears that the geology of Liberia is not very differ
ent from Sierra Leone, the western portion of French 
Guinea and the Ivory Coast. What minerals have been 
discovered in one place seem to be present in the other 
places even though in negligible amounts. 

Liberia lies in the belt of tropical rain-forest that oc
cupies the Guinea Coast and the only unforested parts of 
the country are the sandy stretches near the Coast, the 
cultivated areas in the interior and certain laterite-covered 
fields. Some of the trees in the forest attain a height of 
150 or more feet and permit very little sunlight to pene
trate. In the thicker parts of the forest visibility does not 
exceed 50 ft. Where the forests are of the secondary 
growth, known as "young bush", which grows up in an 
abandoned farm clearing after two years, penetration can 
be accomplished only by practically tunnelling with a 

machete or cutlass through the incredibly thick tangle of 
trees, bush and vines. 

TRAVEL 

Travel facilities in the country are still a serious handi
cap to exploration. Owing to the large rivers that cross 
the country the provinces are not yet connected by motor 
roads , and during the months of September and October 
when most of the streams are flooded , not only is travel 
hazardous but prospecting is impossible. The absence of 
mules and the scarcity of horses necessitate foot travel 
which is not merely slow and expensive but sometimes 
gruelling. Efforts continually are being made to link the 
provinces and the country's two largest rivers, the St. 
Paul and the St. John, have been bridged thus connecting 
the Western and Central Provinces. 

(Photo by T_ P. Thayer, Liberia) 
Figure L Laterite-covered field ; one of few unforested areas in the country. Note ring of high bush. Kpandemai mountain in 

background; highest peak Wutivi is 4,500 feet. 

LABOUR 

Labour is becoming difficult to obtain for large ex
peditions. It is generally a better practice at this time to 
hire men from the seacoast for the journey in order that 
travel may not be delayed while the requisite number of 
men are recruited from several villages. During the dry 
season when travel is safest and effective exploration can 
be done, the interior people are generally absorbed in the 
preparation of their farms for planting at the approach of 
the rains. The average daily wage for unskilled labour at 
present is 35 cents plus subsistence which brings the cost 
roughly to 50 cents per day. 

GENERAL GEOLOGY 

The oldest formations observed are crystalline schists, 
gneisses and gneissic granites which have been intruded by 
massive granites and form a plateau devoid of trees in the 
Kolahun District. The iron-bearing formations which are 
younger occur as lenses in the dominantly granitic terrain. 
Igneous rocks occur near the coast, and diabase is found 
also along some trails. The superficial formations consist 
of soil, lateritic decomposition products, and beach and 
swamp deposits near the coast. Scattered blocks of red to 
brown massive sandstone occupy a relatively small part 
of Liberia about 15 miles south-east of Monrovia. 

APPLICATIO:-< OF MODERN TECHNIQUES 

Airplane mapping: Approach to the investigation of 
the Bomi Hills iron deposit by the Geological Survey party 
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began by an airplane flight from Monrovia over the Bomi 
Hills and surrounding areas. The value of such a flight 
was that it gave an idea of the stream pattern and general 
impressions of the topography and road system. 

Aerial photographs even when paired and examined by 
stereoscope could never show the ground elevation be
cause of the dense forest growths of irregular height. 
Observation flights can be made only between certain 
hours in the day because of the early morning and late 
afternoon haze which reduces visibility and definition of 
distant objects; and flight is scarcely at all worthwhile 
during the rainy season because of the cloud shadows 
which very seriously obscure the features of the ground. 

Magnetic investigation (1 )I: Dip-needle profiles were 
made across the principal known ore bodies and their 
probable extensions. All lines were extended to points 
where anomalies were small, or where the trend of change 
in readings and in character of float indicated that the line 
had gone well beyond the limits of any possible body of 
high-grade ore. 

The field work was done with a relatively inexpensive 
dipneedle, and repeated observations at several stations 
indicated a probable error of not more than one or two 
degrees. 

For small angles, dip-needle deflections from the horizon
tal or neutral position are roughly proportional to the ver-

1 Numbers within parentheses refer to items in the bibliography. 
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tical component of the magnetic anomaly. Where deflec
tions are greater than 30°, the effects of variation in the 
wrizontal component are no longer negligible. 

The magnetic data obtained are believed to justify 
· ~ ertain conclusions regarding the distribution of the 
i ron ores. 

Possibility of application of magnetic method to placer 
gold : On the basis that most placer deposits of gold in 
~'jberia are associated with black sands that are sometimes 
magnetic, the extent of a particular placer deposit might 
perhaps be determined by using a more sensitive in
~.trument, for example a magnetometer, after the magnetic 
anomaly has been established for the black sands of the 
deposit. If successful, such an application might make 
placer mine examinations much less expensive. 

Possible application of geochemical prospecting: The 
landscape in Liberia is a mature land sloping seaward 
<tbout 10 feet to the mile, characterized by low relief along 
1 he coast and moderate relief in the interior. The seaward 
margin has been submerged and appears to be in the 
mature stage of the massive cycle or erosion. In certain 
respects this mature land differs somewhat from mature 
lands in temperate regions, probably because its erosion 
has been accomplished more by chemical than by mecha
nical processes (1). Geochemical prospecting actually is a 
systematic investigation of the dispersal pattern of heavy 
metals in the vicinity of oxidizing ore deposits, a pattern 
which might give a clue to the existence of valuable ore 
hidden beneath the soil cover (2). To use this method of 
prospecting in Liberia will require gathering dat a on the 
minor-element "background", or the normal range of 
ninor-element concentration in rocks, soils, plants and 
water in the absence of any known ore bodies or sources of 
human contamination, both during the dry season and the 
nm-off period at the closing of the rainy season. Any 
excess of mineral concentration in the soil or water above 
tl1e normal for the season would indicate undoubtedly the 
existence of a hidden ore body that could be localized as 
rromising for a more formal geologic examination. 

----·---·---------- -. -···------ - --

P OSSIBILITIES OF DISCOVERY 

A basic geologic map of the country has not yet been 
prepared and so there is no comprehensive foundation for 
detailed prospecting and exploratory work. Without this 
knowledge the process of exploration is much slower and 
more costly because of lack of proper guidance that such a 
geologic survey could give. 

Then also there is need for the establishment of land 
topographic centres or reference points throughout the 
country for accurate mapping. 

H owever, a number of iron and gold deposits have been 
discovered. The gold occurs in deposits of both placer and 
vein, the latter occurring in small pyritic quartz stringers 
in amphibolite and also in mica-pegmatite veins. Other 
minerals of interest that have been found are manganese, 
mica, diamonds, corundum, ilmenite (t itanium), bauxite, 
scheelite (tungsten), pyrite, kaolin (china clay), tin, mo
lybdenite, pigments, bitumen, lead and chromite. Ura
nium (3) has been discovered in French Ivory Coast about 
365 miles north of Ganta, Liberia at a village called Odien
ne and similarly might possibly exist here. There are 
showings of limonite in several places in Liberia which 
probably are gossans of base-metal deposits. 

With the exception of the iron deposit of the Bomi Hills 
there is a great lack of data on quantity and quality which 
is the result, primarily, of the lack of exploratory work a t 
the deposits which prospecting has brought to light . 

METHODS OF DISCOVERY 

The possibilities of gaining useful information with 
respect to the many minerals discovered in Liberia seem 

(Photo by T. P . Thayer, Li beria) 
Figure 2. Young bush . Note thick t angle of t rees, bush and vines which 

hide outcrops. 

(Photo by T. P . Thayer, Liberia) 
Figure 3_ Typical high bush . Some of t he trees in 
the forest a ttain a height of 150 or more feet and 

thus obscure the ground from the air. 
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to hinge on an organized geologic expedition equipped to 
make a detailed examination of the country in a system
atic manner. Because of the dense forests and weathering 
of surface materials to great depths, ordinary methods of 
geologic exploration will not yield satisfactory results. 

The problem can best be handled by first utilizing the 
aerial photographs of the country being compiled by the 

United States E conomic Mission in Liberia for a study of 
the mountain ranges and stream pattern, together with a 
reasonably detailed map of Liberia showing villages and 
road system. 

Secondly, there should be a number of survey parties, 
at least two, each consisting of one geological engineer, 
one civil engineer, one mining engineer, all with t raining 

(P hoto by 1'. P. Thayer, L iberia) 
Figure 4. Liberian mature land . N ote even sky line. View from Bomi Hill looking west 
and sout h -west. Erosion probably d ue to chemical rather than m echanical processes. 

and practical experience in tropical work, and a staff of 
helpers and carriers. Their work would be to make a 
complete basic geological, mineral and topographical sur
vey of Liberia which would include traversing all existing 
t rails and stream valleys, determining structural geology, 
mineral occurrences, topographic features and elevations, 
mapping of all information thus obtained, and establish
ing monuments at even degrees of latitude and longitude 
over the entire country with location of bench marks at as 
many points as feasible. Where potential mineral deposits 
of economic value are indicated, detailed surveys should 
be made. 

EQUI PMENT AND COSTS 

Necessary equipment would include, for survey work, 
Brunton pocket transits and plane tables with telescopic 
alidades together with transits for setting bench marks, 
stadia rods, steel tapes, field books, etc. For geologic work, 
equipment for geophysical and geochemical prospecting, 
blowpipe analysis kits, mineral-lights (for tungsten 
minerals), pocket lenses, geologists' picks, cameras, ex
cavating tools, shovels and picks, concentrating devices
bateas, gold rockers, shakers and jigs (for diamonds) , 
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stationery, etc., and adequate food and medical supplies. 
The supervisory personnel should include clerks, dressers, 
overseers and headmen. 

The order in which the work should be done would be 
left to the administrator of the project. A suggested 
course would be to do the job by provinces beginning with 
the county jurisdictions near the seacoast and following 
through to the boundaries. On that basis, using two par
ties, it would take a minimum of five years at an estimated 
yearly cost including salaries, wages, equipment and 
supplies, of $150,000 ; and for the total project , not less 
than $750,000. 

This summarizes the problems with which Liberia is 
faced, problems requiring some international technical 
assistance for solution. 
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Increasing Mineral Resources by Discovery: 

Possibilities and Costs of Methods of Discovery! 

ANTONIO CALVACHE 

ABSTRACT 

The geographical situation of Cuba at the crossroads of the shipping lanes and air routes between Europe and 
America and between North and South America calls for the United Nations particular attention with a view to the 
conservation and utilization of Cuba's natural resources. 

The geological knowledge of the area in which the island is situated, the knowledge of its own geology and the 
knowledge of the physical and chemical changes which have been and are being produced on its rocky soil by a great 
variety of geo~dynamic internal and external influences as a result of its location in a zone of intense volcanic and. 
seismic activity where the influences of violent weather are also manifold and intense-all these justify the use of 
modern methods for exploring under the ground and under the sea with the definite object of locating fresh deposits 
of known minerals and of others whose existence in commercial quantities is presumed. 

This small territory, barely more than 110,000 sq. km., has a remarkable variety of known mineral resources, and 
even more remarkable is the fact that some of them occur in quantities which volumetrically are unequalled anywhere 
else in proportion to territorial extent. 

For these reasons the author is greatly honoured to accept this opportunity of preparing a paper on increasing 
mineral resources by discovery with special attention to the possibilities and costs of methods of discovery. 

During the 383 years between 1515 and 1898 when 
Cuba was governed by Spain very little was done about 
the mining possibilities of the island. Only gold, copper, 
iron and mangamese were worked and used for export. 

l\Iineral Quantity Estimated value 
in dollars 

Gold. 150,000 ounces 3,000,000 
Copper. 340,000 tons 13,600,000 
Iron . 3,658,508 tons 12,800,000 
Manganese 77,228 tons 2,300,000 

31,700,000 
(i.e., less than $100,000 per annum) 

During the fifty years which have elapsed since the 
Spanish Government withdrew, 1898 to 1948, Cuba's 
mineral wealth has become better known and production 
has increased. 

Minerals worked 
for export 

Gold . 
Copper .. 
Iron ... 
Manganese 
Chrome. 
Nickel 
Asphalt. 

Estimated value 
in dollars 

2,000,000 
230,000,000 
110,000,000 

56,000,000 
36,000,000 
10,000,000 
6,000,000 

450,000,000 
(i.e., 9 million dollars per annum) 

During this period the following were worked for the 
the domestic market: marble quarries, gypsum deposits, 
fi:·e-clay deposits and small levels of naphtha and pe
tioleum. 

1 Original text: Spanish. 
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In addition, deposits of the following were located 
though they are not yet being worked: 

1. Non-metallic minerals: kaolin, barite, magnesite, 
asbestos. 

2. Metallic minerals: zinc, lead, native silver, tungsten, 
titanium and antimony. 

The following work of major economic importance has 
been done in Cuba in order to utilize the mineral resources: 

(a) During the first decade of this century a large plant 
was installed for roasting the iron ore at Mayari (Oriente 
Province). 

(b) During the second decade the flotation process be
gan to be used for concentrating the copper sulphate from 
the Matahambre mines in the Pinar del Rio Province. 

(c) Also during the second decade a large Portland 
cement factory was installed at Mariel (Pinar del Rio 
Province) which uses the local calcareous marl and the 
gypsum from the Provinces of Matanzas and Camaguay. 

(d) During the third decade, mineralogical studies were 
made on the treatment of low-grade manganese ores; 
these led to the establishment of a plant using the flotation 
and roasting process at El Cristo (Oriente Province). 

(e) Large oil companies are prospecting by geophysical 
methods and test drillings in many parts of the country 
to discover if there are any oil-bearing deposits of commer
cial value. 

(f) In the nineteen-thirties chemical and metallurgical 
studies were made for the purpose of discovering a chemic
al process for separating the nickel content of the brown 
iron ore which occurs in the northern part of the Province 
of Oriente. 

POSSIBILITIES 

This country offers many possibilities for achieving a 
higher production in mineral resources and of successful 
discoveries by means of suitable methods of research. 
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The necessary steps to achieve those purposes should be 
taken jointly or separately by the Cuban Government and 
the existing private undertakings or such undertakings as 
wish to establish themselves. The relevant United Nations 
organ for technical assistance to Latin America should 
also contribute. 

Existing mining undertakings, and those proposing to 
establish themselves, frequently encounter legal problems 
connected with the status of the concessions entitled to 
the minerals for which it is proposed to prospect or which 
they wish to work; for this reason the development of 
mining in Cuba is subordinated to imperative needs on the 
part of the industries using our minerals. 

The Cuban Government should act in two directions in 
order to encourage discoveries and promote the develop
ment of new mining. 

(a) From the legal point of view it should make it com
pulsory to operate mining concessions2 and set up a 
Supreme Mining Board3 empowered to grant facilities for 
the investment of capital in the prospecting for and the 
working of such mineral deposits as cannot be worked or 
prospected by the concessionaires alone. 

(b) From the practical point of view the Government 
should suitably endow with equipment, staff and money 
the Technical Geology and Mining Commission in the 
Ministry of Agriculture so as to enable it to conduct re
search on the spot and in the laboratories with a view to 
locating new economically workable mineral deposits. 

In addition to the metallic and non-metallic minerals 
mentioned above as being known as to their location, 
and which only require direct prospecting and exploration 
work to ascertain the quantity and average quality, we 
mention below places in Cuba where prospecting should 
be carried on for the discovery of specified minerals. A 
map is attached on which the localities mentioned below 
are given by reference numbers. 

No. 1: The presence of vanadium is presumed because 
traces of it have been found in the analvsis of certain 
slates taken from a place near the Castro rh;er, Municipali
ty of Sagua de Tanamo, Oriente Province. 

No. 2: Tantalum, niobium, vanadium, yttrium and 
uranium are known to exist in Cuba because traces of 
these elements have been found in a complex iron-chrome
titanium mineral taken from the El Crista! Ridge, Munici
pality of Sagua de Tanamo, Oriente Province. 

No. 3: The presence of nickel (garnierite) is known 
because it has been proved in samples from .:\1acambo 
which is situated between Guanhinamo and Baracoa, 
Oriente Province. 

No. 4: The presence of monazite (thorium ore) is 
presumed as also some radio-active substance in a place 
called Las Guiisimas, Municipality of El Caney, Oriente 
Province. 

2 There is pending in the Cuban Congress a law to supplement 
article 88 of the Constitution which provides that "Mining property 
granted and not exploited within the period the law may fix shall 
be declared null and shall revert to the State". 

3 Years ago the writer prepared a draft decree for creating a 
Cuban Supreme l\lining Board with powers to deal with and settle 
issues involving concessionaires, lessees, surface owners and 
operating undertakings. 
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No.5: Feldspar, kaolin and bauxite are known to exist 
at a place near the locality of El Cobre, Oriente Province. 

No. 6: Graphite is known to occur at a place in the 
Municipality of Manicaragua, near the Jibacoa Valley, 
Las Villas Province. 

No.7: Tungsten (scheelite) is presumed to occur to the 
northwest of the rural centre of Donato, Municipality of 
Trinidad, Las Villas Province. 

No.8: Titanium (rutile) is known to occur at Jiquima, 
Municipality of Trinidad, Las Villas Province. 

No. 9: Molybdenum (molybdenite) is presumed to 
exist at a place near and to the north of the City of Sancti 
Spiritus, Las Villas Province. 

No. 10: The presence of tantalite is known and that of 
cassiterite (tin ore) is presumed in the same belt of tung
sten ore on the Island of Pines, Havana Province. 

No. 11: Tungsten is presumed to occur at a place in the 
La Lima District (Pinar del Rio Province) because 
stolzite has been found in some samples of heavy spar 
which came from this area. 

Note: The writer has in his possession samples and 
particulars relating to each one of the cases mentioned 
above. 

METHODS A~D EQUIPMENT 

A programme of geological and geophysical studies 
might be developed by the Technical Geology and Mining 
Commission of the Ministry of Agriculture jointly with 
experts from the U.S. Bureau of Mines and the Geological 
Survey in Washington. But this would have to be preced
ed by an agreement between the two countries and the 
Cuban Government would have to promulgate a decree 
making the necessary funds available for the daily and 
travelling allowances of the skilled personnel and their 
assistants, for the purchase of vehicles, material, equip
ment and chemicals needed for laboratory work. 

The Joint Commission will have to carry on geological 
studies, drillings, explorations and geophysical studies ac
cording to a previously agreed plan which might well be 
sub-divided into four sections corresponding to the follow
ing four immediate purposes: 

(a) Drilling on the lots of the State reserve which have 
been set aside on the oil-bearing lands of Motembo and 
J arahueca, Las Villas Province. 

(b) Drillings and explorations in regard to the out-crops 
of copper, zinc, lead and silver ore in the Maestra Ridge, 
Oriente Province, in the territories of Fomento and Cu
manayagua, Las Villas Province and in the territories of 
Guane and Mantua, Pinar del Rio Province. These oper
ations would be followed by the appropriate research in 
the geological and chemical laboratories. 

(c) Geophysical studies for the purpose of locating 
mineral substances whose presence is presumed in the 
eleven places referred to in Possibilities, 2 above. These 
operations would be followed by exploration and labo
ratory tests. 

(d) Geological and geophysical examination of out
crops and mining operations in mines belonging to con
cessionaires lacking the financial resources to work the 
deposits in cases where in the Commission's opinion this is 
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Map of Cuba showing by reference numbers the localities where geophysical research is recommended. 
{Possibilities, 2-) 

advisable or does not interfere with the working pro
gramme as planned. 

A period of three years of intensive and continuous 
work would be enough to develop this exploration pro
gramme in Cuba. 

The most urgently needed equipment for the field work 
consists of the following: 

(a) Two rotating portable drills for oil wells; 
(b) Two light-weight portable rotating drills for metal-

lic minerals; 
(c) Two gravimeters and two vertical magnetometers; 
(d) One spontaneous polarization apparatus; 
(e) One Gish-Rooney resistivity apparatus; 
(f) One Hotchkiss superdip apparatus; 
(g) One Geiger-Muller radio-activity counter; 
(h) One portable fluorescent lamp; 
(i) One portable ultraviolet lamp. 

The above equipment, with the suitably trained auxili
ary personnel, would subsequently remain in service at the 
expense of the Cuban Commission for the purpose of 
giving continued regular technical assistance to mining in 
this country. 

EXPEKSES 

For the purpose of a three-year programme of develop
ing the discovery of mineral resources in Cuba with the 
above-mentioned equipment and methods it is estimated 
that a credit of $1,521,000 is necessary. 

The Cuban Government would, if it is so agreed by 
previous treaty, have to contribute $521,000 spread as 
follows: 
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For the purchase of materials, equipment 
and chemicals for the geological and chemical 
laboratory, and for the purchase of the vehi
cles required for the transport of personnel, 
material and equipment for the duration of 
the programme . . . . . . . . . . . . . $110,000 

For the remuneration of auxiliary personnel 
in the field and laboratory assistants, day 
labourers' wages, daily allowances of the ex
perts on the Joint Commission, of the assist
ants in the fields and labourers; miscellaneous 
transport expenses . . . . . . . . . . . . 342,000 

For the maintenance of geological and 
chemical laboratories; fuel for the vehicles 
and repairs to vehicles . . . . . . . . . . 69,000 

$521,000 

The technical assistants made available by Washington 
might continue to draw their pay from their respective 
departments. 

The drilling and geophysical research equipment will 
also require to be made available by the United States 
Government in Washington through negotiation by the 
United Nations organ responsible for questions of techni
cal assistance to Latin America and in accordance with 
the principles enunciated by the President of the United 
States in his recent message to Congress when he spoke of 
a broad programme of technical assistance to under
developed countries to foster the investment of private 
capital for the furtherance of the economic development 
of those countries. 

Consequently, it is estimated that the United Nations 
contribution for the purposes described above would be 
one million dollars. 
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General Considerations Concerning the Possibilities of Discovery 

of Mineral Deposits in Bolivial 

FEDERICO AHLFELD 

The mineral deposits of Bolivia are probably better 
known than those in the neighbouring countries, because 
in Bolivia there are many prospectors who are highly 
skilled in searching for and locating mineral deposits of all 
kinds. Moreover the absence of vegetation in most of the 
mineral regions greatly facilitates prospecting. The great 
majority of the veins are near the surface. Hence there 
are grounds for assuming that most of the country's 
mineral deposits are known, and in many cases only 
await industrial development. 

The minerals at present being worked on a large scale 
in Bolivia are tin, silver, wolfram, antimony, lead, zinc, 
copper, oil, common salt and sulphur; to a lesser extent 
bismuth, gold, asbestos, fluorite, peat and soda are mined. 
In addition, there are also known but unworked deposits 
of iron, baryte, borax, magnesite and dolomite. 

Better prospecting of Bolivia's mineral deposits is 
hampered chiefly by the fact that, unlike its neighbours, 
the country has no geological institute. Kor has it any 
libraries or research centres concerned with the investi
gation of its deposits. The complete lack of interest in 
geological research in government circles is indeed difficult 
to explain and at present there is little likelihood of a 
change for the better in this respect. Another factor is 
that the small number of adult students who attended 
training courses at foreign institutes did not obtain suf
ficiently good results. For these reasons, the best in
formation on Bolivia's mineral wealth is in the exclusive 
possession of the large private undertakings and, in con
trast with other countries, inaccessible to the public. 

Another great hindrance to modern methods of geo
logical investigation is the absence of topographical maps 
of the mineral regions. The production of such maps 
would be the first step towards obtaining a geological sur
vey of the tin belt within which most of the mineral 
deposits occur. With the aid of geological maps it would 
be possible to determine fairly accurately the most likely 
areas for geophysical research. 

So far modern geophysical methods have only been 
used on a small scale and locally, as only the large mining 
companies are in a position to finance the work of locating 
new veins in already known mining districts. 

But there are major possibilities for the discovery of 
new mineral deposits by geophysical methods in two 
areas within the tin belt, where the veins are covered by 
lavers of barren neo-volcanic rock. Some 5,000 sq. 
k~. of the area bounded on the west by the Alti
planicie or plateau and on the east by a line from Col-

1 Original text: Spanish. 

quechacha to Potosi are covered by tufa and lava. A 
glance at the map of Bolivia's mineral deposits drawn by 
the author (No.3 in the bibliography) shows the presence 
of various substantial deposits of tin and silver round the 
edges of these enormous strata of volcanic rock, and there 
is no doubt that a number of other deposits could be found 
under them. 

The other area of tufa, covering about 1,100 sq. km., 
lies to the east of Oruro. Various tin deposits are already 
known to exist round the edges of this area and some, 
located under the upper layer of tufa (the Santa Fe and 
Morococala deposits) are being worked. 

The tufa in the Oruro region varies in depth from 50 to 
200 metres, but in the south it reaches a depth of 500 
metres or more. The ·writer does not know whether geo
physical methods exist by which mineral deposits, in 
particular tin-bearing deposits, can be located under these 
layers of volcanic rock. 

Little has been done to develop the oil fields of the Sub
An dine belt since they have been taken over by the 
Government from the Standard Oil Co. of Bolivia. The 
extensive and thorough geological studies made by Stan
dard Oil covered the belt from Yacuiba and Bermejo on 
the Argentine frontier as far as Rio Grande in the north. 
The easily visible morphological characteristics of this 
region make the use of geophysical methods unnecessary, 
except in the area east of the lower slopes of the Cor
dillera, where the structure is covered by alluvium. Lack 
of equipment and technicians has so far prevented a study 
of this region. 

Little has been done to explore the vast oil region in 
Caupocican, in the northern part of the Sub-Andine belt; 
work has not progressed beyond the stage of merely pre
liminary geological research. 

The foregoing brief report claims to do no more than 
give a general idea of the subject; lack of sources of in
formation and shortage of time have prevented the 
writer, to his great regret, from presenting a work suf
ficiently extensive to fulfil the most commendable pur
pose set by the United Nations Scientific Conference on 
the Conservation and Utilization of Resources. 
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The Best Methods of Accelerating Mineral Discoveries in the 

Central and Northern Parts of Brazil 

S. FROES ABREU 

ABSTRACT 

In this paper it is shown that there exists in the northern and central part of Brazil an area of nearly three million 
square kilometres of land designated on the geological map as Archean rocks. 

It is possible, too, that in this area are also found Algonkian rocks similar to those which in the eastern parts of 
Brazil are frequently highly mineralized and contain the principal deposits of gold, iron and manganese ores. 

Owing to the difficulties of research in this area because of the scarcity of settlement and the density of the forests, 
methods utilizing the airplane are suggested as the best means of carrying out geological investigations in this immense 
territory. 

The most densely populated area in Brazil is along the 
eastern coast, where 98 per cent of the minerals are 
produced or worked. This area constitutes only 25 per 
cEnt of the country; the other 7 5 per cent is very thinly 
populated (between 1 to 5 inhabitants per sq. km.), for the 
most part showing less than 1 inhabitant per sq. km. with 
some tracts occupied only by Indian tribes or no one at all. 

In these tracts there is no geological exploration and in 
the most recent geological maps giving the latest reliable 
data available, the geological formations mentioned are 
generalizations taken from information given by travellers 
along the principal streams. The nature of the rocks out
cropping in the rapids and falls when the rivers leave the 
Brazilian plateau and enter the Amazon lowland have 
been the guide marks to the geological mapping of that 
area. The difficulty of geological reconnaissance work 
there can be realized from the statement of the late 
E. P. Oliveira, former Director of the Brazilian Geological 
Survey, that he had spent more than one month in field 
work on the Amazon forest without being able to see any 
outcrop of rock! 

According to the map of A. I. Oliveira there are around 
1,100,000 sq. km. of Archean rocks in the northern part of 
Brazil, between the Amazon River and the Colombia, 
Venezuela and Guianas boundaries. No detail is known of 
the region, which for the most part is covered by dense 
tn lpical rain-forest with patches of prairies and savannas 
in a very gentle topography. 

fn recent years investigations made in a small part of 
that area, in Amapa territory, have revealed important 
mmganese and iron ore deposits. In southern Rio Ama
zonas there is another large area mapped as Archean 
fo:ming the central Brazilian shield. It extends over part 
of the States of Amazonas, Para, Goias and Mato Grosso, 
being covered by mesozoic strata in the Juruena and 
S. Manoel rivers and by a strip of same rocks in the higher 
parts between the Xingu and Araguaia rivers. The central 
Archean outcrop measures around 1,800,000 sq. km and 
with the other lying in the northern Amazon river, makes 
2,!100,000 sq. km. of quite unknown territory. 

The thick forest covering most of these areas and the 
unpopulated savannas lying around the forests make 
ge 1logical investigation very difficult. The lack of roads, 
th ~ difficulty in crossing the forests during the rainy 
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season, the diseases, the mosquitoes and the wild animals 
are heavy obstacles to research. Furthermore, the deep 
weathering of the rocks owing to peculiar climatic con
ditions contributes to the handicaps to research work by 
individuals. 

Assuming that one geologist could satisfactorily explore 
an area of 50 sq. km. per month, and that he could work 
eight months each year, some 1,450 geologists would be 
necessary to accomplish the work on a five-year pro
gramme. Such work would be very hazardous and would 
cost a great deal of money and perhaps lives, as well. 

We are sure that with the use of modern methods of 
research, i.e., by means of aero-geology and air-borne 
magnetic surveys, the investigation would be accomplish
ed more rapidly and more economically, saving money, 
time and lives. By aero-photogrammetry the areas of 
most interest would be mapped; by interpreting the aerial 
photographs the geologists would select the points to be 
worked on the ground. 

The photographs would show differences in the regional 
geology by the different pattern of the forests, and would 
perhaps indicate pegmatites, dikes or veins by peculiar 
figures seen from the air and localize occurrences of the 
strata of Serie de Minas embodied in what has been 
mapped as Archean. 

The Serie de Minas is a series of metamorphic rocks 
consisting in phyllites (hydromicaschists, sericiteschists) 
quartzite, dolomitic limestones and highly hematitic 
quartzite (itabirites), highly folded and faulted and in
jected frequently with auriferous quartz veins. The 
hematitic quartzites (itabirites) are sometimes very low 
in quartz and the beds are then formed only by the 
hematite, constituting the rich iron ores of the Minas 
Geraes area. 

The Algonkian beds are divided into three steps-the 
inferior or Serie de Minas, containing phyllites, dolomitic 
limestones, quartzites and itabirites; the medium or Serie 
Itacolomi, mostly of quartzites, and the upper or Serie de 
Lavras composed mostly of quartzites also. The Serie de 
Minas is characterized by gold, iron and manganese, the 
Itacolomi also by gold and the Lavras mostly by diamonds. 

As a rule gold placers, deriving from the quartz gold
bearing veins crossing the strata, are found not far from 
the outcrops of the Algonkian rocks. Many placers of this 
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origin are being worked now and many, too, have been 
exhausted after years of intensive exploitation. In Minas 
Geraes, Bahia, Parana, Maranhao and Goias, as far as we 
are concerned, these veins are generally poor, containing 
less than 5 grammes of gold per ton, most of them not 
being thick enough to encourage large mining enterprises. 

According to D. Guimaraes, the genesis of the diamond 
in Brazil is not related to basic eruptive rocks as in South 
Africa but to an acid magma cutting the Algonkian rocks 
and forming breccias where diamonds have been found 
(primary deposits). H. Gorceix, a French mineralogist, 
founder and first Director of the Mining School of Ouro 
Preto, discovered in Minas Geraes a diamond embedded 
in the sericitic-quartz (itacolomit). The diamond placers 
in Brazil, according to the published observations until 
now, are not related to basic magnesian rocks as in Cape 
Colony but show close relations with the quartzites and 
conglomerates of upper Algonkian or Cambrian age. 

Near Maraba (Para), an important diamond-producing 
area, many Algonkian outcrops certainly are responsible 
for the genesis of the placers as has been pointed out by 
Capper de Souza and H. K. Shearer. They call attention 
to the possibility of finding other placers with the follow
ing words: "The community of general geological features 
of the Tocantins-Araguaia basin with those of other rivers 
as the Xingu suggests the possibility of other northern 
rivers being diamantiferous too". 

The diamantiferous placers of the Boa Vista territory 
are certainly related to the Algonkian areas outcropping 
in the rivers Cotingo, Mahu, Parime, Amajari and the area 
west of Sao Marcos. 

The headwaters of the rivers Paraguassu and Contas, in 
Bahia, are the most important carbonado-producing areas 
in Brazil; the rock from which they are derived is a con
glomerate belonging to the Lavras Series, according to 
Branner. 

In the J equitinhonha basin, Minas Geraes, the diamond 
is directly derived from the upper Algonkian or Cambrian 
rocks. In the Rio das Gan;:as basin, one of the most im
portant diamantiferous areas in Brazil, the placers are 
found in the permocarboniferous formation, but probably 
they have received the product of erosion of the Algonkian 
strata, which outcrops not far distant. Based on these 
facts it is reasonable to believe that new deposits of 
manganese, iron, gold, diamonds, quartz and semi-pre
cious stones may be found when the areas mapped as 
Archean rocks of central and northern Brazil have been 
fully investigated. 

In the author's opinion, aerial surveys are the only 
feasible method of locating the most promising areas. By 
physiographic features it will be easy to recognize from 
the air the sharp crests of quartzite which may occur even 
in the deeply eroded areas, where the phyllites have been 
reduced to flat surfaces. 

Any iron or manganese ore found in the central parts of 
Brazil far from industrial cities or ports will not be of 
economic value at the present time, but gold, diamonds, 
beryl, mica or semi-precious stones will constitute very 
important discoveries. 

This Archean area, nearly 3 million sq. km. (nearly 

1,100,000 sq. miles) in extent, is one of the largest old 
areas in the western hemisphere which has not been in
vestigated geologically. Due to the fact that the Brazilian 
Archean area frequently embodies highly-mineralized 
Algonkian schists and quartzites, it is a sound idea to hope 
to find new deposits of the most characteristic pre-Cam
brian minerals in the northern and central parts of Brazil, 
when they have been properly investigated. 
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Archean areas shaded. 

As gold will always be valuable, whatever the economic 
theories prevailing today or in the near future, and as in
dustrial diamonds are not in excess of production, and 
beryl is growing in importance each year as a component 
of special alloys, we do not hesitate to suggest an in
vestigation by the most modern methods in this unknown 
area as a way of promoting the creation of additional 
mineral wealth for Brazil. 

Such a survey would be advisable only if it was under
taken on broad lines and was based on a broad under
standing of the problems involved. The survey would 
properly be done only by using aero-techniques, field 
geologists, laboratory research men (chemistry, petro
graphy, ore dressing) and mineral economists, all working 
together under the supervision of men with experience in 
large projects. 

84 

Bibliography 

J. C. BRANNER, "Outlines of the Geology of Brazil to Accompany 
the Geological Map of Brazil", Geological Society o£ America, 
Bulletin, vol. 30, no. 2 (1919), New York. 

H. GoRCEIX, "Brazilian Diamonds and Their Origin", Popular 
Scientific Monthly, New York, vol. 21 (1882), pages 610-620. 

D. GUIMARAEs, "Genese do Diamante", Academia Brasileira de 
Ciencias, Anlies, Rio de Janeiro, vol. 2, no. 3 (1930). 

A. I. OLIVEIRA and 0. H. LEONARDOS, Geologia do Brasil, Servic;:o 
Infor. Agric., Rio de Janeiro, 1943, 2nd ed. 

H. K. SHEARER and H. A. CAPPER DE SouzA, "Araguaia, Recursos 
:Minerais", Ministerio da Agricultura, Div. Fom. Prod. Min., 
Bulletin 61, Rio de Janeiro, 1944. 



INCREASING MINERAL RESOURCES BY DISCOVERY GUALTIERI 

The Origin of Italian Sulphur- New Lines of Research! 

ROBERTO GUALTIERI 

ABSTRACT 

This paper points out the inadmissibility of the theories held today which assume that the Italian sulphur masses 
of extractive value are of sedimentary origin, syngenetic with the enclosing sediments, and it shows that they are on 
the contrary substitution deposits that originated in a hydrous environment through the reducing action on gypsum 
of vadose waters and waters of the diagenesis of the argillaceous sediments. 

Various characteristics of the principal Italian sulphur-bearing districts-Sicily and the Marches of Romagna
are described in support of this theory. 

It is shown how the new genetic theories may have considerable effect on methods of research, which up to the 
present time have been carried on without any definite direction or on the supposition that the sedimentary theories 
were valid. 

The origin of banded ore and the frequent association of sulphur-bearing limestone with celestine are also dis
cussed. 

On the basis of these new ideas it is shown that an examination of the many factors involved in the genesis-parti
cularly the width of gypseous deposits, tectonics, permeability of the strata, and the more or less bituminous character 
of the encasing rocks-may be of possible use in the investigation of deposits. 

The data, to which reference is made, on the migration of sulphur constitute further elements for research work, 
because they indicate the existence of mineralized masses united to the sterile limestone replacing the gypsum. 

THE IMPROBABILITY OF THE SEDIMENTARY 

ORIGIN OF St:LPHUR-BEARING LIMESTONE 2 

The theories generally accepted up to the present time 
in explanation of the formation of Italian sulphur deposits 
ar,~ due to Mottura (1) and Baldacci (2); subsequent 
scientific research, particularly with regard to the action 
of special bacteria, has been discussed only within the 
framework of the genetic theories of these writers. 

This has been particularly noticeable in the writings of 
Spezia (3), Travaglia (4), Hunt (5), Gatto (6) and Stutzer 
(7;. 

All these writers are, in fact, agreed on one funda
mental point, namely, that the sulphur ore is an original 
sedimentary deposit in lakes or semi-confined marine 
basins or estuaries and that the sulphur is ;;;yngenetic with 
the enclosing rock; the close association of metalloid and 
calcite is attributed to the simultaneous deposition of 
these two minerals. 

Mining operations, however, have yielded one feasible 
evidence of certain characteristics in the sulphur ore 
deposits in Italy that contrast with the sedimentary 
theory. 

Among the more interesting characteristics of the sul
phur-bearing limestone deposits are the lateral transitions 
to gypsum, to which ample reference will be made in the 
examples that follow. 

1 Original text : Italian. 
' See in particular (2) for a description of the rocks in the Italian 

sulphur deposits. The numbers in parentheses refer to the biblio
gmphy. 

3 It may be remarked here that in preparing explanatory 
skdches for their texts the writers have often unconsciously 
altered the facts and adapted the succession of strata to their 
o·wn opinions on origins. This happened, for example, in the 
section on the Cozzo Disi mine reported by Gatto (8) on page 28. 
The sulphur ore does not underlie and is not distinct from the 
gypsum beds, as shov.'!l in the figure, but replaces these beds. 

• See No. (7), especially pages 87 and 88. 
5 The deposit of gypsum in water commences when the volume 

of such water is reduced to about one-fifth, and the saline con-

If the limestone-sulphur association is regarded as being 
of sedimentary origin, it is necessary to explain how 
gypsum could be deposited in some zones and sulphur ore 
in others in one and the same sedimentary basin3 • 

Inasmuch as special bacteria reduce calcium sulphate 
in solution4 if a suitable environment exists, the lateral 
transitions to gypsum could be explained, according to 
the sedimentary theory, by assuming that limestone and 
sulphur were formed only where colonies of bacteria 
existed and that elsewhere in the same basin gypsum was 
deposited. 

Investigation of the activities of the spirillum desul
ft<ricans and of the microspira aestuarii has shown that the 
reducing action of these organisms becomes less intense as 
the saline concentration of the water increases and that it 
stops altogether prior to the stage at which calcium sul
phate could be deposited5, 
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Hunt and Stutzer believing that the sulphur ore under
lies the gypsum concluded by stating that it is impossible 
for the gypsum and sulphur to have been deposited con
temporaneously in the same sedimentation basin6 and by 
admitting that the Italian sulphuris of sedimentary origin. 

These conclusions do not agree with the evidence of the 
lateral transitions from gypsum to sulphur ore, to which 
ample reference is made in the explanation of the essential 
characteristics of such deposits. The following paragraphs 

centration is then much higher than the limits indicated on page 86 
within which calcium sulphate in solution could be reduced, in 
accordance with the experimental investigations carried out. The 
great diffusion of gypsum deposits on the geological horizon under 
consideration (upper Miocene) permits the assumption that these 
originated as the result of the concentration of sea water, the 
composition of which could not have been substantially different 
from that of the present day. The writers who assume that the 
gypsum originated otherwise (for example, as the result of reaction 
between calcareous water and sulphuretted hydrogen of deep 
origin) do not take into account the diffusion of gypsum sediments 
on the geological horizon or the considerable saline concentrations 
characteristic of the Mediterranean Basin in the Miocene period. 

6 See in particular (7) page 88. 
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will show the lack of basis for both the above conclusions: 
sulphur could have been deposited in a basin contempo
raneously with gypsum; the typical sulphur ore is the 
result of the transformation of gypsum after sedimenta
tion. 

Ovules and lenticles of pure saponaceous sulphur are 
frequently found in the formation of marl clays on the 
bottom of mineralized masses of commercial value in the 
mines of the Peninsula. Identical small masses of sulphur 
are also disseminated in gypsum, but much less frequently. 

Despite its great diffusion, this type of sulphur is 
generally not important enough to be mined, because only 
in exceptional cases are the concentrations such that the 
content of the metalloid in the rock becomes commercially 
valuable. 

The minute lenses of saponaceous sulphur are clearly 
aligned along the sedimentation levels (Sample I). 

This circumstance and the impermeable character of 
the enclosing rock permit the conclusion that these are of 
sedimentary origin, syngenetic with the marl clays or 
gypsum that enclose them. 

The saponaceous, physical appearance of the sulphur 
lends support to this genetic hypothesis, inasmuch as it is 
in every way similar to that of deposits still being formed 
in basins of sulphur-bearing waters. Another funda
mental characteristic is the non-association with calcite, 
such association being very close in the case of commer
cially valuable ores. 

Proof that the spirillum desulfuricans and the micro
spira aestuarii are active only when the saline concen
tration of water is too low to permit the deposit of sul
phate does not, of course, preclude the existence of other 
more vigorous bacteria. There is a considerable difference 
in behaviour between even the two just mentioned; 
the former is active only in saline concentrations under 
3 per whereas the latter reaches its maximum act
ivity at 6 per cent of salt in solution and continues on a 
decreasing scale to give evidence of activity up to about 
10 per cent (5). It may therefore be presumed that other 
bacteria not yet identified or no longer living have lived 
and undergone their processes in basins of high saline 
concentration. 

Sample II from the Perticara mine shows ovules of 
saponaceous sulphur in a rock composed in part of gyp
sum and in part of sulphur ore. Sample III from the same 
mine, also containing saponaceous ovules, is partly sterile 
limestone and partly sulphur ore. A common charac
teristic of both samples is the uniform diffusion of the 
ovules irrespective of the constitution of the rock. 

It has already been pointed out that saponaceous 
sulphur is more common in argillous rocks without 
calcium sulphate than in gypsum rocks or in sulphur ore. 

This may be regarded as being in accord with the results 
of tests proving the deposit and formation of sulphur with 
limited saline concentrations. The phenomenon continued 
no doubt even during the deposition of gypsum, but the 
reduction of sulphate in solution would have occurred with 
much less intensity. 

If the typical sulphur ore is regarded as an original 
deposit of calcite and sulphur, since in other zones of the 
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same basins there were deposits of gypsum, the bacterial 
activity as a result of the reduction of calcium sulphate in 
solution would on the contrary have been much more in
tense in high saline concentrations, in sharp contrast with 
experimental observations. 

It seems important to emphasize that in impermeable 
rocks the len tides and concretions of metalloid are always 
composed of sulphur in the pure state; the close associa
tion with calcite that is characteristic of the typical ore is 
never found. In similar manner the sulphur that is de
posited in basins of sulphur-bearing water and in estuary 
muds etc. is never associated with calcite. 

The different physical, non-saponaceous state of the 
sulphur in mineralized masses of industrial value does not 

the assumption of a different origin, as it may be 
result of phenomena of recrystallization. 

Even more instructive is the close association with 
calcite of sulphur of extractive quality. 

Inasmuch as sediments of pure sulphur are formed and 
found, the sulphur-calcite combination, even if of the same 
origin, should present a gradation of content-a transition 
from zones of pure sulphur to very poor zones. 

A marked constancy of content is, on the contrary, 
usually observed in the mineralized masses. There are 
deposits with a steady sulphur content of 24 per cent, 
deposits vvith a content of 28 to 30 per cent and masses of 
entirely sterile limestone in certain zones. Other examples 
could be given of the association of different sulphur con
tents, but a general characteristic is the lack of gradation 
in the variation of sulphur content from zone to zone. 

All that has been said concerning deposits, that the 
abrupt transition from masses of sterile limestone to 
mineralized masses and that between masses of different 
content, may also be observed on a small scale. See 
Samples III and IV (Figure 6) on the evidence of which 
an alteration, a successive migration of the sulphur must 
moreover be excluded. 

According to the theory of original sedimentation, the 
variations of content can be explained only as the result 
of different displacing in the basins of sulphur and calcite; 
this explanation has been given by the ·writers in question 
but is not plausible if the following facts are taken into 
consideration: 

(1) The abrupt and repeated transitions from sterile to 
mineralized limestone; 

(2) The uniform diffusion of ovules of pure sulphur 
either in the ore or in the sterile limestone, demonstrating 
the constancy of the environment in the basin during 
sedimentation. 

If the validity of the sedimentary theory is main
tained, it is entirely inconceivable how an intimate 
sulphur-calcite association together with concretions of 
pure (saponaceous) metalloid could be deposited for a 
certain period, succeeded by sterile limestone with iden
tical concretions, of pure sulphur equally distributed. 

The displacing of sulphur in another zone of the sedi
mentation basin is incompatible with the regularity with 
which the concretions of metalloid continued to be formed. 
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The foregoing observations do not yet offer sufficient 
basis for decisive arguments that would make it possible 
to formulate other genetic hypotheses; on the other hand, 
very probative results have been obtained from the de
tailed study of deposits of mineralized masses, especially 
in zones of lateral transition to gypsum, and of the 
occasionally evident connexions existing between sulphur
bearing limestones and the direction of fissuration, to 
which further reference will be made. 

CHARACTERISTICS OF SOME SICILIAN DEPOSITS 

The Canalotto deposit (Casteltermini-Agrigento pro
vince) is one of the most interesting by reason of the 
genetic inductions which that particular type of deposit 
makes it possible to formulate. 

The sub-vertical formation contains calcareous beds of 
an average thickness of about two metres, shown by 
microscopic analysis to be of sedimentary origin, between 
which either gypsum or sulphur ore is found. The transi
tion from gypsum to ore is usually in the form indicated in 
the sketch (Figure 1), that is, in vertical sections perpen
dicular to the direction of the strata; a horizontal section 
would present a very similar appearance. 

The gypsum grades into ore through gypseous sulphur 
ore and gypsum with traces of ore. 

The thickness of the zone of transition is from a few 
centimetres to about one metre. Blocks of gypsum that 
are sometimes found in the central zone of mineralized 
beds show disintegration and mineralization (calcite as
sociated with sulphur) along the fissures. 

Microscopic analysis with polarized light of thin sections 
of the zone of contact (Sample VI) has shown small iso
orientated, crystalline masses of gypsum extending 
through two or three fields of the microscope (enlargement 
fifty times) with the inclusion of tabular calcite (Figures 
2, 2a, 3, 3a). 

Evidence is thus provided of the reduction of gypsum 
to calcite and sulphur, inasmuch as it is not otherwise 
possible to conceive of a crystallization with identical 
optical orientation of the small masses and tongues of 
gypsum disseminated in or enclosing the calcite. 

The microscopic analysis thus shows that this is a case 
of epigenetic transformation analogous to the serpentini
zation of olivine. 

Owing to a lack of microscopic studies on the zones of 
contact, this very important observation has not previous
ly been reported. 

The deposit formation indicates that the transformation 
proceeded from the calcareous strata towards the centre 
of the gypsum beds. 

As will be explained later, gypsum is completely stable 
tn clay, even though it is very bituminous, because the 
transformation requires a fluid environment. The de
duction is that the limestone, particularly if fissured, 
allowed the circulation of the reducing waters which 
dissolved gypsum and deposited calcite and sulphur. 

As has been pointed out (9), the mineralized portions of 
the sulphur-bearing formation in Sicily are precisely those 
that are permeable and normally water-bearing. 
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In the Cozzo Disi mine (Agrigento) the sub-vertical 
stratigraphic series is as follows: 

Marl (Pliocene) · 
Gypsum ( 
Sedimentary or siliceous limestone ~ (Sarmaziano) 
Tripoli , 
Clay (Tortoniano) 
The ore-bearing layer is between gypsum and limestone 

and of a thickness ranging from several metres up to more 
than 100 metres, so as to constitute lenses in the sulpha tic 
rock. 

Since the planes of stratification of the gypsum in this 
mine are difficult to recognize, it is easy to understand 
the erroneous stratigraphic interpretation of Gatto. (see 
page 3). 

Here too the deposits show that the transformation 
began in the gypsum in contact with limestone and that it 
penetrated much more deeply in the gypsum mass where 
fissuration allowed infiltration of reducing waters. 

It is absolutely impossible to imagine a sedimentary 
formation of the large sulphur-bearing lens of Cozzo Disi, 
a close and uniform association of sulphur and calcite of 
more than 100 metres in thickness, while in the adjacent 
zones of the very same basin gypsum was deposited. 

Sulphur ore 

Limestone 

Figure 1. 

Under ordinary conditions the phenomena of migration 
and recrystallization quickly cemented the fissures of the 
gypsum mass, which is the reason why the rock becomes 
impervious. The infiltration of reducing waters, by trans
forming sulphate into limestone and sulphur, may in turn 
cause an increase in the hydrous flux by reason of the 
permeability of the generated ore. This provides a good 
explanation of the existence of very extensive lenses. 

Furthermore, once the transformation has begun it 
tends to become completed, and for this reason gypseous 
sulphur ore is found only at contacts with the sulphatic 
rock. 

·where zones of a certain extent have been merely sur
rounded and not affected by fissures, the central portions 
could not be reduced. This results, although exceptionally, 
in alternations of sulphur-bearing limestone and gypsum. 

The more or less accentuated reducing character of the 
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Figure 2. 

Figure 3. 

tripoline-argillaceous formation at the bottom of sulphur
bearing limestone is general in Sicily as is shown each time 
that mining operations are carried out in such rocks. At 
Cozzo Disi there are also masses of bitumen emulsified in 
water with a high sulphur content, which essentially 
permeate the sterile sulphur-bearing limestone, deepest 
among porous rocks. 

At the Virdilio Mintinella mine (Naro, Agrigento pro
vince) the mineralization is exclusively lenticular in 
character. 

The gypseous bed, reduced to sulphur ore only in the 
upper portion down to a depth of about 55 metres, is 
intercalated with calcareous strata as in the Canalotto 
mine. These strata run through the gypsum, the ore and 
the sterile outcrop of the sulphur-bearing limestone, 
which constitutes a characteristic of the deposit. This is 
porous and friable and appears as washed free from the 
sulphur initially contained, with enrichment of the under
lying zones. This transportation of the sulphur, which 
in the case under consideration assumes considerable im
portance, concerns the alteration phase and has nothing 
in common with migration of the metalloid in the act of 
being formed, which will be examined later. 

A possibility of asportation and deposit of sulphur and 
calcite, according to the mutable chemical equilibrium, 
results from an examination of the superposition of sul
phur crystals, even, for example, on calcite skeletons 
moulded according to the surfaces of rhombic metalloid 
crystals no longer in existence. 

The fact that calcareous intercalations in the gypsum 
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Figure 2a. 

Figure 3a . 

continue in the ore (sulphur-bearing limestone) and in the 
sterile limestone outcrop is evidence of stratigraphic con
tinuity and reveals the absurdity of the theory of adjacent 
original deposits of limestone and gypsum whether at the 
top or bottom of such intercalations. 

Between the gypsum and the mineralized portion there 
is a short band of gypseous sulphur-bearing limestone. 

GENETIC CHARACTERISTICS OF THE DEPOSITS IN THE 

MARCHE-ROMAGNA DISTRICT COMPARED WITH THOSE 

IN SICILY 

At Perticara (Novafeltria- Pesaro province) the prin
cipal mineralization is to be found in a sub-horizontal 
portion of a gypseous bed ("master stratum") 15 to 20 
metres in thickness. 

This bed has a foot-wall of marly clays ("intermediate 
marls") of an average thickness of 1.50 metres; next 
follows the "lower stratum" (about 2 metres) composed 
of gypsum or sulphur ore or sterile limestone, then a thin 
calcareous bed (cagnino) of a score or so centimetres, or 
even just nodules, and again marly clays ("base marls"). 

The hanging-wall is composed of alternations of marly 
clays and gypsum strata ("saws"), the first one or two of 
which from the bottom are sometimes mineralized. 

At the bottom of the "master stratum" there are some
times a few centimetres of sedimentary limestone analo
gous to the cagnino. This thin, broken stratum and the 
overlying gypseous or sulphur-bearing bed are enclosed 
between completely impervious formations. 

In some cases the mineralization affects the "master 
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stratum" over its entire thickness, and there is then no 
longer any trace of gypsum. More often, however, it is 
mineralized only in the lower portion or only in the upper 
portion over a few metres' thickness. In such cases there 
are sometimes also lenses of sulphur ore in the gypsum 
that are joined to the base or head mineralizations by 
apophyses. 

The mining basin shows a remarkable tectonic ac
cidentality related to the Alpine orogenetic movement, the 
most intense phase of which began during the deposit of 
the first gypseous sediments and continued up to the end 
of the Miocene. The heavy tangential pressure connected 
with the Apennine upheaval caused sinking for several 
hundred metres along slip surfaces that form the boun
daries of the mineralized portion of the basin. 

An evident connexion is noted between the orientation 
of the fissures and mineralization. 

The sulphur-bearing limestone in the gypsum of the 
"master stratum" worked at the "long head" (Figure 4) 
is oriented exactly north north-west-south south-east 
for 500 metres with an average width of 60 and has as an 
axis a fault zone similarly oriented. A mineralized zone 
more to the east is oriented in an identical manner for 
200 metres, and still further to the east there is a minera
lized zone of 150 metres in length and about 15 in width 
similarly oriented. 

I 

o/ ,..,....,; 

I 
I 

- i'vfineralized master stratum. 
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The figures on the contour lines denote metres above oea-level. 

Figure 4. 

The mineralizations of the lower stratum also give 
evidence of an orientation that coincides with that of the 
principal lines of fracture: north north-west-south south
t~ast and east north-east-west south-west (Figure 5). 

Many faults of importance merely displaced portions of 
the gypseous or sulphur-bearing formation without 
:ausing any mineralizing action. 

In contrast with what took place in Sicily, the reduction 
·>f gypsum in this deposit must therefore have occurred 
in general only in the Vpper Miocene shortly after the for-
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mation of sediments through the agency of the diagenetic 
waters having their source in the marly clays. 

These strongly reducing waters penetrated into the 
fissures of the gypseous vein that were caused by the 
tangential resultants of the Appenine orogenesis. 

Other reasons lead to a similar conclusion. 

The Sicilian deposits are all permeable and normally 
water-bearing; the places where there is a mineralized 
sulphur-bearing formation often tend to coincide with the 
zones in which water infiltrates most easily, the extent of 
zones being related to local tectonic and lithologic charac
teristics. 

The mineralization in Sicily stops at a depth of between 
300 and 500 metres. This coincides with the zone known 
as the water circulation zone, in which the dynamism of 
the vadose waters is most intense. 

At Perticara, on the other hand, the lithologic charac
teristics exclude an active circulation of water throughout 
a good part of the deposit. It follows from this that, 
whereas eduction assumes considerable importance in the 
Sicilian mine, it is insignificant or unnecessary on the 
Continent. 

In the Marche-Romagna district the bituminous charac
ter of the enclosing rocks is even more marked than in 
Sicily, and there are powerful formations of reducing 
clays both at the bottom and at the top of the gypsum. 

In comparison with Sicily this increases the importance 
of the transformation of gypsum into calcite and sulphur 
during the diagenetic phase of the sediments (more marked 
reducing environment and greater amount of diagenetic 
water), and reduces to a minimum or excludes the possi
bility that such transformation may have continued 
during the Pliocene and the Quaternary periods (see the 
section below on the "necessity of a fluid environment 
for the reduction of gypsum"). 

In the Marche the lateral transition from gypsum to 
sulphur is ordinarily characterized by a shagreenlike for
mation covered with cuspidal indentations and with 
tongues of gypsum that penetrate the ore and tongues 
of ore in the gypsum. · 

Thus, on a small scale, the lateral transitions appear as 
sub-vertical transitions. This indicates that the trans
formation of gypsum into calcite and sulphur tended to 
proceed along the strata. The vertical transitions from 
gypsum to ore provide evident confirmation of this 
supposition. These are precise and are bounded by plane 
surfaces that are also very extensive and regular (for 
example, the "celoni" of Perticara). In such surfaces, 
which correspond to original clayey intercalations in the 
gypsum, the mineralized fissures are very useful indices 
in the investigation of lenses of ore in the sulphatic rock. 

Even in the lateral transitions there is sometimes 
observed the existence of a surface of discontinuity 
between gypsum and ore; the different surfaces and vary
ing elasticity explain the separation. 

During the diagenesis of the sediments, the water 
penetrated from the top or from the bottom where fissures 
were formed in the gypsum. Once the transformation had 
started, it progressed easily by reason of the permeability 
of the sulphur-bearing limestone. This explains why there 
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Figure 5· 

are even extensive zones that are entirely mineralized, 
and adjacent gypsum without a trace of mineralization or 
with lenses of sulphur-bearing limestone7• The transition 
from gypsum towards sulphur-bearing limestone along the 
strike throughout the entire thickness of the 20 metre
wide bed, on the other hand, irreconcilable with the 
sedimentary theory. 

Because the bed acts as a bent beam, the lower zone 
suffered tension and therefore became subject to fissura
tion whenever the upper zone was compressed. This ex
plains the frequency of mineralization only on the top_ or 
only at the bottom of the gypseous bed and the connexwn 
with the orientation of the principal lines of fracture rather 
than with faults. 

In the Perticara mine sulphur is found as an original 
sediment in the marly clays at the footwall of the "master 
stratum". This sulphur, which is not worth mining, is 
deposited in the same manner as that shown in Sample I 
from Formignano. It is thus pure saponaceous sulphur, 
not associated with calcite. 

On the other hand, even in this mine the typical ore, as 
has generally been observed, contains the association of 
sulphur and calcite, and this association is close, uniform 
and constant over considerably large zones. 

It has already been pointed out that the deposit of 
saponaceous sulphur occurred not only contempora
neously with clays but sometimes continued during the 
sedimentation of gypsum. 

The physical state of this sulphur is remarkably stable, 

1 The apophyses that permit tracing-out of the lenses show the 
course followed by the reducing fluids. 

to such a degree that it may remain unaltered even though 
the gypseous rock enclosing it has been reduced. 

This has occurred in the Savignano section of Perticara 
where the lower portion of the "master stratum" is 
mineralized to a thickness of several metres, and a uniform 
diffusion of pisolitic, saponaceous sulphur is sometimes 
observed both in the ore and in the overlying gypsum 
(Sample II previously referred to). 

THE CABERNARDI-PERCOZZONE DEPOSIT 

SULPHUR MIGRATION 

In the Cabernardi-Percozzone deposit (Sassoferrato, 
Ancona province) there is a sub-vertical gypseous bed of 
an average thickness of five metres mineralized at inter
vals by a reduction of gypsum. 

This bed, which at its base has a stratum of sedimentary 
limestone of a score or more centimetres, is enclosed in a 
formation of impervious bituminous, marly clays. 
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The tectonic structure is very distorted; there is a syn
cline with one vertical flank and another inclined at 50 
degrees. 

Mineralization affects only the vertical flank, which is 
much more faulted and has a large compressed fold that 
triples the thickness of the bed in one zone of the mine. 

In this deposit, just as was observed at Perticara, 
numerous faults subsequent to the diagenesis of the 
bituminous, argillaceous sediments show no connexion 
with the mineralization, which therefore seems to have 
been limited to the diagenetic phase of the clays. There 
was no circulation of vadose waters, so that mining 
operations are able to proceed without eduction. 
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In the transition from gypsum to sulphur ore a reduc
tion of the thickness of the bed as a result of the trans
formation is generally evident. 

Sterile calcareous masses replacing the sulphur ore are 
frequently found in the sulphur deposits; these masses 
must not be confused with the limestone at the foot-wall 
of the formation, which is undoubtedly sedimentary. In 
Sicily these masses generally constitute the lower portion 
of gypseous beds transformed into ore. 

Inasmuch as the position of the deposit indicates an 
identity of origin with the mineralized limestone, a migra
tion of sulphur from the sulphur-bearing limestone by 
reason of an increase in temperature could be imagined 
together with a recrystallization of the calcite. The total 
migration of the metalloid does not in fact require a very 
high temperature, since, through the known effect of the 
walls, a temperature in one zone of, for example, 90 
degrees would be sufficient to explain the complete migra
tion of the sulphur to other cooler zones in the rhombic 
form characteristic of the sulphur mines, 'vvithout mono
clinal pseudomorphoses. 

The investigations made have shown that such possible 
migrations of sulphur already deposited are not ordinarily 
to be connected with the masses of sterile limestone 
existing in the sulphur mines. Abrupt transitions from 
sulphurbearing limestone to sterile limestone and alter
nations of the two types are in fact frequently observed. 

Figure 6 is a sketch of Sample IV taken from the Caber
nardi mine. The dotted portion represents typical sulphur 
ore, an intimate association of calcite and sulphur; the 
crosshatched portion represents sterile limestone. It ap
pears evident that a migration of sulphur by thermic and 
mechanical action from various points was impossible 
without some transition zones with reduced content. 

The conclusion then is that while the gypsum was being 
reduced, the sulphur sometimes was not deposited in place 
but migrated. 

The direction of this migration was towards a zone of 
undoubtedly less pressure, and it proceeded in general 
towards zones of less depth. 

It appears probable that by reason of considerable pres
sure the calcite alone, being less mobile, replaced the 
original gypsum, and that the sulphur was deposited in 
higher zones. There the migrated metalloid, associating 
itself with the sulphur-bearing limestone in process of 
formation, could produce a richer ore or, as it has been 
verified, could fill up crevices in the rocks and thereby 
originate small veins of pure sulphur varying in thickness. 

Mining operations in the Cabernardi-Percozzone deposit 
have shown that the average ratio between the quantities 
of calcite and sulphur coincides exactly with the theore
tical values (about 24 to 76). The useful ore masses have 
a sulphur content of 28 to 29 per cent; sterile limestone 
is present to such an extent that the average content 
is reduced to 24 per cent. 

stone because of the very thin (sometimes even micro
scopic) argillaceous partitions. 

The reduction of gypsum probably affected small strata 
bounded by these partitions, sometimes with a deposition 
of calcite alone. 

Sulphur can migrate either freely or in combination. 
It has only been observed that it deposited itself also at a 
distance from the gypsum that generated it. 

It is probable that the reducing waters saturated with 
sulphuretted hydrogen deposited sulphur in the most 
favourable physical-chemical-bacteriological environment 
and caused a flow of gas towards such zones. The same 
phenomenon with free sulphur is also possible by reason of 
its solubility, even though limited, in hydrocarburetted 
waters. 

It will be interesting to ascertain whether, as is believed, 
the theory of migration of sulphur will be able to explain 
completely the distribution of the ore masses in the 
American deposits and the very high sulphur content in 
the upper zones. 

.. :· 
,· >'. 

:.i .,.,.,, ':.· 
'' • # 

•• ' ' 1. 

~ 
~ Sulphur ore. 

Sterile limestone. 

Figure G. 

NECESSITY OF A FLUID ENVIRONMENT 

FOR THE REDUCTION OF GYPSUM 

Experimental observations in harmony with theoretical 
inductions permit the conclusion that a fluid environment 
is necessary for the reduction of calcium sulphate. 

Gypsum is in fact stable in argillaceous formations, 
even though they are highly bituminous. In these it may 
recrystallize and cause the development of crystals (fre
quently even of considerable "spear head" dimensions) or 
may fill up fissures by lateral secretion in gypseous clays. 
This migration of the gypsum takes place without any 
observable trace of reduction. The formation of sericolite 
in the bituminous clays that enclose the sulphur deposits 
of the Continent is characteristic. 

The sample referred to also shows that the direction of In a hydrous reducing environment, on the other hand, 
the surfaces of separation between sterile limestone and the reduction of gypsum is a general phenomenon. 
sulphur-bearing limestone is analagous to the sedimenta- This circumstance gives rise to the belief that it is the 
tion planes of the original gypseous rock (Figure 6). It is ions and not the molecules that react. Gradually as the 
generally possible to identify these planes in the ore of the gypsum passes into solution, the deposit of calcite and 
Marche, and also in individual blocks of gypsum or lime- sulphur proceeds. This is a satisfactory explanation of 
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what was observed experimentally, namely, that the 
metalloid, being more mobile than the calcite, may origi
nally migrate and be deposited at a distance of tens or 
even hundreds of metres from the gypsum by which it was 
generated. 

The formation of crystalline sulphur by reduction of the 
gypsum in sedimentary rocks in a hydrous reducing en
vironment has long been recognized. 

In the Department of Vaucluse in France, for example, 
within five kilometres of Apt, small masses and veins, 
varying in size, of pure, lemon-yellow sulphur are without 
doubt the result of the reduction of calcium sulphate in the 
presence of organic substances. In Paris itself, where the 
active formation in the sub-soil of crystalline sulphur by 
infiltration of reducing waters into gypsum has been 
known for some time, the excavations for the underground 
railway revealed the presence of sulphur even in the black 
clays with mollusc shells, formed by infiltration of selenitic 
waters ((12) page 641). 

A characteristic of the Marche is the presence in bitumi
nous fault zones of blocks of sulphur-bearing limestone 
cemented with gypsum. This demonstrates both the 
cessation of the transformation in an age prior to the fault 
and the necessity of a fluid environment for the reduction 
of gypsum. 

In general, as the infiltration of reducing waters in gyp
sum causes the formation of calcite and sulphur, the 
selenitic waters that reach a reducing environment be
come sulphuretted and may deposit sulphur in a manner 
similar to what the author observed at Abruzzo in the 
upper strata of asphaltic limestone with lithotamni (9). 

In these cases the variation of the chemical balance is 
rather rapid. Consequently, the metalloid ordinarily 
becomes more subdivided and appears in the form of 
coatings without forming the typically crystalline masses 
of the sulphur mines. 

Because of their more or less evident relationship with 
gypseous masses, many springs of sulphuretted waters 
may be assumed to have originated in this way. 

THE ORIGIN OF THE BANDED ORE 

In support of the sedimentary theory there has been 
adduced the banded ore, and it has been asserted that the 
parallel and closely adjacent small strata corresponded to 
original sedimentation of sulphur and calcite. 

The most common types of banded structure are those 
reproduced by Mottura, illustrated in Figures 7 and 8 
and a third that differs from the type in Figure 8 by com
plete cementation of the fissures. 

In the figures the sulphur-bearing limestone (a) is or
dinarily poorly mineralized and the sulphur is diffused in 
the calcite in percentages that are even much less than the 
general average (24 per cent sulphur); in (b) the sulphur is 
associated with a very small percentage of calcite in 
microscopic crystals uniformly diffused in the metalloid; 
in (c) the calcite is spathic with scalenohedral and rhom
bohedral crystals that point directly downward. 

The thickness of the individual small strata ranges from 
a few millimetres up to several centimetres. 

The various types of banded structure sometimes alter
nate going from top to bottom. 
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In the Piano di Corsa mine, (Racalmuto, Agrigento 
province) near the base of the incline, the author has 
observed in the sulphur-bearing limestone of low content 
a small sub-horizontal stratum of banded ore that formed 
a right angle and became vertical in following the fissura
tion of the limestone (9). 

In the Quattrofinaite (Agrigento) and the Cabernardi 
(Ancona) mines there are examples of sub-horizontal, 
banded mineralization in sub-vertical veins. Other ex
ceptional cases of evident discordance with the orientation 
of the strata were observed at Cozzo Disi (Agrigento). 

In the Perticara (Pesaro) mine the concordance of the 
bands with the stratification is general, as is usually the 
case. A characteristic of the Savignano section of that 
mine is the gradual transition, in the direction of the 
banded structure, to sterile limestone with small strata of 
calcite alone, which are analogous to the normal lateral 
secretions that cement the fissures. 

Toso (10) alone consistently regards the banded struc
ture as opigenetic, and he explains it as the result of 
periodic variations in the fluids seeping from the sedi
ments. 

Spezia (3) admits the formation of crusts of calcite on 
the surface of the sedimentation basins. He believes that 
such crusts, after breaking, would precipitate to the 
bottom with the points of the crystals turned downwards. 

Busachi ( (11) page 211), however, within the lines of 
the sedimentary theory, believes that the calcite and the 
sulphur crystals in the banded structure of three elements 
is of secondary formation, but considers the banded struc
ture with bands of sulphur alone (Figure 7) of sedimentary 
origin. 

The characteristic distribution of the sulphur and calcite 
in the banded structure shown in Figure 8 finds a counter
part in the geodes. In these too, as is known, the crystals 

Figure 7. Figure 8. 

that form as the result of normal lateral secretion tend to 
distribute themselves in a similar manner-those of calcite 
at the top with the points turned downwards and those of 
sulphur at the bottom. 

The orientation of the bands in the banded structure, 
not always coinciding with that of the deposit in which 
they occur, demonstrates that the type of structure under 
consideration originated subsequent to the sedimentation, 
even disregarding every other consideration. 

Moreover, the constituent minerals have a marked 
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mobility, especially the sulphur. It is thus conceivable 
that after fissures were formed as the result of dynamic 
action, they were filled up with calcite and sulphur by 
normal lateral secretion. 

It appears, however, doubtful whether the presence of 
the very thin uniform distribution of calcite in the bands 
of almost pure sulphur could be explained by lateral 
secretion, inasmuch as the individual crystallines of calcite 
would probably, by reason of the extreme slowness of the 
phenomenon, have been developed by the superficial ten
sion of accretion. 

· Even admitting lateral secretion, the remaining bands 
of sulphur-bearing limestone must have undergone a re
crystallization, because they do not show a greater per
centage of empty spaces with respect to the normal ore. 
On the other hand it does not seem possible that this could 
have taken place without causing a complete filling of the 
fissures that sometimes remain. 

It is observed, however, that the great diffusion and the 
regularity of the direction of the bands has no counterpart 
in phenomena of fissuration and recrystallization that 
have taken place in sedimentary rocks which have not 
undergone chemical transformation. 

The frequent and regular alternation of small strata 
may therefore be regarded as connected with the trans
formation, depending upon particular physical charac
teristics of the original gypsum, such as very thin periodic 
intercalations of argillaceous character. 

The reduction of volume that takes place following the 
reduction of the sulphatic rocks is noticeable. Inasmuch 
as a molecule of gypsum (172) is replaced by a molecule of 
calcite and an atom of sulphur (total 132), the resulting 
loss in weight is 23 per cent. 

The theoretical specific gravity of the association 24 
sulphur and 76 calcite is higher than that of gypsum, but 
the sulphur ore in place has a weight per unit of volume 
that is identical to or slightly lower than that of the ori
ginal gypseous rock. The reduction in volume as a result 
of the transformation is thus on the average 20 per cent. 

It is interesting to note the limited thickening of the 
individual crystallines in the sulphur ore despite the 
presence of the sulphur which tends to fill up the cavities. 
This is in perfect harmony with the reduction of volume 
that accompanies the transformation of the gypseous 
rock. The lateral contraction related to this may have 
caused stresses, generally perpendicular to the original 
planes of stratification, and fissurations oriented according 
to such planes, also in consequence of the greater facility 
of separation. . 

The existence of the fissures could have permitted a 
greater mobility of the ions and the segregation of sulphur 
and calcite as the dissolution of the gypsum proceeded. 

The conclusion is that, a]Jhough the lateral secretion 
cannot be excluded, the more characteristic banded struc
tures seem more probably to have orginated in a manner 
connected with the reduction of gypsum and the filling up 
of the fissures with primary sulphur and calcite, which 
may have been complett>d by lateral secretion that in any 
case moulded the perip\eric crystals. 

This is confirmed by the existence of analogous struc-
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tures composed of completely sterile limestone with small 
strata of calcite alone; these structures have no counter
part in other limestones not generated by the reduction of 
gypsum. 

THE ASSOCIATION OF SULPHUR-BEARING LIMESTONE AND 

CELESTITE 

Although the presence of celestite as a mineral associ
ated with sulphur-bearing calcite is not general, it is fre
quently found in the Sicilian mines. In some cases the 
percentage of celestite becomes considerable and is ac
companied by an impoverishment of sulphur that makes 
mining operations more difficult, as is the case in the lower 
levels of the Grottacalda mine (Piazza Armerina commune, 
Enna province). 

This association has not been explained in any con
vincing manner. Up to the present time the various 
writers have all attributed the origin of celestite in the 
sulphur mines to volcanic activities. Toso (10) considers 
that the origin of both the sulphur ore and the celestite is a 
result of endogenous emanations. 

Once the reducing action on gypsum of vadose waters 
and diagenetic waters from argillaceous rocks is accepted 
the occasional association of sulphur with strontium salts 
also becomes obvious. 

The presence of small percentages of celestite and stron
tianite in the sedimentary rocks is frequent, especially in 
the regions where there was intense volcanic activity, as 
in Sicily. 

It is known that circulating vadose waters may give rise 
to the concentration of strontium salts. These are dis
solved in the presence of certain ions. Subsequently, the 
less soluble salt is formed and deposited through the inter
vention of other ions by means of a change of base. This 
is a consequence of known physical-chemical laws, and it 
has already been recognized that many concentrations of 
strontium salts originated in this way ( (13) page 388). 

In the process of producing the sulphur-bearing deposits, 
the vadose waters in Sicily operated in circumstances that 
were often ideal for the concentration of strontium salts. 
The presence of sodium chloride in the sediments at the 
bottom of the Sarmatian stage facilitated the solution of 
the strontium compounds diffused in the sediments. The 
vadose waters, when they subsequently reached the gyp
sum and transformed it into limestone and sulphur, with 
the intervention of the so4 ions, they deposited the less 
soluble salt, which was celestite. Starting with strontium 
chloride, the reaction is: 

CaS04 • 2H 20 + SrC12 = SrS04 + CaC12 + 2H 20. 
The frequent association of sulphur-bearing limestone 

with celestite is thus completely clarified. 

CONCLUSIONS 

The extensive outcrops of the gypseous sulphur-bearing 
formation in Italy and the existence of a large number of 
mines worked by normal mining methods make it possible 
to obtain a more complete idea of geological charac
teristics than is possible in the United States where 
mining operations are limited to borings. 

The deposits of sulphur in Italy, which are all included 
in the upper Miocene, are characterized by a constant 
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connexion with gypseous sediments8 and by the bitumi
nous character of at least part of the enclosing rocks. 

The presence of pure sulphur as an original sediment is 
in some cases indisputable, but an analagous origin has 
erroneouslv been assumed in the case of the masses of 
sulphur a~d calcite in intimate association, which alone 
are important enough to be mined. 

The connexion with gypsum and bituminous rocks is 
not a casual one, but is a necessary factor in the genesis. 

The formation of the mineralized masses in the Italian 
sulphur mines is the result of the reduction of gypsum 
after sedimentation and occurred exclusively in a fluid 
environment by means of the solution of the sulphate and 
deposition of carbonate of calcium and sulphur. 

The carbon and hydrogen necessary for the trans
formation are not of deep origin. This is evident both 
from the existence of the necessary reducing agents in the 
Miocene formation itself and by the distribution of the 
mineralized masses, which are related to the orientation 
of the fissurations rather than with large faults. 

The transformation of the gypsum took place in the 
sulphur mines of the Peninsula for the most part shortly 
after sedimentation by means of the diagenetic waters of 
the bituminous, argillaceous sediments; it did not con
tinue owing to a lack of further hydrous activity. 

In numerous zones in Sicily, however, the trans
formation Elid continue through the action of the reducing 
vadose waters. 

It is generally agreed that the sulphur deposits of the 
United States originated subsequent to the formation of 
sediments. A genetic analogy with Italian sulphur, which, 
in contrast with the theories held up to the present time, 
has been indicated in this study, may arouse a desire to 
become better acquainted with the mines, all the more so 
since similar investigation is not now possible in the 
American deposits inasmuch as a detailed study is neces
sary, and this study cannot be made from the surface. 

A knowledge of the characteristics of mineralization is 
indispensable for properly directed exploration. For 
example, if it is known that the formation of sulphur in 
Italy is related to the dynamism of the reducing waters, 
the investigations should be carried out only to a relatively 
limited depth; this is in contrast to some proposals that 
have been advanced (14). 

It is furthermore obvious that once the origin has been 
identified many factors formerly neglected will assume 
considerable importance in work concerning the miner
alized arms of the sulphur-bearing formation. 

Study should be given particularly to the tectonic ac
cidents, the importance of the gypseous deposits, and the 
permeability and the more or less bituminous character 
of the enclosing sediments. 

The identification of sterile sulphur-bearing limestone 
through exploration assumes considerable importance in 
the light of what has been learned on the migration of the 
metalloid. 

s It is obvious that such a combination is not apparent in the 
area of the mining basin when the reduction of the gypsum was 
complete. 

Once the phenomenon has been recognized, it will be 
easy in each case either to search out the rich mineralized 
masses9 within tens or hundreds of metres of the sterile 
limestone with which they are connected or to confirm the 
erosion of such masses. 

A detailed tectonic study will permit identification of 
the zones in which infiltration of the reducing fluids 
between the gypsums may have taken place, but even the 
broad lines of stratigraphy may supply useful indications. 

It has been observed in the Peninsula that the only 
zones of any importance are those with very exceptional 
tectonic accidents and that the mineralization coincides 
with the routes of circulation and flow followed by the 
diagenetic waters of the bituminous clays. 

Boring investigations have been considered of very little 
use, because the only element of value that they provided 
was the thickness of the mineralization. The scattered 
and irregular manner in which the sulphur-bearing masses 
are distributed greatly limited the practical importance of 
the data obtained. 

Once the relationship between sterile substitution lime
stone and mineralized limestone has been made clear and 
the other phenomena connected with the reduction of 
gypsum clarified, the usefulness of borings will in general 
be increased. 

It has not been possible in this study to include an 
analysis of the manner in which exploration should be 
conducted in the many kinds of cases that might arise. 
The knowledge of the genetic process will, however, make 
it possible to draw up the general lines to be followed in 
the various situations, for, even though each has its 
O'h'Il peculiar characteristics, there are always certain 
features in common. 
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Mineral Deposits) Scuola Sztperi01·e d'Tngegneria (Advanced School 
of Engineering) (S. Pietro in Vincoli). 

I. Formignano ;Uine - Ovules and lentides of saponaceous 
sulphur aligned along the planes of stratification in gypsum and 
in argillaceous gypsums. 

11. Pe1·ticara M.ine - Pisolitcs of saponaceous sulphur in th€ 
gypsum and ore. 

III. Perticara 1\c!ine Pisolites of sulphur in the ore and in the 
sterile sulphur-bearing limestone. 

IV. Cabernardi Aline - Tongues of sterile limestone in the 
sulphur-bearing ore. 

V, Stincone }cline - Sulphur crystals on skeletons of calcite 
moulded according to the facets of sulphur crystals no longer in 
existence. 

VI. Canalotto 1\fine Gypsum partly transformed in sulphur
bearing ore. 

in Yugoslavial 

ABSTRACT 

In this report the author first gives an account of mining exploration in Yugoslavia from the Roman era to the nine
teenth century. He then describes the prospecting work done from 1880 to 1941 which led to the discovery of vast de
posits of lead, zinc, copper, iron and chrome. 

In 1945 the new People's Federal Republic of Yugoslavia provided the country with a completely reorganized 
Geological Department in accordance with the Five-Year Plan. Large numbers of students are being trained and the 
scientific and practical institutions and geological and mining services are being closely co-ordinated. These metl!.oas 
have proved successful and, owing to the discovery of a large number of new deposits, it is now possible to study 
metals whose existence in Yugoslavia was hitherto unknown-wolfram, beryllium, cerium and molybdenum-and other 
raw materials such as asbestos, kaolinite, dina-quartzite and so forth. 

The molybdenum deposit at Mackatica in the People's Republic of Serbia affords a perfect example of the good 
results obtained by this new approach to geological prospecting. Its large reserves and peculiar formation make it 
one of the mining curiosities of Yugoslavia. 

For centuries our country has been famous for its wealth 
of metallic, non-metallic and combustible ores. Traces of 
the mines actively worked by the Romans, and by the 
Serbs in the Middle Ages, are still to be seen in various 
areas. The mines in Serbia and Macedonia, particularly 
in the Rudnik, Kopaonik, Rogozna, Trepca, Zletovo and 
Kratovo districts still bear witness to the large scale of 
their activities. 

Mining was carried on very actively until the second 
half of the fifteenth century when the greater part of the 
Balkan peninsula fell under the domination of the Otto
man Empire. From that time all prospecting and mining 
virtually ceased and did not resume until the end of the 
nineteenth century. 

This renewed activity, particularly in Serbia and Bos
nia, started only about 1880 and developed on an ever
increasing scale until the Second World War. 

All the work done between 1880 and HHI was limited 
to a few old mining centres which appeared especially 
promising, instead of being based on systematic geological 
studies of the whole country or of certain regions. 

As a result of the lack of interest shown by private 
capital and the State in the old Yugoslavia, the initia
tive for most of this prospecting was left to foreign com-

1 Original text: French. 
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panies which, owing to their financial resources, were the 
only organizations able to invest the large sums required 
for this development. Their efforts very often met with 
success owing to the richness of our subsoil and very large 
mines were opened~lead-zinc (Trepca, Kovo Brdo, Zle
tovo), copper (Bor), gold (Lece, Neresnica), antimony 
(Zajaca, Krupanj, Bujanovce) bauxite (Adriatic Coast), 
chromite (Sar Planina) and iron ore (Bosnia). All these 
mines subsequently became world famous. The reserves 
in some of the deposits amounted to several million tons 
and sometimes to tens of millions of tons. 

The Geological Department consisted of a small number 
of specialists who did good work individually but took 
little part in the discovery of these large deposits, as the 
Department 'was badly organized. Our geologists con
centrated mainly on the study of coal basins and some
times discovered large coal basins of the Tertiary or 
Cretaceous periods. The foreign companies made it dif
ficult for our geologists to visit their concessions and thus 
prevented any serious study being made of the metal
liferous deposits. 

The vitality and enthusiasm of the new Yugoslavia 
have been shown in geological research organized on a 
new and scientific basis. The geologists' work is directed 
towards the systematic and scientific study of deposits 
previously discovered and to prospecting for new deposits 
and raw materials hitherto unknown in Yugoslavia. 
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The number of students of geology, mineralogy and 
mining has been increased by several hundred in order 
better to carry out this programme. Young people who 
are in the middle of their studies now take part in pro
specting and study in the field under the expert guidance 
of the professors, their assistants and more advanced 
students. We organize regular geological expeditions to 
some regions to make systematic and up-to-date studies 
of their mineral resources. In this way, and thanks to 
geophysical studies and new techniques, we are daily 
discovering new deposits or new raw materials. 

This method and the co-ordination of the scientific and 
practical work of the various institutions (such as, the 
Academy of Sciences, the University and the Geological 
and Mining Department) have enabled us to discover new 
deposits, and new methods. 

Thus, by using new gravimetric methods we discovered 
chromite deposits and certain large iron deposits in Bosnia 
which are of sedimentary and not of metasomatic origin. 
This fact means a considerable increase in the already large 
ore reserves. Lead-zinc deposits of the Triassic period 
were also discovered. We have been able to discover and 
study the origin of large deposits of non-metallic ore, 
combustibles, asbestos, kaolin, barite, dinas-quartzite, 
bituminous schists etc. (which are little known and not 
exploited in Yugoslavia) and also coal and lignite. 

Amongst other new deposits of metals hitherto un
discovered in Yugoslavia we found wolfram, beryllium 
and cerium; and also vanadium extracted from the slag 
remaining after metallurgical processing of bauxite. 

The time at our disposal is limited and we cannot offer 
a study of each of the above new deposits. \Ve therefore 
propose to take the molybdenum deposit at Mackatica as 
an example of our method of prospecting for and exploit
ing a deposit. 

The Mackatica deposit is unique both as regards origin 
and size. The Mackatica district is in the south-east of the 
People's Republic of Serbia, east of Vranje, at latitude 
20°30' north and longitude 42°45' (Greenwich). 

Detailed geological studies have shown that there are 
several formations. The oldest formation is Palaeozoic 
and is composed of crystalline schists in which mica
schists-sometimes very rich in mica-predominate. 

Less-developed quartzites and a few amphibolites are 
intercalated in this formation. At some places, and par
ticularly in the east of the district, small masses of real 
granitoid gneiss of the alkaline type, rich in microcline and 
poor in orthoclase, are to be seen. A grano-dioritic magma 
was introducted into the mica-schists, probably in the 
Mesozoic period, and forms a massif 350 sq. km. in area 
running from north to south. This grano-dioritic massif, 
named Surdulica after the district, produced a fairly in
tense metamorphism at the point of contact with the sur
rounding rocks but there are no metalliferous occurrences. 
The grano-diorite itself is formed mainly of andesine, a 
little orthoclase, hornblende and biotite, with varying 
quartz content. In the Tertiary period intense eruptions 
of volcanic rocks occurred, particularly in the granite it
self, or at the point of contact between granites and 
crystalline schists and more rarely in the schists them-
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selves. These volcanic rocks, which are dacites and less 
often andesites, are of two different types according to 
their structure. They are composed of andesine, horn
blende or biotite, and quartz. Three volcanic centres, with 
numerous eruptive veins, can be distinguished. These 
centres are at Mackatica, Surdulica and Kriva Feja (the 
largest). 

All these volcanic rocks are strongly propylitized near 
the outcrops of ore, sometimes over a large surface, and 
are transformed into a mass of quartz with a few serici
tized and kaolinized parts. 

These quartz masses are often sited within the dacites 
or more often at their point of contact with the mica
schists. It is these masses which are a guide in prospecting 
for molybdenite, as they are very rich in that metal. 

Geological and mining research has been concentrated 
on the volcanic massifs of Mackatica although other 
massifs have large outcrops of ore. 

This work has shown that the large masses of quartz, 
produced by metalliferous flows, contain molybdenite in a 
network of thin veins and lodes forming an enormous and 
highly concentrated mineralized mass which is poor only 
in the outlying parts. No horizontal improvement was 
noted, the improvement being in depth-a fact which is 
contrary to our knowledge of molybdenite deposits. 

There are other types of deposit apart from this type, 
which is the most common and most interesting eco
nomically. There are small veins of mineralized quartz at 
the point of contact with the quartz masses, or in the mica 
schists themselves and the pure and unbroken dacite con
tains lodes of quartz with molybdenite. These last three 
formations are of small extent and therefore have no 
economic importance. 

A large number of shafts sunk in the Mackatica massif 
on four levels to a total depth of 300 metres led to the 
discovery of eight enormous silicified and mineralized 
masses stretching from east to west in an area extending 
from north-east to south-west. The northern mass is 
characterized above all by its size. It has yielded several 
million tons of ore; its depth has not yet been ascertained. 

We are prospecting other mineralized masses which are 
identical with those at Mackatica. 

The nature of the deposit and formation of the molyb
denite deposits in this area are quite exceptional as the 
molybdenite is associated with fairly recent volcanic 
rocks which have formed near or on the surface. Their 
occurrence is accompanied by powerful hydro-thermal 
and pneumatolytic processes underground which some
times resemble pyrometasomatic phenomena and as a 
result the concentration of molybdenite appears to in
crease in depth. Flotation tests give very favourable 
results as the ore is only very slightly oxidized. Analyses 
of the concentrates show harmless quantities of copper and 
a small percentage of lead which explains the genetic 
relationship between the molybdenite deposits and the 
lead-zinc and gold deposits which in this area are found 
mixed with the dacite veins. 

In view of their special origin, rich ore content and size, 
we consider that these deposits are of great interest eco
nomically and in other respects also. 
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Summary of Discussion 

The CHAIRMAN drew the meeting's attention to the 
papers on metals in relation to living standards and on the 
conservation of mineral resources presented to the plenary 
meeting of 23 August by Mr. Meyerhoff and Mr. Mac
Laughlin respectively. They were the clearest statements 
that he had ever heard on the necessity for international 
co-operation in mining. The development of that co
operation was of comparatively recent growth. The 
greater advances made by some countries was the result 
of their more rapid technological development. The 
authors had pointed out that the sociological benefits 
obtained by any country which permitted foreign com
panies to aid its development were very considerable. 
He himself, speaking as a physicist, could not understand 
why political and sociological interest in a country arose 
only after oil or mining companies had begun to draw 
profits from the areas concerned. Political and sociological 
interest should be shown before mineral development 
began. The co-operation of all related talents for mutual 
benefit should be encouraged both before and during the 
exploitation of the mineral deposits in any area. 

The Chairman observed that exploration for heavy 
minerals was an arduous and costly undertaking. Dr. 
Brandt of Toronto had calculated that the odds were 
approximately one hundred to one against the proba
bility that the structure would produce profits even after 
full surveys had been made. Those risks were too often ig
nored by those who argued that foreign interests had taken 
over the area in which they operated. Those interests 
would not enter the area unless profits were likely to be 
reasonable in relation to the risks of failure incurred. The 
working of heavy minerals therefore required the co
operation of capital outlay and practical work. If such a 
co-operative method were employed, all countries-not 
merely those immediately concerned-would benefit. 

Requesting Mr. Atkinson to present Dr. Gray's ex
perience paper on "Possibilities and Costs of Methods of 
Mineral Discoveries" in the absence of its author, the 
Chairman noted that the statement contained therein that 
new deposits and extensions of old deposits found by 
improved exploration techniques probably would maintain 
an adequate supply of most metals for several generations 
at least appeared to conflict with opinions advanced at 
previous meetings. 

Mr. ATKINSON presented Dr. Gray's paper. The author 
had stated that, for the purpose of estimating the possi
bilities and costs of exploration, mineral occurrences were 
divided into three classes; first, the districts or groups of 
deposits; second, the ore deposits which made up those 
districts; and third, the individual ore bodies that formed 
the deposits. 

The author had expressed the opinion that in the near 
future most new mineral sources would result from the 
discovery of extensions to known deposits. Probably for 
several generations at least such extensions combined with 
discoveries of new deposits in known districts would keep 
pace with the mining of metallic ore. New mineral districts 
would probably be discovered only as parts of the earth 
currently inaccessible were made accessible and under the 
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incentive of greater need than currently existed for those 
metals and of higher prices for them, and when geo
physical and other exploration tools were better developed 
and deeper mining became economically possible. 

Dr. Gray believed that it was almost impossible to esti
mate the cost of the exploration which had led to the 
discovery of most mineral deposits. He had given, 
however, two illustrations to show the cost of specific 
explorations in recent times: the development of the Far 
West Rand in the Transvaal and the discovery of the 
Allard Lake orebodies in Quebec. 

Mr. Atkinson emphasized Dr. Gray's statements that it 
would seem almost certain that in the near future most of 
the new mineral resources brought in by discovery would 
be extensions of known deposits. Almost every operating 
mine was continually exploring its own ground and the 
new ore would replace the ore mined for a generation or 
more, although it was more costly. For some time at least 
the discoveries of new deposits might very well keep pace 
with the rate at which old mines ceased to operate. The 
search for new mines would be spurred on by the in
evitably increasing prices. 

The CHAIRMAN observed that geophysical prospecting 
in the field of heavy minerals was in its infancy as com
pared with its use in oil exploration. The oil companies in 
the United States of America alone spent 150 million 
dollars annually for geophysical research, whereas the 
mining companies spent only one and one-half million 
dollars. The remarkable geophysical advance made by 
the oil companies was directly due to their large expendi
tures for research laboratories. Much of the result of that 
research was available to the mining companies but very 
little use had yet been made of it. The discovery of mineral 
structure was more difficult than the discovery of oil 
structure because an oil structure might be a mile in dia
meter, whereas a gold structure might be a matter of 
inches. In the latter case, moreover, the geophysical 
difficulties even after the structure had been identified 
were very considerable. The new interest shown by 
mining engineers in geophysical methods, however, 
promised results as fruitful as they had been in the case of 
oil. 

Mr. BATEMAN suggested that the two illustrations given 
in Dr. Gray's paper emphasized the principal purpose of 
the conference in promoting the development of new 
resources in inaccessible regions. He would have liked to 
have had more details of co-operation between geologists 
and geophysicists rather than such exclusive attention to 
the work of the latter. Dr. Gray's own experience un
doubtedly justified the statement that most of the new 
mineral resources brought in by discovery would be ex
tensions of known deposits; he would, however, have liked 
further details because he felt that it was in this field that 
great new resources could be developed. 

Mr. DIXEY said that the history of Northern Rhodesian 
copper supplemented the cases mentioned in Dr. Gray's 
paper. It had been known for many years that copper 
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existed along the Congo border and various attempts to 
mine it had been made. Those attempts had, however, 
been carried out only on the surface or at very moderate 
depths and they had not been very satisfactory. Deep 
drilling was necessary to prove the presence of economic 
ore bodies. Detailed exploration of the adjacent territory 
had then been undertaken by comparatively large num
bers of geologists-sometimes composed of as many as 
sixty members-on behalf of the mining companies con
cerned; the geologists had been drawn from many different 
countries and universities. The country had been mapped, 
despite its geographical and topographical difficulty, the 
deep soils and its featureless character. The cost had 
amounted to approximately 1 million pounds for pro
specting and mapping before adequate copper bodies had 
been determined. The work had been essentially geolo
gical, since geophysics at that period had not been suffi
ciently developed. 

In the absence of the author, Mr. LUNDBERG presented 
Mr. Geijer's experience paper on "Methods in Prospecting 
for Sulphide Ores in Northern Sweden". He observed 
that the paper described new magnetic and electrical 
methods in prospecting for sulphide ores and the tracing 
of glacially transported builders. Those methods had 
been developed since 1918. The results had been very 
satisfactory. Only 20 to 25 man-days were needed to 
prospect one square kilometre. Such methods had led to 
the discovery of forty sulphide deposits, of which twelve 
were in actual production. The methods had brought very 
good results and had been used both by private companies 
and by the Government. 

The CHAIRMAN observed that participation by Govern
ment was an important factor in prospecting. The aim of 
the Conference was to discover new methods by which 
that could be furthered. 

Mr. LUNDBERG presented his experience paper on 
"Modern Geophysical Methods as Aid in Mineral Ex
ploration". He said that new developments in physics 
had presented geologists with new methods. As a result 
of the progress in aviation it had become possible to con
duct geophysical exploration from the air. That would 
soon revolutionize exploration for minerals. It was to be 
hoped that gravity surveys from the air would soon also 
become feasible. The air-borne surveys were as accurate 
as ground surveys, but had the additional advantage that 
they took in greater detail. Air-borne operations carried 
out at a normal speed were almost five hundred times as 
fast as ground operations, as appeared in the table con
tained in his paper. If the survey covered a relatively 
wide area, its cost was only one-hundredth of that of a 
ground survey. 

In the earlier stages of geophysics, the geologist had 
been compelled to make a preliminary reconnaissance of 
ground which had later been covered again by geophysical 
methods. It was currently possible to carry out the survey 
by air in the initial stage and the air-borne operation should 
come first. 
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terrain, which consequently had never been adequately 
studied. Many discoveries had been made by the air-borne 
operation in areas which it had been believed had been 
thoroughly surveyed on the ground. 

As the air channels were still free over much of the 
territory concerned, it was open to anyone, who so desired, 
to obtain an air-borne survey. Results were rapid and 
rewarding. In Canada, for example, such a survey had 
been made in five hours over thickly forested areas and 
geologists had been sent to certain specific areas on the 
basis of its results. A ground survey of that area would 
have taken six months. An air-borne survey undertaken 
in Sweden near the Norwegian-Finnish border had found 
iron ore deposits within easy access of a rail-head whereas 
earlier ground surveys had eliminated the same area from 
consideration. 

Mr. GESTER observed that the application of geo
physics had been used principally by the oil industry, 
which had found in it a new tool. The data obtained by 
geophysics was, however, mainly physical; it must be 
translated into geological terms. All the geophysical 
methods mentioned in Mr. Lundberg's paper had been 
used by the oil companies; magnetic methods had been 
used for nearly twenty years before the air-borne method 
had been introduced. Magnetic anomalies had been noted, 
but their meaning in terms of commercially exploitable 
oil had remained uncertain. Such failures did not of course 
imply that techniques could not be greatly improved in 
the future. The magnetometer had been found far less 
reliable than the seismic method and had been practically 
discarded. The airborne magnetometer and instrumenta
tion had been improved and had given better results, but 
they still provided little clue to the interpretation of 
magnetic anomalies. The speed and low cost of the air
borne operation were in its favour, but its use in oil ex
ploration was limited to the plotting of anomalies; it was 
then followed up by the seismic and gravimetric methods. 
If new tools were to be employed-as appeared probable
new geological research would be needed. The best experts 
in geology should co-operate to develop the full use of 
those new tools. 

The CHAIRMAN agreed with Mr. Gester that air-borne 
surveys could only find magnetic anomalies but not inter
pret them. There were reports that in Finland two air
planes had been used simultaneously in air-borne surveys 
with an electromagnetic device. That appeared similar to 
the old Swedish-American method of prospecting. With 
regard to the interpretation of anomalies, the principal 
difficulty was the impossibility of differentiating a change 
in the polarization of the basement and actual structure. 
Dr. L. ]. Peters had written a highly technical but very 
useful paper on that problem in a recent issue of the United 
States magazine Geophysics. Air-borne surveys had the 
special advantage of eliminating surface anomalies. In 
Michigan, for example, outcrops of gravel made ground 
surveys difficult, whereas air-borne surveys had been 
found to be reliable. 

Experience had shown that every portion of the area Mr. HuBBERT doubted whether air-borne gravity sur-
surveyed had an equal chance of being studied if the air- veys would ever achieve the same accuracy as ground 
borne operation was used. Under the older method, the surveys-a gravity accuracy of one part in 100 million. 
geologist had never obtained access to the more difficult It was impossible to separate the acceleration of the speed 
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of the airplane from the acceleration of gravity. It was 
impossible to measure the gravity independently of the 
acceleration of the airplane. He wondered whether Mr. 
Lundberg really believed that an air-borne gravity survey 
could be as accurate as a ground survey. 

With regard to airplanes operating at various levels, 
there was little advantage in that. The closer the airplane 
flew to the ground, the easier it was to compute the ano
malies. No additional information could be obtained by 
flying at various levels. 

Mr. DIXEY said that the value of the air-borne operation 
would differ in proportion as the ground over which it was 
carried out had been previously explored. A magnetic 
survey was more valuable if a preliminary survey had 
been undertaken of a known area; it could then be 
extrapolated for an area outside that surveyed from the 
air. If, however, the area was geologically unknown, it 
would be difficult to assess the anomalies discovered. The 
geology of the area should therefore be known before the 
air-borne survey was initiated. He did not agree that the 
air-borne survey could become a substitute for the pre
liminary geological survey. The most it could do was to 
direct the geological work and indicate the location of 
strikes and certain other features. 

Mr. BALSLEY agreed with Mr. Hubbert and Mr. Dixey. 
With regard to magnetic flying, he had made surveys on 
three levels. He had used the lowest to compute the 
higher levels and had found they compared accurately 
with the observed data. The only advantage accorded by 
flying at the higher levels was the possibility of quickly 
but roughly differentiating the shallow from the deep 
features. He agreed with Mr. Dixey that the interpre
tation of anomalies also requires the work of the geologist, 
who must make the preliminary studies. The advantage 
of undertaking magnetic work at an early stage, however, 
was that it enabled the geologist and geophysicist to 
localize the significant areas for detailed and intensive 
study. 

The CHAIRl\IAX agreed that there appeared to be no in
trinsic advantage in surveys made at different levels but 
suggested that analogously it might be easier to deter
mine a line from three points instead of two. Flights at a 
second level serve as a check on the data. The method 
appeared, however, to be unduly expensive. 

Mr. }ENSEX said that recent improvements had been 
made in both mobility and instrumentation in air-borne 
operations, so that the surveys themselves had been 
greatly improved. The factor of speed in addition to 
those improvements had permitted improved control and 
the revaluation of data based upon magnetic surveys. 
Replying to Mr. Dixey, he pointed out that in commercial 
magnetic surveys close collaboration with the geologists 
in the preliminary reduction of the field to be surveyed 
was maintained thus enabling the work to be carried out 
during the same season rather than over the entire year. 

Mr. KELLY said that care should be taken to avoid 
regarding geophysics as something separate from geology. 
The two were part of a single science, the science of the 
earth. The geologist, in using specific gravity, lustres and 
thin sections under polarized light was in fact using 
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physical properties for diagnostic purposes. Geophysics 
merely extended those techniques into the field by utilizing 
electrical, magnetic, gravitational, and other physical 
characteristics. Geophysics was still in a stage resembling 
the earlier period of geology, when it had been possible to 
describe the appearance of rocks but not their origin. It 
would, therefore be most unwise to draw a strong dividing 
line between geology and geophysics. 

Mr. DIXEY reiterated that general geological knowledge 
of an area was necessary to interpret the results of air-borne 
magnetic surveys. 

Mr. FErss wished to corroborate Mr. Dixey's statement 
concerning copper deposits in Northern Rhodesia. Geo
physical air-borne methods should be particularly effective 
in surveying areas extensively covered by laterite soils. 
Formerly it had been necessary to lay down base lines by 
foot traversing and only twenty miles a day could be 
covered by this method which was very slow but the only 
practical means available at the time. If a method of 
detecting changes in structure had then been available 
much time would have been saved since the terrain was 
essentially flat. An early, but unsuccessful, attempt to 
use photographic methods had been tried in Northern 
Rhodesia. Such terrain and ore deposits were particularly 
suited to geophysical methods. In the search for smaller 
deposits, such as gold veins, other means would have to be 
employed. 

The CHAIRMAN pointed out that the magnetometer was 
particularly useful in surveying water or heavily forested 
areas. The cost of bringing geologists to such regions 
always exceeded the cost of flying the magnetometer. 

Mr. HoTCHKISS said he had spent many years bush
beating in at attempt to carry out prospecting such as that 
described in papers presented by Mr. Lundberg and 
Mr. Geijer. 

He wished to emphasize the statement made by Mr. 
Kelly that the magnetic and geological qualities of rock 
belonged to the same category. 

Recent experience in the interpretation of air-borne 
magnetometer results had shown the necessity for caution. 
The pile-up of contours over strong magnetic areas was 
the first thing which attracted attention and the fact that 
the other end of the magnetic spectrum was equally im
portant in the interpretation of results was frequently 
overlooked. 

The CHAIRMAN said that in prospecting for oil there 
might be a magnetic anomaly of 500 gamma. Of that 
figure, 490 would be disregarded and only the remaining 
ten would be worked on. 

Mr. LuNDBERG said that gravity surveys made from 
boats or from the air could not give results as accurate as 
those obtained from ground surveys. A sensitivity of four 
or five milligards was aimed at in the former. 

He indicated that in Canada the air borne electro
magnetic equipment mentioned by the Chairman was 
flown in one plane and not in two as in Finland. 

He suggested the desirability of surveying large areas 
first from the air in order to localize the work of the ground 
geologist and thus save time. 
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Mr. KRISHNAN presented his paper on the "Mineral 
Resources of India". No reliable estimates were available 
for the reserves of most of India's minerals; when avail
able, the figures were only approximate. The reserves of 
coal to a depth of 1,000 ft. on an average, were of the order 
of 25,000 million tons in workable seams. 31/ 2 to 4 ft. 
seams had been adopted in India as a workable thickness; 
if thinner seams were worked the estimate would be about 
60,000 million tons. The iron ores of Eastern and Southern 
India would amount to perhaps 10,000 million tons of 
high grade material and as much or more of lower grade 
material; that did not include the vast deposits of laterite 
(30 to 35 per cent iron) of which many thousand million 
tons were available. It was believed that some 20 million 
tons of high grade and probably more than double that 
quantity of low grade manganese ore were available. 
Recently, magnetic methods had been found very useful 
in locating manganese ore deposits. More than 100 million 
tons of magnesite were estimated to be present in South 
India. Of bauxite, mica and ilmenite the country had 
excellent resources, more than enough for its needs. 

Among the chief deficiencies were petroleum, sulphur, 
and ores of copper, lead, zinc, tin, mercury, tungsten, 
molybdenum, nickel, cobalt and a few others. For those 
India would have to depend at least partly on imports. 
The nation seemed to be self-sufficient with regard to most 
of the non-metallic minerals-clays, glass sands, abrasives, 
mineral pigments and refractories. 

In the absence of Mr. Mario Carta, the CHAIRMAN 
presented the former's paper on "Lead and Zinc Resources 
in Sardinia". 

The lead and zinc mining industry had the most con
tinuous and economically the soundest record in the long 
history of mining in Sardinia. In 1940 and 1948 its pro
duction had been 112,000 and 75,600 tons of metal content 
respectively. 

The current resources of the mines were estimated at 
880,000 tons of metal content, made up of 265,000 tons of 
lead and 615,000 tons of zinc. 

Future possibilities in depth of the deposits were di
minished to the extent of the quantities already produced. 

Concrete possibilities for discovery were offered: 

(a) In the immediate environs of deposits currently 
being worked, by a return to the higher levels and ex
ploration of the lateral zones; 

(b) In the peripheral areas of existing mines, by geo
logical and geophysical location of buried deposits; 

(c) In the many other zones of Sardinia indicated, by 
the re-examination, co-ordination and utilization of ear
lier results, however modest. 

A large reserve consisted in deposits of the residue from 
early washing processes, and in parts of deposits not 
worked in the past owing to the lack of proper means of 
concentration. Those reserves consisted chiefly in deposits 
of calamine and lead, the latter in large part oxidized and 
of low metal content, for which separation by flotation 
did not produce economically satisfactory results. 

Pre-concentration with a heavy medium, by the static 
process, was already showing marked possibilities which, 

in the field of fines, would increase with the extension of 
the centrifugal processes in the washing of deposits with a 
heavy medium. 

The author presented a standard diagram, which he had 
studied in the laboratory on a semi-industrial scale, and 
which demonstrated the brilliant possibilities of the use of 
the cyclone separator with a heavy medium on mixed 
deposits of lead and calamine. 

Mr. SHERMA::-1 presented his paper on the "Possibilities 
and Costs of Methods of .Mineral Discovery in Liberia". 

In an attempt to increase Liberia's mineral resources by 
discovery, the Government had initiated several efforts 
through private companies to learn about its resources. 
What information such companies obtained had usually 
been kept to themselves, and the Government had there
fore decided to gather its own facts. 

Geologically the country was similar to the neigh
bouring countries of Sierra Leone, French Guinea and the 
Ivory Coast. It was reasonable to expect that the minerals 
which occurred there should also appear in Liberia. Trans
port was not as advanced in Liberia as in the surrounding 
countries nor was labour so abundant and easy to procure. 

Such discoveries as had been made in Liberia were the 
result of reconnaissance work and data was lacking on 
quantity and quality. Magnetic surveys, which had been 
successfully used in one case, might have a possible ap
plication in determining the extent of placer gold deposits 
containing magnetic black sands, and geochemical pro
specting might be found useful because of extensive and 
deep-seated weathering of the country rock and the re
concentration in creeks and valleys of their heavy mineral 
content which might give a clue to the existence of hidden 
deposits. 

Specific detailed information on Liberia's resources was 
necessary and international technical assistance was 
needed. 

The CHAIRMAN, in the absence of Mr. Calvache, present
ed the latter's paper on "Increasing Mineral Resources by 
Discovery: Possibilities and Costs of 2\:Tethods of Dis
covery''. 

The geographical situation of Cuba at the crossroads of 
the shipping lanes and air routes between Europe and 
America and between North and South America called for 
the United Nations particular attention with a view to the 
conservation and utilization of Cuba's natural resources. 

The geological knowledge of the area in which the island 
was situated, the knowledge of its own geology and the 
knowledge of the physical and chemical changes which 
had been and were being produced on its rocky soil by a 
great variety of geo-dynamic internal and external in
fluences as a result of its location in a zone of intense 
volcanic and seismic activity where the influences of 
violent weather were also manifold and intense-all those 
justified the use of modern methods for exploring under 
the ground and under the sea with the definite object of 
locating fresh deposits of known minerals and of others the 
existence of which in commercial quantities was presumed. 

That small territory, barely more than 110,000 sq. km., 
had a remarkable variety of known mineral resources, and 
even more remarkable was the fact that some of them 
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occurred in quantities which volumetrically were un
equalled anywhere else in proportion to territorial extent. 

The Chairman indicated that Mr. Calvache had not 
mentioned the possibility of the discovery of oil in Cuba, 
of which there was some hope. From his personal ex
perience he knew of the discovery of a large and rich 
chromite field in Cuba by the use of the magnetometer, 
which offered the possibility of distinguishing chromite 
from the deposits in which it occurred. 

In the absence of Mr. Ahlfeld, the Chairman presented 
his paper on general considerations concerning the possi
bilities of discovery of mineral deposits in Bolivia. 

He emphasized in particular the paragraphs of the paper 
stating that so far modern geophysical methods had only 
been used on a small scale and locally, but that major 
possibilities existed for the discovery of new mineral 
deposits by geophysical methods in two areas within the 
tin belt, where the veins were covered by layers of barren 
neovolcanic rock. 

Mr. KELLY stated that his firm had done some geo
physical prospecting in Bolivia using reactions by the 
spontaneous polarization technique and in some cases by 
magnetic methods and by resistivity methods to outline 
tin veins. 

He thought that the of tuffaceous material would 
be thin enough in places to enable geophysical methods to 
detect ore deposits beneath it, but in other places would 
be too thick for results to be obtained by any geophysical 
method known. 

Mr. ABREU presented his paper on "The Best Methods 
of Accelerating Mineral Discoveries in the Central and 
Northern Parts of Brazil". 

He showed that there existed in the northern and central 
part of Brazil an area of nearly 3 million sq. km. of land 
designated on the geological map as Archean rocks. It is 
possible that in this are found Algonkian similar to 
those which in the eastern parts of Brazil are frequently 
highly mineralized and contain the principal deposits of 
gold, iron and manganese ores. They probably contained 
diamonds, beryl and semi-precious stones which would be 
increasingly important in the future. 

Owing to the difficulties of research in that area be
cause of the scarcity of settlement and the density of the 
forests, methods utilizing the airplane were suggested as 
the best means of carrying out geological investigations. 

In the absence of Mr. Gualtieri, the CHAIRMAN presented 
the former's paper on the "Origin of Italian Sulphur-
New Lines of Research". 

Mr. Gualtieri had pointed out the inadmissibility of 
current theories which assumed that the Italian sulphur 
masses of extractive value were of sedimentary origin, 
syngenetic with the enclosing sediments, and showed that 
they were on the contrary substitution deposits that had 
originated in a hydrous environment through the reducing 
action on gypsum of vadose waters and waters of the dia
genesis of the argillaceous sediments. 

Various characteristics of the principal Italian sulphur
bearing districts-Sicily and the Marches of Romagna
were described in support of that theory. 
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It was shown how the new genetic theories might have 
considerable effect on methods of research, which so far 
had been carried on without any definite direction or on 
the supposition that the sedimentary theories were valid. 

The origin of banded ore and the frequent association of 
sulphur-bearing limestone with celestine were also dis
cussed. 

On the basis of those new ideas it was shown that an 
examination of the many factors involved in the "-L''L"'" ___ ·-
particularly the width of gypseous deposits, tectonics, 
permeability of the strata, and the more or less bitumi
nous character of the encasing rocks---might be of possible 
use in the investigation of deposits. 
1 The data, to which reference was made, on the migra
ticm of sulphur constituted further elements for research 
work, because it indicated the existence of mineralized 
masses united to the sterile limestone replacing the gyp
sum. 

The CHAIRC.IAN indicated that Mr. Gualtieri's interesting 
paper was so technical that it could only be discussed by 
highly qualified chemists. 

Mr. PAVLOVIC presented his paper on "Development of 
Mineral Wealth in Yugoslavia". 

He first gave a brief historical account of mineral ex
ploration activities in Yugoslavia from Roman times up 
to the nineteenth century. He then described prospecting 
operations from 1880 to 1941, which had led to the dis
covery of large deposits of lead, zinc, copper, iron and 
chrome. 

In 1945 the geological service of the new Yugoslavia had 
been completely reorganized in accordance with the five
year plan. The number of students had been greatly in
creased, and scientific institutions and practices as well as 
the geological and mining services had been closely co
ordinated. Those methods had been highly successful and 
had made possible the discovery of many new deposits 
of metals whose presence in the Yugoslav sub-soil had 
been unknown until then-molybdenum, nickel, cobalt, 
vanadium, thorium, beryllium, dinar quartzites-as well 
as the discovery of additional deposits of metals already 
known, such as lead, copper, gold, antimony, bauxite, 
chromite, etc. 

The molybdenum deposit at Mackatica in the Serbian 
Republic provided a perfect example of the favourable 
results of that new approach to geological research. Its 
unusual fonnation and the importance of its reserves made 
it one of the geological curiosities not only of Yugoslavia 
but of the world. 

Mr. HEAD asked Mr. Pavlovic for further details .con
cerning the location of the extensive iron and molybdenum 
deposits mentioned in his paper. 

Mr. PA vwvrc replied that the iron deposit was in Bos
nia, the Varech Mines, in a triassic formation. He added 
that three years before it had been considered to be a 
substitution deposit of limestone. It had been found to be 
a sedimentary deposit. The techniques used in locating 
it were complex. Borings had been made in the survey. 
The molybdenum deposit was near Vranje, about 280 km. 
south of Belgrade and 15 km. west of the railroad to 
Salonika. 
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Mr. BLONDEL expressed surprise at the figure given by 
Mr. Pavlovic for the cost of the expeditions for systematic 
study of mineral resources which had been carried out in 
Yugoslavia, namely, three to five dollars per sq. km. He 
thought such figures were very low for ground surveys and 
asked what methods had been used in the explorations. 

Mr. PAVLOVIc replied that a group of 35 geologists had 
surveyed a surface of 1,250 sq. km. in approximately 30 
working days. Their explorations had cost 400,000 dinars. 

Mr. MoNTURE stated that he was impressed by the fact 
that the most accessible mineral deposits were being ex
ploited and that in the future it would be necessary to 
search further afield for less accessible resources. The 
chemists, physicists and geologists had given prospectors 
and mine developers some very powerful tools for the 
purpose, especially the air-borne magnetometer. It was 
an expensive tool to operate and large quantities of capital 
would be necessary to locate and develop further deposits. 
As profits from capital investments in less accessible 
mines became more uncertain, investors who were pre
pared to take risks on the returns would have to be found. 
There was need for closer co-operation of geologists, phy
sicists, chemists and capitalists. A free exchange of the 
data obtained by geophysics was necessary in order to 
save waste in future developments and discoveries. 

Another point he wished to make was that futur~· in
dustrial development would require an increasing amount 
of non-metallic low-cost minerals. He urged that all 
scientists interested in minerals be encouraged to search 
for non-metallic minerals. 

Mr. PouGH added that, since the cost of prospecting 
was high and was not likely to drop, private investors 
were less assured of returns and would have to be en
couraged to undertake development of mineral resources. 
As Mr. Pavlovic had pointed out there was a widespread 
need for young geologists. Students should be trained in 
new fields of geology. They should be encouraged to study 
the rarer minerals. 

Mr. DIXEY, referring to Mr. Sherman's paper on the 
cost of methods of discovery in Liberia and the statement 
made there in regard to the similarity of conditions in 
Liberia and in Sierre Leone and the adjacent territory, 
stated that as a result of Government surveys made in 
1918-1921 and subsequently considerable deposits of iron, 
diamonds, chrome and other minerals had been discovered 
in Sierre Leone. The surveys had cost between 20,000 and 
25,000 pounds sterling, which, in view of the valuable 
returns from the deposits discovered, was a small sum. 
The surveys were made by geological methods, as geo
physical methods had not been developed then. The latter 
would have made the cost even less. The terrain in that 
region was favourable for air surveys. 

Mr. BLONDEL pointed out the apparent contradiction in 
Mr. Gray's paper and that of Mr. Pehrson, which had been 
discussed at the preceding meeting. Mr. Gray stated that, 
in his opinion, new deposits and extensions of old deposits 
found by improved exploration techniques probably would 
maintain an adequate supply of most metals for several 
generations at least. But Mr. Pehrson had shown in his 
paper on estimates of world mineral supplies that short-

ages in some minerals were imminent. That contradiction 
was probably due to the fact that Mr. Gray was basing his 
estimate on current consumption of minerals. Unless 
consumption increased in the future, no doubt existing 
deposits, new discoveries and extensions of old deposits 
would furnish an adequate supply of minerals for a long 
time to come. But consumption of minerals was con
centrated in a few countries. If demands increased in the 
remaining three-fourths of the world in the future, there 
might be cause for concern regarding shortages of minerals. 
For example on the extreme assumption that the rest of 
the world would reach the current United States per capita 
rate of consumption Mr. Pehrson found that oil reserves 
would last only two and a half years. Improved methods 
of prospecting would hasten discoveries and more ex
tensive reserves might be found to solve the problem. Mr. 
Gray's estimates had been based on the present price of 
mineral products. It was impossible to estimate what 
prices of minerals or costs of development of mines might 
be in the future. Increasing prices as well as greater 
demand would encourage search for new mineral deposits. 

Mr. McLINTOCK emphasized that geophysics alone 
could accomplish very little. If mineral supplies were to 
be increased by new discoveries, geophysical methods 
must be used under strict geological control. Moreover, 
mineral discovery and development were expensive pro
cesses and capital must be found to encourage them. 
Unfortunately, governments sometimes lacked interest in 
geological research and development. The papers on 
possibilities of discovery in Liberia and Bolivia had shown 
that little geological data were available in those coun
tries. In the paper on Bolivia, there was a statement that 
little had been done to develop oil fields of the sub-Andine 
belt since they had been taken over by the Government; 
lack of equipment and technicians had prevented a study 
of the region. The countries in which the Government was 
nationalizing the mining industry should be warned that 
it was possible to pay too high a price for economic in
dependence; it could degenerate into economic poverty. 

Mr. HEWETT, referring to a question raised at the pre
ceding meeting as to why Governments sought to control 
resources which were renewable and not those which were 
not renewable, stated that he thought there was a logical 
answer to the question: renewable resources, such as 
forests, soil, rivers and other waters, were two-dimensional 
and were found on the surface of the earth; therefore with 
diligence we could determine how much we had. On the 
other hand minerals persisted into the third dimension 
and could not usually be seen except in borings. There
fore we shall never know exactly what we possess and we 
need incentives to find the minerals. Governments might 
do much to encourage the search for minerals, but it was, 
in his opinion, not advisable for them to enter the field of 
mineral exploitation. There was a trend towards restric
tion of ownership and exploitation of minerals by indivi
duals, and to nationalization of resources. When the cur
rent mining laws were made in the United States, they 
gave a person a right to find, explore and develop a mine 
for his own profit. In the post-war period, there was great 
concern over search for minerals. Mr. Hewett did not 
understand the apprehension over profits made in the 
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mining industry. Private companies were well-equipped 
for prospecting and developing resources and were prompt
ed to do so largely by the profits involved. Since a Govern
ment could control such profits by taxation, there was no 
cause for apprehension concerning profits. 

The Government had an important role to play in the 

discovery of mineral resources, but it should be confined 
to geological mapping in the early stages of search and to 
research in geology, geophysics, chemistry and related 
fields. The Government had no place in the application of 
the resulting information. Development of mines could be 
done best by those who expected to profit by it. The 
prospector was the last rugged individualist on earth. 
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Development, Mechanization and Equipment for Large-Scale 

Quarry Operations in the Northampton Sand Ironstone 

ROBERT B. BEILBY 

ABSTRACT 

The paper deals with the type of strata met with in the development of the quarries, which is that of boulder clay, 
ironstone and estuarine clays. The various points to be considered before determining the type of mechanization to 
be installed are also discussed, covering shape, size, length, depth of overburden, dip, and methods of dealing with 
the ironstone. Three methods and types of mechanization are described, with particular details relating to the large 
walking dragline method of stripping overburden. Plant necessary and labour requirements are dealt with in detail. 
Finally, the conservation and utilization of resources, by a comparison of opencast workings as against underground 
mining, are discussed, the advantages of maintaining opencast quarrying operations being: {I) Total extraction ; {2) Less 
skilled operatives; {3) Drainage problems reduced; {4) Less total man-power; {5) Output per man employed is greater; 
{6) Greater selectivity of types of ore. 

INTRODUCTION 

Before dealing with the actual development and mecha
nization of a large quarry in the Northampton sand iron
stone, it is felt that a little information regarding the 
deposition of the ironstone itself and the overlying strata 
might be of great assistance and help in the appreciation 
of the reasons for the methods of development and types 
of mechanization introduced in this field. 

The Northampton sand ironstone is a sedimentary 
deposit, which varies considerably, both chemically and 
physically, throughout the field, and lies under varying 
depths of overburden. The main object of this paper, 
however, is to deal with large-scale operations in deep 
overburden, i.e., overburden varying from 50 to 100 feet 
in thickness. The average workable ironstone section is 
7 feet to 7 feet 6 inches in thickness, and the following 
diagram (figure 1) gives an indication of the type of over
burden to be dealt with : 

It will be seen that the overburden consists of lower 
estuarine clays settled upon the ironstone, followed by 
Lincolnshire limestone, upper estuarine clay, Great Oolite 
limestone, Great Oolite clays and boulder clay. 

Unfortunately, there is no regular continuity of the 
stratified measures, owing to the boulder clay having 
replaced them within very short limits. The change 
shown in figure 1 has been met with in one quarry face 
within a distance of 1,000 yards. 

The Lincolnshire limestone, where present, is, generally 
speaking, of a very heavy blocky nature (See figures 2 
and 9). 

Urtworkof:,l• J,-o"• ootr 

u,.per L;., Clo'j 
r. 

,- ---~------ - -

. Figure l. 

The boulder clay, which is a glacial deposit, in many 
cases has replaced, not only the upper estuarine clays, but 
also the Lincolnshire limestone and part of the lower 
estuarine clays. In some parts 85 feet of Boulder clay has 
been recorded. 

The ironstone, generally speaking, changes in character 
from a brown weathered oxidized ore, under shallow 
overburden, to a very hard green unoxidized carbonate 
stone, under deep overburden. 

Figure 2. 

D E VELOPMENT 

The unit of annual production per quarry generally 
adopted in these large scale operations is a mnumum 
production of 400,000 tons of ironstone a year, which, 
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generally speaking, represents the working of between 
20 and 25 acres of land per year. 

The technique of developing quarries in deep heavy 
overburden is very important, and it is this factor which 
has been, and is, very largely responsible for the type and 
method of mechanization introduced into the quarrying 
operations. 

The following items have to be considered before deter
mination of the type of mechanization to be introduced 
into a large-scale quarrying operation: 

(1) Shape and size of the area to be developed; 
(2) Total length of the quarry to be operated; 
(3) Maximum depth of overburden to be dealt with; 
(4) General line of dip of the ironstone; 
(5) Amount of swell as between the solid and the spoil; 
(6) Method of dealing with the ironstone when won. 

l. One of the main problems in the development of 
opencast quarries in the Northampton sand ironstone is 
the large number of geographical features in the area, such 
as roads, rivers, streams, villages, isolated properties, etc., 
which determine the size and shape of the property to be 
developed. This has an important bearing upon the type 
of mechanization to be introduced. 

2. The total length has considerable bearing on the 
whole subject, on account of the possible standing time of 
the baring machines, when turning round at each end of 
the quarry. The shorter quarry involves the greater 
standing time. For major operations it has been found 
that a quarry varying in length from 2,000 to 2,500 yards 
is reasonably economic. 

3. The maximum depth of overburden to be handled is 
important in determining the size and type of stripping or 
baring machines to be installed, having regard to the an
nual tonnage output required. 

4. The general line of dip is also important on the 
question of dealing with water. 

5. The amount of swell as between the material in the 
solid side and on the spoil side is also very important, as 
this has considerable bearing upon the amount of material 
\vhich can be dumped in the spoil area. So far as the over
burden overlying the Northampton sand ironstone is con
cerned, the swell varies between 22 per cent and 30 
per cent. 

6. The method of dealing with the ironstone when won 
is also important, as to whether it is proposed to load this 
into railway wagons standing on top of the ironstone, to 
load the wagons standing on the bottom of the ironstone, 
or to introduce truck haulage. The general practice up to 
the present time in deep overburden has been to load 
wagons standing on top of the ironstone, thus permitting 
spoil to be dumped right up to the last cut along the iron
stone face. Truck haulage has not yet been introduced in 
any major quarry operation for a number of reasons, the 
principal of which is as follows: 

(a) At the present time the baring operations are 
carried out by positive crowd shovels, and the baring 
operations are carried out in both directions, with dead 
ended quarries, which raises serious complications when 
the baring machine is working towards the open end of the 
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quarry, owing to the trucks having to pass under the 
boom of the baring shovel. 

METHOD OF WORKING 

The ideal method of working ironstone by opencast 
methods in deep overburden is to have a concave face 
working into the solid, with two open ends, so that the 
iron ore can be loaded out of the quarry from either end, 
according to which way the baring machine is working 
(see figure 3). 

Op•• fml Oirect1o11 of Adv,.nce 

to '2Ra;lw•y 
. ~./lronsttmt face 

· • ::l ~ Baring Face 
.... ~ wo,otts 

·- .. 12. -· 

Figure 3. 

Owing to geographical conditions, it is very seldom 
possible to have a pit or quarry with two open ends, it 
being more general to find a quarry with one entrance 
(open end) and a dead end standing in a deep face of over
burden at the other, which means to say that your quarry 
has to pivot from one point with a maximum swing at the 
fast or dead end, but, despite this, every endeavour should 
be made to keep the face concave in shape towards the 
solid, which gives you the advantage of a greater dumping 
capacity on the spoil side, thus taking care to a very large 
extent of the swell in the spoil being dumped. 

Up to the present time the development of quarrying 
operations in deep overburden has been limited to the use 
of the electric shovel of the positive crowd type of machine 
for stripping the overburden, with secondary operations 
where the depth of overburden exceeds 50 feet. 

The question of mechanization in quarries can be 
divided into two parts: 

(1) The handling of the overburden, being the material 
which overlies the ironstone, and (2) the loading out of the 
ironstone. 

In connexion with (1), there are three methods of 
mechanization, as follows: 

(a) The use of a large positive crowd type shovel ex
cavator, which weighs approximately 650 tons, the stan
dard machine of which has a 9 cubic yard bucket, and is 
operated on rail track, and therefore must have a very 
stable base upon which to operate. This machine will 
handle overburden to a depth of 50 to 53 feet, without 
secondary assistance. (See figure 4). 

(b) In depths greater than this, the handling of the 
additional overburden can be done by one of two methods: 

(i) By the introduction of a small dragline on the spoil 
banks, to deal with the excess material put over by the 
large stripping shovel. (See figure 5). 

(ii) By the introduction of a second small positive 
crowd shovel, working on a bench, loading the top section 
of the overburden into side tip wagons, which are then 
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Figure 4. 

Figure 6. 

Figure 8. 

taken round into the spoil areas and dumped. (See fi
gure 6). 

(c) The third method of handling deep overburden is to 
introduce a large type of walking dragline, having a 
bucket capacity up to 20 cubic yards. (See figure 7). 

Whilst the baring operations under (b) do give some 
measure of mechanization, they have their limitations, 
and tend to reduce output capacity, as the secondary 
handling of any material by machines of a smaller capacity 
than the main baring or stripping machine, unless com
plet ely synchronized regarding proportionate capacity, 
fail to keep the major baring machine in full operation. 

In order to improve baring capacity and efficiency of 
quarrying operations. and to bring about full mechaniza-
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Figure 5. 

F igure 7. 

F igure 9. 

tion in a quarry, it is proposed to introduce very large 
walking draglines, capable of handling the total depth of 
overburden up to 100 feet in thickness, at which latt er 
depth they would be capable of baring 400,000 tons of 
ironstone per annum. Figure 7 shows this method of 
operation. 

PRE PARATION OF OVERBURDEN 

The presence of a 30-foot bed of limestone in the middle 
of the overburden complicates the problem of baring. A 
typical example of the overburden in a quarry is shown in 
figure 8, and a detail of the bed of limestone, showing the 
massive beds, is shown in figure 9. 

In order to enahle the stripping machines to handle this 
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type of material, it is necessary to fragment the limestone 
by blasting operations. The drilling for the blasting of the 
limestone has in the past been carried out by churn drills 
putting down 6-inch diameter holes, but, owing to the 
very hard nature of the limestone, it has been found that 
this type of machine is not economic for this operation. 
At the present time experiments are being carried out by 
what is known as highwall horizontal augur drilling, in the 
sand beds immediately at the base of the limestone. 
Although these experiments are not yet complete, they do 
show every encouragement for the future, and, if finally 
successful, it is hoped that one machine of this type with 
possibly one larger churn drill, capable of putting down a 
9-inch hole, will be adequate equipment for the prepara
tion for blasting of the limestone. Figure 10 shows our 
experimental rig for carrying out the experiments with a 
high wall horizontal drill. This is not in its final form, inas
much as, if finally proved to be successful, the drill would 
be mounted on to a carriage operated on caterpillars, in
stead of the present mounting shown in the diagram, 
which is on rails, thus giving greater mobility. 

The dragline will operate on a bench level approxi
mately 5G feet above the ironstone, and, in 100 feet of 
overburden, it would pull up the bottom 55 feet and pull 
clown the top 45 feet. This proposal has a very marked 
bearing upon the type l•f blasting operations to be under
taken in the limestone, inasmuch as we wish to obtain 
fragmentation of the limestone without displacement, in 
order to provide a firm base for the walking drag line, which 
weighs approximately 1,500 tons, the bearing pressure on 
the tub base being 12.7 pounds per square inch, and on the 
walking shoes 25.2 pounds per square inch. 

Figure 10. 

EXTRACTION OF IRONSTONE 

The working of the ironstone is common to all methods 
of stripping, and consists of the following: 

(1) A very robust short jib positive crowd shovel for 
rock loading. 

(2) Wagon drills for drilling the ironstone for blasting 
purposes. 

Rock Loading: This operation is carried out by a very 
robust short jib positive crowd shovel, carrying either a 
31 / 2 or 4'/2 yards bucket, according to capacity require-
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ments. The loading in the past has been into 20-ton all 
steel wagons, standard gauge (4ft. 81/ 2 in.), but, in order to 
increase the efficiency of these operations, we are changing 
over to 30-ton all-steel wagons (4ft.81 / 2 in.gauge),which 
stand on rails laid on top of the ore bed. 

Wagon Drill: The wagon drill is used for drilling iron
stone. Haulage, Drainage, Pumping, Electrical Distri
bution, Maintenance and Ore Sampling are all on a highly 
mechanized basis. 

Labour Requirement: In order to give some indication 
of the high state of mechanization which is being attained 
in large-scale quarrying operations in deep overburden up 
to 100 feet thick under method (c), the following is the 
equipment and man-power per rock loading shift: 

Operation Plant and Machinery 

f 
l large walking dragline, weighing up 
to 1,500 tons, with a 282ft. boom and 
a 20 cubic yard bucket, with a dump-

Baring or j ing radius of 260 ft. . . . . . . . . . 
t . . l bulldozer for preparmg bed for large 

s np~mg walking drag line and pushing back toe 
opera wns of material being pulled down . . . 

ll bulldozer for cleaning ironstone . . 
l highwall horizontal drill . . . . . 
l churn drill . . . . . . . . . . . 

JVI an-power 

\ 

l driver 
l greaser 
(second 
driver) 

l man 
l man 
4 men 
3 men 

1 31 / 2 cubic yard short-boom positive l driver & 
crowd shovel . l bottom-

Rock 
loading 

Haulage 

Drainage 

Additional 
personnel 

l wagon drill . . . . . . 
l shotfirer . . . . . . . 
l sampling drill. . . . . 
Supervision of rail tracks 
Locomotive driver 
Shunters. 
Drainers ....... . 

None ............ . 

man 
l man 
l man 
l man 
6 men 
2 men 
2 men 

. 4 men 
r l quarry 

1 
foreman. 
Periodical 

· usc of plate-

[ 
laying gang 
16 men a 

a This group of men is common to several quarries and only 
operate in each quarry about one day a week. 

This gives a total of thirty-one men permanently em
ployed in the quarry on the rock-loading shift, with the 
addition of three plate-laying men per day throughout the 
year, giving a total of thirty-four men. The baring or 
stripping operations will be carried out on three shifts, 
involving the addition of a further twenty-two men, 
giving a total of fifty-six men to produce 1,600 tons per 
day, which gives an output of 28.5 tons per man em
ployed. 

CONSERVATION AND UTILIZATION OF RESOURCES 

Much has been written and said on the subject of work
ing ironstone lying in deep overburden and on the question 
as to when opencast working should be abandoned and 
workings continued by underground methods. 

In the opinion of the writer, there is everything to be 
said in favour of maintaining opencast quarrying oper
ations, for the following reasons: 

(1) Total extraction of mineral reserves can be obtained. 
(2) A much smaller number of skilled operatives is 

needed. 
(3) Drainage problems are reduced. 
(4) The total man-power employed is less. 
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{5) The output per man employed is greater. 

(6) A greater selectivity of the type of ore to be worked 
is available. 

Under other conditions, where different strata overlies 
workable mineral it may be possible to obtain 100 per cent 

extraction by underground methods, but, with estuarine 
sands and clays as a roof, this is not practicable, and will 
mean a loss of from 25 to 30 per cent of the mineral re
serves, in respect of those areas where underground mining 
operations are, or have to be, carried on for physical or 
other reasons. 

Metallic Mine Mechanization to Increase Recovery: 

Mining and Concentrating in Sweden 

SVEN DALHAMMAR 

ABSTRACT 

With respect to mining, this paper discusses the advantages of a thorough knowledge of the ore bodies before 
mining proper starts, including geological and tectonical mapping. Some views are expressed on time studies in 
mining and on systems of paying the workers. The use of underground chambers for compressed-air receivers is 
reviewed and also the excellent results obtained in drilling with hard metal bits of the chisel-bit type. Mention is 
made of shovel loading in sub-level caving. Some new ideas regarding explosives and blasting are mentioned. The 
advantage of using larger units in drawing and haulage and the use of crushing before hoisting is discussed. The 
Koepe hoists have great possibilities, especially for greater depths. 

As to concentration of ores, there is discussion of the advantages of using more machines than usual per ton to get 
better recovery and higher-grade concentrates. Some sink-float plants are mentioned, likewise the question of crushing 
or grinding in the iron-ore concentrating. Rich magnetite ores are ground and concentrated to give still richer raw 
material for sinter in order to save fuel at the blast furnaces and the sponge-iron plants. Production of low-phosphorus 
concentrates from high-phosphorus ores by leaching in nitric acid is now practicable. Flotation of hematite has been 
started at one mill on an industrial scale. The Loewenhielm dewatering device of shaker type is mentioned. Examples 
of the recovery of by-products are given in the flotation of apatite during the war, and flotation of pyrite in both 
sulphide and iron-ore concentration. 

In the last decade a very distinct shortage of labour has 
prevailed in the Swedish mines . .:V1oreover, Sweden was 
isolated from the world market throughout the war and 
was forced to carry on her industrial life without aid of the 
usual supplies. 

Consequently there was heavy pressure on the mining 
industry to supply requisite raw materials in unusually 
large quantities and in some cases from sources not pre
viously utilized. 

Consequently there has been a development of new 
methods in mining and refining that may be of interest to 
mining men and metallurgists in other countries. 

A few of these items will be discussed below. 

MINIKG 

MINING METHODS 

There is no outstanding news in this field, but in the 
past decade there has grown up a general understanding 
of the great value of having a proper knowledge of the ore 
reserves. Consequently, a proportionally greater amount 
of the costs has gone to investigation and development 
work in the mines. There is no doubt that it pays very 
well to know your ore bodies thoroughly and thus to be 
able in every case to use the right mining method and have 
time to follow it up. It is a general trend to have at least 
one complete level properly investigated and developed in 
advance of the mining proper. 

Regarding the mining methods applied, it may be men
tioned that a couple of hard ore mines are partially adopt-

llO 

ing block caving. Some copper mines have gone very far 
in mechanizing the cut-and-fill method (1) 1• 

At one mine with an undulating ore body, the open room
and-pillar method is being abandoned and a sublevel 
benching method is used. This will also enable the mining 
of what had previously to be left in the pillars (20 per cent 
of the ore) and the saving of a lot of trimming of bad roofs. 

The lead mine of Laisvall has obtained very good pro
duction per shift by using big electric shovels and Diesel 
truck transport underground. This mine has an ore con
sisting of a flat stratum of galena-impregnated sandstone 
with a thickness of 30 to 45 feet. It is mined on the open 
room-and-pillar method and very close survey of the frac
ture zones has been made. According to the results of this 
survey, it is decided where pillars shall be left. 

Similar studies of fracture zones have been made in 
other mines. In this connexion, it may be mentioned that 
a committee of the "Mine Research" is taking close in
terest in all questions connected with rock-burst problems. 

The "Mine Research" is an organization in which all 
Swedish mining companies are members. The intention is 
to co-ordinate all research, both practical and purely 
scientific, that is going on in mining and concentrating in 
Sweden. 

TIME STUDIES 

In Sweden practically all underground and most surface 
work in the mines and mills is done on a contract or bonus 

1 Kumbers within parentheses refer to items in the bibliography. 
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basis. Straight hourly wages are not considered advan
tageous either by the managements or the unions. 

The unions are strong and very well organized. Agree
ments are always strictly kept by both sides. 

Time studies are much used in the mining industry and 
are well looked upon by the unions. It is not uncommon 
for the local union to ask for a study of some problem 
about which discussion has arisen. Great savings both in 
labour and material costs have resulted from time studies. 
All the smaller mining companies have organized a com
mon "Bureau of Time Studies", with which the larger 
mining companies co-operate. This co-operation has 
proved to be of great benefit as it enables the collection 
and comparison of results from the whole country. 

AIR COMPRESSION 

It is a fairly common practice to use underground hy
draulic air storage (2). This has numerous advantages , 
over conventional storage in steel tanks. The utilization 
of excavations that already exist as a result of previous 
mining operations permits the construction of the facilities 
at moderate cost. Moreover, the storage capacity can be 
made of such a magnitude as to meet large requirements 
for compressed air, thus always ensuring an adequate 
supply at an effective pressure regardless of the number of 
rock drills and other air-consuming tools or machines that 
are being run. 

Because of the large storage capacity available, much of 
the air required during peak operating periods can be 
compressed at other times. Also, peak load can be levelled 
off by attaching a controller to the compressor to unload 
it when power consumption approaches that stage. 
Furthermore, a much smaller compressor can be used 
because of the levelling effect on air consumption. Finally, 
one always gets air at nearly constant pressure no matter 
how little is left in the storage chamber. This air is dry 
and cool, and thus helps considerably to increase rock 
drill footage per shift. 

This type of air storage might be useful also for general 
industry in some cases, though undertakings would have 
to dig their own "mine pockets" to provide the physical 
facilities required. 

HARD METAL BITS 

In Sweden, where the use of tungsten carbide drill bits 
actually started, there has been a very rapid development 
of the technique of drilling with these bits. The type of 
steel almost exclusively used is 7 / 8 inch hexagonal steel 
with fixed chisel bits. It is not considered any advantage 
to use detachable bits as the bar and the bit will be finish
ed at about the same time. Excellent results are obtained. 
Chisel bits are used as standard nearly everywhere. Light 
drills weighing about 50 lb., mounted on jack legs and 
with a light, quick blow, are used. The air pressure is 
about 100 lb. per sq. in. The trend is not 100 per cent 
general because good results in a few cases have been 
obtained with heavier drills and slower blow. 

As an example of the results obtained, it may suffice to 
give the following figures from the Grangesberg mines. 
Drilling is done in magnetite-hematite ore with about 
20 per cent granulite and pegmatite in the form of thin 
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seams and dykes. With conventional stopers, both self
rotating and hand-rotated, and carbon or alloyed steel 
(the bit diameter being 1'/4 in. to P/8 in.) net drilling 
time of shiftime was 29 per cent and footage drilled 104 
ft., with hard metal chiselbits (bit diameter P/4 in. to 
P/8 in.) and jackleg mounted machines, net drilling time 
incrc.ased to 38 per cent and footage to 214 ft. The 
increase of footage per shift was 105 per cent. The footage 
per bit is 450 to 500 feet. 

The drifting has also increased by about 100 per cent. 
The footage per blast is roughly 6 feet with one man on 

the job. 
The use of the burn cut is more or less standard. In 

drifting there has been a rather high increase in dynamite 
consumption of about 40 per cent for burn-cut driving, 
whereas for stoping there has been a slight decrease. The 
broken ore may be somewhat coarser. 

DRILLING REVOLUTIONIZED BY· HARD METAL CHISEL BITS 

Results from both mining and contracting will be 
published this year in a publication from Jernkontoret in 
Stockholm. 

LOADING 

The use of small shovel loaders in the sub-level caving 
has become common. As an example, it may be mentioned 
that the earlier output per shift with drawing combined 
with hand loading was 28 tons; with shovel loaders, 62 
tons. 

BLASTING 

A new type of explosive has come into use, which is 
cheaper than ordinary dynamite but has just as good 
blasting properties. It contains a considerable amount of 
aluminium powder and nitroglycol. 

Cartridges with a length of 13 inches are used in some 
places. In comparison with the ordinary length of 61 / 2 

inches the longer cartridge has given a saving in explosive 
of 7 to 8 per cent. 

In several mines it is the practise to blast the stopes 
with primacord instead of ordinary fuse. The result is 
that 0ne gets less boulders and the saving in secondary 
blasting well pays for the primacord. 

HAULAGE AND PRE-CRUSHING UNDERGROUND 

Larger units in the transportation system have become 
standard. The mines are adopting cars of 100 to 140 cubic 
feet, loads of 6 to 10 tons, and some mines even for 20-ton 
cars. Most of these cars are of the "Granby" type but the 
big Malmberget Mine in north Sweden has constructed a 
design of its own with the bottom hinged to the sides at 
one end. At the dumping place the sides slip into a guide 
and the bottom is lowered by means of a hinged trap. 
This type has worked excellently. 

With the bigger cars follow bigger chutes, air-operated 
and of different types, and up to 6 by 6 feet feet in size. 

It is common to use diesel locomotives underground. 
At the other end of the haulage there is usually a big 

crusher installed to take care of the boulders before 
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dumping the ore in the skips. A new type of jaw-crusher 
of the overhead eccentric type, which is much lighter than 
the conventional Blake type, has been put on the market. 
One has recently been installed in the Grangesberg Mines. 
This type of crusher with openings of 36 by 48 or 48 by 60 
inches weighs only about 50 per cent of a Blake type, 
and costs about 60 per cent as much. It has worked very 
satisfactorily (3). The increase in hoisting capacity on 
account of quicker skip filling is given as 10 per cent at a 
depth of about 1,000 feet. All these arrangements have 
increascri the haulage capacity from stope to skip in some 
cases by several hundred per cent per shift. 

HOISTI:\G: KOEPE HOISTS 

\Vith the increasing depth of the mines some drum 
hoists have been remodelled as Koepe hoists, using the old 
drnm as driving sheave. Thus it has been possible to use 
most of the old hoisting machinery for a much greater 
depth than was originally intended. The Koepe machinery 
is considerably cheaper even for smaller production. As 
an example it may be stated that at one mine where the 
hoisting capacity is roughly 500 tons per 8-hour shift, the 
skip load is 3 tons and the depth 1,200 fPet, a new drum
hoist machinery wonlcl have cost $50,000. Koepe 
machinery for the same capacity was bought for $37,000 
and it also a lower power consumption. A well 
known thought not from Sweden, is the com-
parison between a biconical drum hoist and a Koepe hoist 
for the City-Deep mine on the Rand in South Africa. The 
drum hoist machinery has a weight of 750 to 800 tons 
compared with corresponding Koepe machinery which 
would weigh 150 tons. At a price of about a dollar per 
kilogramme, this means roughly a difference in price of 
$600,000. The power peak load also shows a great dif
ference-5,800 kilowatts for the drum hoist and 3,000 
kilowatts for the Koepe hoist. 

Koepe hoists with the machinery placed on top of the 
head frame have become common in the last ten years. 

There have been installed some Koepe hoists with two 
or four ropes to make the sheaves smaller and to make it 
possible to use smaller diameter ropes. Examples are 
Kiruna and the Bodas l\Iine of the Sandvik Steelworks. 

ORE DRESSING 

GENERAL TECHKlQUE 

Regarding conc~ntration, the general technique of the 
Boliden Company may be worth mentioning. They are 
driving the concentrates higher and they also get a better 
recovery than is usually the case. This is achieved by 
treating the ore when it is as fresh as possible from the 
mine, by grinding more finely and by using more machines 
in flotation per ton-feed than is common practice and just 
as many cleaners as roughers, all of which practices give 
better results. The ores are sulphides, in some cases very 
complex. The results are not only technically but also 
economically 

As example of recovery and concentrates the following 
may be given: 

Laisvall, straight lead ore, galena in sandstone: 
feed 6 per cent Pb, 
concentrate 80 per cent Pb, 
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recovery \J5 per cent. 
Adak-Kristineberg, complex pyrite-chalcopyrite-spha-

lerite ore· 
feed 1.2-2.5 per cent Cu all in form of chalcopyrite, 
concentrate 26~27 per cent Cu, 
recovery \J2-95 per cent. 

SINK-FLOAT ~!ETHOD 

At the mill for the Boliden ore a rather unique ap
plication of tl1e sink-float method is used to separate the 
hard impregnation Cu-ore from the softPr pure sulphides. 
The former ore goes dirPdly to the smelter and the latter, 
which is a complex pyrite-chalcopyrite-arsenopyrite ore, 
is ground and floated. 

In the sink-float process, pulp from the classifier at the 
ball mill for the sulphides is used as the medium. It is said 
that the cost of this separation is only about 5 per cent of 
the handpicking and jigging previously necessary. 

Unfortunately this method is only practical where the 
special circumstances existing at Boliden are present (4). 

A heavy-media plant is under construction at the Stripa 
mine for a hematite ore with some magnetite. The 
medium will be cleaned from magnetite by flotation. 

CRUSHING-GRINDING 

There is a tendency tn crush in cone cmshers to a smallc:r 
size than was forme;ly common. This relates to iron-ore 
concentration, where it is possible in some cases to start 
concentrating at a size of 6 mesh. Considerable savings in 
power and materials are possible, up to 30 per cent as 
compared to coarse grinding. 

HIGH-GRADE CONCENTRATION OF IRON ORE 

The high-grade concentrates of iron ore are necessary as 
raw material for the production of sponge iron and iron 
powder. 

The recovery, of course, decreases somewhat with 
higher concentration bnt the savings in fuel costs are so 
considerable that it pays well to take a loss in recovery. 
It is fairly easy to get good results with magnetites even 
with concentrates up to 70 per cent Fe. 

A full-scale test with magnetic roasting of hematite was 
not successful. 

Even rich magnetite ore of 60 
and concentrated to give a rich 
naces. 

cent iron is ground 
for the blast fur-

DEPHOSPHORIZING 

A full-scale plant is now erected at Grangesberg 
for dephosphorizing high grade magnetite concentrate. 
By magnetic separation the concentrates are brought up 
to 70 per cent Fe, 0.030 per cent P. By leaching with 
nitric acid, the phosphorus is bronght down to 0.006 per 
cent. 

Data from this plant will be given in a paper at the an· 
nual meeting of Jernkontoret, Stockholm, in the spring cf 
1949. 
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FLOTATION OF HEMATITE 

At the mill of the Norberg Mining Company a plant for 
flotation of waste from the ordinary hematite concen
tration is in operation. The results are satisfactory. The 
feed is waste from the fmc-tables, 48 mesh containing 
22 per cent Fe. The flotation concentrates contain 60 
per cent Fe and arc low in phosphorus, while the flotation 
waste is 10 per cent Fe. The main cost is for the reagents, 
amounting to $l.GO per ton of concentrate. Costs of 
supervision and maintenance arc negligible. The method 
is patented (5). 

BEWATEHI!\G 

A common type in Sweden is the Loewenhielm water 
separator. The apparatus consists of a vessel set on 
Ferrari springs. The capacity is good. 

An iron ore concentrate 65 mesh and with 35 per cent 
below 270 mesh is brought down to 10 per cent water at a 
rate of 6 tons per hour. The ove::flow contains 10 grammes 
per litre (15 pounds/hour). 

The operation is simple and the maintenance cost vel y 
low. 

RECOVERY OF BY-PRODUCTS 

Apatite flotation: During the war Sweden was cut off 

from a supply of phosphates. To get raw material for the 
fertilizer industry apatite was recovered at several of the 
mills which treat high-phosphorus iron ore. Concentrates 
of about 13 per cent P were obtained, but when import 
was again free it was no longer economical to use this raw 
material and production stopped (6). 

Pyrite flotation: At many mills pyrite is recovered as a 
by-product, both at sulphide and iron-ore mills. The new 
mill of Bodas Mine is an example, where the waste from 
the magnetic iron-ore separation is floated and a very good 
pyrite concentrate is produced. 

Other by-proclncts may be produced such as macadam, 
stone moulding sands, lime, etc., but these are probably 
well known everywhere and will not be given special 
notice. 
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Mine Mechanization to Increase Recovery 

ROBERTO ARCE A. 

ABSTRACT 

Bolivia is essentially a mining country. Ninety per cent of her receipts in foreign currency and 70 per cent of her 
budget depend on mining. But, the grade of her mineral deposits is gradually diminishing. In these circumstances it 
is necessary, both in order to conserve the country's mineral wealth and to increase the recovery from the deposits now 
being worked, to consider, wherever possible, a greater degree of mechanization so as to permit of the treatment of 
ores of a lower grade than those now being worked; at the same time the high cost selective methods should be aban
doned and replaced by methods which make it possible to handle large masses of ore at low cost. 

The application of such methods is facilitated by the simultaneous use of the sink-and-float method for eliminating 
the matrix. In addition, this method makes it possible to work low-grade deposits which are not commercially workable 
by other processes. 

Research into the possibility of the flotation of tin should continue. If these efforts should prove successful, the 
recovery in the tin concentrating plants would increase enormously and large mineral deposits at present unpayable 
could be treated. 

The installation of a lixiviating plant in Bolivia for the conversion of low-grade concentrates into chlorides would 
be a decisive step for Bolivian mining, as this would enable plants to produce a larger quantity of medium concentrates 
with a consequent increase in recovery and more efficient tin extraction. 

To put these plans into practice and so achieve an increase in mineral reserves and in the recovery from deposits 
now being worked, Bolivia needs large capital funds which she does not at present possess. In order to attract such 
capital from abroad guarantees would be offered for a reasonable rate of interest and for the full amortization of capital 
in the currency in which the investment was originally made, on the basis of agreements to be concluded with the 
Government of Bolivia. 

The conservation of the natural resources with which 
each nation is endowed is one of the world's basic pro
blems. 

Upper Peru, now Bolivia, has been essentially a mining 
country ever since the time of the Spanish colonization. 
Bolivia's economic structure hinges entirely on the export 

1 Original text: Spanish. 

of minerals. This source yields about 90 per cent of the 
foreign exchange needed by the country for importing 
machinery and other goods essential to its livelihood and 
development; in addition 70 per cent of Bolivia's budget 
receipts come from mining. 

The mining of tin is the most important of these activi
ties, for it yields 75 per cent of the means of payment at 

113 



UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

the country's disposal and 60 per cent of the budget 
receipts. 

Consequently the problem of conserving and developing 
her natural resources, particularly tin-bearing ores, is vital 
to Bolivia. 

If this purpose is to be achieved there must be efficient 
working of the ore in the mines and adequate pre-con
centration of the ores. The present paper deals with both 
problems and hence is divided into the following two main 
chapters: (1) mine operation; (2) concentration of ores. 

MINE OPERATION 

The working method used in the great mines of Bolivia 
is the horizontal cut-and-fill method. 

The largest tin mine in Bolivia and, indeed, in the 
whole world-the Patino Mines-which accounts for more 
than 30 per cent of the Bolivian production and where I 
worked for some years as technical adviser and assistant 
manager, uses this method. The lower limit of payability 
at the present time is 1.3 per cent; this limit tends to rise 
pari passu with the cost of production. 

This mine includes some highly mineralized areas: in the 
Blanca and Salvadora lodes and adjacent areas, there are 
some 25 million tons of ore with an average content of 
0.7 to 0.8 per cent. At the present time this ore has no 
commercial value since the average grade is below the 
1.3 per cent mentioned above as the limit of payability. 
Nevertheless, if the block-caving method of mining were 
used and if the material were treated by the sink-and
float process before entering the mill, it is estimated that 
up to 55 or 60 per cent of metal might be recovered. Even 
if we assume a mere 50 per cent recovery, we reach the 
conclusion that from this source alone 87,500 additional 
tons of pure tin might be obtained. 

It is interesting to compare this figure with the ag
gregate reserves in the mine which are estimated at about 
40,000 tons of pure tin. 

This is a case where, by means of a change in the mining 
method and the consequent mechanization, the known 
reserves (put at 40,000 tons of pure tin) could be increased 
by more than 80,000 tons of metal or over 200 per cent. 

It is estimated that this plan would require a capital 
outlay of $ US 2 million of which $ US 600,000 would be 
applied to expanding the existing sink-and-float plant. 

In this and other cases, Bolivia's mineral reserves could 
be greatly augmented and the total recovery of minerals 
could be increased by the intelligent application of new 
mining methods accompanied by the necessary mechan
ization. 

In many small mines the extraction of the mineral is 
very defective owing to the use of unsatisfactory methods. 
In such cases proper technical advice would be extremely 
helpful. This means that either the Department of Mines 
or the Banco Minero of Bolivia (an independent State 
institution) should have a really efficient technical depart
ment responsible for the scientific inspection of workings 
in small undertakings which, owing to their slender means, 
are unable to employ an expert on their own account. 

This inspection should be concerned with the use of 
suitable mining methods, and at the same time steps 

should be taken to prevent mine-owners from confining 
themselves to the extraction of the most accessible and 
payable ore and neglecting large quantities of ore which 
should be extracted before the working of the particular 
lode is abandoned. 

CONCENTRATION OF ORES 

Under this heading we must distinguish three processes: 
(a) Pre-concentration; 
(b) Methods of concentration proper; 
(c) Lixiviation for low grade concentrates. 
Pre-concentration: In most of the Bolivian mines the 

method of pre-concentration now in use is the hand 
sorting method. The Colquiri Mining Company was the 
first to instal a sink-and-float plant in Bolivia (1941) for 
treating cassiterite of - P/2 + 4 millimetres using fer
rosilicon as a medium. Although this plant was built to 
handle only 25 tons of ore per hour, the load was sub
sequently stepped up to 40 tons per hour with fully satis
factory results. 

Later on, in 1943, the Patino Mines and Enterprises 
Cons. Inc. also installed a sink-and-float plant using galena 
as medium; this plant has been handling about 3,000 tons 
of ore per day, with equally satisfactory results, although 
after a time the possibility was considered of changing the 
medium to ferrosilicon; but the change has not yet taken 
place. 

The adoption of the sink-and-float process, which means 
separation in a heavy medium, is closely linked to the 
methods of operation used in the mines. In some circum
stances it is economically advisable to change over from 
high-cost selective methods to methods which make it 
possible to handle much larger quantities of ore, the 
matrix being subsequently removed by the sink-and
float method. A case in point is that mentioned previously 
of the possible replacement in some parts of the Llallagua 
Mine (owned by Patino Mines) of the present cut-and-fill 
method by the block-caving method which would con
siderably increase ore reserves and lead to greater mining 
efficiency. 

The sink-and-float process of selection is also extremely 
useful as a method of pre-concentration for converting 
low-grade deposits into ore of sufficient grade for treat
ment in the concentration plant. Thus, to go back to the 
concrete case of the Patino Mines, the Siglo Veinte, Mira
flores and Socavon J?atino lodes contain between 7 and 10 
million tons of an average grade of 0.6 per cent. To treat 
these ores it would be necessary to instal sink-and-float 
plants at Siglo Veinte and Miraflores at a cost of about 
$US 250,000 each. It is estimated that with these plants 
21/ 2 to 3 per cent ore could be obtained for the mill, and 
the total recovery of pure tin from these deposits would be 
about 50 per cent; this means that an additional source of 
something over 20,000 tons of pure metal would be opened 
up, representing an increase of about 50 per cent in the 
present reserves of the Patino Mines. 

The above example of the use of the sink-and-float 
method as a means of increasing mining efficiency and of 
adding to ore reserves is very illuminating. This method 
is likely to produce very good results in Bolivia. 

Methods of concentration proper: In the Bolivian tin 
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mines a large proportion of losses during the concentration 
of ores takes the form of dust. Good results have been 
obtained in reducing these losses by the use of Sullivan 
tables. 

It would be a revolutionary development if the flotation 
of cassiterite proved successful. At the present time the 
flotation method is being used for separating the pyrites 
from the cassiterite, the latter remaining as non-float. If 
the cassiterite could be floated, large losses of fine cassi
terite floating in the surface of the water during the con
centration process would be avoided. Accordingly, it is 
eminently desirable that the research now being conducted 
by Professor Gaudin in the United States should be con
tinued. 

A concrete case is that of the Victoria lode in the Patino 
Mines containing more than 60,000 tons of pure tin which 
might be recovered successfully if the flotation of tin were 
possible. 

Methods of Lixiviation for Low-Grade Ores: The re
covery of the tin plants would rise enormously if most of 
them confined themselves to producing medium concen
trates (i.e., with a grade of less than 35 per cent). In many 
mines, however, (Santa Fe, Canutillos, Villa Apacheta, 
etc.) the characteristics of the ore are such that it can only 
be used for the production of low-grade concentrates. 

These low-grade ores are at present shipped to Texas 
City where they are treated by a process of calcination and 
lixiviation by hydrochloric acid in order to eliminate im
purities before smelting. If this could be done here in 
Bolivia, the saving in freight and penalties for impurities 
would be considerable and would defray the cost of the 
hydrochloric acid and of ore treatment. 

The Banco Minero de Bolivia has shown great interest 
in this problem and has retained the services of the Chemi
cal Construction Corporation of New York, which has done 
much research on the subject. 

According to this firm's advice, before adopting lixivia
tion in Bolivia, it would first be necessary to manufacture 
sufficient sulphuric acid by using the abundant pyrites 
deposits present in nearly all the Bolivian mines, particu
larly along the La Paz-Oruro-Uyuni railway line. This 
sulphuric acid would be used for treating common salt of 
which there are large deposits near Uyuni, and thus 
producing hydrochloric acid. The hydrochloric acid so 
obtained would be used for treating the crushed tin ore. 

By calcination the iron impurities would be reduced to 
soluble form, and during the lixiviation stage the iron, 
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aluminium, lead, copper and arsenic would be eliminated 
in the form of chlorides. 

In treating ores up to a grade of 35 per cent, tin con
centrates of 60 to 70 per cent would be obtained, the re
covery in this process being 95 per cent. 

The Chemical Construction Corporation recommends 
the construction of sulphuric and hydrochloric acid 
manufacturing plants and of lixiviation plants at Oruro. 

The cost of the plant and installations for treating an
nually 6,000 metric tons of pure tin in the form of low
grade ore would amount to about $ US 4 million; this sum 
could be amortized by the profits derived from four years 
of operation. 

In view of the fact that the ability to lixiviate the 
medium-grade concentrates would save Bolivia foreign 
currency both owing to the lower cost of transporting ores 
to the markets and owing to the fact that sulphuric and 
hydrochloric acid would not have to be imported into 
Bolivia for industrial purposes, the Chemical Construction 
Corporation considers that a daily saving in foreign cur
rency of $ US 2,850 might well result, so that the cost of 
this project in foreign currency woultl be paid for in three 
years. 

If a lixiviation plant were installed in Bolivia, a better 
recovery of the cassiterite contained in the ores would 
become possible, and this would be a decisive step towards 
the conservation of the country's mineral resources. 

CONCLUSION 

The mechanization of the mines in Bolivia to increase 
recovery calls for large investment outlay, but the country 
does not at present possess the necessary capital. 

The Government of Bolivia is, however, very willing to 
enter into agreements with foreign investors interested in 
the question; such agreements would provide guarantees 
for a reasonable rate of interest on the capital invested, 
payable in the currency in which the investment originally 
took place, and guarantees for the amortization of the 
capital in the same original currency. 

Bolivia is the only tin producing country in the Western 
Hemisphere, and the United States of America is the 
heaviest consumer of the metal in the world. The recent 
war has shown how essential it is for the United States to 
be able to rely in this hemisphere on a friendly country 
which produces this strategic metal. 

It would be only natural that United States sources 
should provide the capital to help in the development of 
mining in Bolivia. 
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Metallic Mines in France! 

PAUL AUDIBERT 

ABSTRACT 

The French metallic mines are highly varied in character. The iron mines are capable of competing on the world 
market and could be modernized as completely as the coal mines. The bauxite mines are also very important, inas
much as they have long guaranteed to France a leading place in the world market, but the tonnage extracted annually 
is a hundred times less important, and the possibilities of modernization are thus considerably fewer, than in the case 
of the iron mines. The lead and zinc mines are small and have no influence on the world market. 

The iron mines are already being operated in accordance with the latest advancements in mining. Recovery could 
be further improved by a better programming of working the various seams, by exploiting part of the deposit by the 
open-cut method and by using an economical procedure for the concentration of crude ore. 

The operating methods of the bauxite mines are modern. Mechanization is being developed, but is limited by 
reason of the small size of the individual workings. Owing to the existing administrative system, there is a tendency 
to skim off the deposits. 

In the lead mines or lead and zinc mines the ratio of concentration is about 10 to I; improvements in washing have a 
preponderant influence. If certain schemes for exploiting low-grade but extensive deposits were realized, the question 
of mechanizing the stopes would become more important. 

41NTRODUCTION 

It has seemed logical when dealing with "Mining and 
Milling" to treat each kind of ore separately, since working 
methods and the possibilities of equipment depend in very 
large measure on the value of the commercial product 
obtained. 

Ore losses may roughly be classified as losses that are 
suffered and losses that are accepted as a compromise 
between immediate profits and long-term advantages. 

Before all else, of course, everything possible should be 
clone to obviate the first type of loss, also nothing should 
be neglected to prevent the second type of loss by making 
use of the means placed at our disposal by modern tech
nical advancement, and by consenting to make the efforts 
necessary for the practical application of these means. At 
the same time we must never forget the interdependence 
of the various methods of operation, mechanization and 
the milling of the ore. 

We shall now give an account of the situation in the 
French mines in the fight against waste by the use of 
modern means. 

The French metallic mines may be classified into five 
groups varying greatly in importance: iron mines, bauxite 
mines, lead and zinc mines, gold mines, tungsten mines. 

The iron mines are concentrated in two main basins, 
Lorraine and Normandy, and together they produce about 
50 million tons, the first basin producing ten times as much 
as the second. Part of the ore is exported. 

The bauxite mines are situated in the Mediterranean 
area. The ore is of excellent quality, and about 500,000 
tons are produced annually, of which a varying quantity 
is exported. 

The lead and zinc mines produce about 300,000 gross 
tons annually. Less than one-tenth of this tonnage, 
however, represents commercial ore, and this gives a very 
special importance to washing problems. 

The gold mines are quite inactive. The two mines that 

1 Original text: French. 

are at present in operation produce about J ,500 kilo
grammes yearly; moreover the more important of these 
is not exclusively a gold mine. 

There are four small tungsten mines, producing about 
350 tons of concentrates a year. 

We shall now consider the first three groups in detail by 
devoting one section of unequal length, to each group. 

We shall pass over the fourth and fifth groups, which 
were mentioned only for the sake of completeness. 

IRON l\IINES 

The Lorraine and Normandy basins together produce 
97 per cent of the entire French output. 

LORRAINE BASIN 

The Lorraine ore is a Lias oolite, relatively poor in iron 
(average 40 per cent), and is contained in a formation with 
workable seams of slight dip varying in thickness from 
2 to 8 metres. Reserves amount to about 3,000 million 
tons. 

Thirty or so large companies operate in the basin, and a 
large number of these own smelting works. 

The mines are worked by chambers and long pillars. 
The percentage of pillar working was formerly only 

70 to 75 per cent. At the present time percentages as high 
as 90 are reached, which shows how much progress has 
been made as the result of consistent mechanization. 

Before the last war the exterior works of the mines had 
already been considerably mechanized (travelling cranes 
with tipping apparatus); extraction by skips was beginning 
to take on importance (Ottange, Bun~, Amermont, Girau
mont); underground haulage was by means of powerful 
electric locomotives; and modern loading equipment 
(modified Thew shovels, modified Conway shovels) were 
available in the works. The ramp scraper was the 
favoured equipment in extracting the pillars; it was 
generally used only in thick seams where it was easier to 
accumulate a reserve of broken ore before bringing the 
scraper to the working face. In 1938 the basin had 110 
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loaders, and the percentage of ore loaded mechanically 
was about 10 per cent. 

Even during the war the use of loading equipment 
(modified Conway shovels, Salzgitter shovels) was ex
tended. In 1946 there were 207 loaders. At the present 
time the mechanization of loading is still being extended 
(Joy loaders and shuttle cars, Eimco 40 and 50 shovels, 
self-propelling ramp scrapers, scraper hoists of constantly 
increasing power). Thirty per cent of the ore mined is 
loaded mechanically and this percentage is increasing at 
an even rate. Consideration is bring given to the employ
ment of large trams with a capacity of 6 to 7 cubic metres 
for use on track of 700 centimetres gauge. Finally, pro
blems of breaking and drilling still demand attention, not 
because the ore is hard, but because it is a question of co
ordinating breaking and clearing capacity (rotary drills, 
Jumbos) in the stope. 

In those parts of the basin where the seams are not very 
far from the surface, attention is being given to plans for 
open-cut operations by means of draglines with buckets of 
a capacity of lO cubic metres. 

Let us look at all this from the point of view of the 
progress to he made in the recovery of the ore. 

An indirect result of mechanization is an acceleration of 
stripping, which reduces losses in temporary supporting 
pillars and ore lost in cuvings. Another indirect result is 
elimination of sorting in the stopes, and this results in 
avoiding loss of metal in the waste from sorting. These 
advantages, however, cannot be expressed in exact fi
gures. The opponents of mechanization assert, on the 
other hand, that efforts to ensure the safety of machines 
other than scrapers in the extracting of pillars may lead 
to greater emphasis being placed on the importance of 
temporary protecting pillars. However, open-cut oper
ations would indisputably result in an important reduction 
of losses (elimination of protecting pillars and timbers). 

Mechanization will be further developed in the future in 
those mines of the basin in which the danger from water is 
not the chief source of anxiety where the roof is most 
secure and the thickness of the seam is between 2 and 4 
metres. It will be possible to have complete electrification, 
\vhen compressed air is eliminated, wherever electric ro
tary drills, still on trial, are able advantageously to replace 
pneumatic hammer-drills. 

The projected extension of mechanization, discussed 
above, will also have an influence in making it possible to 
work lower-grade ores, and this will result in an increase 
in the tonnage of reserves throughout the basin. Inas
much, however, as low-grade ores complicate the oper
ation of the blast furnaces, it will probably be necessary 
to concentrate crude ore lower than 30 per cent. This 
operation would not be profitable at the present time but 
could become so if cost prices were reduced and an econo
mic concentration process were utilized. It is true that 
metal will be lost in the waste in the tailings of the con
centration operation, but this will be outweighed by the 
increase in workable reserves and reduction of losses in 
iron in the blast furnaces. 

Preliminary crushing and sorting (Bure, Emermont) 
constitute a first step in this direction. 

Great progress has also been made in comparison with 

former methods that caused regrettable waste of reserves 
(delay of the pillar-pulling phase, poor programming in 
successive stoping of the various seams). 

XORMANDY BASIN 

In this basin a seam of variable dip is worked with a 
thickness of between 2 and 8 metres. The crude ore con
tains 35 to 40 per cent iron. The calcine content varies 
between 43 and 50 per cent. 

Exploitation is by means of large scraping or extracting 
chambers (12 metres in width) separated by pillars of 6 
metres. Even before the war, scraping extraction was 
well organized with double scrapers and 100 horsepower 
units (900 tons per shift with double scraper). 

Loss in pillars is about 20 per cent. 
Where the dip of the seam exceeds 40 per cent, the 

method is one which ensures drawing off through the 
bottom haulage level (overhand stoping). The Soumont 
mine uses Bodart shaking tables as part of the hopper 
system in drawing off the ore. 

If in the distant future crude ore are concentrated, the 
extensive "sheets" of siliceous ore that is presently lost in 
the hanging walls of seams could undoubtedly be con
sidered as workable ore. 

PYRITE MINES 

Pyrite is a potential iron ore. After extraction of the 
sulphur the ash may be refined and agglomerated in order 
to obtain a good blast furnace or smelting ore (Duisburg 
in Germany, Wilmington in the United States). In France 
out of 500,000 tons of ash produced in sulphuric acid 
plants only one-third is used by the blast furnaces. It is 
thus evident that there are important possibilities here for 
the recovery of metal. 

The three most important pyrite mines are Sain-Bel 
(150,000 tons) Chizeuil (35,000 tons) and Le Soulier 
(20,000 tons). 

An extensive modernization programme, which is still 
being carried out, was undertaken in the most important 
of these mines, namely Sain-Bel (methods involving 
mining without filling; mechanical loading; general hau
lage with large trams, etc.). This has made it possible to 
exploit economically the low-grade zones of the deposit. 
The advantages will be even greater when an ore-dressing 
plant, plans for which are now under way, is put into 
operation. 

BAUXITE MINES 

France is still one of the most important bauxite pro
ducing countries after having led world production in both 
quality and quantity for a considerable time. 

Normal production is about 500,000 tons. There is 
sufficient ore available to supply the aluminium plants for 
30 years and even for twice that period if the demand 
should become less. 

If the index of the ore is determined by taking the 
alumina content less twice the silica content, the average 
French ore has an index approximating 50 and occa
sionally reaching 55. 

The bauxite mines spread out from west to east, from 
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the Department of the Herault to that of the Var; most of 
the important mines are in the Var. 

Deposits are generally in the form of masses or seam
like formations with an irregular jurassic foot-wall and a 
well-marked cretaceous hanging wall. There are about 
30 workings, the most important of which have a daily 
ex;traction amounting to as much as 250 tons. The reason 
for the large number of workings is legal in nature, namely 
the non-assignability of bauxite, which makes the oper
ator dependent upon the landowner, and this situation 
prevails in regions where property is divided up among 
many owners. 

The methods of exploitation employed in the more im
portant workings are rather varied. They range from sub
level stoping (Combecave), with secondary levels of 5 to 
15 metres, to sub-level caving (Recoux, Pelicon) with sub
levels of the same order and to the pillar and chamber 
method (La Brasque, La Baume, Engardin). Certain 
deposits are mined by the open-cut method (the accept
able thickness of overburden may be as much as the thick
ness of the workable seam). 

The mines are electrified, and some of them have 
mechanized underground loading by means of Eimco 
shovels. 

Considerable ore is lost in the workings. In general, 
allowance is made for 20 to 25 per cent loss in pillars in the 
pillar and chamber method and for 15 per cent ore loss as 
the result of impoverishment by waste from caving in 
vertical masses. In addition to these losses, account must 
be taken of the low-grade ore, sometimes of considerable 
thickness, left in the walls of the seams. This "false roof" 
of abandoned ore is found in almost all the mines, and the 
problem of its possible recovery is an important one. 

The solution hardly lies in reducing cost price by means 
of extending mechanization. The cost price of bauxite is 
in fact a small part of the cost price of a ton of aluminium, 
and, furthermore, inasmuch as the operators are limited 
by the duration of their contracts with the landowners, 
they are more or less forced to skim off the deposits. The 
plants do not slacken their demands except when the 
deposits leased by their companies are about to be ex
hausted. Consequently, as long as the operators are bound 
by their contracts, they will tend to squander the deposits 
even though the plants might in theory reduce their 
demands for any of the following reason: progress in 
metallurgy, changes in the quality ore market, a certain 
amount of sorting before milling, improvement in "mine 
to plant" transport (already well organized, however, with 
the aid of narrow gauge railways, cable railways, motor 
trucks). 

If, therefore, bauxite became assignable, the recovery 
of the ore would be more stabilized and the operators 
would be free from the burden of royalties that amount to 
as much as 15 per cent of the value of the ore. 

LEAD AND ZINC MINES 

Only a small number of lead and zinc mines are in 
operation in metropolitan France. They are all of the 
"small metallic mine" type with maximum production 
amounting, as in the case of the bauxite mines, to 250 tons 
daily gross production. 
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The most important of the mines now in operation are: 
La Plagne, Pierrefitte, l'Orb, Peyrebrune, Les Malines and 
Sentein. Interesting possibilities are in prospect at Ville
magne, St. Sebastien d'Aigrefeuille and St. Felix de 
Pallieres. 

At La Plagne a partially oxidized mass contained in 
decomposed triassic quartzites is worked. Exploitation is 
by means of drifts stopes in horizontal slices. Clearing is 
mechanized (scrapers and shovels); concentration is done 
in a modern flotation plant that is constantly being 
improved. 

At Pierrefitte veins interbedded in shale are worked 
(schist). The method employed is the scraping or ex
traction chamber. The principal problem is drilling (DA 
35 in combination with medium-weight hammers driving 
drills with hard metal bits). The mill is modern. 

At l'Orb a mineral-bearing column in limestone is 
worked by means of horizontal slices. The flotation plant 
has been well thought out. The workings are mechanized. 
. At Peyrebrune there is a lode deposit. The washery has 
JUSt been modernized and contains a differential flotation 
plant. 

At M alines partially oxidized masses and a bed-vein 
are worked. The mill, which is of recent construction 
also treats dump-heaps. ' 

At Sentein lenticular columns in a calcareous shale con
tact are worked. The pillar and chamber method of 
working is used. The mill is modern and has a differential 
flotation plant. 

Further improvement could, of course, be made in the 
working methods and equipment of the small lead mines 
referred to above, but the deposits are of such small im
portance that very little would be gained in recovering 
ore from the deposits now being worked. This is all the 
more true in that the prices of lead and zinc fluctuate 
greatly, and this fact must be taken into account in any 
long-term project. Whether, therefore, the intention is to 
adopt a method without filling (more economical but 
greater sacrifices in ore) or to intensify mechanization 
(necessary elimination of sorting, preventing the ex
ploitation of low-grade zones where sorting permitted 
profitable operations), prudent consideration must always 
be given to the risk incurred in permitting a greater loss of 
ore for the purpose of considerably reducing cost prices. 
There are, however, cases where, even though underground 
sorting was eliminated, it did not necessarily follow that 
poor workings had to be abandoned. Mechanization in 
such a case results in an increase of metal by bringing to 
the surface the waste from sorting ordinarily left under
ground. 

Efforts should be made to avoid in the future those 
former procedures that consisted of neglecting the low
grade areas of a deposit in periods of extreme crisis, 
(whether the purpose was to make greater daily profits in 
times of high prices or to resist better the pressure of costs 
in periods of low prices). Much ore has been lost by these 
practices in small mines and has often been lost irretrieva
bly. Exploitation of the greater part of the deposits by a 
large company provides a guarantee on this point. 

With this observation in mind it may be said that in
creased recovery in deposits at present being worked must 
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be obtained principally by improvement of washing and 
by closer co-ordination of mechanical and metallurgical 
dressing. 

It will perhaps be possible to float calamines instead of 
calcining them, and this will make it possible to work the 
lower-grade crude ores, or perhaps it will be possible to 
treat refractory calamine-bearing products metallurgically. 
French operators seem to be tending towards a course 
of better concentration of ores. At the same time they 
are considering the reopening of old mines where the 

BLUM-PICARD 

deposits are extensive and of low grade. Modern methods 
seem capable at the present time of permitting a pro
fitable exploitation of such deposits. (Villemagne, Saini
Sebastien d' A igrefeuille). 
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The Mechanization of Non-Metallic Minesl 

L. BLUM-PICARD 

ABSTRACT 

After referring to the importance of non-metallic ores, the author briefly describes the latest advances in mechanized 
open-cast workings by means of which deposits, ten years ago regarded as not economically productive, can be worked. 
Where the deposit takes the form of a lens or vein, the methods and tools used for underground mining are the same 
as those used in metallic mines, while in the case of stratified deposits they resemble those used in collieries. Examples 
are however given of new techniques peculiar to certain ores. The author then illustrates from the example of the 
Alsace Potash Mines the beneficial influence of mechanization on safety and on the use of power, labour and raw 
materials. The example demonstrates that while mechanization has little influence on wastage, with its help the 
mining of as yet untouched parts of the basin at reasonable prices is now conceivable. Mechanization helps to raise 
the level of the workers by transforming their occupation into a more interesting and nobler activity. The influence of 
mechanized mining on the rational utilization of non-metallic ores is not so great as that of other factors, such as legis
lation and milling. While mechanization is responsible, partly, for the development of production, it is becoming 
possible, as a result of the mutually complementary advances being made in milling and mining, to contemplate working 
low-grade ores, and in this way ever-increasing means of meeting the needs become available. In conclusion, the 
author shows that the development of mechanization in mines involves the whole economic structure of the country 
concerned, and is part of an evolutionary process which is possible only if it is general throughout all branches of 
industry and which has as its true motive force the belief in progress. 

IMPORTANCE AND VARIETIES OF 
NON-METALLIC MINES 

The tonnage annually taken out of non-metallic mines 
exceeds that from metallic mines including iron mines. It 
represents, therefore, an important industrial activity and 
includes a large number of ores with enormous fields of 
application. Mica has hundreds of uses in the electrical 
industries; good quality paper contains 20 per cent of clay, 
and sulphur, chlorine, lime and sodium compounds are 
indispensable ingredients in the manufacture of paper. 
Talc and pyrophyllite are used in the vulcanization of 
rubber; synthetic rubber is made from limestone, coke and 
salt. All the food industries make use of minerals, salt, for 
example, being used for preservation purposes and zeolites 
for purification. Agriculture needs large quantities of 
potash, phosphates and nitrogen. Lastly, requirements in 
building materials are now very great, and cement, gyp
sum, limestone, clavs, vermiculite, dolomite, bentonite 
and sand are needed for roads, houses, bridges, factories 
and ports. 

The multitude of substances of all kinds which are 
usually grouped together under the name of non-metallic 
ores, includes an extreme diversity of geological forms: 
intrusive deposits of cryolite, flakes of graphite, layers of 
gypsum, domes of sulphur, mountains of limestone-all 
types of deposits are found. In some cases, mining methods 

1 Original text: French. 

are the same as those used in collieries while in others the 
methods are those used in metallic mines. Everywhere 
there is evidence of the adaptability of the miner, who, to 
tame nature, must begin by submitting to her caprices. 

OPEN~CAST WORKINGS 

The commonest form of non-metallic mines are open
cast workings, in which mechanization has made great 
progress during the last ten years. Modern excavators 
reach a capacity of 35 cubic metres and weigh up to 2,200 
tons. Draglines of the walking type-the biggest have 
shovels with a capacity of 18 cubic metres and booms 
more than 60 metres long (1) 2-have supplemented the 
hydraulic ("monitor") system of mining the Florida 
phosphates. 

There are churn drills and rotary diamond drills making 
bigger holes at speeds of 75 centimetres an hour through 
hard rock; the tools vary according to the nature of the 
ground, or even make use of certain of its properties, as in 
the case of drilling by melting of the rock, a process 
applied with success to hard taconite (2). 

Great progress has been made with the heavy item of 
intermediate crushing owing to the introduction of the 
drop ball crane (3) in which one man does the work of ten. 
Shaped charges are becoming more common and make it 
possible to cut out the blocks easily in any way desired. 

2 Numbers within parentheses refer to items in the bibliography. 
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Railway trains capable of mounting slopes with 4 per 
cent gradients are giving way to the combined use of 30-
ton lorries able to climb slopes with a 12 per cent gradient 
and belt conveyors handling 700 tons an hour (4). Some
times a slack line is used to bring up the ore from the 
bottom of the working. 

The clearing of the barren rock, the levelling of the 
ground and the cleaning of the surface of the deposit also 
call for the use of more and more powerful machines 
(draglines, bulldozers, scrapers). In one hour three men 
can move 200 cubic metres of earth and shift them within 
a radius of 350 metres (5). 

The use of increasingly large machinery is changing the 
appearance of the workings: the tendency is to make only 
one large embankment instead of a number of small 
benches; a quarry face may be as much as 1 kilometre in 
length and 100 metres high; a single blast dislodges 95,000 
tons; and some mines shift 10,000 cubic metres of earth 
daily (6). 

This rapid development of mechanization in the mines 
has reduced the wastage of ores and made it possible to 
exploit new deposits which ten years ago were considered 
uneconomic.. The introduction of the wire saw into slate 
quarries has reduced wastage, which formerly amounted 
to as much as 40 per cent, to a small percentage. Lime
stone deposits, abandoned because the workings were 
becoming too deep or because the barren rock was too 
thick, are once again being worked. In France the mining 
of a very poor deposit of sulphur which had hitherto had 
to be left untouched, has been started with improved 
equipment and instruments. A striking example is that 
of the land pebble phosphate basin. The ore is found there 
in the form of rounded grains distributed in a clayey, 
sandy matrix, and not infrequently 12 to 14 tons of 
material have to be processed in order to obtain I ton of 
the marketable product. Such operations are conceivable 
only if the most powerful mechanical processes are used. 
Work is about to be started in Morocco on the mining of 
certain deposits less rich in phosphates which would surely 
have had to be left untouched if the working were under
ground. 

This development is reflected above all in a considerable 
increase in the productivity of labour. In I 928, the total 
output of English quarries was about 60 million tons with 
a labour force of 80,000; in 1938, after ten years of partial 
mechanization, production rose to 104 million tons and the 
number of workers fell to 76,000. In 1946, a highly 
mechanized American diorite quarry employing 60 men 
produced 2,000 tons a day. The introduction of the drop 
ball and the use of more powerful excavator$ and lorries 
made it possible to raise production in 194 7 to 2,400 tons 
with a labour strength of 40 men: output had almost 
doubled. A quarry in the South of France producing 
limestone for the manufacture of cement is today ex
tracting 1,000 tons a day with a working strength of 11 
men; the output per man being 90 tons. We have come a 
long way since the 5 tons per man output of 10 years 
ago (7). 

UNDERGROUND WORKINGS 

able to move rapidly from one place to another on their 
own power. The progress achieved in the tyre industry in 
particular has made great advances in that direction 
possible. While, however, there seems to be no limit to the 
power of machines in open-cast mining, the restricted 
manoeuvring space in underground pits raises difficult 
problems. The tools must be adapted to natural condi
tions; it is also true that mining methods may be modified 
in order to take advantage of the material dealt with, and 
so the development of mechanization is in the last resort 
the result of a symbiosis of two elements: method and 
tools. 

Where the deposit takes the form of more or less regular 
accumulations of metamorphic origin, the methods are the 
same as those used in the metallic mines: under-cuttings, 
electric or compressed-air drilling, loading by scraper or 
tipping shovel, use of shaking or chain conveyors, haulage 
on rail tracks. 

Mechanization has changed the appearance of workings 
where the mineral takes the form of sedimentary deposits 
in layers varying in number, thickness, angle and content, 
and lying between more or less irregular geological for
mations. The methods are those used in collieries, though 
the instruments may differ in some details owing to the 
peculiar properties of the rock. 

In thick deposits with a firm roof, such as most rock
salt, gypsum and limestone deposits, it is possible to open 
rooms 6 metres high and 12 metres wide where mechanical 
shovels of 1-cubic-metre capacity and 10-ton diesel trucks 
operate. (8} The New Mexico potash mines provide an 
example of full mechanization: cutting, drilling, loading, 
sorting, clearing, transportation of men, ore and materials 
~all these operations are carried out by powerful electric 
machines running on rails or caterpillar tracks and 
resembling, with only a few variations, the machines used 
in the Pennsylvania- coal-mines. The output is about 25 
tons a day per man per post. 

The method may be totally different in cases in which 
man has been able to apply special techniques to particular 
ores. The North African phosphate mines are about to 
)JUt into use a cutting tool involving the use of scrapers 
with specially-formed blades which attack the material tu 
be dealt with directly from the side. The idea is similar to 
that of the coal-plough used in the Ruhr mines. Ex
periments have also been made with various types of 
excavating apparatus and turbine scrapers capable of 
breaking up and loading a sufficiently-sandy ore without 
previous undercutting and without the use of explosives. 
Similarly, in the Alsace potash mines, endeavours are 
being made to produce a machine which in one continuous 
operation and with one or two men to operate it would do 
the whole work of breaking up and loading. An American 
company is trying to extract potash by a dissolving pro
cess as it is used for rock salt. These are new technical 
processes \Vhich may revolutionize mining methods, just 
as the now quite old Frasch process revolutionized the 
mining of sulphur. The technique of tomorrow will make 
it unnecessary for most workers, if not for all, to descend 
into the depths of the earth in order to extract the 
treasures hidden there. 

In underground mines just as in open-cast workings, the Where conditions are difficult, mechanization can be 
tendency is towards the construction of mobile machines, applied only gradually, for it is by no means sufficient to 
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instal one machine wherever a few men are working. The 
introduction of a machine of that kind, likely to affect the 
whole conduct of the work, may once again raise the 
problem of safety, ever the miner's chief care. If miles of 
high-tension power lines are laid in restricted space ad
ditional precautions are required. But control is itself 
facilitated by a better planning of the work and by the 
advantages attendant upon mechanization; and the 
dangers of subsidence decrease as the work of pillar
removal proceeds more rapidly. 

The example of the Alsace potash mines illustrates this 
clearly. We describe it here in some detail because it 
shows precisely how the development of mechanization 
works out in practice. 

THE EXAMPLE OF THE ALSACE POTASH MINES 

DESCRIPTION 

The Alsace potash basin is composed of two seams of 
sylvinite, some twenty metres apart. The lower seam 
varies in thickness between 2.5 metres and 5 metres, and 
in grade between 15 and 20 per cent K 20. The upper seam 
is between 1.5 metres and 1.80 metres thick, and in the 
parts now being worked the ore assays between 22 and 
25 per cent. While in places the seams are fairly regular 
with a gradient of 0 to 7 degrees, in other places they are 
at angles of up to 45 degrees and are sometimes lost in vast 
rock faults. The structural features of the basin are three 
anticlines, cutting across four synclines extending towards 
the North at a depth ranging between 500 and more than 
1,200 metres below the surface. 

At such depths, earth pressures are enormous and the 
temperature of the rock exceeds 50 degrees C. The banks 
of rock salt, anhydrite and schists in the neighbourhood of 
the seams, are rigid and heavy; being quite distinct, they 
may suddenly break one after the other. The galleries cut 
into the seams do not hold up without very heavy sup
ports, so that the principal roads and the inclined planes 
providing communication between the yard and the faces 
must be cut out some metres below the lower seam in a 
sterile and valueless rock. While the layers recall the 
classic coal formations, the structure of the barren rock is 
more similar to that of the metallic mines. 

The basin shares with the collieries the heavy handicap 
of fire-damp: in the walls and roofs are compressed layers 
of slightly bituminous interbedded schists. When these 
are suddenly released, the gas comes out in volume, as 
if the tap of a container of compressed fire-damp had 
been opened. 

METHODS 

BLUM-PICARD 

undercutting was substituted for picking. At the same 
time, the first cutting machines appeared and with them 
the possibility of extending the working face. From time 
to time, however, there were dangerous explosions. The 
problems of the roof and wall remained, and with them 
the problem of fire-damp. 

The tools, however, were continuously improving. Im
proved fire-fighting apparatus made it possible gradually 
to substitute electricity for compressed air. This sub
sitution itself was very economical, since a mine which is 
completely electrified expends only 7 kilowatt hours per 
ton, while a mine equipped with compressed air consumes 
25. Undercutter arms increased from 1.10 metres to 1.40 
metres, and then to 1.80 metres; electric drills made 
possible the high power blasting of 400 tons of ore; and 
the rapid delivery of large tonnages from concentrated 
workings is assured by the use of shakers, conveyor belts, 
haulage by means of 25 h.p. and subsequently 50 h.p. 
diesel locomotives, and by cage and skip shafts. 

With these tools it became possible, in 1934, to start the 
working of faces at least 250 metres in length by means of 
high-powered undercutting machines. Experience bought 
at the cost of human life and unrelenting effort showed, in 
fact, that safety was increased if the rock was released 
immediately after the extracting of the ore. With such a 
long caving line, wall subsidences and releases of fire-damp 
become rarer. 

In this connexion, every year sees fresh progress. Under
cutting machines of 35 h.p. are being replaced by machines 
of 70 h.p.; conveyor belt motors are being raised from 25 
to 70 h.p., and screen motors from 12 to 18 h.p. and from 
24 to 30 h.p. In fifteen years the speed of pillar-removal 
has considerably increased; the dangers from roof, walls 
and fire-damp have been overcome and the working of the 
lower and less rich seam has been made possible. 

Progress in the mechanization of small workings en
couraged the Alsace potash mines to return to the room
and-pillar method two years ago. While this raises again 
certain points of the safety problem, the new method, 
which was formerly impossible, nevertheless respects the 
general principles established by fifteen years' experience, 
since the integrated mechanization of all operations makes 
it possible to attain great speed in pillar-removal. Output 
per man has been found to be distinctly higher than with 
the long wall method. 

CONSUMPTION 

In twenty-five years, output per manshift has increased 
from 2 tons to more than 4 tons. The new mechanization 
will raise it to 6 tons and possibly to 8 tons, if it can be 
adapted to all the gradients encountered. Mechanization 

The first methods to be used were room and pillar, makes possible great economies in the use of that precious 
without pillar recovery. The instability of the floor and thing, mining labour. 
sudden releases of fire-damp made it necessary in 1921 to A caterpillar loader, for example, requires 12,000 
transfer to the cut-and-fill method. Owing to the problem working hours for its construction and maintenance 
of obtaining a sufficient supply of filling material the during a maximum of ten years. It is capable of loading 
operators tended not to take the whole of the lower seam 2 million tons of ore for an expenditure of 48,000 hours of 
:mel in many places to exploit only the richer upper seam. driver's work. The loading of those 2 million tons there
The introduction of the shaking conveyor was the first fore requires an expenditure of about 60,000 working 
symptom of a mechanical evolution which has been slow hours. If the same amount were to be loaded by hand, 
but steady. Concentration increased and continuous twenty times as many man hours v.:ould be required. 
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In addition to this, a study of the consumption of 
supplies between 1927 and 1948 shows that the gradual 
development of mechanization has enabled the Alsace 
potash mines to effect ever greater economies in the use of 
materiaL The increase in the number of machines engaged 
on the workings has been offset by a more than 50 per cent 
decrease in the consumption of pit timber per ton of out
put, 10 per cent in that of explosives and 25 per cent in 
that of electric power, so that the total quantity of sup
plies as expressed in hours of labour has decreased by 
8 per cent in twenty-five years. This, in conjunction with 
the economy in mining labour, represents altogether a 
saving of 25 per cent. The number of fatal accidents has 
decreased from 0.38 to 0.09 per 10,000 posts. This sum
mary balance-sheet shows incontestably that by a re
distribution of producer goods, mechanization has made a 
more rational and economic use of natural wealth possible. 

WASTAGE 

The new mechanized methods are often criticized for 
involving a great loss of ore. Estimates carried out at the 
Alsace potash mines over a period of 30 years, however, 
show that on long walls the rate of actual extraction has 
amounted to 75 per cent. Some potash is lost, either in the 
intermediate layers serving as a false roof or in the filling 
rammers, where a certain amount of ore is necessarily lost 
together with rock salt and schists. The rate of extraction 
for the first panels worked mechanically by the room-and
pillar method was 70 per cent. But these were experimen
tal panels, where considerations of safety led to the aban
donment of residual pillars of 2 by 2 metres. When the 
details of the method are finally worked out and the speed 
with which the pillars can be removed increases, the 
number and size of the pillars may be reduced and the rate 
of extraction will probably be higher. Lastly, the attack 
on the lower seam by a single cutting operation will render 
unnecessary the partial abandonment involved in the 
method of mining in two benches. 

Mechanical loading, which makes it impossible to carry 
out an initial sorting at the face, provides the mills with a 
less concentrated salt, lowers their output and therefore 
involves greater loss at the surface. This additional loss 
does not seem to exceed 13 per cent of the total loss now 
involved in thermal processes. This bad effect will certain
ly diminish if present efforts succeed in making possible a 
sorting process, itself mechanized, between the shaft and 
the milling works. 

RESERVES 

Ten years ago, the content of mined salts was not less 
than 15 per cent. Nowadays panels of 13 per cent K 20 
strength are worked at a depth of 1,000 metres. Mechani
cal methods of extraction, and particularly progress in 
ventilation, make it possible to contemplate working the 
northern portion of the deposit at a depth of more than 
1,200 metres where there are large reserves. Continuous 
machinery would also make it an economical proposition 
to remove the pillars from the south part of the upper 
layer where it is less than 1 metre thick. The progress of 
mechanization is deferring to a distant date the time when 
reserves become a problem for the Alsace mines. 

THE HUMAN ASPECT 

This balance-sheet would be incomplete if we did not 
mention the direct effects of mechanization on the human 
side of the work. With the introduction of machines, 
miners who had formerly been shovel workers or screen 
operators now become the drivers of powerful engines. 
Not only are working conditions better, but the miner has 
to use his brains and skill increasingly, rather than his 
muscles. His work is becoming interesting instead of ex
hausting. By raising the level of his work, mechanization 
raises the level of the worker. 

That concludes the list of items on the credit side of 
mechanized extraction. 

MECHANIZATIONS AND RESERVES 

While mechanization is making it possible to use more 
economically the various supplies needed to mine one ton 
of ore, the world production of non-metallic mines, not
withstanding variations connected with economic cycles, 
is steadily increasing. Between 1890 and 1942 the world 
production of potash increased from 200,000 tons to 
3,250,000 tons, and that of fluorspar has increased by 
60 per cent in six years. The production of native sulphur 
in the United States of America, which was nil at the 
beginning of the century, now reaches 3 million tons. 
While the problem of reserves does not in most cases arise 
as yet, there can be no doubt that it will arise some day, 
either because natural resources have been too rapidly 
exhausted or because part of them has been wasted. One 
may ask whether humanity has not blithely embarked on 
a course of folly for which it may one day have to pay 
dearly. 

The influence of mechanization on that course is in
contestable, but its effect on the rational utilization of 
non-metallic ores should in many cases be regarded as less 
important than that of other factors. Mining legislation 
on surface damage may have an important bearing on the 
abandonment of pillars. Some deposits have been irre
coverably lost owing to the immoderate desire for gain and 
immediate enjoyment shown by certain landholders who 
knew that the exploitation rights were theirs only for a 
limited time. Unlike those conducted only on a small 
scale and for immediate returns, the great undertakings 
are generally obliged to take account of the distant future 
in working out their mining plans. 

Treatment processes also play an important part in 
ensuring rational utilization. Mechanized extraction and 
progress in treatment processes go hand in hand in reducing 
costs and increasing the value of the commonest rocks. 

Progress in treatment processes has made possible a 
more accelerated application of mechanization. Formerly, 
the only process that was known for separating the nitrates 
of Chile from the other salts mixed up with them was a 
process requiring a raw salt sufficiently concentrated to 
give a good yield: sampling had therefore to be done by 
hand. Since the Guggenheim process was perfected, it has 
been possible to extract a poor kind of ore embedded in its 
matrix; thus, a mechanized form of exploitation with 
draglines and electric excavators has been started. There 
are still many non-mechanized workings of asbestos, 
borax and sillimanite, because in those cases extraction 
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must be carried out selectively and on a small scale. There 
is a real wastage of labour. Moreover, such small-scale 
workings often stop short of the limits of the ore-bearing 
zone, thus sacrificing a considerable quantity of ore. The 
increasing number of processes which are being perfected 
for the mechanical separation of impurities make it possi
ble to undertake mechanized extraction on a large scale 
and at a lower cost in mines which extend up to the limits 
of the ore-bearing zones. In Tunis, where certain layers 
of phosphate had not been worked to their whole depth 
owing to the low content, the combination of mechaniza
tion and flotation will make it possible to separate the ore 
more completely into satisfactory economic products. 

While certain non-metallic minerals, such as graphite 
and sulphur, have a well-defined composition, most of 
them are varied compounds of a large number of elements. 
Chemical properties may determine the value of ore. 
Sometimes on the other hand, a rock may be valued for 
its physical qualities and used without any treatment 
other than simple facing. Thus, deposits of limestone 
exist everywhere, but only some of them provide a rock 
the textme, porosity, durability, homogeneity, resistance 
and colour of which are satisfactory enough to provide 
building stones. However, as chemists are becoming daily 
more expert in the art of the rearrangement of atoms, the 
choice of prime materials is becoming wider. Natural 
combinations are becoming less and less important. The 
dolomitic limestones, for example, provide a source of 
magnesium, but today anyone who wants magnesium, or 
one of its compounds, may choose between magnesite, 
brucite, dolomite, seawater, natural brines and even 
certain silicate minerals. Progress in chemistry has made 
it possible to use locally-plentiful and cheap elements for 
the synthetic preparation of substances which may be
come rare, such as mica and quartz. 

Silica, calcium, sodium and potassium are more com
mon than magnesium. They come after aluminium and 
iron. \Vith each day, undertakings are beginning work on 
the extraction of complex rocks which new processes are 
making it possible to use and which mechanization makes 
it possible to extract cheaply. In Florida, the introduction 
of flotation would not in itself, without the considerable 
reduction in extraction costs resulting from the use of 
powerful drag lines, have made it possible to exploit 
certain low-content deposits of phosphates. 

The kaolin deposits of Cornwall, Devon, China, France 
and Germany remain famous because of the quality of 
their ore. Such fine deposits are rare: the silicates they 
contain are nevertheless very common and the ceramic 
industries are already directing their attention to complex 
and common rocks, like the pegmatite of the Black Hills 
of South Dakota (9), composed essentially of microcline, 
muscovite and rose quartz, but also containing tin, li
thium, caesium, manganese, glucinium, boron and chro
mium, present in a score of minerals from amblygonite to 
scheelite, in quantities which have today become in
dustrially important. Mechanization has made such 
strides that the extraction of nephelinic syenite, aplite, 
bentonite, serpentine and olivine is now conceivable at 
such low cost that the treatment is the only remaining 
factor which will decide whether it is an economic pro
position or not. 
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In this sense, the enormous progress achieved in the 
mechanization of the open-cast mining of surface rocks has 
opened the way to the researches of metallurgists and 
chemists, and towards unlimited natural wealth. Although 
technology stimulates consumption, it at the same time 
provides continually new means for the satisfaction of 
needs. 

Lastly, it should not be forgotten that mechanization 
helps to economize in that precious wealth, human labour; 
and such an economy is a very appreciable benefit in 
neglected and unhealthy countries where the reserves of 
human labour are limited. 

MECHANIZATION AND ECONOMIC PROGRESS 

Although it is a source of considerable economies, which 
make it possible to envisage a time when common rocks 
may become valuable commodities, mechanization is far 
from being universally applied in non-metallic mines. 

Its application may be opposed by technical consider
ations, in conjunction with the need for selective mining. 
That is the case, for example, with calcite crystals for 
optical use, the extraction of which may be compared to 
that of recalcitrant, deeply embedded and fragile teeth. 
In most cases, however, economic conditions are the de
cisive factor. A high degree of mechanization requires 
heavy investments. It is profitable only if production 
exceeds a certain minimum, which in the case of quarries 
is between 200 and 300 tons per day (5). The quarry will 
not be mechanized if its ore cannot stand the cost of 
transport, without which the market cannot expand. 

Moreover, deposits are often found in desert areas. A 
mine cannot be mechanized without power and machinery 
at accessible prices. Mechanization of the African mines is 
hampered by shortage of electricity and difficulties of 
supply. It would in fact be as economically ruinous to 
transport machines and power to Central Africa for the 
extraction of asbestos as it would be to place huge cranes 
in small clay workings which cannot bear the transport 
charges. 

Mechanization means better technique, but the opti
mum management of an enterprise does not necessarily 
coincide with the use of the best technique. Merely from 
the point of view of management, it is of general advantage 
that undertakings should extract natural resources at 
least cost and that consequently they should sometimes 
refrain from mechanizing since in this way they leave 
available a certain surplus of values materialized by capital 
or labour. 

It would, however, be erroneous to conclude that 
mechanization of extraction should not always be en
couraged. The fact that some mines are not now mecha
nized does not necessarily imply that it will not be pro
fitable for them to become mechanized in the future. Our 
first statement is in fact only valid within the framework 
of a given set of circumstances. Sometimes economic 
conditions are such that if extraction costs are to be kept 
to a minimum, mechanization is ruled out, whilst, in the 
same countries, other economic conditions may arise 
which require full mechanization if extraction costs are to 
be low. Conditions of the second kind would clearly be 
more advantageous for the population, since with mecha-
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nization more wealth can always be extracted with less 
labour. Indeed, most highly-mechanized countries have 
the highest standard of living. Though in a given econo
mic structure (which, for argument's sake we will assume 
to be unchangeable) mechanization is not invariably re
quired for the general good, yet it is undeniable that by 
modifying such a structure men may raise their standard 
of living. 

Mechanization does not only provide a better tool-it 
involves the whole of the economic structure. It results in 
a greater volume of equipment, a larger number of men 
engaged on the production of such indirect sources of 
wealth as machines and power. The miners have to wait 
for cheap electricity to mechanize their mines, but it is 
equally true that the electricians have to wait until the 
miners buy their current before producing on a big scale. 
The mechanization in the mines cannot develop vvithout 
the concurrent manufacture of standard machines; but it 
is just as true that industrialists will not embark upon a 
large-scale manufacturing programme unless they are as
sured of purchasers. The truth is that the mechanization 
of mines involves the whole economic structure of a coun
try. Mechanization cannot develop unless at the same 
time all branches of industry develop broadly. New ac
tivities must develop pari passu, but none is more quali
fied than any of the others to take the first step. In such a 
vast movement all industries urge each other towards 
progress. The only motive force of such progress is the act 

of faith which those responsible for the management of all 
industries, including the mining industry, are ready to 
make or maintain, an act of faith in a development which 
is sometimes slow, because it has a social aspect which 
cannot possibly be abstracted, but which is in fact the 
advance towards progress. 
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Influence of Technical Advances on Mining Costs in the Alsace 

Potash Mines from 192 7 to 1948 1 

LES MINES DOMANIALES DE POTASSE D'ALSACE, PARIS, FRANCE 

ABSTRACT 

Since 1927 technical advances have brought about a slow evolution of mining methods in the Mines Domaniales 
de Potasse d'Alsace (France) and as a result the man-shift output doubled in 21 years. With mechanization there
fore it has been possible to effect a considerable saving in labour. The author shows that mechanization has also 
allowed of a saving in values of all kinds, by means of the study of the variations in the prime cost per ton mined cal
culated on the basis of a unit independent of economic fluctuations, The unit adopted is the unskilled labour working 
hour. The components of the wage prime cost thus obtained are divided into four categories: labour, explosives, power 
and equipment. The cost for each category is adjusted by the wage index for the corresponding costs in the year in 
question. The mining of one ton of potash which in 1927 cost approximately 12 working hours cost only 9 hours in 1948. 
This aggregate saving is made up of a 37 per cent saving on mining labour, 8 per cent on explosives and 24per cent on 
power, while the quantity of equipment and machinery consumed increased only by 0.03 per cent. The example of the 
Mines Domaniales de Potasse d'Alsace thus shows how the mechanization of mining operations results in a 
considerable saving of natural resources. 

The subject of this memorandum is the evolution in 
mining costs of a ton of potash in the Mines Domaniales de 
Potasse d' Alsace (France). It covers the period between 
1927 and 1948, during which underground mechanization 
slowly advanced. ~o information was obtainable for the 
years 1940-1945, during which period the Germans ad
ministered the mines. They confined themselves to con
tinuing mining as practised before their arrival, without 
renewing the equipment or experimenting with new 

1 Original text: French. 

methods. Owing to the presence of the Germans there 
was a considerable amount of destruction caused by 
fighting during the liberation. Such destruction, however,. 
only slightly affects the charges under consideration here, 
which do not include the big amortization charges re
garding the general fixed lay-outs. 

The development of mechanization is evident from the 
change in output per manshift which rose from 2 tons 
in 1927 to 4.1 tons in 1948, There has thus undoubtedly 
been a saving in labour. At the same time, however,. 
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Table I. Figures Used for the Study of Prime Cost 

Taken from the general statistical bulletin and information supplied by the 1vfines Domaniales. 

1927 

l. Hourly wage for unskilled labour in Paris (in 
francs). 3.4 

2. Daily wage of face workers in coal mines. not 
including social charges (in francs) 32 

3. Unskilled labour hourly wage indices 
4 f. 

85 

? 
4. Face workers' wage indices = ---- 89 

35 f. 5 

5. 'Wage index of wages below surface = ~ . 
3 

104 

6. Indices of M.D. F. A. materials (excluding 
coal, explosives and electricity), base = I 00 
in 1925 112 

7. Same index, base 
6 

100 in 1934: 
92 

. 122 

8. 'vVage index of above 
7 
3 

143 

9. Cost per kwh. (in francs). 0.25 

10. Index of cost per kwh. 
\) 

125 

11. \\' . f 10 ·age mdex o above = 3 . 147 

12. Cost per kg. of explosive (in francs) . 13.6 

13. 
12 

Index of above = --~ . 
14 f. 7 

92.5 

14. 'vVage index of cost of explosives 
13 
3 

109 

mechanization involves a greater consumption of produc
tion goods-machinery, power, and so forth. If this rise 
in consumption exceeds the saving in labour, it may be 
said that mechanization does not bring with it a general 
economy. We should like therefore to compare the saving 
in labour with the variations in the consumption of equip
ment for the period 1927-1948, so as to determine whether 
in actual fact increased mechanization has effected a 
general saving of resources. 

In a permanent economic system the solution is to 
study variations in the prime cost calculated in terms of 
working hours, all the production goods expended per 
ton being calculated on the same basis. Progress will then 
depend on whether or not this prime cost decreases. It 
should be noted that this progress does not depend on 
mechanization alone, but also on better organization 
underground and on the yield of the pits. 

Every technical process has a corresponding optimum 
production for which, all other things being equal, the 
prime cost is as low as possible. Taken as a whole there 
has been a constant increase in the monthly output of the 
Mines Domaniales de Potasse d' Alsace. The optimum 
production also increases with the development of mecha
nization. The difference between optimum production 
and effective production varied between 1927 and 1948 
but these variations do not greatly affect the underground 
working costs. We shall consider this question when 
summing up. 

The period from 1927 to 1948 is unfortunately far from 

1930 1934 1939 1947 Nov. 1948 

4.27 4 8.25 42 68.7 

39.9 35.5 61.4 585 1,085 

107 100 206 1,050 I, 720 

111 100 170 1,640 3,050 

103 100 82.5 1,560 1.770 

114 92 140 1,290 2,480 

124 100 152 1,400 2,680 

116 100 75.6 133 145 

0.25 0.20 2.28 2.20 6 

125 100 140 1,100 3,000 

117 100 68 105 162 

15.4 14.7 13.85 60.73 164 

105 100 94.5 412 1,112 

98 100 45.5 42 69.5 

ble. In order to compare the prime cost from one year t~ 
another, it must be appraised in terms of a unit compar
able to itself in time . .None of the units which could be 
used is perfect; the value of gold varies with fluctuations 
in output and in the gold market; the value of a com
modity defined in terms of a price index varies with supply 
and demand and also with fmancial fluctuations of a 
speculative order. The unit least open to objection is the 
working hour of unskilled labour. This working hour 
represents an economic value which since the days of the 
Pharaohs has remained comparable to itself and this is the 

•6 

•• 

1927 

being a period of economic stability but we shall try to unit that we shall adopt for the calculation of mining 
find a suitable unit for computing prime costs which will expenditure in labour and equipment. Calculations made 
enable economic influences external to the Jfines Doma- with the same unit in the case of both categories will be 
niales de Potasse d' Alsace to be eliminated as far as possi- comparable one to the other. 
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Table 2. Prime Cost Per Ton of Unprocessed Potash Mined Not Including Fixed Amortizations 

1927 1930 1934 1938 1947 Sov. 1948 

Frs. Hours Frs. Hours Frs. Hours Frs. Hours Frs. Hours Frs. HoHrs 

Socia.! charges. . . . 
·wages and salaries . 
Explosives . . . . . 
Electricity and Fuel . 
Materials, Heavy Equipment, Timber, 

Maintenance, Outside Invoices, Mis
cellaneous 

Total ......... . 

Total without social charges . . 
Mean gross monthly production . 
Gross output . . . . . . . . . 

2.68 
22.64 

5.36 
4.31 

11.02 

46.01 

43.33 

0.79 
6.65 
1.58 
1.28 

3.24 

13.44 

12.65 
136,767 

2.105 

3.78 
26.79 

7.67 
4.88 

18.13 

61.25 

57.47 

0.89 
6.27 
1.79 
1.14 

4.25 

14.32 

13.43 
177,737 

2.178 

3.38 0.84 
21.76 5.44 

5.94 1.48 
2.97 0.74 

1172 2.93 

45.77 11.44 

42.39 lO.tiO 
122,970 
2 960 

6.93 
35.59 

4.89 
3.08 

23.23 

73.72 

66.79 

0.84 
4.3 
0.59 
0.37 

2.81 

8.91 

8.07 
189,237 

3.094 

79.29 
283.77 

25.55 
31.06 

140.26 

559.93 

480.64 

1.84 
6.75 
0.60 
0.74 

3.34 

13.27 

11.43 
270,920 

3.576 

200.94 
476.09 

77.69 
68.13 

336.80 

1159.6;3 

958.71 

2.7 
6.43 
1.05 
0.92 

4.55 

15.64 

12.9 
305,718 

4.1 

Table 3. Values Expended 

in the mining of one ton of unprocessed potash in terms of unskilled labour working hours 

1927 1.930 

Hours Per Hours Per 
cent cent 

\Vages and salaries 6.40 58.7 6.00 48.5 
Explosives 1.44 13.8 1.82 14.5 
Power 0.88 8.0 0.97 7.9 
Materials, Timber, Maintenance, In-

voices, Heavy Equipment, Miscel-
Janeous. 2.26 20.1 3.66 29.1 

Total 10.98 12.54 

STUDY OF WAGE PRIME COST 

The prime cost is divided each year by the mean hourly 
unskilled labour wage cost in the Paris area in the same 
year. Graph No. 1 shows the variations in the wage cost 
thus obtained, comparable to itself in time, and table no. 2 
shows the costs chargeable to each type of value. 

The amount ascribable to social charges has varied with 
time and we shall later subtract the social charges from 
the total cost, thus eliminating what may be regarded as 
a tax outside the control of the Mines Domaniales de 
Potasse d' Alsace. On the graph the prime cost thus 
obtained has been divided into two- one part relating to 
the labour costs and the other based on consumption of 
materials. 

These prime costs are governed by factors inherent in 
potash itself. They are also governed by the general 
economic evolution of the country but are not affected by 
monetary fluctuations. It is clear, for example, that 
between 1938 and 1948 the wages item increased with the 
increase in output, because miners' wages rose more rapid
ly than unskilled workers' wages. In other words, the 
wage cost of the miners' work increased. The same ap
plies to the wage cost of commodities since the amount of 
work required to produce a given commodity increa..<;ed 
owing to destruction caused by the war. It would be 
possible for the wage prime cost of the lvi ines Domaniales 
de Potasse d' Alsace to drop in a period of general economic 
progression without there having been any progress in 
extraction. Charges must also be adjusted in order to 

1934 1938 1947 Nov. 1948 

Hours Per Hours Per Hours Per Hours Per 
cent cent cent cent 

5.44 52.4 5.22 48.4 4.33 48.2 6.76 41.8 
1.48 13.9 1.30 12.1 1.44 16 1.51 16.8 
0.74 6.7 0.55 5. 0.70 7.9 0.57 6.5 

2.93 27.0 3.72 34.5 2.51 27.9 3.13 34.9 

10.59 10.79 8.98 8.97 

eliminate fluctuations bound up vvith the national econo
my. 

ADJUSTED PRIME COST 

This adjustment has been made by dividing wage 
charges by the wage cost index, thus eliminating variations 
in the wage costs of the various production goods consum
ed in the mining of one ton of potash. The base year 
selected is 1934. The wage index is obtained by dividing 
the cost index by the unskilled labour hourly wage index 
(see table 1). 

Let us suppose for example that it is necessary to adjust 
electricity charges for 1927. From table 2 we see that this 
charge is 1.3 working hours per ton. Further, the kwh. 
cost index in 1927 is equal to 125 and the unskilled labour 
wage index is equal to 85 (lines 3 and 10 of table 1). The 

k h . d . 1 125 w . wage 1n ex m 1927 equa s 
85 

1.47; this means 

that in 1927 a kwh. calculated in terms of working hours 
is 1.47 times the 1934 cost calculated with the same unit. 
By dividing the charge of 1.3 working hours per ton by 
1.47, we get the adjusted charge of 0.88. This charge 
adjusted for cost variations is calculated in working hours 
and is proportional to the quantity of electricity expended 
per ton in 1927, the electrical quantity unit being that 
which, in 1934, had the same value as one working hour. 

In order to accord still more closely with reality and to 
eliminate as far as possible differences between costs 
varying from one year to another, the various elements 
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GRAPH N° 2 

1927 1934 1938 

constituting the prime cost have been divided into the 
following categories: labour, explosives, power, equip
ment and miscellaneous. An individual calculation has 
been made for each category on the basis of individual 
indices. The results are given in table 3 and are condensed 
on eraph No.2. By adding the number of working hours 
expended per ton in each of the four categories, we obtain 
the global quantities expended for each ton mined. 

INTERPRETATIONS 

The prime costs taken as the base do not allow for fixed 
amortizations, such as shafts, levels etc.; hence only 
underground working costs are involved. 

As the study of the 1927-1948 period only took into 
account six prime costs, it can only provide an inter
pretation of the global figures for this period. By making 
the same study with the prime cost year by year, it would 
certainly be possible to bring out the effect of various in
novations on expenditures; for example the effect of the 
introduction of undercutters, manifested by an increase 
in the figures for equipment after 1934, on the expenditure 
of explosives. 

The various expenditure figures based on the prime cost 
vary with the amortization of new equipment. A factor in 
the increase in the equipment figures for 1927 and 1930 is 
the introduction of long walls equipped with shaking 
conveyors. The same applies to the period from 194 7 to 
November 1948 in which a supplementary factor is a 
considerable replacement of equipment made necessary 
by German neglect between 1940 and 1945. 
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The fact that in 1934 there was no increase in costs 
although there was a very definite drop in production 
seems to show that before 1934 effective production was 
superior to the optimum production corresponding to the 
technique used, while this difference diminished as the 
result of the technical advances made after 1934. 

This, however, is merely an appraisal and exact figures 
could only be arrived at after a comparable study taking 
prime costs year by year. In regard to the period as a 
whole, on the other hand, this study clearly brings out the 
following facts: 

The best-fitting straight line representing the general 
trend of expenditure has been calculated from each curve 
by the method of least squares. These lines are shown on 
graph No. 2, giving the general trend of expenditure for 
the whole period 1927-1948. 

The equations for the best-fitting straight lines in each 
category are as follows: 

Variations 
in 21 years 
per cent 

(1) 1otal 11.46 0.134 (x-1927) -25 
(2) Labour 6.40-0.114 (x-1927) -37 
(3) Total Supplies 5.47 0.026 (x -1927) 8 
(4) Equipment 3.01 + 0.00004 (x -1 927) + 0.03 
(5) Explosives 1.55-0.006 (x -1927) -8 
(6) Power 0.88 0.010 (x ---1927) -24 

It may therefore be said that in the period under con
sideration all the various expenditures per ton decreased 
except that of equipment; the total expenditure, however, 
dropped. In twenty-one years technical advances under
ground have brought about an appreciable drop in ex
penditure; of the twelve hours approximately that it cost 
to mine a ton of unprocessed potash in 1927, a saving of 
some eight minutes work has been made each year and in 
twenty years the total economy effected has amounted to 
three hours. 

This large saving was effected primarily on labour, the 
decrease in which amounted to 37 per cent, while output 
doubled; this difference signifies that there was a slight 
increase in the proportion of skilled workers and super
visors. 

There was even a decrease in the whole quantity of 
materials consumed per ton. Although there was an in
crease in the number of machines such as undercutters, 
conveyors, etc., there was a drop in the consumption of 
other materials such as pit props so that the increase in the 
total quantity of equipment was only slight. The saving 
on electric power and explosives was sufficient to offset 
this increase, so that the total of the materials dropped by 
8 per cent. 

In conclusion it may be said that from 1927 to 1948 
mechanization made it possible not only to increase out
put, but also to effect an appreciable saving in goods of all 
kinds. Although with mechanization a larger number of 
machines must be used underground, it allows of a saving 
on other goods and as a rule the total quantity expended 
per ton is smaller. 
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Mechanization of Non-Metallic Mines 
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ABSTRACT 

The commonly accepted steps of mechanization are principally the replacement of hand loading by mechanical 
loaders, such as the Duck bill for low head seams up through the arm and conveyor type loader requiring higher clearan
ces. Draglines and shovels also have their place. These results will be an increased output of 50 to 80 per cent per man 
shift over all. 

The contributing elements of mine mechanization are drill jumbos, undercutters with bug dusters, which greatly 
increase production over hand methods. No one would now consider hand work for these two operations. 

Trucks and shuttle cars will haul 6 to 12 tons a load at 3 to 5 m.p.h. underground, whereas a hand trammer usually 
pushes half a ton with difficulty. 

For mainline haulage the long, low and wide, 6 to 10 ton capacity steel car has a definite place. For long hauls a 
car of twice this capacity spring mounted on 4-wheel trucks is now commonly used. 

For larger tonnages, the belt conveyor has an undisputed field of transport. 
In conclusion, the use of the high capacity, low cost "sink and float" or washing methods of cleaning (beneficiation) 

may eliminate costly underground hand sorting, double shooting, bench mining and the like. 

Within the limited scope of this article, it is necessary 
to briefly describe each divisional element and not attempt 
to write a comprehensive manual with detailed operating 
data. The following steps in mining are given in the usual 
sequence: 

DRILI~ING 

We will not attempt to compare hand drilling with 
machine drilling, i.e., percussion, rotary, or chum, since 
this type of mechanization has been in use so long as to 
make such comparisons of historic interest. 

The latest type of drilling is the fusion method using 
oxygen and other carbon atom gases. So far as we know, 
this method has not yet been tried in the non-metallic 
field. 

The present improved development is the mounting of a 
group of drills on a track type car or rubber tired truck, so 
as to be self-propelling. Such rigs are called jumbos. See 
figures l and 2. 

The footage drilled per man is increased 100 per cent or 
more because of multiple drills, mobility and elimination 
of individual set-ups. 

The selection of powder, loading and shooting methods 
to obtain maximum economy with proper fragmentation 
is beyond the scope of this article. 

UNDERCUTTING 

Where free faces are not available as in quarrying, it is 
desirable to provide such a face by undercutting or 
shearing with an undercutting machine, in flat seam beds 
of coal, salt or potash, mined by the room and pillar or 
checker board system. 

For example, in the Carlsbad potash mines it is only 
possible to pull 3 to 4 feet when shooting from the solid, 
but after undercutting, an 81 / 2 foot advance can be made 
with one round of shots. 

Many types of undercutters are available, such as the 
"short wall" figures 3 and 4, also track or rubber tired 
mounted units, suitable for undercutting, shearing or 
parting cut. 

The cutting speed advances range from 5 to 6 inches per 
minute up through 30 to 36 inches per minute. The use of 
tungsten tipped undercutter bits has greatly improved the 
speed of advance and life between bit changes and enables 

Figure L Goodman ~hort wall undercutter. 
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Figure 2. Caterpillar mounted drill Jumbos- Courtesy Rogers Iron ·works, Joplin, Missoun. 

cutting some ores that could not be done with regular steel 
bits. 

The attachment of an automatic bug duster to the short 
wall and similar type undercutters has eliminated manual 
labour in shoveling the cuttings away from the machine. 
The bug dust is piled back in windrows where it can be 
loaded out by the several types of loading machines, 
described later. 

Where the conventional bottom cut is used in coal, there 
is a substantial dollar saving in labor, in proper fragment
ation suitable for mechanical loading and in the production 
of less fine lower-priced coal. 

The short wall and similar undercutters are transported 
on low, self-propelling, electric, caterpillar trucks. 

:\HSCELLANEOUS 

Other labor saving devices for flat seam work are mobile 
timber setters, post pullers and storage battery, rubber 
tired "jeeps" for men, equipment and timber. 

The trend is toward self propelled rubber tired under
cutter trucks and similar trucks for conveying equipment, 
thus replacing tractor type trucks1 • 

LOADING 

The next step of mechanized mining is loading the ore 
after shooting down. As a basis of comparison with very 
close supervision, one man can average hand loading 15 to 
20 tons per shift into ordinary nnderground type coal cars, 

M'ines, 90 per cent Output 100 per cent 
or more mechanical hand loaded. Average 

loading. Average tons tons per man day 
per man day 

Per cent increase 
over hand loading 

Eastern Pennsylvania 
(most coal less than 4 ft. thick) 

Northern \Vest Virginia 
(coal 6.5 to 9 ft. thick and pillars 
mined) . . . . . . . . . . . . 

Illinois coal 5. 5 to 9 ft. thick 
(and pillars not mined). . . . . 

\Vyoming (generally thick coal, 
often dipping, some pillars mined) 

1 Comment by G. T. Harley. 

5.21 

7.38 

8.75 

6.59 

129 

3.68 41.6 

4.17 77.0 

4.57 91.4 
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F igure 3. Overhead drilling operation . Drilling crew works from a Jumbo d rill p latform . Drilling machines of latest design are 
eq uipped with bit e designed for rock drilling. Since very fine stone is undesirable for use in Columbia's chemical plant opera tion , 
h oles are spaced so t hat the blasting operation will break the limest one as coarse as can be h andled by loading equipment. Courtesy 

of Pittsburg P late Glass Company. 

Figure 4. Goodman undercutter with bug dust er . 
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F igure 5· Compa r ison of var ious methods of loading coal 

under ground, 

BARR 

or 20 tons or a little more, into low conveyors . such as the 
chain drag. 

The average American miner is always attracted to a 
mechanized mine, as a machine operator rather than a 
hand mucker or shoveller which suggests the following 
generalized over-all data . 

A comparison of man hour output of machine loading 
and hand loading is given below taken from the U. S. 
Bureau of Mines Weekly Coal Report , J anuary 25, 1947. 

Figure 5. Curve showing averages for each type of coal 
mining. Taken from paper by R. L. Anderson, AIMME, 
San Francisco meeting, February 1949. 

F igure 6. Type E duckb ill - Goodman ::VIfg. Comp any. 

F igure 7. Joy 11-B. U. loading shuttle car in potash . 
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Figure 8. Scraper loader in quarry. 

POTASH MINING 

A completely mechanized mine in the Carlsbad, New 
Mexico, potash basin will average as much as 34 tons per 
man underground. 

The following is an analysis of a typical operation 
hoisting 40,000 to 43,000 tons per 7 day week of potash 
ore (not including salt gobbed). 

Mine Department Employees 

Mine superintendent through top lander . . . . 
Production shift boss, through miners to mucker 
Maintenance foreman through maintenance m en 

Other Departments 

Shifts 
per week 

126 
1,346 

139 

Engineering , geologists, sampling, h elpers . 45 
Miscellaneous, h oist engineer through lamp tender . 82 
Maintenance and p ower distribution, assist ant forema n 

and electricians . . . . . . . . . . . . . . . 180 

1,918 

PHOSPHATE MINI NG 

Probably the open pit phosphate mining in Florida 
represents one of the highest mechanized types of mining 
with large output per man. 

A typical operation is briefly described: 
From 15 to 20 feet (average) sand clay overburden is 

stripped by electric draglines with a 16 to 20 cu. yd. 
bucket on a 160 to 200 foot boom, operating approxi
mately at a one minute cycle. 

The same dragline ~lternately mines from 10 to 14 feet 
(average) matrix and deposits it in a pile on the surface 
where it is washed into the sump of a 14 inch j 600 h .p. 
centrifugal mine pump and pumped at 15 to 20 per cent 
solids through 16 inch pipe lines to a beneficiation plant, 
over distances to one and a half miles, though this is often 
exceeded. Relay pumps automatically controlled are 
spaced along the lines as needed. 

A typical analysis of production per man hour is given 
overleaf : 
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Figure 9. 10-20 ton capacit y diesel trucks for shovel loading and high-speed haulage. 

Figure 10. 6 to 10 t on mine car . 
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Figure I L 20-ton locomotives for haulage. 

Figure 12. Belt conveyor. 
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Jeffrey Lift Truck 

Proposed Semi-Portable Crushing Station with Jeffrey 36" X 54" Single Roll Crusher 
Figure 13. 

Total man hours per month 

lvlatrix Overburden 

Draglines. 1,600 to 1,700 1,500 to 1,600 
Hydraulic transport . 3,450 to 4,500 none 
Float crews. 2,160 to 2,250 25 to 150 
Tractor and small equipment. 725 to 1,850 70 to 530 
Repair crews . 80 t o 240 120 to 320 
Field Supervision 165 to 515 260 to 640 

T ons per man day. 205 to 372 1,000 t o 2,000 

COAL MINING2 

For low height, of approximately 36 inch flat seams, a 
typical installation consists of a duckbill type loader, 
figure 6, and shaking conveyor. The loading rate will 
range from 60 to 150 tons per shift, according to size of 
unit which can transport up to 300 ft. to the haulage 
entry. 

In one low coal seam 30 inch to 38 inch, the rib was 
undercut and shot, and loaded out along the entire length 
by a scraper installation3

• 

2 Comment s by Dr. L. E . Young, well-known a uthority on 
mining and mechanization : " It is n ot good practice t o cite pro
d uction figures unless details of p hysical conditions are given. As 
to duckbills and shaker conveyors, the maximum loading rat e may 
be the carrying capacity of the sha ker conveyor, which may be 
60 to 70 tons per hour, but the pract ical output of a unit over a 
working shift is much less because the coal-face must be undercut, 
drilled , shot, timbered et c ., and the pan-line must be extended. 
Moreover, unless the conveyor dischar ges onto a belt (where there 
may be interruption of transportation), it may not be practical to 
opera te the d uckbill continuously when there is coal shot down 
a t the face . I have never known of a duckbill unit producing 
130 tons per hour in 36 inch coal." 

3 l\lr. :!\I. C. McCall, U.S. Bureau of Mines, Birmingham, 
Alabama. 

Crew 4 men, foreman, hoist and machine operator, 
shot firer , tim berman: 

Scraper capacity 
Maximum travel 
Hoist ..... 

1,500 lb. coal 
300 ft. 

35 to 50 h.p. 

Average coal mined and loaded 60 tons per shift. 
For thicker seams of 48 inch and higher, the mobile arm 

and conveyor type loader is well adapted. 
Examples of this equipment are the J oy 14 B.U. with a 

minimum height of 3P/~ inches and a rated capacity of 
5 tons per minute in coal. 

For thicker seams the Joy 11 B.U. with minimum height 
of 50'Mnch, rated capacity 8 tons per minute- see figure 7. 

There are similar types both caterpillar and track 
mounted made by the J effrey Mfg. Company, the Good
man Mfg. Co., and others. All are especially adapted to 
loading into shuttle cars, described later. 

Where coal seams have to be loaded out in benches, due 
to partings, an elevating shelf type loader is available. 

For loading rock and coal in narrower drifts and tun
nels, track mounted shovel loader with 9 to 15 h.p. air 
operated motors, shovel loaders, see figure 8, are especially 
suited for loading into tram cars, at the rate of 1 to 3 tons 
per minute. The clean-up range is 6 to 9 feet wide. Oper
ating heights 6 to 71/ 2 feet. 

For certain conditions in open pits and underground, 
the track mounted scraper loader is often used. Some 
examples are given below. See figure 9a. 

Example: Stationary type, 
Hauling face to chute, 
Distance 100 feet, 
Capacity 300 tons per 8 hour shift, 
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Figure 14. J oy coal mining m achine- Caterpillar mounted with cutting bits on chains. 

Rope speed "in load" 250 ft.p.m. return 
330 ft.p.m. 

Scraper capacity 11 cu. ft., 
Power 20 h.p. 

In a Carlsbad Basin potash mine a 3-drum track mount
ed scraper outfit loaded about 300 tons per 8 hour shift on 
hauls 100 foot maximum. On short breast hauls as much 
as 5004 tons per 8 hour shift was loaded. 

Where room heights permit as in salt mines and for 
example in the underground limestone mine at Barberton, 
Ohio, of The Pittsburgh Plate Glass Company, the electric 
or diesel operated caterpillar mounted shovel is especially 
adapted to high capacity low cost loading into trucks or 
cars. 

The size usually ranges from 11/4 to 21
/ 2 cubic yard 

buckets with capacities of 2 to 5 tons per minute. 

TRANSPORTATION 

Hand tramming or wheel barrow transport, hardly 
finds a place in modern low costs, high capacity non
metallic mines where one man laboriously trams a half ton 
load or pushes 250 to 300 lb. at 2 miles per hour. 

For trackless mines, gas free with high roofs, large 
diesel trucks of 10 to 20 ton capacity are especially adapt
ed to shovel loading and high speed haulage, see figure 9. 

For lower roofs and loading by the arm and conveyor 
type loader such as the Joy 11 B.U., the shuttle car is 
eminently suited for shorter hauls, see figure 7. This car 
may be storage battery, trolley and reel or diesel driven. 
The capacity very often ranges around 6 tons and the 
speed 3 to 4 miles per hour5• 

• Ingersoll Rand . 
5 Further comments by D r. Young : "The capacity of shuttle car s 

varies, of course, with the size of the car and the specific gravit y 
of the material. In p otash we are handling 12 tons on the larger 
cars. In iron and lead ore mines the cars are carry ing over 14 tons. 
'.Ve operate at 6 miles per hour on st raight hauls." 

The shuttle car combines well with main line track 
transportation for the final long haul. 

Short distance conveying up to 200 to 300 feet has al
ready been mentioned. Shaking or drag line conveyors or 
portable belts are well suited. Fragmentation size must 
be considered. 

The tendency of main line track haulage is to use low, 
long and wide steel cars with anti-friction bearings; 
capacities 6 to 10 tons. A good road bed is necessary with 
60 lb. rails. 

One to two 20 ton locomotives in tandem are commonly 
used for train haulage according to requirements of grades, 
size of train and length of haul. See figures 10 and 11. 

Underground hauls are increasing in length ; the tenden
cy is to go to high capacity cars with two 4-wheel trucks, 
anti-friction bearings, spring suspension adapted to high 
speed haulage with larger locomotives. 

The next step as capacities go up is to instal belt con
veyors where tonnages warrant. The haulage may be 
combined with slope belts in place of skip hoisting. See 
figure 12. 

A recent example worked out indicated that with a 
combined P/2 mile haul and elevating 1,000 feet, the belt 
system would break even at 6,000 tons per day, as 
compared with car haulage and skip hoisting. At 10,000 
tons per day, the costs were distinctly in favor of the belt 
system. 

In all-belt transport systems, it is necessary to limit ore 
size to the belt width. For instance on a 30 to 36 inch 
belt, lumps should be 6 inch and under. 

A portable underground crusher has been designed by 
the author, which combines existing equipment, such as 
crusher and "low boy" moving truck by J effrey and 
elevating heads by Joy. See figure 13. This type of crusher 
is successfully handling potash ores underground, before 
hoisting. 
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The final mechanization step now being developed for 
coal-mines and possibly for potash and similar mines is a 
"coal-mining machine". See figure 14. 

This machine, caterpillar mounted with cutting bits on 
chains, cuts and the face of coal and conveys the coal 
back for loading into a shuttle car or suitable transporta
tion equipment. With this machine, it is expected to 
obtain 80 tons per man shift with a mining rate of 2 tons 
per minute. This machine combines drilling, undercutting, 
shooting and loading. 

McMORRIS Jr. 
----

Another type machine for the same purpose has rotary 
cutting heads. 

To a lesser degree, it is possible to combine undercutting 
with loading by a modified short wall machine having a 
loading bar, suitable for loading onto a room conveyor. 

A factor in mine output is the tendency to replace ex
pensive underground hand sorting, bench mining or 
double shooting for the purpose of separating low-grade 
partings, with full face mining and effect the separation on 
the surface by low cost beneficiation methods, such as 
"sink and float" or when possible plain washing. 

Mining and Processing Pittsburgh No. 8 Seam Co a I in 

Greene County, Pennsylvania 

WILLIAM L. McMORRIS, Jr. 

ABSTRACT 

The H. C. Frick Coke Company, a snbsidiary of the United States Steel Corporation, in its operation of the Robena 
Mine in Greene County, Pennsylvania, is endeavouring to overcome the natural disadvantages of the coal produced 
from this area by the adoption of the most modern of mining, blending and coal-cleaning methods. 

This coal is less desirable for metallurgical purposes because of its higher and more variable sulphur content. 

The mine has been projected for 100 per cent mechanical loading, using an open-end mining system which permits 
in excess of 90 per cent recovery of the mineable height of the coal' seam. Low-cost methods, where consistent with 
a rigid policy of "Safety First", are used throughout the mine. 

Raw coal production is carefully blended to insure uniformity of analysis before the coal reaches the cleaning 
plant. 

Blended raw coal is then processed in a modern cleaning plant employing two-stage heavy-media separation on 
3 inch by one-quarter inch coal, and crushing of middling of this size which is then added to the natural one-quarter inch 
slack for further cleaning. Fine coal cleaning is also two-stage involving hydraulic classification and tabling. 

The over-all results of this operation are the production of a coal suitable for metallurgical uses, and competitive 
with other coals having better seam quality. 

The H. C. Frick Coke Company, a subsidiary of the 
United States Steel Corporation, is operating the Robena 
Mine in Greene County, Pennsylvania, in the Pittsburgh 
No.8 Coal Seam. 

At the present time this mine is producing daily ap
proximately 16,000 net tons of raw coal. This mine will 
eventually produce approximately 24,000 net tons daily. 
The ultimate production of cleaned coal is estimated to be 
20,000 net tons daily. 

Pittsburgh No. 8 Seam coal in this area is of an ac
ceptable physical quality for the production of metal
lurgical coke. The chemical quality is somewhat poorer 
than that of the same seam mined in Fayette County, 
across the Monongahela River. Coals mined from this 
same seam in the famous Connellsville Basin are, or largely 
were, of even better chemical quality. 

The outstanding undesirable feature of Greene County 

coal can be improved to the point that it can become 
competitive in the metallurgical market. 

l. Mining must be fully mechanized to afford the lowest 
possible cost of raw coaL 

2. Raw coal must be blended to eliminate the wide 
variations which occur in the chemical analysis of the coaL 

3. Raw coal must be cleaned efficiently with especial 
attention to the reduction of mineral sulphur content. 

The planning for, and the operation of, the Robena 
Mine have kept these three points ahead of any other 
possible consideration except that of safety which is always 
our first consideration. The following description of our 
operation will be divided into three sections: mining, 
blending and cleaning. 

MINING 

Coal is its relatively higher average and extremely vari- The mmmg plan for Robena is designed around an 
able sulphur content. For this coal to be competitive with open-end system for complete mechanization. Main 
better-grade coals, some man-made help must be provided development entries which are to serve over long periods 
beyond its favourable geographical location so near to the are driven in groups of 8 to 11 headings on 75-foot centres. 
largest steel-producing area in the United States. These are driven generally normal to either the butt or the 

There are three major phases of producing and process- face cleat of the coal seam, and are designated as butt 
ing coal, whereby the economical position of an inferior entries or flat entries, respectively. 
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All panel development is driven on 115-foot centres on 
flat entries and 75-foot centres on butt development. All 
entries are driven 10 feet wide thus leaving, in fully 
developed areas, blocks 105 feet long by 65 feet wide 
which are then available for complete extraction by an 
advancing rib line. -

To provide section haulage and ventilation development, 
flats or rooms are driven off main butt entries in groups 
of three at an interval of about 2,000 feet between each 
set of development rooms. From these flat or face entries 
butt headings are driven up, also in groups of three en
tries, at an interval of 450 feet between each set of butt 
entries. Thus the major development butt section is 
2,000 feet long by 450 feet wide. This development of a 
butt section is then continued following the same spacing 
of rooms and chutes to provide the 105 by 65-foot blocks 
for the rib line. Two such butt sections constitute a rib 
section. A loading machine with a complete set of aux
iliary equipment is assigned to each butt section, thus 
making two loading machines available for each rib 
section. 

The mechanical equipment on our sections is under 
constant study. As new equipment is developed by the 
manufacturers, it is tried out in one or more locations 
before complete adoption. A typical machine section will 
be equipped with the following: 

1. Loading machine. 
2. Universal cutter capable of both top and bottom 

cutting as well as vertical shearing. 
3. Self-propelled drill. 
4. Portable air compressor. 
5. Gathering locomotive. 
6. Swing motor (may be shared with other loader on a 

two-machine section). 

In addition to this equipment may be added timber
setting machines, and power winches for removing in 
making falls. 

While the Robena Mine is laid out for use of all track
mounted equipment, a section of trackless mining is being 
tried out. Here a tractor-mounted loading machine loads 
to shuttle cars which in turn load to mine cars. The shuttle 
cars eliminate gathering locomotives. All equipment for 
off-track loading is mounted on rubber tires or tractor 
treads. 

The latest developments in continuous mining equip
ment, designed to eliminate the cutting, drilling and 
shooting phases of the mechanized cycle, are being tested 
in another of our mines. 

It is highly important that the butt headings be develop
ed at the proper interval to give each machine enough 
blocks of coal in its assignment of territory to permit the 
maintenance of a sustained and continuous face pre
paration and loading cycle on each butt section. The butt 
interval of 450 feet permits the assignment to each loading 
machine of 6 ribs or blocks of coal plus room and chute 
development ahead of the rib line. Once ventilation, 
haulage and drainage requirements are established on a 
rib line, only sufficient development is driven day by day 
to maintain these requirements and to replace the develop
ment destroyed by the advancing rib line. 

The successful operation of mechanical loading equip
ment in the open-end mining system cannot be attained 
without positive and satisfactory roof action. It is im
perative that clean top breaks be obtained, and to ac
complish this, mining recovery must be very high and the 
rib line must be kept in proper alignment at all times. 
Experience has proven that the best roof action is had, in 
this seam, by keeping the line of rib extraction at an angle 
of from 30 to 45 degrees with the butt course. When the 
rib line is advanced in a step arrangement with one block 
active in each room, the active block on each room is one 
butt-chute farther from the main butt entries than in the 
preceding room, and the 75 by 115-foot chute and room 
centres thus places the line of rib extraction at an angle of 
about 34 degrees with the butt course. 

The open-end mining system permits high mining re
covery. Approximately 25 per cent of the recoverable coal 
is obtained in development. Recovery in rib extraction is 
high enough to permit an over-all mining recovery in ex
cess of 90 per cent of mineable height. 

An adequate quantity of air is provided for each 
machine section and the maximum desired velocity is not 
in excess of 800 feet per minute. The ventilating system 
of this mine, when taking into account the great distances 
from fans to working faces, which require exhaust water 
gauge up to 6 inches, is considered to be satisfactorily 
efficient if from 75 to 80 per cent of the total volume 
delivered at the fan can be conducted to the working 
places and be measured in the main returns after travelling 
over the rib lines. 

It is absolutely necessary that rib lines be well drained 
to permit the efficient operation of mechanical loading 
equipment. Whenever it is possible to do so, our rib lines 
are projected to permit natural drainage, otherwise field 
pumps discharging to drainage ditches are employed. 
Ditches lead to main pumping stations for discharge to 
the surface. 

The importance of an adequate and uninterrupted 
power supply for mechanical equipment cannot be over
emphasized. Five hundred volts D.C. power is carried in 
the trolley wire, and feeder cable is used in parallel with 
the trolley to maintan adequate voltage at the face. 
Power conversion stations are located so as to maintan 
distribution circuits of not over two miles in length. The 
voltage drop from the conversion unit to the working face 
is limited to a maximum of 10 per cent. 

Fresh water, suitable for human consumption, is piped 
throughout the mine and to all working faces, for fire 
protection and for the mine sprinkling system. Mine 
drainage, which is frequently acid water and which may 
be very limited in some sections, is not dependable for fire 
protection or sprinkling. For these reasons the fresh
water supply is maintained as an independent system. 

Rock dusting is done in all development work, the 
dusting being done over week-end or on the off shift. The 
effectiveness of the rock dust is maintained by redusting 
whenever necessary on all of the active haulages and in the 
return air courses for a distance of at least 2,000 feet back 
from the active working face. 

Coal is loaded at the face directly into 61 / 2-ton capacity 
all steel mine cars. These cars are mounted on two four-
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wheel trucks, the wheels of which are equipped with anti
friction bearings. Section landings are maintained at a 
maximum distance of about 2,000 feet from the working 
face. Each loading machine is served by one eight-ton 
cable reel type gathering locomotive which takes care of 
the changing of cars behind the loader. A swing motor 
for loaded haulage to the section landing is provided for 
each machine or for each two-machine section, depending 
on the distance to the section landing and the amount of 
supplies which must be handled on the section. Main line 
transportation is provided by 15-ton haulage motors ar
ranged to operate in tandem. Main line trips are 35 to 
40 cars each. 

BLENDING 

The blending of the coal as mined at Robena is an im
portant phase of an over~all operation designed to produce 
a satisfactory metallurgical coal, from a coal seam of in~ 
ferior metallurgical quality. 

The blending system now in successful use starts at the 
working face. Analysis of diamond~drill cores in advance 
of development, supplemented by regular and systematic 
channel sampling of active development headings, pro
vide an accurate picture of the probable analysis of pro
duction from each section of the mine. 

The ash content of coal as mined will vary as the per-
centage of rock dilution varies; however, sulphur content, 
of the coal seam proper, varies widely from section to 
section. Sulphur content of the section production is the 
controlling factor in the initial blending. A study is made 
of the probable section analysis and tonnage output of 
each section. Approximately 50 per cent of the coal 
which carries sulphur in excess of the estimated average is 
marked for dispatching to the loaded storage track ahead 
of one of two rotary mine-car dumpers. The balance of 
the production is transported to the storage yard of the 
other dumper. Each of these car dumpers will turn over 
ten cars at one time and as the two dumpers are operated 
simultaneously, an initial mixing of 65 tons of lower 
sulphur and 65 tons of higher sulphur coal is effected in the 
common hopper below the two dumpers. There are 10 
belt feeders below the hopper which operate simultane
ously, each feeder being located directly below the centre 
of the mine car position in the dumpers. The coal is fed 
then as a mixture of 130 tons to a belt conveyor which 
operates up a slope to a screen house. This belt conveyor 
has a capacity of 2,800 tons per hour. The mixed coal is 
screened at 3 inches and the oversize is crushed to pass 
3 inches and rejoins the stream of natural3 inch undersize. 

The combined 3 inch undersize is conveyed to the top of 
an 18,000-ton blending bin. This bin is made up of three 
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completely emptied before they are ready for refilling 
although the cycle is so arranged that only 7 pockets of 
28 cells are completely emptied at one time. This latter 
arrangement has been found important in minimizing the 
effect of size segregation which might occur as a cell nears 
the empty condition. 

The initial mixing ahead of the blending bin reduces the 
variability of the coal to the following values expressed as 
the ratio of standard deviation to average analysis in 
per cent: 

Variation in ash content . . . 23.77 per cent of the 
average ash content. 

Variation in sulphur content . 17.51 per cent of the 
average of sulphur 
content. 

The blending through the bin further reduces the 
variability to the following values: 

Variation in ash content . . . 6.08 per cent of the 
average ash content. 

Variation in sulphur content . 5.00 per cent of the 
average sulphur 
content. 

The narrowed range of these two variables is extremely 
important in the coal cleaning process which follows the 
blending of raw coaL 

CLEANING 

The raw coal produced from the Robena Mine has a 
characteristic not generally typical of the bituminous coals 
in the United States. A study of the analysis of the 
various specific gravity fractions of the coal shows that as 
gravity increases, so does ash content. Above 1.32 
specific gravity the sulphur content of coal coarser than a 
quarter inch (6.35 mm) increases at an abnormal rate. 
At 1.55-1.60 specific gravity the sulphur content drops 
off again. Above 1.90 specific gravity the sulphur again 
increases. It was determined by careful testing that if 
coarser coal of a specific gravity lying between 1.32 to 1.55 
were crushed to pass quarter inches the resultant product 
would follow a normal curve of continuously increasing 
sulphur with increasing specific gravity. 

The cleaning plant designed to handle Robena coal 
takes into account the characteristics of the middling as 
described above. Coal coarser than a quarter inch is 
separated into three fractions: 1.55 specific gravity sink 
as a final reject, 1.40 specific gravity float as a final clean 
coal and a middling fraction which is crushed to pass a 
quarter inch and added to the natural quarter inch slack 
where a single gravity separation is made at 1.55 specific 
gravity. 

rows of 14 pockets each, and each pocket is further sub- The time allotted for this presentation permits only a 
divided, above the bottom centre discharge, into four cells. very brief description of the cleaning plant now in oper~ 
There are 168 cells in the bin. These cells are filled from ation. Because of the radical departure from more con
bottom to top in a cycle, all filling being done on pockets ventional coal~cleaning processes, only a portion of the 
whose discharge gates are closed. required capacity has been installed. 

For withdrawing blended coal there are 14 felt feeders, The present plant units are capable of handling 800 tons 
each serving any one of three pockets. The withdrawing per hour which is sufficient to clean all of the mine~run 
cycle lags behind the filling cycle by at least 6,000 tons, coal at the present rate of production. 
and by drawing from 14 pockets or 56 cells a blend of 56 Blended coal is conveyed to four surge bins and from 
increments of 6,000 tons is accomplished. All cells are this is fed by controlled weight feeders to four raw coal 
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screens for the initial dry separation at one-quarter-inch. 
Undersize is distributed to fine-coal surge bins from which 
it is conveyed to the fine-coal section. 

The coarse coal 3 inch by one quarter inch is rescreened 
wet for the combined purpose of removing any undersize 
retained in the dry screen oversize, and to insure thorough 
wetting of the coal before it reaches the primary separating 
stage. The primary separation is made at 1.55 specific 
gravity in a heavy-media cone using magnetite as the 
medium. Sink material is discarded as refuse. Float 
material is delivered to a second heavy-media cone where 
the separation is made at 1.40 specific gravity. The float 
product is final clean coal of 3 inch by one quarter inch 
size. Sink material from this secondary stage cleaning is 
delivered to pulverizers set for quarter inch crushing. The 
crushed coal is rescreened at one quarter inch, any over
size is recrushed, and all of the quarter inch resultant 
sluiced to a sump where it is joined by the undersize of the 
pre-wet screens, and any non-magnetic tailings from the 
magnetite recovery system. All products of the heavy
media cones are drained and the drainage recirculated in 
the cones. With the exception of the primary-stage float 
which is allowed to retain any magnetite which may cling 
to the coal, all products are washed free of any adhering 
magnetite. These washings are then cleaned in magnetic 
separators, the magnetite returning to the cone circuit 
and the tailings sluiced to the crushed coal sump. 

Crushed coal minus one quarter inch is pumped to the 
head of the fine coal plant and distributed equally to four 
plant sections. The dry fines are conveyed to each section 
from the fine-coal surge bin and join the crushed coal in 
sluices leading to four spigot classifiers. The first two 

hydraulic cells of the four classifiers discharge a final refuse. 
The six succeeding cells produce sized products for feed to 
concentrating tables, one table for each cell. The classifier 
overflow is thickened and pumped to distribution which 
feeds an additional battery of tables. 

The table-cleaned coal is de-watered in centrifugal 
filters and then rejoins the coarser float product from the 
heavy-media secondary cone. 

The resultant product from this plant has made, and is 
now making, a satisfactory metallurgical coaL Con
ventional washing might have reduced the sulphur by as 
much as 35 per cent of that portion which was present in 
the form of pyrite. The present plant has raised this 
removal to a point in excess of 55 per cent of the pyritic 
sulphur. Organic sulphur in the coal is not improved by 
any gravity separation. 

The over-all success of this operation is indicated by the 
economic value of 100 per cent mechanization under
ground; by the improvement in variability accomplished 
by the blending system; and by the reduction of the 
sulphur content beyond that possible by more con
ventional cleaning processes accomplished from the flow 
sheet selected for the washing plant. 
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New Processes for the Utili.zation of Low Grade Ores 
R. W. DIAMOND, C. 0. SWANSON AND B. P. SUTHERLAND 

ABSTRACT 

The paper is concerned mainly with the cost factors in the treatment of low-grade ores, which are divided into 
two classes: simple ores of low metal content, and complex ores. 

In the first type, crushing and grinding form an important part of the total cost. The general trend has been to
wards larger-sized units, together with the adoption of automatic controls and greater mechanization in the handling 
of materials. In the separation processes, gravity methods are especially suitable because they are inexpensive. 
Favourable results have been obtained from sink and float devices over a broad field. In addition notable advances 
have been made in jigs, spirals, tables, flotation, and magnetic separation. 

The treatment of complex low-grade ores covers a wider field because they can stand larger costs. The use of 
induced superficial oxidation, a fluidized bed for roasting and calcination, controlled crystallization of mattes, improved 
reagents in flotation, and electrostatic separation are some of the advances recently made. Automatic sorting of ore 
by visual differences, reflectivity, fluorescence and transparency to various radiations also has interesting possibilities. 
The discussion of metallurgical methods is limited to the recovery of lead and zinc from ores, residues and slags. 

In conclusion, the point is stressed that much of our progress has been due to the free interchange of technical 
information. Our approach for the future should be in a spirit of co-operation on a much broader scale. 

IXTRODUCTION cedures that come after the extraction of the ore from the 
ground, because mining practices form the subject of a 

In accordance Vlith the general directive concerning the separate introductory paper. The emphasis is principally 
purpose of this Conference and with the subject outlines on the economic aspects, and the treatment is selective 
given in the revised programme, the present introductory rather than comprehensive. In short, the intent is to 
paper has been written with a view toward providing a bring out in bold relief the principles and applications that 
background for discussion on the utilization of low-grade seem to offer the most promise in the way of conserving or 
ores. It covers only the milling and metallurgical pro- extending the world's supply of metalliferous resources. 
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In pursuing this objective it is necessary to incur certain 
isks. Choosing a few outstanding developments may not 
lo justice to the rest, and there is always grave danger in 

. Lppraising the relative economic importance of any new 
t)rocess, particularly when dealing with conditions on a 
world-wide scale. However, it is apparently the general 
:eeling of this Conference that the advantages of the 
.;elective form of treatment outweigh its defects and 
therefore the writers have not hesitated in following this 
policy. One of the principal advantages of drawing a 
simplified, or even an oversimplified picture of the 
,;ituation is that it tends to be stimulating and to foster 
tction of some sort. 

GENERAL TRENDS 

Viewed in perspective over a long period the picture 
o;hows an unmistakable trend toward the utilization of 
progressively lower grades of ore. There seems to be some 
natural law that relates the size of a deposit to its grade 
and provides increasingly large additions to the metal 
reserves as the commercial limit for the grade is lowered. 
fhis relation does not necessarily apply to single deposits 
but it does seem true for the reserves as a whole. In part 
the general trend is due to better technological methods of 
recovering metals, but to an even greater extent it is 
because of better integration over a wide field that in
cludes not only the mining industry but also such acti
vities as agriculture, power development and the manu
facture of chemicals. 

At times like the present when metal prices are high 
there is an especially strong incentive to improve re
coveries because money is readily available for the backing 
Jf research projects of all kinds. This relation alone is 
hardly worthy of mention, but it is significant that many 
Jf the developments that are brought into practical use 
during such times, and that start out as essentially high
cost procedures, remain as permanent contributions to the 
conservation and extension of mineral resources by virtue 
of continuing technological improvements that lower the 
costs. 

DEFINITION OF LOW-GRADE ORE 

Before proceeding with the main part of this discussion 
on the utilization of low-grade ores it may be of interest 
to define its scope by considering just what is meant by 
the term "low-grade ore". The question is not purely 
academic because it helps clarify our views on the signi
ficant factors in the situation. 

In general, ore is defined as material from which one or 
more metals can be won at a profit. This definition in
volves two restrictions; the confinement of the term to 
metalliferous deposits and the limitation on economic 
grounds. In addition, the prefix "low-grade" implies a 
small margin of profit. Each of these three aspects will 
now be considered in more detail. 

Considering first the restriction of the term "ore" to 
metalliferous deposits, it is clear that some qualification is 
needed because non-metallic by-products often constitute 
an important economic factor. Accordingly the definition 
must be broadened so as to include all materials in which 
the principal valuable constituents are the metals. 
However, we do not go so far as to include essentially non-

metallic deposits even though some of them produce ap
preciable amounts of ore minerals as by-products. In
cidentally, it should be noted that the definition is broad 
enough to cover such materials as old tailings and slags 
that can be retreated. 

The second consideration is that the term "ore" implies 
a profitable operation, which brings in various factors 
such as transportation, markets and metal prices and also 
their modification through political controls. It is of 
course impossible to incorporate all these considerations 
into the definition of an ore, and therefore the term is 
loosely used with respect to its economic limitations. For 
the moment it is sufficient to note that this paper is con
cerned only with the technological aspects of the economic 
situation surrounding low-grade ores, and in particular 
does not take political considerations and price predictions 
into account. 

Finally, the prefix "low-grade" means, of course, that 
the profit per ton is small. In the simplest situation this is 
entirely the result of a low metal content. Low-grade ores 
of this type are known to be amenable to established 
methods of treatment, and the question is whether or not 
the cost can be reduced to a level that permits profitable 
operation. In such cases the saving of a few cents a ton 
in the treatment costs may be the critical factor and many 
of the recerit improvements have been directed toward 
effecting savings of this size. 

There is also a second type of low-grade ore in the 
economic sense. This type contains a relatively high per
centage of metal but because of certain characteristics it 
yields only small recoveries when treated by customary 
methods. The characteristics include complex mineralogy, 
fine texture or intimate intergrowths of the various 
mineral particles, and the presence of deleterious con
stituents. In the past there have been outstanding 
achievements in the handJing of ores of this type, and it 
seems likely that in the future there will be large additions 
to the natural resources through continued progress in 
solving the milling and metallurgical difficulties associated 
with such ores. One might say that the mining industry 
refuses as a rule to accept such difficulties as imposing an 
insurmountable barrier, or at least not to the same extent 
as in the case of a deposit whose metal content per ton 
falls below the limit now recognized for ores of simple 
character. 

CLASSIFICATION OF LOW-GRADE ORES 

The last consideration in the foregoing discussion seems 
to provide a convenient basis for a general classification of 
low-grade ores that will highlight the recent improvements 
in their utilization. The two main classes can be briefly 
designated as: (1) simple low-grade ores, and (2) complex 
low-grade ores. As a rule the first type has a small metal 
content, but this description is relative rather than ab
solute. For example, low-grade iron ores contain a rather 
high percentage of metal. As the simple type is the one 
that is ordinarily in mind when the term "low-grade ore" 
is used, the paper will be devoted mainly to ores in this 
general category. However, the complex type forms an 
interesting subject that will be given some attention in the 
last part of the paper, although the treatment of such a 
broad topic must necessarily be rather sketchy. 
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SIMPLE LOW-GRADE ORES 

PRELIMINARY RE:VlARKS 

Cheap treatment is the prime requirement in utilizing 
low-grade ores of the simple type, although in some cases 
the value of non-metallic by-products such as limestone 
for fertilizer and silica for flux allows a little more latitude 
than in the usual situation. When the costs are divided 
under the three headings, mining, milling and smelting, 
it is apparent that the last group will not constitute an 
important factor as a rule because the high concentrating 
ratio makes the smelting cost per ton of ore fairly low. 
Consequently, improvements in metallurgical practice are 
of relatively minor significance and will not be considered 
further in this section. Mining costs are important, but 
they too can be dismissed, although for a totally different 
reason, which is that mining methods constitute the topic 
of a separate paper before this Conference. We are left 
then with milling as the main subject for immediate 
discussion. 

Broadly speaking, milling is a matter of first separating 
the particles of ore and waste, and then collecting the 
valuable ones in the form of a product that is suitable for 
metallurgical treatment. The separation is done by 
crushing and grinding, which is a major item of expense, 
so that any economies that can be brought about are 
important. The collection of the valuable particles is 
effected by taking advantage of various differences in 
physical properties, such as specific gravity, wettability, 
and magnetic permeability. For ores of low metal content 
the process must be cheap, and for this reason many of the 
more elaborate procedures are ruled out. It is also im
portant to discard the waste rock as soon as possible in 
order to save on grinding costs and later treatment. Many 
of the recent developments have been designed principally 
with this end in view and can be described as cheap 
mechanical methods of accomplishing the old objective 
of hand sorting. Finally, it is important to find the best 
balance between metal recovery and costs. In some cases 
an 85 per cent recovery yields~ profit while a 90 per cent 
recovery does not, even though it is technologically 
feasible. The reason is, of course, that the better recovery 
does not offset the increased cost. 

The remarks that follow deal with a few specific aspects 
of the general problems that have been outlined. They 
first consider the recent improvements in crushing and 
grinding, and then the collecting devices that are particu
larly significant in connexion with ores of low metal 
content. Finally, some examples are given to show what 
has been done in large and low-grade operations. 

CRUSHING AND GRINDING 

As already mentioned, crushing and grinding costs form 
a large part of the total milling charge, and therefore 
economical size reduction is a prime requisite for the 
successful treatment of an ore of low metal content. 
Recent advances have been mainly in the direction of 
larger and more powerful machines that handle coarser 
sizes and require less attention and repair. In addition 
the increased use of automatic controls and mechanized 
handling of materials has been very noticeable and has 
effected considerable savings in labour costs. 

As an indication of the size of the equipment now 
available it might be mentioned that manufacturers 
offer, for example: jaw crushers, with openings up to 
86 by 66 inches and capacities about 1,000 tons per hour, 
and gyratory crushers with 60 inch openings and up to 
3,000 tons per hour capacity. There are in use 84 inch 
diameter crushing rolls operating at peripheral speeds of 
3,500 feet per minute and a rod mill recently installed in 
British Columbia has an inside diameter of 101 / 2 feet and 
is 12 feet long. 

Other equipment in general use includes hammer mills, 
ball and tube mills and roller mills. The various types of 
equipment are frequently operated in closed circuit with 
screens, classifiers or other size separators to obtain most 
economically the degree of size reduction required. 

An interesting example of the use of automatic controls 
is the patented system employed by the Utah Copper 
Company to regulate the feed to the crushing roll circuit 
so that this circuit always operates at maximum efficiency. 
The control of the return of classifier sand to the grinding 
mill also has received much attention. The engineers of 
the Utah Copper Company were assisted by the General 
Electric Company in devising the proper electrical equip
ment for the work. A roller device on the return end of the 
classifier continuously measures the thickness of the rib
bon of oversize sand being returned to the ball mill. When 
the ore is hard, the circulating load in the classifier in
creases and the increased thickness of sand raises the roller 
which automatically increases the speed of the rakes 
through control of the variable speed A.C. motor drive. 
\Vnen the ore is soft, the circulating load decreases and 
causes the regulator to decrease the speed of the rakes in 
order to avoid excessive turbulence in the settling pool of 
the classifier. 

The above examples of instrumentation in a grinding 
mill illustrate a trend that has rapidly been gaining mo
mentum, and will serve the purpose of emphasizing the 
significance of automatic controls. A closely related sub
ject, which must also be given only brief mention because 
of time limitations, is the increased mechanization in 
handling materials. This is exemplified by the use of 
conveyor belts, power shovels, loaders, and similar equip
ment, all larger, more rugged and of higher capacity than 
before. 

COLLECTING DEVICES 

Although many physical properties are utilized in 
collecting the valuable particles, only a few deserve a 
prominent place in discussing the treatment of the simple 
type of low-grade ore. As noted previously, the early 
discarding of waste rock is an important factor and this is 
economically sound only if the sorting can be done very 
cheaply. Sink and float methods are especially well 
adapted for this purpose. In addition, other gravity pro
cesses, magnetic separation, and flotation have been 
greatly improved in recent years. Worthy of incidental 
mention is the use of grinding characteristics that permit 
sorting by screening, with or without some preliminary 
treatment such as calcination. 

Flotation has been called the "work horse of the milling 
industry" both in sulphide and non-sulphide fields. Al-
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though many of the recent improvements have been in 
·:onnexion with the treatment of complex ores rather than 
those of simple composition, notable advances in the way 
of building larger machines, discovering cheaper reagents, 
and using automatic controls are of direct interest in large 
operations on ores of low metal content. Indicative of the 
general importance of flotation is the fact that this process 
:onstitutes an essential step in many of the well-known 
::xamples of utilizing low-grade deposits. 

Magnetic methods of separation are used mainly in 
connexion with iron ores, often after a preliminary magne
tizing roast. The improved means of generating magnetic 
fields that are now available constitute a development of 
fundamental significance. 

Methods that make direct use of differences in specific 
gravity are probably the most important of all because 
they are inexpensive and have recently been greatly im
proved with respect to their utilization in the treatment 
of the simple type of low-grade ore. The following para
graphs describe some of the developments that have taken 
place in the last few years. 

Sink and float processes have had an especially rapid 
growth. In general they are applied to sizes of 4-mesh and 
greater although some progress has been made in handling 
finer particles. The separation is obtained by introducing 
the ore into a cone which contains a heavy medium con
sisting of an aqueous suspension of finely divided ferrosili
con, magnetite or galena. The light gangue particles rise 
and the heavier mineralized particles sink. 

Recently, favourable results have been obtained in large 
scale tests wherein a modified Akins classifier has been 
employed as the separating vessel for sink-float concen
tration. The spiral of the classifier removes the sink pro
duct and the design of the spiral lifting device permits 
raising the spiral and shutting down the separator without 
the necessity of draining the vessel. 
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panded their operations in handling manganese ores, the 
backbone of the process being a redesigned Hancock jig. 

The Humphreys Spiral is one of the simplest con
tinuously operating mechanical devices employed in the 
concentration of minerals. It uses centrifugal action but 
has no moving parts and requires no direct power to 
operate. The pulp, usually minus 10-mesh, flows down a 
spiral launder, and the heavier ore particles are drawn off 
through ports on the inner side. By splitting the tailing as 
it flows from the spiral, it is possible to separate sand and 
slime and also to make a middling product for recirculation 
or separate treatment. The concentrate from the rougher 
spiral may be further enriched by retreatment in cleaner 
spirals or by flotation. 

The spiral has found commercial application in the 
concentration of zinc, lead, silver, chromite, rutile and 
ilmenite from beach sands and in the washing of coal. 
Other possible applications include the treatment of iron, 
tantalite, columbite and tin ores, tailings from gravity and 
flotation plants, and placer deposits containing gold, 
silver, corundum, garnet, monazite, zircon or other heavy 
minerals. An example of Humphrey Spiral performance 
is the production of a 5 per cent concentrate from a tailing 
that assays 0.15 per cent W03 • Tables can then grade it 
up to 65 per cent W03 • 

In concluding this section on collecting devices it may 
be worth-while to note that automatic controls and 
mechanized handling of materials are partly responsible 
for the improved efficiency. As in the case of crushing and 
grinding, and in fact in all phases of ore treatment, the 
increased use of controls and mechanization is an im
portant factor in cutting costs. 

SPECIFIC EXAMPLES 

In actual practice the successful treatment of a low
grade ore does not usually depend on a single key process 

The selective media concentrator developed by the but on the co-ordination of many steps, each of which is 
Stearns-Rogers Manufacturing Company differs from the developed to a high degree of efficiency according to the 
ordinary sink and float devices in that the ore itself forms particular requirements and in relation to the other 
the medium, and it can treat much finer ore than is usually phases of the whole operation. The following examples, 
treated in the sink-float machine. Experimental appli- which are only typical of many, illustrate what can be 
cation to the concentration of iron ore has been very done along these lines. 
promising, and a wide application to the beneficiation of The Alaska-Juneau operation, although not one of the 
low-grade non-ferrous ores is indicated. most recent developments, is taken as the first example 

The broad utilization of sink and float principles can be because the ore is extremely low-grade, the recovery in 
illustrated by citing a few examples. In addition to the 1934-1937 averaging only .043 ounce of gold per ton 
well-known applications in the :.Vfesabi iron range and the mined. Another interesting feature is that the elimination 
lead-zinc districts such as the Tri-State and Cceur d'Alene, of waste rock before milling, which was done by hand 
the process is employed to concentrate tin ores in Bolivia sorting, was a critical factor in the over-all cost, as a large 
and fluorite, manganese, copper-tungsten, tin-tungsten proportion of the product from the mine did not contain 
and other ores in various parts of the world. Engineers of enough values to pay for milling it. 
the Dutch State 1fines have developed a process that can As a second example the taconite of the Mesabi range in 
treat coal as fine as 48-mesh and is generally applicable to Minnesota illustrates the problems encountered in trying 
particles of moderately fine size. to utilize low-grade iron ores. The reserves are tremen-

Passing on to other gravity methods, we note that a dous, amounting to some 60 billion tons averaging about 
nigh frequency jig, operating at 3,600 impulses per minute, 30 per cent iron. The mineralogy is in general simple, as 
has shown promise in the Lake Superior district. The coal the taconite consists essentially of hematite, magnetite, 
industry of the United States has spent large sums on and chert. In the normal taconite, hematite is the main 
research and has developed, among other devices, a iron mineral, but at the east end of the range where the 
machine that represents a notable advance in jig and table iron formation has been metamorphized by the Duluth 
design. United Mining and Millil'lg Corporation have ex- gabbro, magnetite becomes abundant. The utilization of 
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this vast resource is still in the experimental stage but two 
proving plants are showing the way. It appears that 

magnetic concentration, perhaps preceded by a reducing 
roast, will prove the outstanding method. However, 
various combinations of processes are being tried, and 
include the use of heavy media, classification, and flotation, 
as well as magnetic separation. 

The Greater Butte project furnishes our third example. 
As is well known, most of the previous production from 
this famous Montana camp has been derived from veins 
that carry a fairly high-grade copper ore, together with 
important values in zinc, gold and silver. The new pro
ject contemplates the utilization of the low grade deposits 
that are associated with the main veins, and the treatment 
of 130 million tons over a period of years is visualized. 
Experts of the Anaconda Copper Mining Company have 
their plans crystallized for the economic extraction of ore 
that will return 20 pounds of copper per ton, together with 
substantial credits in precious metals. From the technical 
viewpoint, the development of new flotation processes is 
perhaps the main factor in the treatment of the ore. 

Another well-known example that has proven the possi
bilities of utilizing low grade copper deposits is the oper
ation of the Utah Copper Company at Bingham. By 
employing the most efficient procedures in open-pit 
mining, milling, and smelting the company has been able 
to make substantial profits by large scale methods that 
treat about 80,000 tons a day averaging around 0.9 
per cent copper. Favourable factors are the large size of 
the deposit, the facilities for mining, and the mineralogy 
of the ore. 

In the lead-zinc field a recent example is furnished by 
the programme in the Cceur d'Alene district. In addition 
to the treatment of old tailings, the mining of low-grade 
ores left in the walls of the stopes will be undertaken on a 
large scale. In this camp the deposits occur as replace
ments along fracture zones, and there are large blocks of 
slightly mineralized ground that were left in the first 
operations. In the treatment of the low grade material, 
sink and float has been used, although it is probably true 
that the burden of the separation falls on flotation. 

As a final example we will take one aspect of the oper
ations at the Sullivan mill of The Consolidated Mining and 
Smelting Company of Canada, Limited. This aspect is the 
recovery of tin from the tailings obtained from the normal 
concentration processes for the lead and zinc. The tailings 
carry about one pound of tin per ton, as cassiterite, and the 
initial problem was essentially that of obtaining a pre
liminary separation that would discard most of the waste 
material and leave a product that could be regarded as a 
normal tin ore amenable to conventional methods. The 
first step is desliming, followed by flotation of the under
flow in which over 60 per cent of the material is floated as 
iron sulphide relatively low in tin. The remaining 2,000 
tons of material is treated on a novel automatic tilting 
blanket table, carried out in two stages with an inter
vening flotation step. By these means the bulk of material 
is reduced to about 30 tons, containing up to 8 per cent 
tin and amenable to standard gravity separation pro
cedures. 

COMPLEX LOW-GRADE ORES 

PRELIMINARY RE:\-iARKS 

The second class of low grade ores includes materials 
that contain fairly high gross values in metals but, because 
of their complexity, yield only a small margin of profit 
when treated by standard methods. Unlike the simple 
low-grade ores, they can stand large treatment costs, 
which opens up a wide field of technological attack. It is 
impossible, of course, to cover this field systematically in 
a short introductory paper, and therefore the discussion 
that follows is necessarily very selective. About all that 
can be done is to give a few examples of recent develop
ments, which for convenience are separated under the 
headings, milling methods and metallurgical methods. 

MILLING METHODS 

In flotation, the use of induced superficial oxidation has 
advanced rapidly in the last few years. The principle is 
that carefully controlled heating in the range of 250 to 
500 degrees C. will produce an oxide film on ore mineral 
while another remains unaltered. The separation of the 
minerals can then be carried out by standard flotation 
procedures. Ultimately it may be possible to make such 
difficult separations as sphalerite from partially oxidized 
copper sulphides, galena from tetrahedrite, nickel sulphi
des from copper and iron sulphides, and even auriferous 
iron sulphides from barren iron sulphides. 

To illustrate what is being done along these lines; it may 
be noted that, at a large concentrator in Utah, a mixture 
of chalcopyrite and molybdenite, which has been depress
ed from the copper concentrate, is heated to about 275 
degrees C. in a hearth roaster and then repulped. The 
molybdenite is floated from the chalcopyrite, which is 
rendered non-floatable by the heating process. The ratio 
of .MoS2 to copper in the final concentrate is more than 
2,600 times the ratio in the original. 

Another example is the concentration of a chalco
pyrite-cobaltite ore assaying about 0.9 per cent cobalt 
occurring in a large deposit in the United States containing 
up to 40 per cent pyrite and pyrrhotite. The job is being 
done by floating a finished copper concentrate and a bulk 
sulphide concentrate in the rougher circuit. A superficial 
oxide film is then formed on the iron sulphides in the bulk 
sulphide-cobaltite concentrate by heating to 300 degrees 
C., thereby making it possible to depress the iron sulphides 
and float the cobaltite. 

In this connexion mention must be made of the use of a 
fluidized bed for roasting and calcination. This is a new 
development that allows treatment under closely con
trolled conditions and may find application in connexion 
with problems of the type just described, as it is doing in 
other operations. 

A different form of pre-treatment for flotation is the 
process developed by International Nickel Company in 
which a copper-nickel matte is slowly cooled so that 
crystallization of the different constituents is sufficiently 
coarse to allow separation by grinding and flotation. This 
is an example of co-ordination in which metallurgical 
transformations are carried out with a view to subsequent 
flotation. The principle would seem to be capable of fairly 
widespread application. 
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Improvements in the reagents used in flotation have led 
to a number of new procedures. For examples, certain 
manganese ores can be handled by employing a catio!lic 
reagent that causes the gangue to be floated, and a mine 
in North Africa is successfully treating a badly oxidized 
lead ore by using a special sulphidizing reagent. 

Passing from flotation to other methods we note that 
electrostatic separation has again been receiving con
siderable attention and that in some fields it has been 
developed to the point of commercial application. One 
factor in the operation is the surface pre-treatment of the 
ore particles. 

Automatic sorting on the basis of colour is already 
established in various industries and should be applicable 
to certain ores. The process need not be limited to visual 
differences but could include reflectivity, fluorescence and 
transparency to various radiations including X-rays. In 
fact X-ray transparency has already been used on a small 
scale for sorting coal. Natural radioactivity of uranium, 
thorium and potassium minerals and artificial radio
activity of others has interesting possibilities for research 
and development along the lines of automatic sorting of 
ores. 

METALLURGICAL METHODS 

The advances in metallurgical methods have been 
notable and their effects are far-reaching because any im
provement in costs or in the flexibility that is allowable in 
the specifications for concentrates is reflected in the 
utilization of low-grade ores. However a full discussion of 
recent metallurgical developments would take us beyond 
the scope of this paper, and we must therefore limit the 
remarks to two methods that are particularly adapted to 
low-grade ores. 

One method is the W aelz process for the recovery of 
lead and zinc from ores, residues and slags. This process 
has been used successfully for a number of years, and has 
the advantages of requiring only a low-grade fuel and 
being suitable under a relatively wide range of conditions. 
The product consists of a high-grade mixture of oxides 
that is amenable to standard methods of reduction. 

The second process is the fuming of lead and zinc from 
slags by blowing pulverized coal through the molten slag. 
The volatilized zinc and lead are subsequently oxidized 
and recovered as such for further treatment. The process 
has been used for some years at several plants in North 
America. A somewhat similar process using electric power 
with sufficient coke for reduction allows of the direct 
recovery of condensed zinc and lead metal in a vacuum 
condenser. This has been under development for some 
time at the Herculaneum plant of the St. Joseph Lead 
Company in the United States. 

CONCLUSIO~S 

During the last few decades the mineral industry in all 
its phases, from prospecting for ore to marketing the 
finished product, has made great progress. This is de
monstrated by higher efficiencies, lower costs, and better 
working conditions. It is believed that in good part this 
progress has been achieved by industrial research and 
development using, in co-operation, the advances made in 

many individual lines of science and engineering to further 
the industry as a whole. In North America at least, there 
has been a remarkable recognition of the mutual advantage 
gained by free interchange of technical information not 
only between engineers in various fields but also between 
various companies. It is believed that experience has 
amply proved the merit of this practice. If the problems 
involved in the adequate development of the world's 
mineral resources can be approached in a spirit of true co
operation and partnership, the results already achieved 
can be surpassed and multiplied many times throughout 
the world for the benefit of the whole of mankind. 
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New Processes for the Utilization of Low-Grade Ores 

JOHN D. SULLIVAN 

ABSTRACT 

Because of the depletion of ores of the high grade originally treated for the winning of minerals, it becomes neces
sary to utilize lower tenor materials. When one must produce more cheaply in order to compete economically he learns 
how to do so by large-scale operations, by employment of mechanical devices, by application of greater efficiency and 
by utilization of better technology. 

The grades of ore economically treated today are far lower than in past days. Whereas the average recovery of 
copper from all ores in 1890 was about 5 per cent, it was only about 0.9 per cent in 1946. While formerly 5 to 7 per cent 
of lead was required, current operations in southeastern Missouri are profitable on ores containing as little as 2 per cent 
of recoverable lead. In the Tri-State District, the recovery of zinc as concentrates from ores treated in 1947 averaged 
about 1.7 per cent; of lead, about 0.4 per cent. This contrasts to about 3.9 and 0.8 per cent, respectively, in 1935. 

In 1948, 26.0 per cent of all iron ore shipped from Minnesota mines was beneficiated in some form. However, most 
of the concentrates were made by simple washing methods. Considerable research work is underway on the utilization 
of taconites of low iron content. 

Before World War II we were limited in the use of bauxite containing not more than 7 per cent of silica for the 
production of Bayer-grade alumina for reduction to metal. By the so-called combination process of treating the red 
muds from the Bayer process ores as high as 15 per cent in silica were used successfully. This is not the top limit of 
silica. 

All current production of magnesium is from seawater which contains only 0.13 per cent of magnesium. 
By-product utilization also helps in the marketing of low-grade ores. Among by-products are gold, silver and 

molybdenum from copper concentrators, tungsten from molybdenum, and zinc from lead blast-furnace slags. Sulphur 
oxides and hence sulphuric acid for years has been a by-product of sulphide roasting and smelting operations. 

Among new technical developments yielding lower cost operations and thus permitting the economic use of lower 
grade ores are: heavy-media separation, the Dutch State Mines cyclone and the Humphreys spiral, all mechanical 
means for separating out barren material. Better technical know-how, improved reagents and cells are milestones 
in flotation, another mechanical method of purification. 

The utilization of more than one mineral from such complex aggregates as black sands has made handling pro
fitable. Many new processes are in the embryonic stage either in research laboratories or under semi-commercial 
development. 

INTRODUCTION 

"Low grade" is a relative term and can be interpreted 
only in terms of past history. A material is considered 
"low grade" when its content of valuable constituents falls 
below that usually or formerly present in similar commer
cial ores. However, a gold ore may be considered high if it 
contains 0.001 per cent of gold whereas an iron ore with 
40 per cent of iron is not. 

Man must fight a continuous battle with depleting 
reserves. Food crops, forests and other growing organic 
material can be regenerated in a relatively short period, 
but you cannot mine iron ore, feldspar, sulphide ore, clay 
or any other mineral and regenerate it in a finite time. 

LOW-GRADE ORES 

In the United States we have to use ores whose content 
is lower and lower in the minerals to be won. Technically 
it is possible, for example, by methods employed in 
analytical chemistry to recover metallic and non-metallic 
values from rocks containing but traces; however, the 
economic picture is such that we must utilize the highest 
grade materials possible or else employ techniques lending 
themselves to low-cost production. To make the mining 
and subsequent utilization of low-grade ores economically 
feasible it is often necessary to utilize every possible by
product. \Vhen you must produce more cheaply in order 
to compete you learn how to do so by large-scale oper-
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ations, by mechanical devices, by application of greater 
dficiency and by utilization of better technology. Some 
,Jf the changes in the economically usable grades of ores, 
and outstanding technical developments for the utilization 
,Jf low-grade ores are the subject of this paper. 

Copper: 
Perhaps the earliest metal used by man was copper 

found in the native state. Later he learned how to smelt 
Jxidized copper minerals in a shaft furnace and still later 
to smelt sulphide ores to produce a sulphide matter which 
Jn blowing in the molten condition with air was converted 
to metallic copper. Not, however, until the advent of 
froth flotation was it possible to utilize the low-grade 
disseminated ores. Production statistics show a steady 
decline in grade of copper in the ores mined, (figure 1). 
In 1890 the average copper recovered from all ores was 
about 5 per cent; in 1946 it was slightly under 1 per cent. 
In 1911 the average heads at Bingham Canyon (figure 2) 
ran 1.51 per cent contrasted to 1.00 in 1935. In that time, 
however, percentage recovery increased from 69.5 to 89.2, 
with average yield, in per cent, changing from 1.05 to 0.89. 
The low recovery was 61.1 per cent in 1917 and the high 
was 93.2 per cent in 1932. 

We now think nothing of treating ores containing as 
little as fourteen pounds of recoverable copper per ton 
(although in truth this probably would not be possible 
except for the precious-metals credit). Today with heap
leaching and leaching-in-place we are recovering millions of 
pounds of copper annually from heretofore waste products. 
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Lead and zinc: 

It formerly required 5 to 7 per cent of lead to make an 
ore, but for years many of the mines of southeastern 
Missouri have profitably mined ore containing as little as 
2 per cent of lead. The southeastern Missouri ores of the 
St. Joseph Lead Co. had a lead content of 3.5 per cent in 
1930 contrasted to about 2.25 per cent today. The Tri
State District is a large zinc producer. Formerly the ore 
contained about 6 per cent of zinc and one per cent lead. 
The recovery of zinc as concentrates from ores treated in 
194 7 averaged about 1. 7 per cent; of lead, about 0.4 
per cent. 

Figure 3 shows metal recovered from 1907-194 7 from 
Trit-State ores. These values are based on the assay of 
concentrates less an allowance for smelting losses. Actual 
recovery in concentrates would be about 10 per cent higher 
for zinc and 2 per cent higher for lead. However, since the 
allowance is constant, the yields can be compared from 
year to year. The curves illustrate two significant facts: 
(a) the great increase in recovery with the advent of 
flotation about 1915, and (b) the decrease in recovery in 
recent years, signifying utilization of lower grade ores. 
Since about 1926 recovery of zinc concentrates from old 
tailings has been significant. As an example, in 1940 of a 
total of 430,000 short tons of zinc concentrates, 75,000 was 
from old tailings remilled. In 1946, 34,000 tons of zinc 
concentrates was so recovered. The data in figure 3 in
clude recovery from tailings as well a·s from new ores. 
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Figure l. Average yield, in copper, of all copper ores produced in U.S., both concentrating and direct smelting (1861-1946). 
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Figure 3. Metal recovered per ton of crude ore (rock) mined in 

the Tri-State district (1907-1947). 

I ron and steel: 

We are living in a Metal Age and iron and steel are the 
backbone of that economy. We are fortunate in the 
United States in having had vast deposits of high-grade 
ores. The usual grade of ore to the iron blast furnace runs 
slightly over 50 per cent of iron. However, the reserves of 
high-grade ores are not inexhaustible and the time is fast 
approaching when we shall have to utilize more low-grade 
ore. 

In 1906, of a total of 25,600,000 tons of iron ore shipped 
from Minnesota mines not one ton was concentrated. In 
1948, of a total of 69 million tons 26.0 per cent or nearly 
18 million tons was concentrated. This was an increase of 
2.4 per cent from 1946. This usually involves a simple 
washing operation and the grade of ore is improved from 
about 40 per cent to around 50 in the concentrates. In 
1946 of the approximately 12 million tons concentrated, 
10 million was washed, 120,000 jigged, 24,000 recovered 
by magnetic concentration, 100,000 was sintered, 1 million 
won by heavy media and 550,000 was merely dried. The 
heavy-media separations were first reported in the 1938 
statistics when the total was 7,500 tons; now it exceeds 
1,500,000 tons. In 1946 approximately 13,800,000 tons of 

concentrates were produced from 84 million tons of ore 
mined in the United States. This is 16.4 per cent of ore 
mined, but is 20.4 per cent of the concentrates plus direct 
shipping ore. Figure 4 shows the percentage of total Lake 
Superior (not Minnesota alone) iron ore shipments which 
were concentrated by washing, jigging and heavy media, 
1910-1948. 

As time goes on we are going to depend more and more 
on the "formation materials" as a source of iron ore. The 
tonnages are enormous, estimated by some geologists as 
being many thousand billions of tons. These materials 
adjacent to current workings of 'high-grade ores in the 
Mesabi Range contain approximately 30 per cent of iron. 
They are finely disseminated requiring grinding to about 
150 mesh to liberate the iron minerals. The eastern Mesabi 
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Figure 4· Per cent of total Lake Superior shipments which 
have been concentrated by washing, jigging and heavy media. 

is characterized by the iron oxides being predominantly 
magnetite. At the extreme western Mesabi the oxide is 
largely non-magnetic (table 1) but in between the ratios 
vary. The first taconite to be utilized commercially will be 
the magnetic type. Later the hematitic and mixed taco
nites will be concentrated. The magnetite will be con
centrated by more or less conventional magnetic means. 
The hematitic material undoubtedly will be treated either 
by flotation or by magnetic roasting and subsequent 
magnetic separation. A combination of both is also 
possible. 

The concentrates from formation materials will be so 
fine that some method of agglomeration will be required 
to produce a suitable blast-furnace feed. Conventional 
sintering and nodulizing are being considered; also a 
pelletizing process (1) 1 has been proposed and is being 
studied. 

While considerable research is being done on the util
ization of iron formation materials, virtually nothing has 
been published to date. We can expect, however, the 
publication of research results in the not-distant future. 

1 Numbers within parentheses refer to items in the bibliography. 
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Table 1. Chemical analysis of Mesabi hematitic taconite 
samples 
Per cent 

~----~----~------·----------··------------··------~~ 

Total Magnetic 
No. Fe Fe sw. p C02 LO.I. 

1. 32.9 11.0 51.5 0.016 0.05 1.78 
2. 25.4 5.9 46.1 .029 9.4 9.40 
3. 27.7 5.4 50.0 .027 5.6 7.97 
4. 33.1 19.7 49.7 .026 1.16 1.63 
5. a4.t 17.6 47.6 .022 1.79 1.79 
6. 32.4 18.2 48.4 .033 0.3 0.13 
7. il2.9 27.7 47.3 .013 1.8 0.94 
8. 36.7 1.8 46.5 .016 0.10 0.64 
9. 44.2 8.4 35.1 .027 0.11 1.31 

10. a4.1 12.3 49.1 .025 0.13 1.57 
11. 30.0 16.0 48.9 .025 4.81 5.9 
12. 28.5 11.1 45.6 .038 9.04 9.1 
1:3. 27.9 5.9 44.1 .043 10.:30 11.0 
14. 28.7 9.5 5tU .046 0.42 1.2 
15. 31.4 4.7 53.5 .039 0.30 1.7 
16. :36.5 :-1.6 45.0 .017 1.56 2.1 
17. 34.1 lUi 50.3 .020 0.43 1.09 
18. 33.:! 6.1 5l.:l .015 0.31 1.52 
19. ~12.5 12.2 52.G 0.20 0.19 1.53 
:W. a:u; ~5.2 43.8 .025 3.95 3.2 
21. 28.8 17.6 46.6 .056 5.43 4.9 
22. 29.2 18.4 47.1 .022 2.77 2.6 
23. 26.7 11.3 47.3 .031 7.40 7.0 

Aluminum: 

Aluminum is made bv reduction of alumina in electro
lytic cells. The alumina comes from bauxite. United 
States consumption comes largely from Dutch Guiana, 
with substantial production from Arkansas, and minor 
imports from elsewhere. The bauxite is treated by the 
alkaline Bayer process to yield alumina. In this process 
an artificial soda-alumina-silica 7£olite is formed and sub
stantially all of the silica in the ore goes into the zeolite 
thus tying up an unduly large amount of alumina. For 
every per cent of silica in the ore, approximately 1.1 per 
cent of alumina is lost, and 1.2 per cent of soda, expressed 
as Na2C03 , is consumed in the Bayer process and lost in 
the so-called red mud residues. The tonnage of low-silica 
domestic bauxites is small but the tonnage of ores higher 
in silica content is appreciable. 

Because of the artificial zeolite formation the silica con
tent of bauxites was formerly limited to about 7 per cent. 
During the last war The Aluminum Company of America 
put into operation the so-called combination process (2) 
applicable to high-silica ores. In this process the red mud 
formerly discarded, after suitable addition of high-calcium 
limestone and soda ash, is sintered to give a lime-soda 
sinter, which is ground and leached with water or dilute 
caustic soda solution to yield a solution of sodium alu
minate and a residue of calcium silicate, iron minerals 
and so forth. The leach liquors go into the regular Bayer 
process to be desilicated and for the winning of the alu
mina by seeding. Soda as well as alumina is recovered 
from the residue. By this process ores containing as high 
as 15 per cent of silica were economically treated and 
some experts believe that up to 25 per cent might be 
utilized. 

SULLIVAN 

Utah, using alunite, a natural basic potassium aluminum 
sulphate as the raw material. Alumina suitable for metal 
manufacture was produced, but the economics do not 
permit such operations in competition to bauxite and the 
Bayer process. 

Magnesium: 

Initially in the United States magnesium was produced 
from well brines. Today the only source of magnesium is 
sea-water which contains only 0.13 per cent of magnesium. 
This is the lowest grade "ore" of any of our commercial 
engineering metals. 

1\1 anganese: 

Vast progress has been made in the utilization of low
grade domestic manganese ores. The Anaconda Copper 
Mining Company is concentrating a carbonate ore by 
flotation and nodulizing the concentrates to yield a pro
duct containing approximately 60 per cent of manganese. 
During the war an ore containing about 22 per cent of 
manganese was leached by a sulphur dioxide process to 
yield manganese sulphate and thionate which in turn were 
calcined to yield a product containing slightly over 60 
per cent of manganese and to regenerate the sulphur 
dioxide. An electrolytic process to yield metal containing 
99.9 per cent of manganese from sulphate solutions has 
been perfected. Considerable research work has been done 
on the concentration of low-grade manganese ores by 
flotation. No commercial installations have been made. 

Chromium: 

The United States was forced during World War II to 
produce chromite from domestic ores. Operations in 
Montana showed the technical feasibility of mining ore 
containing 18 to 19 per cent of chromium oxide and 
beneficiating it by tabling to 39 to 42 per cent. The ratio 
of chromium to iron, however, was unfavourable for 
metallurgical-grade ore. Various chemical processes in
cluding chloride volatilization and selective roasting to 
render the iron amenable to acid extraction were developed 
in the laboratory but were not put into commercial 
operation. 

Titanium: 

The Macintyre property in New York produces high
grade ilmenite concentrates from an ilmenite-magnetite 
ore. In 1943 commercial operations were on ore averaging 
16 per cent of titanium oxide and 33 per cent of iron. By a 
combination of gravity and magnetic methods the ilme
nite concentrates currently produced contain 44 to 45 
per cent of titanium oxide which can be used for pigment 
manufacture, ceramic uses or the production of titanium 
metal. The magnetic concentrates are a by-product but 
in that form are a relatively high-grade iron ore. 

Tungsten: 

The tungsten concentrator of the Nevada-Massachu
setts Company located near Mill City, Nevada, by a com-

Alumina from clay. During the war a semi-commercial bination of flotation, gravity separation and chemical 
plant operated in South Carolina using the lime-sinter treatment upgrades ore containing only 0.25 to 3 per cent 
process; one at Salem, Oregon, using an ammonium of tungsten oxide to concentrates containing over 75 
sulphate process, both on clay; and one at Salt Lake City, per cent. 
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Gold: 

An excellent example of mass-production methods and 
improved techniques is illustrated by the gold placer 
mining using gravity hydraulic handling of gravel. In 
California the average gold recovered in 1943 was 0.004 7 
ounce per cubic yard of gravel treated. This decreased to 
0.00,10 in 1944, 0.0033 in 1945, 0.0026 in 1946, but in
creased to 0.0036 in 1947. 

In the regular cyanidation of gold-silver ores treatment 
of slow-settling ores is simplified by simultaneous ad
sorption of the dissolved gold and silver by carbon (3). 
The carbon and metal values can be recovered by flotation, 
or by using coarse carbon in revolving screen containers it 
may be kept separated from the pulp, and after desorp
tion may be re-used. 

By-product ~ttilization: 

To make the mining and subsequent utilization of low
grade ores economically feasible it is often necessary to 
utilize every possible by-product. The economic feasibility 
of utiliging extremely low-grade copper ores in most cases 
depends on the credit for precious metals which may be 
50 to 60 cents per ton. There is nothing novel, of course, 
in the utilization of sulphur gases from sulphide ores to 
make sulphuric acid; likewise, arsenic is often recovered as 
a by product. Magnesium compounds, borax and gypsum 
are obtained in the extraction of potash from brines of 
dry lakes such as Searles Lake. 

Molybdemtm: 

Within the last decade many of our western copper 
concentrators have been yielding substantial amounts of 
molybdenum (4), which occurs as a sulphide in the ore in 
amounts of on the order of 0.02 to 0.06 per cent of molyb
denum (although somewhat higher in rare instances). The 
molybdenum sulphide is co-floated with the copper sul
phides and subsequently separated by a special flotation 
step. Total molybdenum production in the United States 
for 1947 and 1948 is estimated at 26.1 million pounds 
annually of which approximately 16 million pounds is 
from copper-mining operations. 

Tungsten: 

Tungsten is being recovered as a by-product of molyb
denum concentration operations at Climax Molybdenum 
Company. 

Zinc from lead slags: 

At one time the zinc going into lead slags was lost. To
day, by a fuming process (5) it is being recovered at many 
plants, and the practice is becoming more prevalent. 
Among plants in the United States using this process are 
those at East Helena, Tooele, Bunker Hill and El Paso. It 
also is used at Trail, B.C., where the employment of en
riched oxygen in the slag furnace permits optimum oper
ation conditions. The Waelz kiln is still used widely on 
residues. 

Scrap steel: 

Another interesting by-product recently in the news is 
the recovery of metallic iron from open-hearth slag 
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dumps. Such scrap is in the form of material sticking to 
the slag and some skull linings. One steel company is 
reported to have recovered more than 2 million tons of 
steel scrap. 

Fluorspar: 

Much of the acid-grade fluorspar produced in the United 
States (6) is made by flotation of low-grade complex ores 
or gravity-plant tailings. In some cases zinc and lead sul
phides are recovered as by-products. 

Coal: 

Fine coal formerly lost in the washery water is now 
being recovered in many plants by flotation. Thus the 
yield of marketable coal is increased, the waste-disposal 
problem in congested areas is simplified and less equip
ment is needed for better clarification of water for re-use 
in the washer. 

Recovery of associated minerals: 

There are manv instances where two or more minerals 
when closely ass~ciated are of little or no value, yet each 
has a ready market when separated from the other. It is 
also necessary in many cases to utilize more than one 
mineral present in an ore to make the process economically 
sound. The so-called beach sands of Oregon and those on 
the Gulf Coast of Florida are striking examples. These 
sands contain substantial percentages of titanium in the 
form of ilmenite and rutile, and zirconium as zircon. In 
one of the current operations in Florida one group is 
handling about 5,000 tons per day of sand and of this 
about 5 per cent are heavy minerals. Of the five per cent, 
ilmenite comprises about 42 per cent; zircon 12; rutile, 8; 
and monazite about 0.5. This operation is successful but 
it would not be on one mineral alone. 

At the present time considerable research is underway 
to recover beryl, tantalite and other minerals from peg
matite deposits. Recent results have been encouraging on 
both New England and 'Western pegmatites. The process 
under study consists essentially of agitating and dispersing 
the ore with caustic soda, trisodium phosphate or hydro
fluoric acid; washing; desliming; and flotation. It is still 
in the laboratory stage; no commercial utilization has as 
yet been made. 

TECHNICAL DEVELOPMENTS 

Technical developments have aided in the concentration 
of low-grade ores. It is usually necessary to grind the ore 
as a preparatory step. Frequently grinding is one of the 
major elements of cost. Techniques, therefore, have 
tended in the direction of avoiding overgrinding and in 
removing as much as possible of the ore from the grinding 
circuit as soon as it is broken down sufficiently to separate 
the different minerals that are attached to each other. 
The current trend of technical opinion is to use larger 
diameter, larger capacity ball mills operating at slower 
speeds. The objective is lower power consumption and 
less ball and liner wear. 

Heavy-media separation: 
One method employed to reject as large a percentage as 

possible of the ore at the coarsest practical size consistent 
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with mineral liberation and subsequent recovery is heavy
media separation (7), which is an efficient low-cost method 
on coarser sizes, for example, plus 10 mesh. Sizes up to 
2 inches have been concentrated. Separations are made 
over a specific-gravity range of 1.25 to 3.75, and the 
gravity has in some commercial operations been main
tained within ± 0.01 per cent. The process can be applied 
to reject a large percentage of the mined ore at a coarse 
size. It may also be used to produce a marketable con
centrate at a coarse size and, in some cases, to increase the 
over-all recovery. Formerly the heavy medium was either 
galena or ferrosilicon. Today the tendency is toward the 
latter, largely because of cost. 

The Dutch State Mines "cyclone": 

The Dutch State Mines or Driessen cyclone process (8), 
commonly termed the "cyclone" process permits the ex
tension of the heavy-media separation process into the 
finer size ranges. The most effective size range of particles 
treated is minus 1/ 4 inch plus 100 mesh although sepa
rations are possible at finer size. The major use of the "cy
clone" to date has been for thickening operations. Its 
potentialities as a hydro-separator are currently being 
investigated in Florida. It is being used for concentrating 
spodumene, a lithium ore. Its use in the concentration of 
cassiterite, the tin ore, and iron ores is being investigated. 
It is reported that sharp separations in connection with 
iron ore concentration are being obtained experimentally. 
Capacities of 4 to 8 tons per hour, depending on the ore, 
for a 6-inch-diameter cone and 10 to 25 tons per hour for 
a 14-inch cone have been reported. The large capacity of 
this relatively small piece of equipment makes it potential
ly attractive for use in concentrating low-grade ores. 

Humphreys spiral: 

The Humphreys spiral (9), originally developed for the 
concentration of gold ores, is finding wide application in 
concentrating metallic and non-metallic ores, including 
low-grade ones. It may be considered, in general, as a 
replacement for concentrating tables. The most effective 
size range treated is minus 1 / 8 inch plus 200 mesh. The 
major advantages are reduction of capital cost and smaller 
space requirements. Operating costs also are low. 

The largest installation now in operation on iron ore is 
that of Cleveland-Cliffs Iron Company where 84 spirals 
treat 100 tons per hour of iron ore of the type usually 
concentrated in jigs. The Climax Molybdenum Company 
with 128 units recovers tungsten concentrates from its 
molybdenum flotation tailings. The International Miner
als and Chemical Company has 154 spirals at Achan and 
88 at Noralyn for the recovery of phosphate sands. Other 
new plants include that of Calco Chemical Company in 
Virginia on ilmenite, the Turkish Kavat mine on chro
mite, and that of the Hudson Coal Company on anthracite 
silt. The Starke, Florida, plant of the Humphreys Gold 
Corporation will start using more than 1,000 spirals to 
treat 25,000 tons of sand daily for the recovery of ilmenite, 
rutile, and zircon. 

Fluidized roasting: 

The advent of fluidized-bed roasting furnaces (10) offers 
a new method for drying and calcining ores. The principle 
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is the well-known one used in the catalytic cracking of 
petroleum products. This process has been carried through 
the commercial stage of development in both the calcining 
of limestone and in the self-roasting of sulphide ores. The 
high unit capacity and low maintenance costs offer pro
mise that this equipment will be widely adapted to 
roasting, retorting and other problems in the utilization of 
low-grade ores. 

I on-exchange resins: 

Although no large-scale commercial application has 
been made of ion-exchange resins directly related to the 
processing and refining of metallic ores it is to be an
ticipated that the future will see such applications, in 
particular as may be related to the recovery of by-pro
ducts or recovery of metals from waste solutions. The 
ion-exchange resins have been employed commercially for 
the separation of the fissionable elements and also the 
rare earths. 

Combinations of processes: 

More and more we are coming to the use of combinations 
of concentrating methods and devices as applied to low
grade ores to permit economic recovery. While it might 
not be considered "low grade" by some standards, an ex
cellent example is in the concentration of phosphate rock. 
When flotation was first adopted in the Florida phosphate 
district, the process was used to obtain a minor additional 
recovery from washing plant wastes. Today major re
covery is by flotation and in addition, fine phosphatic 
sands are being concentrated economically that could not 
have been recovered by older methods. The phosphate 
mineral is usually floated from the waste by a crude oleic 
acid and fuel oil. A growing trend is to re-treat such a 
concentrate by washing off the fatty acids and floating 
residual siliceous minerals with an amine collector. 

The Noralyn (11) plant of the International Minerals 
and Chemical Company is designed to produce 1,500,000 
tons of phosphate concentrates per year. It will involve 
handling of about 9 million long tons of matrix and over
burden annually. The daily output is about 500 tons of 
washed pebble and 3,500 tons of concentrates. The coarser 
concentrates are made in Humphrey spirals (500 tons 
daily) and the finer concentrates (3,000 tons) are produced 
by flotation. 

Many other examples of combinations of processes 
could be given. Some have been mentioned in preceding 
sections. 

Miscellaneous: 

There are many other tools and methods still under 
research study or in the development stage. One that 
seems worthy of mention is the Jeffrey high-frequency 
jig which has been tried out experimentally on various 
ores, particularly iron ores. It is still in the development 
stage, and no major installations have been made. 

There has been a general improvement in flotation 
techniques and reagents, particularly in the non-metallic 
field. 

One of the most important elements leading to lower 
production costs is technical control and one of the best 
tools for such control is instrumentation. Today the 
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modern plant is highly mechanized and instrumented to 
avoid waste, too high temperatures in furnaces, and over
grinding; to maintain automatic control; and to effect 
innumerable economies. 
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Iron and 

Frodingham 

Steel Making from Low-Grade Ores 

Works of the United Steel Companies, 

at the Appleby

Ltd. 

A. ROBINSON 

ABSTRACT 

This paper gives particulars of the production of pig iron and steel ingots in a fully integrated works in North 
Lincolnshire, England, with coke ovens, blast furnaces, melting shops and rolling mills. 

The raw materials are low-grade limey ironstone from the Frodingham bed containing about 21 per cent iron and 
siliceous stone from the Northampton bed as a flux with about 33 per cent iron, producing a phosphoric pig-iron with 
about Jl/2 per cent phosphorus. 

The preparation of these ironstones is described as well as the blast furnace charge and production. 

The utilization of the blast-furnace gas and coke-oven gas is given, the only coal used on the works being for the 
coke ovens and locomotives and a small amount at the melting shop gas producers as a balancer. 

The production of ingots for sections, plates and forgings from the molten iron, which is of erratic composition, by 
means of working mixers and large tilting furnaces is discussed and the working of a typical charge shown. 

The only scrap used is that arising on the works. A high-grade citric-acid soluble basic slag is produced as a by
product. 

In the appendices, numerical information is given of the composition and proportions of the materials used and 
produced. 

The Appleby-Frodingham works is situated at Scun
thorpe in North Lincolnshire approximately 10 miles 
from where the confluence of the Rivers Ouse and Trent 
forms the Humber. 

It is situated on the outcrop of a bed of Lower Lias 
Ironstone called the Frodingham bed and which consists 
of a mass of calcareous bands and shells and mudstone 
with some oelites all of which contain iron. 

The iron is present principally as limonite 'h'ith some 
chamoisite and carbonate and in places contains con
siderable quantities of pyrites. 

It is without doubt the leanest ore used for iron-making. 
Its content of excess lime, however, necessitates the use of 
a proportion of siliceous stone principally limonite which 
is brought from the companies mines on the border of 
Lincolnshire and Rutland (the Northampton bed), making 
a self-fluxing burden. 

The stone is extremely variable in composition both 
vertically and horizontally on the quarry face and the 
process developed at these works takes account of this. 

This ironstone is eventually turned into sections, plates 
and forging blooms to the necessary specifications. 
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SOUTH MELTING SHOP. 
SECTION THROUGH FURNACE. 

10 s o •o zo 30 40 50 r,o 10 eo '30 •tn. 

Figure 1. 

IRONSTONE 

The ironstone is quarried at all faces mechanically; the 
overburden by mechanical shovel, chain bucket excavator 
or dragline. The ironstone is obtained by blasting and 
mechanical digger and supplied to the works in railway 
wagons. 

The overburden varies up to 60 feet thick and consists 
of sand and clay at Frodingham and earth and limestone 
in N orthamptonshire stones. 

Typical analyses of the quarry faces are shown in the 
appendix 1. 

The Frodingham stone contains about 25 per cent fines 

Figure 2. 
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under five-eighth inches and is a mixture of very hard and 
friable ores; the Northampton Stone is very wet and 
sticky. 

On arrival at the works the stone which varies from 
fines to 4 inch X 3 inch X 2 inch is tipped into the 
reception hopper and fed by a drop bar conveyor to a Ross 
two-roll screen which screens out the inch material, 
the oversize passing to a Hadfield 2 roll crusher to -8 
inch and joins the -41/ 2 inch on a travelling belt. 

This passes the stone to a 21 J 2 inch Gyrex screen the 
-8 + 21 / 2 inch going through a 7 foot Symons cone 
crusher set at -21 / 2 inch and joins the previous material. 

In the case of Northampton sticky ores the -3 inch 
is screened out and dried to about 10 per cent moisture 
before the ore is crushed. 

The stone is then passed over two-stage Gyrex screens 
of F/2 inch and 5/ 8 inch mesh. The fines go to the sinter 
plant and the -21 / 2 

5/ 8 inch to the Robins Messiter 
Bedding System each pile containing about 2,500 tons. 

The mixing is good giving less than 1 per cent difference 
in iron CaO and Si02 normally and the stone as charged 
to the blast furnaces has the analysis shown in appendix L 

The analysis of the rubble and fines is shown in ap
pendix 1. 

C.RO!,& SECTiON ON <f· OF F'llRNACE. 

Figure 3. 

The fines together with the flue dust is mixed with 8 The more modern ones of 22 ft. hearth diameter were 
per cent of coke dust and sintered on a Dwight Lloyd designed by McKee and now have carbon hearths which so 
double strand machine or in Greenawalt pans, screened far have proved an insurance against breakouts. 
and charged to the furnaces. Analysis in appendix 1. The stoves are fired with clean blast furnace gas with 

The coke used is made from Yorkshire, Notts and regulated air. The furnaces are blown by blast furnace 
Derbyshire coals and mechanically is not very good, and gas engines or turbo-blowers. 
its analysis is shown in appendix L A typical burden is shown in appendix 1 to make 1 ton 

The coke one third of which is made on these works the of molten iron. 
remainder supplied by outside makers, is screened over a The slag, which amounts to 24 to 26 cwts per ton iron 
P/4 inch screen before charging into the blast furnace. CaO 

f h 
has an analysis as shown in appendix 1, the 

51
.
0

" ratio 
The blast furnaces vary from 15 t. 6 inch earth dia- • 

meter to 22 feet and produce 1,500 to 3,000 tons weekly. being from 1.25 to 1.45. 
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The iron produced varies considerably in composition 
in spite of the care taken to remove the greatest variations 
in the burden and is shown in appendix 2. 

The blast furnace gas is a valuable fuel of about 100/110 
B.T.U. per cubic foot and is used in conjunction with 
coke-oven gas for heating the steel furnaces and alone 
in the mill furnaces and coke ovens, see appendix l. 

The high slag volume associated with the smelting of 
lean ores necessitates a high coke consumption. The large 
amount of slag in the furnace leads to greater difficulties 
in the way of smooth operation in that it is more difficult 
to blow the maximum amount of air without slipping and 
hanging of the charge. It is much more difficult to operate 
at high rates of production than when smelting rich ores. 
Because the heat requirements of the furnace are dictated 
by the necessity to handle the large slag volume, it is 
impossible to use blast temperatures as high as in rich ore 
practice. 

For further particulars refer to a report by Mr. G. E. 
Elliott, Iron & Steel Institute Special Report No. 30, 1944. 

ROBINSON 

"1\IELTIXG SHOPS 

There are two melting shops~the Appleby which 
commenced work in 1921 and has been extended until 
1939 and consists of three 250-ton and four 300-ton tilting 
furnaces and 2 mixers of 500-ton and 600-ton capacity; 
and the Frodingham shop with two 300-ton tilting fur
naces and 2 more to complete and one 600-ton mixer, 194 7, 
which replaces a much older plant. 

Sections through the shops are shown. 

The products are used for sections and forgings at the 
Frodingham shop and sections, plates 1 / 8 in. upward and 
forgings at the Appleby shop. 

The furnaces and mixers are lined with magnesite 
bricks on the bottom to above the slagline, chrome 
magnesite up to the door arch springing and in the base of 
the furnaces up to the roof on the back lining. See figure 5. 

The working bottoms are of rammed burnt dolomite as 
is the fettling material used. 

APPL.~B'( - fRODINGHAM 5TE.E.L. C~. 

CRO'O:, StCTION ON 4_ OF MIX~!<. 

11 

Ai 5ouTrl ME.>.:rtH c; 5HOP • 

Figure 4. 
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CONSERVATION IN MINING AND MILLING 

The furnaces and mixers are serviced by ground type 
revolving chargers and overhead cranes for the hot metal. 

The stockyard bay immediately behind the charging 
platform is serviced by magnet cranes and the charging 
boxes on trays of 5 are lifted on to stands at the back of 
the stage within reach of the charging machines. 

The steel is cast into ladles of 75 to 85-ton capacity at 
Appleby and 100-ton capacity at Frodingham and tapped 
into ingots on cars principally from the crane, but a 
proportion from stands, the ingots being stripped adjacent 
to the mills. 

The furnaces are fired principally with mixed coke oven 
and blast furnace gas of an average value approximately 
230 B.T.U. Gas producers are provided at the Appleby 
plant to supply gas to such furnaces as are necessary 
owing to shortage of coke-oven gas. 

The furnaces are fully instrumented. Gas and air 
measured and linked and roof temperature control, check 
temperature and waste gas. Furnace pressure linked with 
damper. 

MIXERS 

Molten iron is received in 70 ton closed ladles at the 
mixers and charged from the casting pit side. 

The mixers are fired by mixed gas about 175 B.T.U. and 
are identical except for depth with the tilting furnaces. 
A small amount of scrap-unsuitable for the steel furnaces 
is charged and as much limestone and mill scale as is 
possible to work through. 

The iron which is hot is poured on the furnace charging 
side into ladles held by the overhead crane which go to 
the steel furnaces alongside. Part of the charging plat
form slides back to allow this. 

For further particulars of analysis and so forth, see 
appendix 2. 

THE PROCESS 

The process was developed to deal with phosphoric iron 
of varying analysis made wholly from British low-grade 
ores and no other scrap than that arising in the works. 

Details of iron, charges and other analysis given in the 
appendix 2. 

After tapping the furnace all the slag and some steel 
10 to 60 tons is left in the furnace. The furnace is not 
emptied except for repairs. 

ROBINSON 

The excess content of iron amounting to 12 to 18 per 
cent and lime amounting to 46 to 50 per cent is utilized 
during the following heat and the phosphoric acid content 
is increased, thus providing a high-grade slag for fertilizer. 

After fettling the slagline, the requisite assessed lime
stone, mill scale and ore are charged and the scrap charged 
on top. 

Any fettling of the door jambs and linings is then done 
with chrome magnesite paste whilst the scrap is heating 
up. When hot but not melted about two-thirds to three
quarters of the iron is charged from the mixer and the 
charge melted into a puddle. The remainder of the iron is 
then charged together with any small addition of lime
stone or oxides considered necessary from the iron analysis 
received. 

The charge comes rapidly to the boil and when this has 
subsided and the temperature about 1550 degrees C by 
immersion thermocouples, a sample is taken and all the 
slag run off. 

A new slag is formed according to the metal analysis, 
limestone being added for the P and oxides for the carbon 
to give the required steel analysis and in approximately 
two hours' time and after such additions of burnt lime as 
are considered necessary the steel is ready for tapping, at a 
temperature checked by immersion pyrometer. 

The slag control method is given in detail in a paper by 
Mr. A. Jackson to the I.S.I. 1944, consideration was 
given to the sulphur content of the charge when calculating 
the amount of limestone or lime required. 

On account of the phosphoric acid content of the slag 
all additions are made to the ladle. 

The steel is teemed into 4-ton moulds for sections and 
into 7 to 15 ton slab moulds for plates. 

The types of steel made are principally carbon steels 
from .06 to . 40 carbon, with high manganese and low
alloy steels, including ingot iron and corten, approxi
mately 90 per cent are plain carbon steels from .08 to 
. 25 per cent carbon. 

The steel produced having no outside scrap to conta
minate it is particularly low in extraneous metals, Cu. 024, 
Sn absent, Ni and Cr approximately .05 per cent. 

Further details of the process can be obtained from Iron 
and Steel Institute papers by Messrs. A. Robinson and 
A. Jackson, 1931, 1933, 1942 and 1944 and the Symposium 
on Steelmaking, I.S.I. Special Report No: 22, 1938. 

Appendices on next page. 
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APPENDIX I 

Typical Analyses of Ironstone 
Showing variability-;-Frodingham stone 

A. B. 
As Reed. Dried at 100" C. As Reed. Dried at 100' C. 

Depth }vl oist Iron I nsol- Iron Lime s Jloist Iron Insol- Iron Lime s 
ft. uble uble 

0-2 12.0 21.1 6.6 24.0 23.5 .885 15.5 29.4 8.5 34.9 10.6 .942 
2-4 15.3 26.3 8.4 31.0 13.3 .392 12.8 23.4 5.2 26.9 21.6 .234 
4-6 14.5 25.7 9.2 30.1 13.5 .432 9.7 28.2 5.3 31.3 16.5 .241 
6-8 15.4 22.3 12.6 26.3 16.3 .845 11.5 23.4 12.9 26.4 17.5 .935 
8-10 15.4 22.9 10.9 27.0 15.5 1.274 10.7 21.8 7.7 24.5 23.3 .193 

10-12 13.1 32.0 8.0 36.5 8.9 .467 13.0 28.8 6.7 33.0 14.0 .144 
12-14 12.7 20.2 4.9 23.2 26.7 .282 8.5 20.4 -? 

o.~ 22.4 25.8 .082 
14-16 10.3 17.4 3.6 19.4 30.1 .041 9.7 18.1 5.0 20.1 29.4 .103 
16-18 13.6 23.9 4.8 27.7 20.9 .061 10.7 18.0 4.5 20.2 29.8 .158 
18-20 10.1 14.4 6.1 16.0 33.0 .255 12.2 19.0 12.3 21.6 23.4 .576 
20-23 10.7 17.9 26.7 20.1 14.9 .248 9.8 14.7 16.7 16.3 26.5 .139 

Typical Analyses 
JFrodingham c 9.3 20.9 7.8 23.0 24.2 .885 

As received at works. D 11.3 19.9 11.6 22.4 22.5 .439 

. l N orthan ts 
E 14.0 20.3 5.7 23.6 26.0 .379 
F 18.3 30.2 19.6 37.0 3.2 .063 
G 18.6 32.2 23.0 39.5 L7 .032 
H 18.3 32.2 14.4 39.5 3.6 .115 

Frodingham Bedded Rubble. 11.8 20.1 9.9 22.8 24.3 .401 
Fines. 14.2 22.3 10.2 25.5 21.6 .337 
Sinter 16.5 39.3 15.0 .173 

Full analysis of typical stones used Average blast furnace burden 

As Reed. Froding-
ham 

Moisture 11.6 
Iron. 2148 

Dried at 10(!'' C 
Fe20 3 22.00 
FeO. 11.44 
Si02 • 7.37 
Al20 3 4.74 
CaO. 22.10 
MgO. 1.74 
P,o •. 1.10 
MnO. 1.56 
s .459 
C02 comb. H 20 26.76 
Ti02 • .13 
As. .Oil 
Cu. Trace 

Total iron 24.3 

s 

1.3 
1.46 
1.66 
1.45 
1.28 

Northants Blast Furnace Gas 

18.0 co, co H N 
33.62 8.7 27.5 3.3 t!0.5 

11.7 21i.a 3.n 60.4 

51.29 
6.57 Blast Furnace Slags 

15.00 Si0 2 30.5 :n.9 
7.50 Al20 3 • 18.5 19.25 
3.48 CaO 43.0 41.0 

.98 MnO l.l5 1.2 
2.02 MgO 3.8 3.75 

.24 s. 1.9 1.9 

.070 FeO .5 .75 
14.00 Total iron. 7 Ll 

.31 

.010 
Trace 

41.0 

Principal cokes 

Ash ;"f/ oisture 11 /..., in. Coch- Haven 
Sh~tte1· ·rane 

ll.8 La 85.4 81.5 62.2 
11.3 4.3 81.1 75.0 54.9 
10.2 3.6 7i.6 75.4 54.1 
13. l 5.4 80.0 73.4 53.5 
10.0 9.6 72.0 78.3 45.8 

Frodingham stone 29.38 cwts varying from 
Northants stone. 20.23 ewts varying from 
Sinter . 17.15cwtsvaryingfrom 
Scrap . . . . . . 19 cwts 
Cinder and Scale. . 80 cwts 

67.75 cwts 

cwts } depending 

t 
on the cw s 

t 
stone 

C\V S . , 
basiCity 

Coke. . . . . 25.85 cwts 
on 

Iron in burden 29.15 cwts 
Flue dust made . 3.03 cwts 

from 2:1/27 cwts depending 
of furnace. 

li'i8 

Blast furnace gas 

160,100 cu. ft. per ton iron for disposal, distributed as 
follows: 

Stoves ........ . 
Blowing service . . . . . 
Electric power generation . 
Coke oven batterv . 
Mill furnaces . : . . 

shops .... 
steam service 

Sinter plants 
Ore dryers . 
Miscellaneous 

Per cent 
181fz 
19 
10'/2 

81/2 
15 
10 
15 
P/z 
1 
l 

100 
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APPENDIX 2 

Blast furnace iron 

Silicon Under .75 per cent 23.3 per cent 
.76 to 1.25 per cent 57.1 per cent 
Over 1.25 per cent 19.6 per cent 

1.01 per cent average 

}\/.[anganese 1.00 per cent average 
:Uixer iron. Average Analysis 
Si .27 per cent Silicon under .2 per cent 
S .071 per cent .21 to .4 per cent 
Mn .60 per cent Over .4 per cent 
P 1.32 per cent 

Mixer charge 

Molten B. Fee iron . 
Steel scrap 
Cast scrap ..... 

Mill scale . . . 
Limestone ... 
Burnt dolomite 

Ferric oxide . 
Ferrous oxide 
Silica. . 
Alumina 
Lime .. 
Magnesia 
Phos. Acid 

Basic Slag 

Mang. oxide . 
Sulphur ... 
Titanium oxide 
Vanadium oxide 
Chromium oxide . 
Total iron .... 

cwts per ton 
18.12 

1.78 
.15 

20.05 

.82 

.83 

. 13 

per cent 
6.43 
5.64 
9.13 
1.54 

47.90 
6.71 

17.10 
4.40 

.20 

.38 
1.46 

.62 
8.9 

Sulphur Under .05 per cent l L2 per cent 
.051 to.lOOpercent 61.4 percent 
Over .100 per cent 27.4 per cent 

.082 per cent average 

Phosphorus 1..55 per cent average 

18.2 per cent Sulphur under .06 per cent 15.5 per cent 
70.6 per cent .061 to .08 per cent 61.5 per cent 
11.2 per cent Over .08 per cent 23.0 per cent 

Furnace charge 

Molten mixer iron. 
Steel scrap . . . 
Cold pig & cast . . 

Oxides ... 
Limestone . 
Burnt lime . 
Burnt dolomite . 
Average output 

cwts per ton 
15.96 
4.55 

.09 

20.50 

2.34 
1.50 

.18 

.57 

(Good ingots) 2,065 tons per furnace week 
Maximum output 

(Good ingots) 3,177 tons per week 

Refractories 
Silica ... 
·Magnesite and 

Chrome magnesite. 
Firebrick ..... . 

23.1 lb per ton ingots 

4.75" 
3.85" 

Typical Charge 

11.20 Tapped. All slag and a little steel left in furnace 
11.40 Tap hole and fettling 
12.20 Charge 22 boxes limestone; 17 boxes, mill scale; 1\ boxes, 

Swedish ore 
1.0 Fcttling slag line 
2.15 Charge scrap, 40 tons 
2.45 Fettling door jambs 
5.30 Charge mixer metal 163 tons, Si .26 s .08;3 Mn .• 58 
9.15 Limestone 4 boxes 
9.40 Hot mixer metal 1)5 tons Si .30 s .079 Mn 6" 
l.l5 Sample p .06; s .076; Slag iron 7.6 
1.30 Limestone, 2 boxes, scale 2 boxes 
3.10 Sample P . . 05; s .055; Slag iron 10.5 
3.20 Mill scale, 2 boxes 

159 

4.0 

4.35 
4.50 
5.35 
6.20 
6.40 
6.55 
7.05 

Sample c .34 p .06 s .OM 11n .20; 
temperature 157 5 degrees C 
Slag off 
Limestone, 5 boxes; mill scale, 3 boxes 
Sample c .25 p .027 s .049 Mn .15 

c .18 
c .15, I box burnt lime 

l box burnt lime Temperature 1595 degrees C 
Tapped into 4 ladles 

Steel c .15 
.15 
1" 

.12 

p .025 
.026 
.024 
.026 

s .043 
.040 
.042 
.044 

Mn .55 
.54 
.43 
.40 
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Blast Furnace Acid Burdening Practice 

THE STAFF OF MESSRS. STEWARTS & LLOYDS LTD. 

ABSTRACT 

The theoretical basis of the acid method of burdening the blast furnaces at Corby for the production of iron for 
the basic Bessemer process of steel-making is considered in outline. The nature of the local Northamptonshire ore 
and its characteristics in relation to the methods of preparation, and the procedure in working the blast furnace, are 
described in brief terms. The improved fusibility of the charge, and the saving in coke consumption compared with 
the usual high lime process, are noted as outstanding features in the success of the acid process. The methods used 
in adjusting the various important elements, silicon, manganese, sulphur and phosphorus, to a suitable composition 
for the steel-making process are indicated in the course of this contribution. 

INTRODUCTION 

The reintroduction of the basic Bessemer or Thomas 
process into Great Britain in 1934 was based on the 
availability in Northamptonshire of extensive ore deposits 
of suitable composition for the production of the phos
phoric iron, containing 1.8 to 2 per cent phosphorus, 
required for this method of steel-making. 

The available ore has a low iron content, about 30 per 
cent or less, and it is not of a limey nature, so that the 
already relatively high amounts of unwanted gangue 
would be further increased if limestone additions were 
made to the furnace, thus entailing an increase in the coke 
consumption necessary to operate the blast furnace pro
cess. The ore is also rather high in alumina, carrying about 
6 per cent on the average, and yielding slags with 20 

per cent alumina or more. Such slags are of a refractory 
character when a high lime burden is used, thus demanding 
high hearth temperatures. These considerations made a 
departure from the customary basic or limestone process 
attractive. 

The relations of the ore composition to the burdening 
and to the blast furnace process, without limestone ad
ditions, and the suitability of the iron for the basic 
Bessemer process, were closely considered in all their 
aspects in the early days of the Stewarts & Lloyds develop
ment at Corby, with the result that the new method of 
blast-furnace operation was speedily proved and establish
ed. Subsequent operation over the intervening years, and 
the more recent installation of new equipment for ore 
preparation, have served to improve still further the de
gree of control and the economics of the acid process. 

Figure L Blast furnace slags, ternary equilibrium model. Perspective view. 
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THE ORE AND ITS PREPARATION 

The main portions of the Northamptonshire ores consist 
of oolitic particles of microscopic size (about 0.01 inch in 
diameter) composed of chamosite or chlorite (complex 
iron alumino-silicates) and limonite (hydrated ferric oxide) 
bound in a matrix of siderite (ferrous carbonate) with 
occasional chamosite, or calcite (calcium carbonate). 
Phosphorus is present in collophane (calcium phosphate) 
and fossil fragments, which are reinforced, as may be 
necessary, by additions to the blast furnace of basic slag 
returned from the converters. Sulphur is present to a 
variable extent as pyrite (iron disulphide). 

Lime exists in the ore in complex compounds, or in 
solid solution, except in isolated portions containing cal
cite, whilst there are only small proportions of silica in the 
form of free quartz or in clay. Also, the iron-bearing 
compounds are present not only in the oolites, but in the 
ground mass. The ore is thus not readily amenable to 
beneficiation designed to separate the iron-bearing con
stituents from the unwanted gangue. Crushing and mag
netic roasting and separation, found applicable to other 
types of ores, have not yet led to any useful result when 
applied to the average ~orthamptonshire ore. 

The composition of the ore varies considerably in dif
ferent parts of the ore fields from limey, with about U 
per cent lime, and 7 per cent silica, to highly siliceous, with 
14 per cent silica and 2 per cent lime. The supplies from 
different mines, which are incidentally all of the open-cast 

STAFF OF STEWARTS & LLOYDS 

type, therefore require correct proportioning and mixing 
to achieve the consistent burden required for smooth 
working of the process. Ore wagons are taken in suitably 
staggered rotation to the primary crushers to achieve this 
end, and the newly installed ore-bedding arrangements 
have further improved this aspect. 

Reducibility tests in hydrogen and carbon monoxide, 
and in mixed gases, confirm practical experience in show
ing that the ore is easily reduced compared, for example, 
with haematites and magnetites. This is due not so much 
to the porosity, which is generally high, but to the low 
iron content. It has been found in the laboratory ex
periments that on the average the reduction time is 
proportional to the amount of iron present in unit volume, 
in all ores tested, including haematites from various 
sources, but excluding magnetites, which reduce extrem"ly 
slowly and are of a very dense character. 

These tests further show that the time of reduction is, in 
general, in proportion to tlte linear dimensions of the ore 
lumps; for example, doubling the side-length of an ore 
cube approximately doubles the reduction time. Crushing 
the ore lumps to a reasonably small size thus facilitates the 
reduction and, on this basis, the new crushing and screen
ing equipment is designed to crush the ore to a maximum 
size of 21/ 2 inches, which is about half the linear size 
previously employed. The ore fines below 3/ 4 inches are 
screened off and mixed ·with coke breeze, flue dust and 
mill scale in suitable proportions before sintering in 
machines of the Dwight-Lloyd type. 

1470° c. 

44 per cent Si02 39 per cent Si(y2 51 per cent CaO 
39 per cent CaO 

Figure 2. Blast furnace slag model, view from silica-lime base. 
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UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

PRINCIPLES OF FURNACE OPERATION 

Lump ore, between 3 / 4 inches and 21/ 2 inches size, 
constitutes about 66 per cent of the iron-bearing burden 
to the furnace. The sinter, which contains about 44 per 
cent of iron, constitutes about 28 per cent of the iron
bearing burden. 

Small al!dition:- of manganese ore, scale, scrap and steel
furnace slags make up the remainder of the burden, to
gether with coke. Dolomitic limestone may be added to 
make a small upward adjustment of the magnesia content 
of the slag to 6 per cent, for lowering the slag viscosity. 
The use of manganese ore has been minimised, with a 
resulting saving in cost, to give about . 8 per cent manga
nese in the iron, compared with the more common 1.2 
per cent in earlier continental practice. 

Investigation of the freezing points of slags produced 
from Northamptonshire ores with various lime/silica ratios 
resulted in the data depicted in the ternary lime/alumina/ 
silica model illustrated in figure 1. At the high lime corner 
of the model, where the limefsilica ratio is about 1.45: 1, 
the freezing points are high, about 14 70 degrees C., but the 
freezing temperature decreases as the proportion of silica 
increases. The proportion of alumina, within the normal 
fairly narrow limits in this area, has comparatively little 
effect on the temperature of solidification. 

The view of the model from the silica/lime base, shown 
in figure 2, illustrates in a striking way the effect of 
varying the lime/silica ratio on the freezing points of these 
slags. Similar experiments on the fusion points of ores of 
different lime/silica ratios reveal a parallel effect. 

The freezing point of slags in the acid process of oper
ation is 1300 degrees C. to 1350 degrees C. which is 100 
degrees to 150 degrees C. lower than in the high lime 
practise using the same ores. The first sign of softening on 
heating mixed ores of balanced composition, with a lime/ 
silica ratio of unity, occurs at about 1300 degrees C. and is 
complete at 1400 degrees C., or slightly in excess of this 
temperature. High lime mixtures, on the other hand, do 
not start to fuse until about 1450 degrees C. and are not 
completely molten until the temperature is raised above 
1500 degrees C. 

Based on these considerations, the burden is adjusted 
to give a slag with equal weights of lime and silica. The 
lime in combination with sulphur, and also the magnesia 
content, are excluded from the calculation, but account is 
taken of the siliceous ash in the coke. The requirements 
entail an acid burden on the siliceous side of unity, since 
about . 8 to 1.0 per cent silicon enters the iron (this amount 
is reduced to . 6 to . 8 per cent after the desulphurizing 
treatments). 

The chief benefit sought in the acid practice, namely, 
decreased coke consumption, is fully achieved, the coke 
rate having been reduced in current practice to 2,100 lb. 
per ton of iron produced, compared with 2,800 lb. using a 
high lime burden with the same ores, and 3,100 lb. in the 
old Northants basic practice for producing foundry iron 

from calcined ore. In addition, as will be evident from the 
preceding remarks, smooth working of the furnace is 
obtained bv the easier fusibility and fluxing of the gangue, 
and this is 'an important contributory agent to the success 
of the acid method. 

The volume of air blast used is about ·12,800 cu.ft. per 
minute at a pressure of 14lb. per sq.in. and a temperature 
of 430 degrees C. The top temperature is 150 degrees C. 
The amount of flue dust is about 300 lb. per ton of iron and 
the slag volume 1,800 lb. per ton of iron. The 24-hour pro
duction of iron from one 20 ft. hearth furnace is 480 tons. 

The composition of the iron produced by the acid 
process is particularly suitable for basic Bessemer oper
ation, and is in more than one respect superior to the 
lower silicon iron (. 2 to . 5 per cent), typical of practice in 
Germany, the pre-war main continental producer of basic 
Bessemer steel. The higher silicon (. 6 to . 8 per cent) at 
Corby automatically leads to consistent and uniform 
basic fertiliser slag having sufficient silica content for good 
citric acid solubility, without resort to the doubtful ex
pedient of sand additions to the slag bogies. 

Furthermore, the silicon content of the iron produced 
by the acid blast furnace process has served as an essential 
foundation to the successful development at Corby of the 
improved type of basic Bessemer steel with low nitrogen 
and low phosphorus contents. The manufacture of this 
steel requires an iron of adequate, but not too high, silicon 
content to maintain a satisfactory finishing temperature 
in the modified converter process. 

DESULPHUHIZATIOX 

Production of iron with an acid burden, resulting in a 
slag which is of an approximately neutral composition, 
leaves more sulphur in the metal than in the more normal 
high lime slag process. This does not mean, however, that 
no sulphur is carried away by the slag; in fact, SO per cent 
or more of the sulphur present in the coke and ore enters 
the slag. The remainder, which averages . 25 per cent 
sulphur in the iron, requires to be removed to a lower 
figure by methods external to the blast furnace. 

The desulphurization of the iron is done in several 
stages, the first of these being by soda ash/limestone 
additions to the blast furnace ladle (15 lb. sodium car
bonate and 10 lb. limestone fines per ton of iron) which 
removes 55 per cent of the sulphur remaining in the iron, 
as tapped. There is a further removal of sulphur in the 
mixers, mainly due to the flotation of manganese sulphide, 
and this is followed by a second ladle treatment consisting 
of soda ash additions (usually 4 to 9 lb. per ton of iron) to 
the transfer ladle from the mixers to the converters. Some 
removal of sulphur is also obtained in the converters by 
contact with lime slags. As a result of these steps, a 
sufficiently low sulphur content is obtained for all required 
specifications in the regular production, the amount of 
sulphur in the final steel being commonly below .045 per 
cent, and figures of .03 per cent or less being achievable 
when required. 
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Economic Mineral Dressing as the Preliminary Condition for 

Large-Scale Mining-Methods of Utilization of Inexpensive 

Low-Grade Iron Ores 

ERNST BIERBRAUER 

ABSTRACT 

As the rich bodies of ores are more and more exhausted, the low-grade deposits acquire increasing significance 
for the mineral supply of the world. With low-grade ores earnings are low per ton of run-of-mine ore; the special 
difficulties of utilizing low-grade iron-ore deposits are pointed out by comparison with low-grade copper ores. Within 
the range of 15 to 25 per cent iron, the margin of mining and beneficiating costs lies at about $1.50 to $2.00 per ton of 
crude ore. Therefore effort is concentrated upon the improvement of mining methods and separation processes with 
the aim of making low-grade deposits workable. Highly economical large-scale mining methods still under develop
ment often cannot be applied, because there is no equally economical process for concentrating the low-grade crude 
ore, which as a rule is further impoverished by the non-selective methods of cheap, large-scale mining. 

As many of the iron-ore bodies make it possible to produce concentrates of coarse size, the predominant technical 
problem is to find a process for mechanical separation of coarse sizes from 40 to 150 millimetres and more, a separation 
which hitherto could be done only by expensive hand-sorting. Under the float and sink process, well approved for con
centrating non-ferrous ores and non-metallic minerals, it would be possible to substitute a mechanical method for 
hand-sorting. But the use of expensive material, such as finely ground ferrosilicon or galena, for preparing the heavy 
separating medium, and the high cost of pulp recovery inhibit a general application of this highly selective process to 
low-grade iron ores. 

Faced with the problem of beneficiating the siderite ore of the Styrian Iron Mountain in Austria, the Institute of 
Mineral Dressing of the Montanistic University at Leoben has developed a separation process for coarse ores which 
combines the separating efficiency of the sink and float process with the advantage of operating costs admissible to 
low-grade iron ores. This process is something intermediate between the jigging and the heavy-medium method. By 
using a heavy pulp with a specific gravity of only 1.6 to 1.8, the buoyancy of which is furthermore increased by high 
viscosity of about 40 centipoise, a standard jig is able to treat coarse ores from 40 to 150 millimeters in size and more 
without raising the normal plunger velocity. In addition, the replacement of jig water by a heavy pulp as the jigging 
medium leads to a selectivity nearly as high as that of the float and sink method, and in connexion with the high vis
cosity to an unusually large capacity. By using coal jigs with a sieve area of 10 square metres, one unit could treat about 
150 tons per hour. From the economic point of view it is essential that the ore itself should provide without charge, the 
heavy medium in the form if its own slime and that the generation and recovery should require only simple devices 
as thickener. Based upon a thorough investigation of the influence of heavy pulp on jigging efficiency, and by 
extensive research on the thickening of ore slimes of different specific gravity and viscosity, a separating process 
could be developed for coarse ores, which would fulfil the conditions for cheap, large-scale mechanical enrichment. 

Today the technical problems of mining and metallurgy 
largely originate in the troubles resulting from the decline 
of the sources of raw materials. The search for new 
deposits, the endeavour for cheaper methods of mining 
haulage, mechanical enrichment and smelting for the 
exploitation of low-grade ore bodies, and, last but not 
least, the exchange of customary materials and expedients 
for products from less limited supplies are the poles round 
which the thoughts and efforts of scientific and technical 
experts are circling~especially in the countries of longer 
industrialization. As a consequence of wasteful exploita
tion the supplies of rich deposits are coming to an end more 
rapidly than was generally expected. Though a world
wide levelling of raw material conditions cannot yet be 
thought of, it cannot be de.nied that the public takes an 
increasing interest in the problems of an adequate raw
material supply. Since it is known that the low-grade 
deposits contain considerable reserves of mineral wealth, 
great pains are taken everywhere to find cheap methods 
of mining and extraction for digging up these hidden 
treasures. 

LOW-GRADE ORES AS A:\ ECO~OMICAL A]'.;D TECHNICAL 

PROBLEM 

Generally speaking, it may be stated that with respect 
to mining the new methods of mining and the full use of 
mechanical means have provided the preliminary essen
tials for cheap exploitation. But mechanical enrichment 
has not reached the same state of advancement. This 
discrepancy and its consequences have not been given the 
regard they deserve, considering the intimate organic 
connexion of the three steps of treatment. Cheap, large
scale mining and handling mostly means giving up selective 
winning, i.e., separate haulage of gangue and valuable ore. 
The assay value of the crude ore is proportionally reduced, 
and low-grade ores become lower grade by cheap un
selective mining. To produce a ton of metal, mineral 
dressing or smelting must work up a larger bulk of crude 
ore than is usual with low-grade ores. The problem of 
cheap mechanical enrichment is therefore of great im
portance because direct smelting of low-grade ores is 
economically impracticable, in view of the enormous ther
mic expense alone. 
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The figure below illustrates the great importance of the 
problem, showing graphically how many tons of run-of
mine ore must be produced and beneficiated to yield a ton 
of metal at a given assay value of the raw material. Take, 
for example, a copper ore containing one per cent copper; 
no less than 100 tons of run-of-mine ore must be mined 
and concentrated for smelting. The result of handling 10 
carloads, each with 10 tons of run-of-mine ore, is a copper 
cube of dimensions of about one-half metre. And this 
result assumes no losses of metal, a condition which is 
practically unattainable. If the recovery of copper 
amounted to 90 per cent or only 80 per cent, the necessary 
bulk of crude ore would rise to 111 tons and 125 tons, 
respectively. \Vith respect to copper and most of the non
ferrous metals, the assay values of run-of-mine ore are 
>Vithin the range of the steep line so that even a slight 
impoverishment by some tenths of the percentage in
creases tremendously the requirement of crude ore. Thus 
cheap, large-scale mining must be accompanied by equally 
cheap, large-scale mechanical enrichment, of which, 
moreover, the highest possible recovery must be de
manded. 
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Figure l. Tonnage of crude ore to be mined and beneficiated 
for production of one ton of metal-dependent on the metal

content of run-of-mine ore (100 per cent recovery). 

The increasing impoverishment of iron ores calls forth 
similar conclusions. The much lower selling price of iron 
as compared with non-ferrous metals, and the substantial
ly lower value of iron at the mine, make more difficult the 
economic exploitation of lower grade iron-ore deposits. 

ECO~O:VIIC POSSIBILITIES OF THE FLOAT AXD SIXK PROCESS 

For some years the well-known heavy-medium process 
in the field of non-ferrous ores has offered a promising and 
often approved method of realizing economic beneficiation 
of ores. In most cases it is a matter of reducing the ton
nage to be concentrated by flotation, i.e., by removing the 
gangue or poor grains from the coarse-sized run-of-mine 
ore by floating in heavy suspensions. The economic 
justification for this preliminary enrichment lies in the fact 

that the cost of removing coarse grains represents only a 
fraction of the total cost of discarding the gangue by 
flotation after appropriate fine grinding. Thus economical 
methods of mining are furthered, and as a consequence the 
range of workable deposits is extended. 

In view of the good results achieved by the float and 
sink process in the cleaning of both coal and non-ferrous 
ores, it seemed promising to apply this method of sepa
ration to iron ores as well. In contrast to most non-ferrous 
ores, iron ores frequently have the advantage of yielding 
coarse-sized concentrates for smelting. Hand-sorting has 
prevailed up to now when coarse ore in sizes over 40 milli
metres was to be concentrated for there has been no 
mechanical method for concentrating such coarse sizes 
either by jigging or by any other method. This has now 
become possible with the sink and float process. Though 
this method has been introduced here and there for the 
beneficiation of iron ores, its general application in this 
field may be limited by the comparatively high costs. 
Experience has again established the fact that methods of 
handling non-ferrous ores cannot be applied to iron ores 
on the same principle, because the costs must be much 
lower in the case of iron ore. 

JIGGIXG WITH SLIME 

As is known, much of the operating cost of the float and 
sink process is to be attributed to the regeneration of the 
heavy pulp and the losses of heavy material. In the pro
duction of heavy suspensions, finely ground ferrosilicon, 
magnetite or galena is used, and since quantities of about 
one kilogramme per ton of feed are lost this expenditure 
alone is considerable, especially in view of the low costs 
without which the enrichment of poor iron ores should not 
be undertaken. 

Kno>ving this, the Institute for Mineral Dressing of the 
Montanistic University of Leoben, Austria, has developed 
with systematic research work, a method for separation 
that fully combines the advantages of the float and sink 
process--its high selectivity and applicability for coarse 
sizes with the advantage of working without expensive 
heavy materials and processes of regeneration. The 
characteristics of the well-known Austrian siderite deposit 
of the Styrian Iron Mountain prompted the research 
work. This ore body is the prototype of a deposit having 
all the essentials for full mechanical mining, but yielding a 
very low-grade, run-of-mine ore when selective mining is 
abandoned. Economic mining is therefore impossible 
without cheap mass separation. While a rather satis
factory solution had been found for fine sizes under 40 
millimetres by the use of movable sieve with high 
capacity, the beneficiation of coarse material over 40 
millimetres was left to the unsatisfactory method of 
hand-sorting. The dilemma was the more painful because 
the coarse sizes make up approximately two thirds of 
the total run-of-mine ore. 

A solution of the problem was finally found in a sepa
rating process which is to some extent a compromise 
between the float and sink process and jigging. Theoretical 
considerations prove that jigging increases selectivity if a 
fluid with higher specific gravity is used instead of water. 
Furthermore, there is a possibility of working up sizes 
coarser than 40 millimetres without increasing the plunger 
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velocity, i.e., in the normal jigging operation. This con
sideration led to the conclusion that a further increase of 
the moving power of the jigging medium by high viscosity 
would improve the streaming conditions of the jig. 

In view of operating costs, it seemed desirable to find 
the cheapest possible jigging medium. The slime of the 
ore under treatment, as it is found in the concentration of 
fine sizes as a thickener product, itself turned out to be the 
desired medium. In general this slime has a specific gravi
ty of about 1. 7 to 1.8 and a viscosity of 40 centipoise. 

Experiments with a run-of-mine ore, sized from 40 to 
100 millimetres on a normal ore jig, and with the use of 
slime instead of water, have yielded the results shown in 
table 1. 

Table I. Separation of Siderite Ore, 40 to 
100 millimetres by Slime Jigging and 

by Float and Sink 

Percentage Jigging Float and sink 
Product of weight percentage percentage 

Fe Fe 

1 43.0 36.4 37.0 
2 11.5 24.2 27.0 
3 22.5 14.9 15.5 
4 23.0 6.2 5.0 

Similar results were obtained with other samples of run
of-mine ore. The far-reaching conformity between the 
jigging results and the separation of run-of-mine ore by 
heavy fluids is remarkable. The high selectivity is the 
more remarkable as the run-of-mine consists of parts with 
very different degrees of dissemination, i.e., not only of 
heavy clean ore and light barren grains, but with all 
transitions from high-grade valuable to gangue. 

Another advantage is the marked indifference to the 
variations of the specific gravity of the jigging medium. 
Thus similarly good results have been obtained with 
slimes having a specific gravity of 1.6. Thus all the 
laborious and expensive operations which are necessary to 
keep the specific gravity of pulp constant, are abolished. 

The very high capacity of the jig, as a consequence of 
the greater carrying-capacity of the jig medium, is of the 
greatest importance. In a small pilot plant, capacities 
from 12 to 15 tons per hour and per square metre of sieve 
area were obtained; in fact higher capacities would have 
been obtainable if the share of feed of heavy ore had been 
lower. Large jigs for coal cleaning which have a sieve area 
of 10 square metres and more, may be used without any 
essential change. Such a unit could treat 150 toos per 
hour, so that the preliminary conditions for a cheap, large
scale separation are provided. 

The size limit of the applicability of the jigging process 
is, first of all, a question of the size of the jigs, and above 
all, a question of the discharge devices. Experiments have 
proved that sizes up to 200 millimetres can easily be 

BIERBRAUER 

worked up. The power limit is at a size of about 20 milli
metres while in the case of finer grains the high viscosity 
of the jig pulp impairs the selectivity. Therefore, only 
movable sieve jigs of high capacity working with water 
come into consideration for this size; otherwise jigging 
with a pulp, which has a lower viscosity at a specific 
gravity of about 1.50 must be employed. 

Generally the run-of-mine ore in its natural range of 
sizes yields the quantity of slime that is necessary for the 
preparation of the jig pulp and for the compensation of 
losses. If the concentrate and the tailings of the jig are 
cleaned from the adhering jig pulp by douching, the 
current renewal per ton of crude is 3 kilos of slime, dry 
weight, at the most. The slime operation is very simple. 
The portion of jig pulp, diluted by douching, actually 
needs only a thickener for its regeneration. 

Exact knowledge of slime sizes is fundamental, because 
the correlations between the specific gravity of the pulp
i.e., its percentage of solids-and its viscosity, and the 
settling rate, are essentially involved by them. A detailed 
report of the comprehensive, systematic researches on 
these problems is impossible within the narrow compass of 
this paper. From the knowledge of the influence of vis
cosity on the specific gravity of pulp, reached by thicken
ing, has followed in practice the fact that it is possible to 
obtain a jigging pulp with the desired qualities. That 
even greater variations are of no importance for the result 
of the separation, is in favour of self-acting control. 

The advantages of slime jigging as compared with the 
float and sink process follow from the use of slime, ob
tained as a by-product of operation, as the heavy medium; 
the indifference of the process to changes in the specific 
gravity of the medium, which simplifies regeneration of 
the pulp; and the possibility of using high-capacity units. 
In operation the process is limited to coarse sizes, to 
problems of ore concentration which are seldom encounter
ed with non-ferrous ores but very often with iron and 
manganese ores. As the costs per ton of crude ore are 
lower by about one third than in the float and sink pro
cess, this process together with adequate, cheap mining 
methods may contribute to the economic exploitation of 
low-grade iron ore deposits. As far as the character of the 
ore permits, slime jigging can be directly used for pro
ducing finished concentrates. But it may also be used as a 
preparatory process, for example, with intimately dis
seminated magnetite ores. which need fine grinding for 
their final enrichment. Here the slime jigging has the task 
of discarding the bulk of gangue as coarse material, there
by restricting the expensive fine separation to a smaller 
quantity. 

Thus the jigging of iron ores with their own slime as a 
medium, applied in one way or another, may support 
cheap large-scale mining and be an efficient aid to the 
utilization of low-grade bodies of iron and similar ores. 
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Summary of Discussion 

The CHAIRMAN observed that the final criterion em
ployed to determine whether ore should be hoisted was 
always that of its profitableness. Low-grade ores could be 
used for blending, but there would always be a cut-off 
point where blending ceased to be profitable. Any method, 
therefore, which reduced operating costs was of great im
portance. From the point of view of conservation, the 
papers before the meeting---of which all ultimately dealt 
with the view which he had of the 
greatest possible interest. Those papers were grouped 
under three heads; metallic mine mechanization to in
crease recovery, the mechanization of non-metallic mines 
and new processes for the utilization of low-grade ores. 

He called upon Mr. McLintock to present the paper 
prepared by Mr. Beilby on "Development, Mechanization 
and Equipment for Large-Scale Quarry Operations in the 
Northampton Sand Ironstone", as its author was absent. 

Mr. McLINTOCK, introducing Mr. Beilby's paper, ex
plained that iron deposits in the United Kingdom were 
sedimentary and of Jurassic type age. They were found at 
three horizons; Mr. Be;lby's paper dealt with the upper
most. That horizon was from seven to twelve feet in 
thickness; its iron content varied from 28 to 30 per cent. 
It could be worked by mechanical shovels. Proved ore 
reserves had been calculated at 2,000 million tons; the rate 
of production was approximately 14 million tons, which 
had risen to 22 million tons during the war. It had fallen 
to the previous level, after the war, because richer ores 
could be imported more economically from North Africa. 

In his paper, Mr. Beilby had urged the continuance of 
opencast quarrying operations because that was more 
economical in manpower. Mr. Beilby had stated that the 
advantages of maintaining that method included total 
extraction, the use of less skilled operatives, reduction of 
drainage problems, employment of less total manpower, 
greater output per man employed and greater selectivity 
of types of ore. Mr. Beilby must, however, be well aware 
that based on present methods opencast quarrying would 
of necessity be abandoned within fifty years and would be 
replaced by underground mining. The method currently 
used by Stewarts and Lloyds Ltd. at Corby produced 28 
tons per man-shift-a fairly satisfactory performance. 

The CHAIRMAN commented that in most countries the 
low-grade of ore quarried at Corby would not be regarded 
as commercially profitable. 

In the absence of the author, he called upon Mr. Nigh
man to present the paper prepared by Mr. Dalhammar on 
"Mining and Concentrating in Sweden". 

Mr. NIGH:\1AN, introducing Mr. Dalhammar's paper, 
said that, although nothing outstanding had been achieved 
in recent years with regard to mining methods in Sweden, 
considerable work had been done on investigation of the 
ore reserves and on development work in the mines. Some 
hard-ore mines were partially adopting block-caving. 
Some copper mines had advanced very considerably in 
mechanizing the cut-and-fill method. Savings had been 
made in one case by the abandonment of the open room-

and-pillar method in favour of the sublevel benching 
method. Mr. Dalhammar's paper went on to give technic
al details of further developments in recovery from mines. 
Furthermore, in Sweden, time studies had been greatly 
developed, in collaboration with the trade unions. Conse
quently, the bonus system of payment was far more 
widespread than it was in the United States. 

Mr. Dalhammar had pointed out the advantages of 
underground hydraulic air storage for additional volumes 
of power required during peak operating periods. 

Sweden had been a pioneer in the use of tungsten 
carbide drill bits. .Mr. Dalhammar had given specific 
examples of the successful operation of that method. Both 
time and drilling costs had been reduced. 

The use of larger units in the haulage system had be
come general; they were mainly of the "Granby" type. 
In hoisting, the Koepe machinery had been found satis
factory; moreover, it was much lighter than several com
parable hoists. 

.Mr. Dalhammar had given examples of the general 
technique employed in concentration and had pointed to 
successful results at several important mines. The 
question of using more machines than usual per ton to 
obtain better recovery was being discussed in Sweden; no 
conclusion had yet emerged. Production of phosphorus
of which there was a shortage in Sweden-had been 
achieved on a small scale by flotation units using waste 
from the concentration of phosphorus rich iron ores. 

In the absence of the authors, Mr. LEHMA)l'K presented 
.:VIr. Arce's experience paper on "Mine Mechanization to 
Increase Recovery", dealing with the problems of tin 
mining in Bolivia, and Mr. Paul Audibert's paper on 
".:Vfetallic Mines in France". With regard to Mr. Arce's 
paper, he noted that the United States Chemical Con
struction Corporation was actively interested in the lixivia
tion of medium-grade concentrates, but had apparently 
been faced with investm::nt problems which were hamper
ing the work. Experts in the field of tin would, however, 
be interested in the Government of Bolivia's offer of 
guarantees of a reasonable rate of interest for requisite 
foreign investments and for the full amortization of 
capital in the currency in which the investment had 
originally been made. 

In the absence of the author, Mr. J. A UDIBERT presented 
Mr. Blum-Picard's introductory paper on the "Mechaniza
tion of Non-Metallic Mines" and the experience paper on 
the "Influence of Technical Advances on Mining Costs in 
the Alsace Potash Mines from 1927 to 1948" prepared by 
Les Mines Domaniales de Potasse d' Alsace. 

He pointed out that Mr. Blum-Picard had deliberately 
omitted coal-mining problems in the consideration of non
metallic mines. The question of non-metallic mines 
generally is very complex, because both the products 
and the equipment dealing with them are extremely 
varied. It called for the greatest possible exercise 
of foresight and ingenuity, because safety and roofing 
were the main considerations. Mr. Blum-Picard had 
briefly mentioned that consideration; it deserved even 
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greater emphasis. The Alsatian potash mines had to 
decide whether further mechanization could be ac
companied by the requisite safety measures. The long 
wall method had been used in the earlier ?tages of ex
traction; it is now replaced by the room-and-pillar 
method. It had been stated that the room-and-pillar 
method was wasteful, .but experience in the Alsace potash 
mines showed that the long wall method had not been 
much more economical. 

The human aspect must not be disregarded in any 
consideration of mechanization. Working and safety 
conditions had greatly improved and mining was in
creasingly becoming brain work rather than mere muscular 
effort. 

It must always be remembered, however, that the 
introduction of mechanization below ground was apt to 
upset the entire structure of an industry and even of a 
whole region. The result might well be the total modern
ization of the industry or region affected. Mechanization 
was not, however, always appropriate in deep mines. 
Every type of mine demanded its own appropriate 
mechanical equipment and methods. The mining operator 
must adapt his equipment to the type of mine concerned; 
he must therefore co-operate with the manufacturer as 
well as pay heed to the market. Mechanization was still 
far from being universal. In part, that might be traced to 
the fact that sometimes it was not profitable to mechanize. 
Occasionally, it might be true that the mining operator 
was incapable of recognizing his best interests. Certain 
minerals must necessarily be selected by hand owing to 
their fragility or the need to select quality; mica and 
asbestos were examples. In under-developed countries, 
mining was frequently still in a relatively artisan stage 
and the stages of operation had not been co-ordinated. 
That might appear to be a form of waste; the companies 
employing such methods were not, however, to blame. 
They desired to work with the lowest possible operating 
costs. 

In under-developed countries, human labour was 
cheaper than mechanization. However mechanization 
requires that labour shift from mining to manufacturing 
industries and brings about an economy in total labour 
required per ton of minerals required. This represented 
an improvement. But in fact mechanization in under
developed countries involves a change in the economic 
structure of the country. 

Development in mining would be possible only if the 
machinery could be produced on a mass production basis. 
The manufacturers, however, would not produce machinery 
unless there was an assured market for it. If it could b.e 
thus assured, mechanization would affect the entire 
economy of the country concerned. All the industries 
affected would exert pressures upon each other, with the 
result that the entire economy would progress. 

Mr. BARR presented his paper on "Mechanization of 
Non-Metallic Mines". He said that mechanization might 
counter the tendency-increasing in the Cnited States
for men to drift away from the mines. Through mechan
ization higher wages could be paid and the work could 
be made more attractive. In his paper he had briefly and 
technically described the commonly accepted steps in 
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mechanization and had suggested that the use of the high 
capacity, inexpensive "sink and float" or washing methods 
of beneficiation might eliminate costly underground hand 
sorting, double shooting and bench mining. He was 
prepared to supply further technical information on that 
subject in certain circumstances. 

He drew attention to an addendum to his paper con
taining comments by Mr. Young and agreed that care 
should be taken to avoid comparing maximum loading 
rates unless all relevant factors were taken into con
sideration. 

Mr. ·WARE presented Mr. Young's comments on Mr. 
Barr's paper. 

The CHAIRMAN observed that Mr. Barr's paper appeared 
to complement the remarks of Mr. Audibert, although 
from a different viewpoint. 

Mr. McMoRRIS presented his paper on "Mining and 
Processing Pittsburgh No.8 Seam Coal in Greene County, 
Pennsylvania". 

The H. C. Frick Coke Company, a subsidiary of the 
United States Steel Corporation, in its operation of the 
Robena Mine in Greene County, Pennsylvania, was en
deavouring to overcome the natural disadvantages of the 
coal produced in that area by the adoption of the most 
modern of mining, blending and coal-cleaning methods. 

The coal was less desirable for metallurgical purposes 
because of its higher and more variable sulphur content. 

The mine had been projected for 100 per cent mechani
cal loading, using an open-end mining system which per
mitted in excess of 90 per cent recovery of the mineable 
height of the coal seam. Low-cost methods where con
sistent with a rigid policy of "Safety First", were used 
thoughout the mine. 

Raw coal production was carefully blended to ensure 
uniformity of chemistry before the coal reached the clean
ing plant. 

Blended raw coal was then processed in a modern 
cleaning plant employing two-stage heavy-media sepa
ration on three inch by 1 / 4 inch coal, and crushing of 
middling of that size, which was then added to the natural 
1 / 4 inch slack for further cleaning. Fine coal cleaning was 
also two-stage involving hydraulic classification and 
tabling. 

The over-all results of that operation were the pro
duction of a coal suitable for metallurgical uses, and com
petitive with other coals having better seam quality. 

The CHAIRMAN opened discussion on the papers which 
had been presented. 

He pointed out to Mr. ]. Audibert that it was possible 
to mechanize asbestos mines if the ores were of the right 
type; that had in fact been done in Canada. 

In answer to a question from Mr. Barr on the grade of 
beneficiation coal at the Robena Mine, Mr. McMoRRIS 
said the sulphur content of coal from the Robena Mine 
could not compete with coal from Connellsville Basin, but 
that the former possessed a uniformity which gave good 
results in blast furnaces. 
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Replying to a question from Mr. Nighman on the sul
phur range in the Robena Mine, Mr. McMorris said that, 
in the raw state, the total sulphur content varied from 
1.60 per cent to over 4 per cent. Organic sulphur was in 
excess of 1.2 per cent and in extreme cases was as high as 
2 per cent. 

Mr. BLONDEL, referring to Mr. J. Audibert's remarks on 
the use of labour in under-developed countries, said that 
it had formerly been true that mechanization was not 
advantageous because of the cheapness of labour, but that 
that was much less true now. The price of labour was in
creasing without a corresponding increase in its pro
ductivity. There was therefore an advantage in intro
ducing mechanization in many under-developed countries. 
Its introduction, however, raised another problem, which 
he illustrated by reference to a coal mine in Indochina. 
That mine had originally employed 35,000 workers and 
produced about 2,000,000 tons of coal per annum. As a 
result of developments in mechanization, the number of 
workers had been reduced to 6,000, and the company had 
been tempted to reduce it still further with an eye to 
economical production. The Government of the country, 
however, had asked them not to do so, because of the 
difficulty of finding employment for the men discharged. 
If mechanization was introduced, it raised the problem of 
what was to become of non-specialized workers in over
populated, under-developed countries. 

Mr. FErss said that in the United States there was little 
argument regarding the advantages of mechanization. In 
remote and under-developed countries, however, the in
troduction of complex mechanical equipment was a 
matter that often required considerable study. There 
were problems inherent to mechanization, such as ser
vicing, replacement of parts, and the availability of 
trained personnel, that are of utmost importance. Further
more, mechanization, could only be economically effective 
if continuous production could be guaranteed. 

Mr. J. AUDIBERT recalled that the discussion at the 
previous afternoon's plenary meeting had been on plans 
for the industrial development of under-developed coun
tries. One of the main conclusions had been that the 
problem of economic development was primarily one of 
accelerated education. 

the manufacture of chemicals. The paper stated that 
when metal prices were high it tended to stimulate tech
nological research. 

The paper.classified low-grade ores into simple and com
plex. It stressed the importance of recovering all by
products in the treatment of ores, since the primary 
requirement in all cases was low-cost treatment. 

It then discussed devices for the milling of simple and 
complex low-grade ores, and indicated the main trends in 
each. 

The Chairman drew particular attention to the con
clusions which he felt to be the most significant part of the 
paper. 

Mr. SULLIVAN, presenting his paper on "New Processes 
for the Utilization of Low-Grade Ores", spoke of the 
battle being waged against the depletion of reserves. 
Economic operation required the highest grade material 
or the use of techniques which were applicable to low
grade ores. 

He presented slides to illustrate the following points: 
The concentration of low-grade ores had first taken 

place in the case of copper. The average recovery from 
all ores in the United States in 1890 had been 5 per cent of 
copper, whereas in 1946 it was only 0.9 per cent. That 
was typical of what could be achieved in the utilization of 
low-grade ores. Costs had been so reduced by mass pro
duction and the use of modern techniques that operations 
with such low-grade ores had become economically 
feasible. 

The same general downward trend in the grade of ore 
could also be seen in lead and zinc. Formerly 5 to 7 
per cent of lead had been required in the ore, whereas 
current operations were carried on with ores containing as 
little as 2 per cent. The average zinc concentrates 
recovery of Tri-State ores treated in 1945 was 2.9 per cent, 
as compared with 6 per cent in the past. An enormous 
increase in the amount of metal recovered was shown 
when the flotation process was introduced. 

The metal economy of the United States was based on 
iron and steel, which were produced chiefly from 50 per 
cent grade iron ore. A lowering in the grade used would 
mean a complete disruption of present plants, shipping 
and so forth. 

Mr. SuLLIVAN referred to a form of mining which had Mr. Sullivan explained that the next slide represented 
not previously been mentioned, namely the gold-dredging curves showing the amount of iron-ore production in the 
operations in some of the Western States of the United United States and in the remaining countries of the world. 
States, in which enormous tonnages of very low-grade He explained that most of the iron-ore in the United 
material were used. In California, for instance, the gold States came from the Lake Superior district. In 1906, of 
recovery rate had been .0026 of an ounce per cubic yard the 25,600,000 tons of iron-ore shipped from Minnesota 
in 1946, and . 0036 of an ounce per cubic yard in 194 7 · not one ton had been concentrated. 

The CHAIRMAN presented the paper by Mr. Diamond, Slide 6 showed how, after 1910, with the introduction of 
Mr. Swanson and 1\'Ir. Sutherland on "New Processes for concentration methods the trend in the use of low-grade 
the Utilization of Low-Grade Ores". ores had begun to rise sharply. In 1946, 23.6 per cent 

The paper was a summary of progress in the utilization of all iron-ore shipped from Minnesota had been bene
of low-grade ores, and was intended as a background for ficiated in some form. By 1948, that percentage had risen 
the discussion of that question. It pointed out the trend to 26 per cent. 
towards the utilization of progressively lower grades of Current methods of beneficiation consisted principally 
ore, owing to better technological methods of recovering of a simple washing operation and the grade of ore was 
metals and better integration over a wide field including improved from about 40 per cent to 50 per cent in the 
the mining industry, agriculture, power development and concentrates. 
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In 1946, of the 12 million tons concentrated, 10 million 
tons had been washed, 120,000 tons jigged, 24,000 tons 
recovered by a magnetic concentration, 100,000 tons 
sintered, 1 million tons recovered by heavy media sepa
ration and 550,000 tons merely dried. 

Taconites were being investigated as a source of iron. 
In the Mesabi Range, taconites contained about 30 per 
cent of iron. Those in the eastern Mesabi were predomin
antly of the magnetic type; those from the western Mesabi 
were non-magnetic. The magnetic type of taconites would 
be utilized commercially first; the hematitic and mixed 
types would then be concentrated. 

The mineralogy of the cherty taconites was complex: 
the hematites were of three types: (a) those containing 
iron oxide and quartz; (b) those containing extremely 
complex silicate and siliceous materials which must be 
ground fine (perhaps 600 to 700 mesh) for mineral 
liberation; and (c) a mixture of those two types. 

Slide 7 showed some Mesabi taconite samples which 
contained 34 per cent iron, 12 per cent magnetic iron, 
approximately 50 per cent silica and a small amount of 
phosphorus. 

In regard to the methods of concentration, Mr. Sullivan 
explained that magnetic taconites would not be too 
difficult to concentrate by magnetic means. The hematitic 
taconites would have to be treated by flotation or magne
tic roasting, followed by magnetic separation. With 
Mesabi hematitic ores, some gangue elimination was pos
sible with coarse-mesh grinding, but iron was separated 
only after fine grinding. Flotation required grinding to very 
fine mesh size. The concentrates would be so fine that 
agglomeration would be necessary before they could be 
used in a blast-furnace charge. It was possible to sinter, 
nodulize or pelletize them, but a cheaper method of agglo
meration was needed. 

On the subject of the beneficiation of aluminium, Mr. 
Sullivan explained that, in the United States, before the 
war some of the alumina came from bauxite ore with as 
little as 3 per cent silica. Seven per cent silica was con
sidered the economic limit. The use of the current "red 
mud" method, introduced during the past war by the 
Aluminum Company of America, made it possible to treat 
materials containing as much as 15 per cent silica. During 
the war a few semi-commercial plants used the lime-sinter 
process or the ammonium sulphate process to get alumina 
from clays. From the point of view of economics, clays 
could not compete with bauxite. 

The only source of magnesium in the United States was 
sea-water, which contained 0.13 per cent of magnesium; 
it was the lowest grade "ore" of any of the commercial 
engineering metals. 

Manganese had been beneficiated during the war. An 
ore containing 22 per cent of manganese was leached by a 
sulphur dioxide process. Research work had been done on 
the concentration of low-grade ores by flotation. 

The utilization of by-products was very important in 
making use of low-grade ores economically feasible. For 
instance, the total molybdenum production in the United 
States for 194 7 -19·18 was estimated at 26.1 million pounds 
annually, of which 16 million pounds came from copper
mining operations. The use of new and modem equip-

SUMMARY OF DISCUSSION 

ment, good techniques, good technology and thorough 
research made possible by-product utilization which would 
have been considered impossible 25 years before. 

Mr. SUTTON, in the absence of Mr. Robinson, presented 
the latter's paper on "Iron and Steel Making from Low
Grade Ore at the Appleby-Frodingham Works of the 
United Steel Companies, Ltd". He stressed the use of 
low-grade limey ironstone from the Frodingham bed 
containing about 21 per cent iron and siliceous stone from 
the Northampton bed as a flux with about 33 per cent iron, 
producing phosphoric pig iron with about P/2 per cent 
phosphorus. The use of certain proportions of two dif
ferent ores together made a self-fluxing burden. The 
organization of the plant, the method of preparing the 
ironstones, the blast-furnace and prodvction were des
cribed. 

The only scrap used was that arising on the works. 

A high-grade citric acid soluble basic slag was produced 
as a by-product. 

Numerical data on the composition and proportions of 
materials used were given in the appendices. 

The CHAIRMAN remarked that the paper clearly il
lustrated that the principal problem in the use of low-grade 
deposits was one of technology and economic handling of 
materials, rather than shortage of materials. 

Mr. SUTTOX presented the paper by the staff of Stewarts 
and Lloyds, Ltd. on "Blast Furnace Acid Burdening 
Practice". The nature of the local Northamptonshire ore 
and its characteristics in relation to the methods of pre
paration and the procedure in working the blast-furnace 
were described. The composition of the ore varied greatly 
in different parts of the ore fields, from limey to highly 
siliceous ores. The ore was easily reduced; new crushing 
and screening equipment was designed to crush the ore to 
a maximum size of 21 / 2 inches. Lump ore constituted 
66 per cent of the iron-bearing burden, and the sinter 
about 28 per cent. Small quantities of magnesium ore, 
shale, scrap and steel-furnace slags were added to make up 
the remainder of the burden, together with coke. 

Investigation of the freezing points of slags with various 
lime/silica ratios had been made. It was found that where 
the lime/silica ratio was approximately 1.45:1, the freez
ing points were high, but they decreased as the proportion 
of silica increased. 

Based on such considerations, the burden was adjusted 
to give a slag with equal weights of lime and silica. 

The chief benefit sought in the acid practice, namely, 
decreased coke consumption, was fully achieved. The coke 
rate was reduced from 2,800 lb. per ton of iron produced, 
to 2,100 lb. 

Other advantages were that smooth working of the 
furnace was obtained by the easier fusibility and fluxing 
of the gangue; the composition of the iron produced was 
particularly suitable for basic Bessemer operation; the 
silica content of the iron produced served as an essential 
foundation to the successful development at Corby of the 
improved type of basic Bessemer steel with low nitrogen 
and low phosphorus contents. 
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The resultant slag was of approximately neutral com
position. The acid-burdening practice left more sulphur 
in the metal than in the more normal high lime slag 
process. Desulphurization of the iron in several 
was described. As a result of those stages, the amount of 
sulphur in the final steel was from .03 per cent to .045 
per cent. 

:Vir. LEHxiANN, in the absence of Mr. Bierbrauer, pre
sented the latter's paper on "Economical Mineral Dressing 
as the Preliminary Condition for Inexpensive Large-scale 
l\'Iining and Methods of L'tilization of Low-grade Ores". 

He pointed out that, as the supplies of rich deposits 
were coming to an end, the public was taking more in
terest in the problems of a provident raw-material policy. 
New methods of mining and full use of mechanical means 
had provided the preliminary essentials for cheap ex
ploitation. The problem of cheap enrichment was of great 
importance. The special difficulties of using low-grade 
iron-ore were pointed out by a comparison with low-grade 
copper ores. Highly economical large-scale mining 
methods could often not be applied, because there was no 
equally economical process for concentrating the low
grade crude ore. The greatest technical problem was to 
find a process for mechanical separation of coarse 
from 40 to 150 mm. and more. Under the float and sink 
process, it was possible to substitute a mechanical method 
for expensive hand-sorting. The use of expensive material 
such as finely ground ferrosilicon or galena and the high 
cost of recovery inhibited a general application of that 
process to iron ores. 

For beneficiating siderite ores, a separation process for 
coarse ores had been developed, which combined the 
efficiency of the sink and float process with the advantage 
of operating costs admissible to lm.v-grade iron-ores. The 
process was intermediate between jigging and the heavy
medium method. By using a heavy pulp, with a specific 
gravity of only 1.6 to 1.8 and high viscosity of about 40 
centipoise, a standard jig was able to treat coarse ores, 
from 40 to 150 mm. in size and more, without raising the 
normal plunger velocity. Replacement of jig water by a 
heavy pulp led to a selectivity nearly as high as that of the 
float and sink method. By using coal jigs with a sieve area 
of 10 square metres, one unit could treat about 150 tons 
per hour. 

The CHAIRMAN requested the members to present their 
conclusions concerning the papers that had just been 
presented. 

Mr. SuLLIVAN commenting on Mr. Bierbrauer's paper 
stated that in the Dutch State Mine Cycle one had been 
used with good results. The method could be further 
developed with more research and more work. 

::Yir. McLINTOCK, referring to Mr. Sullivan's remark on 
the use of iron-ore of 36 per cent in the United States, 
added that in England similar low-grade ores were used 
and that there was much interest in the problem of 
beneficiating the ore. Three types of low-grade ore were 
used and blending produced a self-fluxing burden. One 
difficulty had been encountered which had not yet been 
mentioned: British ore was rich in iron-alumino silicate 
chamosite, and no economically practicable method of 
seperating the iron bearing and slag forming constituents 
in this mineral had so far been developed. 

Mr. SuLLIVAN replied that in certain parts of the United 
States self-fluxing ore was also found. The steel economy 
of the country was based on the use of 50 per cent ore. 
Beneficiation might cause a change in smelting operation. 
If iron-ores having different alumina-to-silica ratios are 
used innovations in methods of smelting would have to be 
used. 

The CHAIR:I!AX, summing up the brought out in 
the presentation of the papers, stressed the fact that the 
utilization of low-grade ores introduced new problems into 
the mining economy of any country. They were not only 
technical problems; some were social problems, which 
impinged on the functioning of the mining economy. He 
requested Mr. Bloch to tell his colleagues of his ex
periences in Palestine. 

Mr. BLOCH explained that in going as he had from a 
highly industrialized country, to one which ¥\'as almost a 
desert, he had been strongly impressed by the fact that it 
was especially difficult for an engineer to co-operate with 
people who lacked the necessary basic education not only 
to operate and service machines, but even to read and 
write. When plans were made to develop under-developed 
countries, that difficulty must be considered before any
thing else. Education was not brought about simply by 
higher standards of living and industrialization, or by 
economic pressure. It was necessary to encourage legis
lation and investments, so that schools could be established. 
Elementary education was introduced into a country only 
by the church or by compulsory education legislation. 
The problem of how elementary education could be in
troduced into the under-developed areas should be con
sidered before the Conference ended. 
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Conservation in Production of Iron and Steel 

CLYDE WILLIAMS 

ABSTRACT 

Unprecedented demands for iron and steel during the past ten years brought to the industry a realization of the 
necessity for conservation of depleted raw materials and the maximum production possible from present facilities. 

Much progress has been made and there is promise of more. Sintering and sizing of ore was found to conserve coke 
and increase output of blast furnaces; similar results are attained by blast-furnace operation under high-top gas pres
sure. Oxygen enrichment of the blast is under large-scale investigation and definite information as to its practicability 
should be forthcoming soon. 

High ore and iron charge and the use of oxygen for decarbonization of the bath are now receiving wide acceptance 
in open-hearth operations. Oxygen and sinter are replacing feed ore in the open-hearth process. 

Conservation of manganese and.other alloys is receiving attention; manganese recovery from open-hearth slags 
and utilization of low-grade manganese ores warrant an intensive research effort. 

Conservational in character are some of the future trends in steelmaking and processing. The side-blow basic 
converter and continuous casting of billets are typical examples. 

Today, probably as never before, the steel industry is 
faced with pressing problems of conservation. Depletion 
of some of our raw materials and lack of self sufficiency in 
others, coupled with the mounting costs of plant replace
ment, make conservation of steelmaking materials and 
greater utilization of existing plant capacity, problems of 
major economic importance. The object of this paper is to 
appraise the present status of efforts aimed at the solution 
of these problems. 

BENEFICIATION OF LOW-GRADE ORES 

In American practice, iron ores suitable for smelting in 
the blast furnace contain a minimum of 50 per cent iron. 
Reserves of these high-grade ores are approaching ex
haustion. 

The depletion of these ore reserves is being met by im
ports of high-grade iron ore and by technological advances 
in the beneficiation of low-grade ores and taconites-a 
formation material containing about 30 per cent iron and 
requiring extremely fine grinding to liberate the iron from 
the gangue. 

Enormous capital outlays will be necessary to construct 
the huge beneficiation plants ultimately needed, if sub
stantial proportions of the industry's ore needs are to be 
met by beneficiation of taconites. Preliminary estimates 
indicate that the original plant investment may be as high 
as $20 per annual ton of concentrate produced. 

Beneficiation of New York ores and magnetic taconites 
of the Mesabi range by fine grinding, magnetic con
centration, and sintering, nodulizing, or pelletizing is now 
proceeding on an expanding scale. Reserves of these 
magnetic materials will support a substantial output of 
concentrates for many decades. For this reason, need of 
developing complete beneficiation processes for non
magnetic taconites comprising the bulk of low-grade iron
bearing material of Lake Superior district is not pressing 
quite so hard for a solution. 

It is vitally important, however, that ore beneficiation 
problems should be solved as soon as possible, so that 
remaining direct-shipping reserves of merchantable ore 
can be used for blending, to permit the most desirable 
blast furnace practice and to cushion the effect of un-

avoidable cost increase clue to the use of beneficiated 
taconites. This is an essential conservation measure. 

SINTERING OF FINE ORES 

About forty years ago, sintering was first employed as a 
means of agglomerating accumulations of flue dust, and 
the process has expanded enormously as a means of 
utilizing fine ores. The economic importance of ore 
sintering as a conservation step in iron and steelmaking 
stems from the fact that it permits greater utilization of 
existing blast furnace capacity, with an appreciable saving 
in metallurgical coke; in the open-hearth process it serves 
to replace lump ore which is now becoming almost a thing 
of the past. 

Blast furnace operators appear to be in agreement on 
the fact that well-made sinter, when replacing average 
grade Mesab oresi, will raise the productive capacity of a 
blast furnace, with a saving in coke used per ton of iron. 
At the 1948 Blast Furnace, Coke Oven, and Raw Materials 
Conference of the American Institute of Mining and 
Metallurgical Engineers, it was shown that at one of the 
plants of Carnegie-Illinois Steel Corporation, the sizing 
and sintering of the ore charge resulted in a 20 per cent 
increase in output of the blast furnace, a 15 per cent 
decrease in coke consumption, and a 20 per cent decrease 
in flue dust produced per ton of iron. At the Fontana blast 
furnace of Kaiser Company, the use of sinter also material
ly increased the output, decreased coke rate and flue dust, 
and as a result, decreased net cost per ton of hot metal. 
This experience is corroborated by reports submitted by 
other operators. 

The use of hard sinter as a replacement for lump ore for 
decarbonization of the open-hearth bath is a development 
that has been forced on the steel industry by the near 
exhaustion of domestic lump-ore sources. The only other 
alternative to sinter as a replacement for feed ore in the 
open hearth is offered by the use of so-called tonnage 
oxygen-a subject which I shall discuss later. 

HIGH-TOP-PRESSURE BLAST-FURNACE PRACTICE 

One of the most important conservation problems 
facing the steel industry at the present time is the need for 
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increasing steelmaking capacity ·with a minimum of costly 
plant construction. New construction of integrated steel 
plants now requires a capital outlay of about $300 per 
anual ton of ingot capacity~about triple the pre-war 
cost. At such a high cost, expansion of plant facilities for 
supplying peak demands is, in the opinion of many leaders 
in the industry, economically unwarranted. 

A recent technological development which promises to 
boost present ore smelting capacity, is the operation of 
blast furnaces under increased top gas pressures. Normal
ly, blast furnaces are operated at about 18 lb. blast 
pressure and about 2 lb. top gas pressure. The rate of ore 
reduction can be materially raised by an increase in vol
ume of air blown through the furnace; however, under 
normal conditions an increase in blast pressure above 
18 lb. generally disrupts smooth furnace operation and 
causes very high flue dust losses. l(aising both the top gas 
pressure and blast pressure appears to be a promising 
solution to this problem. 

After a successful 18-month run on two blast furnaces, 
one of the leading steel producers in this country is plan
ning to convert five more furnaces to this practice by the 
end of 1949. Some other producers are watching the 
development closely >vith a view to adopting the practice 
as soon as sufficient background for this technique is 
established. 

Discussion of the technical features of the process is 
beyond the scope of this paper, but it is pertinent to note 
that the improved gas-solid contact in the stock column 
and greater weight of reducing gases are reported to in
crease the iron output of the furnace by about 15 to 20 
per cent, with coke consumption lowered by lO to 15 
per cent, and flue dust decreased about 30 per cent. The 
process is, therefore, conservational both in terms of plant 
capacity and coke consumption. 

In order to convert a blast furnace to high top gas
pressure practice, an increase in blower capacity is neces
sary. This is by far the costliest item in the general change
over. Costs of converting a single stack are reported to 
amount to about $120,000, but the installation of sufficient 
blower capacity may increase this by a factor of 10 to 20. 
Even at that, it is believed that a change-over will pay 
for itself in two to three years. 

SCRAP CONSERVATION 

The steelmaking process responsible for the major ton
nage of steel produced in this country is the basic open
hearth process. According to the figures furnished by the 
American Iron and Steel Institute, there are at present 
908 basic open-hearth furnaces in the United States with 
a rated annual capacity of 82 to 83 million net tons. This 
compares with 51 / 4 million tons annually of Bessemer steel 
and about 6 million tons of electric furnace steel. 

Although economic conditions change the ratio from 
time to time, the general statement may be made that 
steel scrap makes up about 50 per cent of the open-hearth 
furnace charge. Individual operations may reflect wide 
variations from this average. Some non-integrated plants 
may use well over 75 per cent of scrap in the charge, while 
large integrated steel works are capable of reducing the 
scrap charge well below 50 per cent by the use of the high 
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ore and hot metal charges. In some cases, use of scrap 
other than that originating in the plant, which amounts to 
27 or 28 per cent, is completely eliminated by the "duplex
ing" practice employing liquid iron and Bessemer-blown 
metal. 

Over a long period of years, the return of industrial 
scrap and obsolescent equipment provided adequate sup
plies of purchased scrap even in a gradually expanding 
industry. However, this balance was seriously upset 
during the past two decades. In the early thirties exports 
of scrap were heavy, finally reaching a peak of 4 million 
tons in 1937. Then in the forties came the tremendous 
wartime upsurge in steel production. Such a stepup in 
output would have a noticeable effect in tightening scrap 
supplies even in normal times, since much of this addition
al tonnage would not return as scrap until its use cycle was 
completed. The additional factor of stupendous wartime 
usage, with an estimated 150 to 225 million tons used for 
ships, tanks, and guns sent abroad and most of it irre
trievably lost, contributed heavily to the tight scrap 
situation which now is largely relieved. 

So long as the supply of iron is adequate, effective steps 
can be taken to compensate for the shortage of scrap. The 
high ore and hot metal charge is one of the most effective 
answers to this problem. In the process of using high ore 
and hot metal charges, the charge of molten iron is in
creased to above 65 per cent and sufficient iron ore is 
charged to decarbonize the bath rapidly. This practice 
not only conserves scrap but also increases the yield on 
account of the recovery of iron from the charge ore, and 
speeds up furnace operation. In a paper before the 
American Iron and Steel Institute in 19,18, it was shown 
that on a 150-ton furnace, a hot metal charge of 40 per cent 
gave an average production rate of 10.1 tons per hour. 
When the iron charge was increased to 65 per cent, the 
furnace output rose to 14.9 tons per hour. 

One of the drawbacks of a high-iron charge is the high
silicon content which results in a large volume of slag. In 
some plants, this condition has been ameliorated by 
desiliconizing the iron with roll scale additions during the 
tapping of the blast furnace, or in the transfer ladle. 

Another scrap conservation practice is the so-called 
duplex process. In this process, pig iron is blown in an 
acid Bessemer converter until all of the silicon, manga
nese, and most of the carbon are oxidized. The blown 
metal is charged into the open hearth, and molten iron as 
well as the required fluxes are than added. In the duplex 
process, the furnace time from charge to tap on a 250-ton 
furnace is generally shorter than '1 hours, compared with 
about 12-hour furnace time for a hot-metal ore and scrap 
charge, and about 18 hours for a cold metal charge. The 
duplex process can be employed only in plants where both 
Bessemer and open-hearth facilities are available. 

Another palliative scrap-conservation measure is the 
manufacture of so-called synthetic scrap by blowing iron 
in a Bessemer converter, casting it into ingots and then 
using these ingots whenever necessary as scrap in making 
up the open-hearth charge. The basic difference between 
this process and the duplex process is in the fact that 
whereas in the duplex process the open-hearth metal 
charge consists of liquid iron and liquid blown metal, in 
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the synthetic scrap process the metal charge is made up of 
liquid iron, shop scrap, and synthetic scrap. 

An alternative substitute for scrap long advocated and 
persistently urged by some enthusiasts, is the production 
of "sponge iron"-the product of iron ore reduction at 
temperatures below the fusion point of iron or that of slag 
formation. This type of product dates from the earliest 
days of iron-making practices. Different proposals for its 
manufacture as a scrap substitute for use in the open 
hearth or in the electric furnaces have been given com
prehensive and careful study by steelmakers. The con
sensus is that the process is wasteful of materials, equip
ment, and labour; and that the product is inferior in many 
respects to scrap. 

The solution to the problem of scrap shortages may 
have more than one answer, depending on the available 
plant facilities. No matter what the answer is for any 
particular set of conditions, it must hinge on an adequate 
supply of iron-the latter to be accomplished either by 
construction of additional blast furnaces, by extensive use 
of high-top blast furnace pressure, by further use of sinter, 
or by other processes yet to be developed. 

USE OF TONNAGE OXYGEN IN IRON AND STEELMAKING 

The use of oxygen in open-hearth steelmaking has been 
studied energetically during the past few years. The 
extreme rapidity of the reaction in a Bessemer converter 
was bound to suggest to many operators the idea of in
jecting air into the bath of the open hearth, and such 
proved to be the case. The Wtirtemberger process and a 
host of similar processes which now have merely a histori
cal interest were based on the principle of blowing jets of 
air into the bath of molten metal in an open hearth. The 
popularity of these processes more than a half century ago 
was short-lived because it was found that the furnace 
refractories were seriously damaged and the gain in actual 
refining time did not compensate for the time lost in 
making repairs. 

These processes employed air because oxygen was at 
that time manufactured on a laboratory scale only. When 
25 years later, oxygen became a commercial product, and 
furnace refractories were materially improved, the idea 
was tried again. 

In 1923, oxygen was tried in the open-hearth shop of 
the Homestead Works, Carnegie Steel Company. Oxygen 
was injected into the bath from small tanks and it was 
found that the refining time was appreciably shortened, 
but at the then current price of $8.50 per thousand cubic 
feet ($200 a ton) for oxygen, its use proved to be un
economical. 

Development of the Linde-Frankl low-pressure method 
of oxygen manufacture was a revolutionary advance 
which, with American engineering modifications, makes 
oxygen available for large-scale industrial use at a fraction 
of its earlier cost. There are authoritative estimates that 
the cost of tonnage oxygen of 90 to 95 per cent purity will 
be around $10 per ton for a plant of 100 tons daily capaci
ty, and only about $5 per ton for a plant manufacturing 
1,000 tons of oxygen daily. It will thus be available for 
large-scale metallurgical processes at a cost of 20 to 40 
cents per thousand cubic feet. 

Recent experimental use of oxygen in the open hearth 
concerned itself with three applications: 

1. Raising the flame temperature during the melt down 
of the scrap by oxygen enrichment of the air in the burner. 

2. Speed up the melt down of the solid scrap by direct
ing jets of oxygen against the solid scrap after it had 
attained incandescence. 

3. Acceleration of the carbon removal from the open 
hearth or electric furnace bath by introducing oxygen 
under the slag covering by means of a lance, or by im
pingement on the surface of the bath. 

Of these three applications the third is by far the most 
successful and its use is now a standard practice in many 
plants. The conventional method of bath decarbonization 
has been through the use of lump or "feed" ore. This ore 
is now becoming very scarce and, as mentioned earlier, 
hard-sintered ore has been replacing it with fair success; 
however, oxygen appears to offer a rapid, convenient, and 
economic means of attaining the same end. 

As an example, in one open-hearth shop manufacturing 
deep drawing steel, 21/ 2 hours was required for the final 
stage of decarbonization by the conventional method; 
with oxygen, this carbon removal was accomplished in 
30 to 45 minutes. In another shop, manufacturing stain
less sheets, oxygen was found to be equally satisfactory. 
The use of oxygen for decarbonization in refining open 
hearth and electric furnace steel appears to be economical
ly sound at the current cost of oxygen and its use there
fore, expanding. 

Research on the use of oxygen-enriched air in the 
blast furnace and Bessemer converter has centred up till 
now in European countries, and results have been en
couraging. In a trial run on a 100-ton blast furnace in 
Belgium, air enrichment to 23 per cent of oxygen resulted 
in a 12 per cent increase in iron output and 3 per cent 
decrease in coke consumption. In another experiment on 
a small blast furnace in Germany, blast enrichment up to 
30 per cent of oxygen was tried. Iron output of the blast 
furnace was raised about 12 per cent and coke consump
tion decreased about 15 per cent. On the whole, the ex
periments indicated that in order to realize the full bene
fits of oxygen enriched blast, some basic changes in the 
design of the blast furnace will be necessary. 

In Germany and the Union of Soviet Socialist Repu
blics oxygen was also tried in side-blown and bottom
blown Bessemer converters and the blowing time was very 
sharply decreased. Moreover, British experimental work 
with oxygen looks promising. However, even with normal 
air blast, the Bessemer process is so fast that the use of 
oxygen does not offer as great promise as it does in the 
open hearth. 

The use of oxygen-enriched air in blast-furnace oper
ation is receiving considerable attention at the present 
time. Three large oxygen plants, each with a daily capaci
ty in excess of 200 tons, are now being erected by leading 
steel producers in the United States. Two of these plants 
will furnish oxygen for trial in blast furnaces while the 
third will furnish oxygen for the open-hearth shop. The 
use of oxygen in cupola operation is also receiving at
tention. Results indicate that a moderate air enrichment 
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speeds up the rate of iron melting without shortening 
materially the life of the cupola lining. 

In appraising the overall picture on the use of oxygen in 
steelmaking, it is clearly evident that while a lot more 
research will be necessary before its usefulness in blast
furnace operations is proved, its use is clearly established 
as an important economic and conservational step in 
open-hearth operation. 

CONSERVATION OF MANGANESE 

Manganese is used in steelmaking for two basic reasons: 

1. Because of its favourable effect on hot working 
properties of steel, so that the steel can be rolled, forged 
or otherwise hot formed without being torn or cracked. 
When added in sufficient quantity, manganese counter
acts the adverse effects of sulphur on surface quality of 
steel. 

2. Because manganese helps to secure in the finished 
steel, certain desirable mechanical properties. 

According to the statistical data of the American Iron 
and Steel Institute an average of 12.5 pounds of manga

WILLIAMS 

manganese that might be recovered from open-hearth 
slags is estimated to be 250,000 tons annually, this amount 
being exclusive of that now returned to the blast furnace 
for resmelting. Thus, it is evident that an important part 
of the industry's required manganese is available for 
recovery from the open-hearth slag. 

Smelting this slag in a blast furnace to raise the manga
nese content of the iron is not a complete solution to the 
problem, since about 90 per cent of the manganese re
covered in pig iron would be oxidized in the open-hearth 
furnace and returned to the slag. Recovery of the manga
nese in the form of high-grade ferro alloy, which could be 
used for ladle additions, would prove to be a real conser
vation step. 

The only other large available domestic source of manga
nese in the United States is in the form of low-grade 
manganese ores. Open-hearth slags may be considered as 
a low-grade ore readily available at the steel plant. 
Research on recovery of manganese from this source is as 
yet in the exploratory stage. 

CONSERVATION OF OTHER ALLOYS IN STEELMAKING 

nese metal is used per net ton of steel. Steps to conserve From the conservation point of view, one of the im
manganese in steelmaking fall into two major groups: portant contributions of wartime research to the metallur
First, greater economy in the use of manganese and gy of steel was establishment of the principle that the 
second, recovery of manganese from open-hearth slags or presence of a few alloying elements in small amounts may 
low-grade ores. have a greater beneficial effect on the properties of the 

Next to silicon, manganese is the cheapest alloying steel than a much greater content of a single alloying 
element in steel. While in some cases, the manganese element. This led to the development of National Emer
content of steel can be reduced somewhat without un- gency steels which contributed so much to conservation of 
desirable effect on mechanical properties, drastic reduc- strategic alloys. 
tions cannot be tolerated. During World War II, a new Increased alloy steel production during the war in
group of steel compositions called National Emergency evitably resulted in an increase in the amount of alloy 
1000 Series was adopted to conserve manganese. In these scrap. By segregating alloy scrap and combining the in
compositions, substitution of another alloy for part of the cidental or recoverable alloys from it with small additions 
manganese resulted in a decrease in manganese of the of virgin ferro alloys, it was possible to make a substantial 
order of 0.10 per cent as compared with the corresponding saving in the overall use of all such elements. 
SAE series or a saving of about 75,000 tons annually for In some of the National Emergency steels, a large part 
the industry as a whole. of the alloy requirements was supplied by this segregated 

The manganese added to improve the workability of alloy scrap. This is especially true for nickel and molyb
steel is a result of balancing the cost of additional manga- denum and for chromium in electric furnace practice. 
nese against the added surface-conditioning costs resulting In comparing steels with varying alloying elements, it 
from insufficient manganese. A change designed to lower was established that regardless of composition, steels of 
the manganese content would probably increase the real the same hardness produced by tempering after hardening, 
cost to the steel mill and consumer. The following conser- will have the same tensile and yield strength, provided the 
vation measures in steelmaking practice appear to be, original quenched structure is substantially martensitic. 
however, economically sound: The so-called hardenability test gave a first approximation 

1. Lowering of the slag volume in the open-hearth fur- of equivalence which permitted one to substitute intelli
nace by keeping the silica in the charge (silicon in the gently one alloying element for another, and to take full 
metal charge and silica in the ore) as low as possible advantage of the residual alloying elements recovered 
because low slag volume would result in higher residual from the scrap charge in the open hearth. 
manganese in the steel. Desiliconization of the pig iron, Another important contribution to the conservation of 
as mentioned earlier, is therefore a step in the right alloys was given by the use of boron-containing de
direction. oxidizers. It was found that traces of boron, so small that 

2. Increasing efficiency of ferro-manganese additions. they were difficult to detect by chemical analysis, raised 
The yield from ladle additions is at least 20 per cent hardenability so markedly that it was possible to attain 
higher than from furnace additions. Ladle additions hardenability equivalence by considerably smaller alloy 
should be used, therefore, whenever possible. additions. 

Recovery of manganese from open-hearth slags is a While the NE (National Emergency) steels were de-
subject that warrants serious consideration as a strong veloped to cope with an emergency that at present no 
conservation measure. The total amount of contained longer exists, they left an indelible mark on metallurgical 
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thinking. Coupled with fairly wide acceptance of so
called "H" steels, which are based on hardenability bands 
and broader alloy specifications, this trend will continue 
to assist in conservation of strategic alloys. 

FUTURE TRENDS IN STEELMAKING 

One cannot conclude the discussion of conservation in 
the manufacture of iron and steel without briefly men
tioning new processes, now on the horizon, which may 
have an important bearing on this subject. 

Interesting results have been obtained with carbon 
hearth blast furnaces. These give promise of shortening 
the time for rebuilding and thus increasing the effective 
working period of the furnace. 

Bessemer ores furnish pig iron for Bessemer steel with a 
maximum phosphorus content of about 0.100 per cent; 
non-Bessemer ores furnish pig iron for the basic open
hearth process. In European countries, basic pig iron 
containing in excess of 1.5 per cent phosphorus can be 
refined by the so-called Thomas Process, employing a 
basic-lined bottom-blown converter, but the phosphorus 
content of American basic ores is not high enough for this 
process. Two of the largest steel producers in the United 
States are now conducting development work on a basic 
side-blown converter process which can refine basic iron 
of any given phosphorus content and can produce a low
nitrogen steel of quality similar to that of basic open
hearth steel. The blast pressures required for this process 

are only about one-fifth of those needed in the Bessemer 
or Thomas process, and the process offers distinct econo
mic advantages besides conserving the dwindling supplies 
of Bessemer ores. 

Another development which has strong conservational 
potentialities in the processing of steel is that of con
tinuous casting of semi-finished steel which has been 
described at length in the technical press. This develop
ment will be followed with interest as it is extended to 
larger scale operation. 

This method, if successful, promises both an increase in 
productivity and a decentralization of production. 

SUMMARY 

Depletion of our raw materials and mounting costs of 
plant and equipment replacement focus attention on the 
subject of conservation in production of iron and steel. 
Much progress has been made and more is in the offing. 
Ore beneficiation, blast-furnace operation under high top 
pressure, and use of oxygen in steelmaking are conserva
tional steps that have already established a background 
of successful experience. Conservation of manganese and 
other alloys is receiving serious attention. Other steel
making and processing steps, such as the use of side-blown 
basic converter and continuous casting of billets, are, so 
far, in the experimental stage but are, nevertheless, in
dicative of future trends. 

A Note on the Use of Gaseous Oxygen 

D. J. 0. BRANDT 

ABSTRACT 

The use of gaseous oxygen in various branches of the iron and steel industry has been on the increase in the past 
few years. It is considered that this is due chiefly to the necessity for increased output from present capacity. 

Oxygen has been applied to the open hearth to accelerate both melting and refining in a manner which is briefly 
described. The electric furnace has also been shown to benefit considerably when oxygen is used as a refining agent. 

Enrichment of the blast in the steelmaking converters has been undertaken at several places, giving increased 
outputs and improved quality of product. 

Enrichment of the air blast in a normal blast furnace has not proved quite so advantageous, largely because the 
blast furnace is thermally a very efficient machine, but the use of small, low shaft furnaces particularly designed for 
oxygen work may enable poor-grade ores to be smelted which were hitherto uneconomic, and may also be applied to 
the smelting of ferro alloys which normally are produced in the electric furnace. 

Much work remains to be done, but the widespread use of "Tonnage oxygen" may well play a significant part in 
the future conservation of raw materials. 

INTRODUCTION 

The application of gaseous oxygen to various operations 
in the production and purification of iron and steel has 

rather more attention to this field, the contributions of 
Soviet technicians in many cases dating from the nine
teen-thirties or earlier. 

received a particularly marked degree of attention in both The basic causes of the recent upsurge of interest are 
the American and European continents, since the closing probably two-fold; firstly the desperate world-wide steel 
years of World War II. The open-hearth furnace, the shortage stimulating any and every means of increasing 
electric furnace and the steelmaking converters have all the productivity of existing plant, and secondly, the 
been shown to benefit considerably under certain con- prospect that within a comparatively short time "medium 
ditions; and to a lesser extent the blast furnace for the purity" oxygen (i.e., 90 to 95 per cent 0 2) generated in situ 
production of pig irons and ferro alloys has also been will no longer be an expensive commodity. It is open to 
considered with regard to improving its performance with some doubt whether, in fact, the need to conserve our 
an enriched blast. Soviet Russia appears to have devoted natural resources has been a factor in accelerating the use 
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of oxygen, but on the other hand, the practical results 
obtained have shown that under certain conditions the 
employment of oxygen may be accompanied by savings 
both of fuel and certain raw materials. 

At the present time, it is not easy to predict to what 
extent the use of oxygen in the iron and steel industries 
may expand in the future. For certain purposes, which are 
considered below, it may be stated with some confidence 
that the use of oxygen has already proved itself to be a 
practical and commercial success and the increasing ap
plication of oxygen for these purposes may be confidently 
expected; but for certain other operations where a number 
of confusing factors may enter the picture and where the 
assessment of experimental data is not so easy it is in
advisable to generalize too freely. As far as space permits, 
these complications are considered in detail below. 

For the sake of clarity, the different methods of using 
the gas in the production of iron and steel will be dealt 
with separately, though it is probable that the most 
economic manner of employment will be to generate the 
gas in as large an installation as is possible and utilize it 
for several different purposes in the same works, not 
merely for one. Essentially this subject may be considered 
from a short-term or a long-term standpoint. The short
term project is the improvement of existing plant and 
capacity by small modifications with oxygen, the long
term project is that of design and construction of new 
plant where oxygen is to be used from the start and where 
the central oxygen generator is an integral part of the 
works. 

THE PRODVCTION o:F :\IEDIUM PVRITY GASEOUS OXYGEN 

Oxygen is present in Nature as the native element, 
forming roughly one-fifth of the Earth's atmosphere. It is 
also to be found combined in the form of numerous oxides 
as the most abundant element in the Earth's crust. The 
industrial production of the gas is based upon the dif
ference in boiling point of liquid oxygen and liquid ni
trogen, that is to say that both gases may be prepared at 
one and the same time by the fractionation of liquid air. 

liquid air by expansion and then fractionating this into its 
two principle constituents. In the medium-purity plant 
the liquid oxygen is immediately evaporated and its 
"negative heat" is recovered, which improves efficiency. 

The production of oxygen is therefore from the cheapest 
of all raw materials-air. Apart from lubricants and 
drying agents the only other non-capital costs are labour 
and power. The use of oxygen thus entails the consump
tion of fuel, and as a general average we may say that to 
produce 1,000 cu.ft. of medium purity gas in a modern 
"tonnage" plant giving, say, 80 to 100 tons of oxygen (·with 
some 5 to 10 per cent nitrogen) per 24 hours will consume 
roughly 14 kwh of electrical power. This figure will in
crease markedly for smaller plants and may be rather less 
for larger installations. For an electrically driven oxygen 
generator, therefore, the production of a ton of gas re
presents the consumption of about 500 lb. of coal. Plans 
are being made, however, for future oxygen plants to be 
driven by gas turbines using blast furnace gas, in which 
case it is hoped that the raw fuel consumption per ton of 
oxygen may be significantly lowered. 

USES OF OXYGEN IN STEELMAKING 

IN THE OPEN HEARTH Fl:RNACE 

Oxygen has been successfully applied to the operation 
of open hearth steelmaking in two separate and distinct 
ways. 

(a) As a means of improving the combustion of the fuel 
and so accelerating the melting of the charge. 

(b) As an additional oxidizing agent to accelerate the 
refining of the charge. 

In the former case, it has been shown that the best 
results are obtained when the gas is introduced through a 
relatively small orifice at or near the base of the flame. 
Enrichment of the entire volume of (pre-heated) com
bustion air before it enters the furnace has been found to 
be generally ineffective and wastefuL 

Results published to-date deal mainly with work 
performed on furnaces fired with liquid fuel, either oil or 
tar. On this type of furnace, the oxygen has been in

The production of liquid air is based on the inventions troduced into the hearth either through an annulus sur
of Claude and Linde, who showed that if air was sufficient- rounding the burner exit or through a small pipe placed 
ly pre-cooled and then rapidly expanded the cooling effect close underneath the burner exit. On a furnace consuming 
of this rapid expansion may be such as to cause a pro- some 300 to ,100 gallons oil/hour the oxygen flow may be 
portion of the expanded gas to be liquified. In Claude's up to 40,000 to 50,000 cu. ft./hour at varying pressures. 
process the air is expanded against a piston in an ex- The value of the oxygen-enriched flame in the open 
pansion engine, in Linde's invention it is expanded freely. hearth furnace is exploited to best advantage during the 
Both inventions make practical use of the cooling effect charging and melting periods. Once all the cold charge has 
during the adiabatic expansion of gas. been placed on the hearth and the contents of the furnace 

When liquid air is distilled through a fractionating have attained a certain temperature, there is little or no 
column, the nitrogen, possessing a slightly lower boiling advantage to be gained by continuing the oxygen feed. 
point, will come off as a gas from the top and the oxygen Oxygen can make the flame both shorter and hotter, 
may be collected as a liquid in a reservoir at the bottom. enabling a greater volume of oil to be burned per minute, 

In the course of time a number of notable improvements but this flame can only be safely accommodated in the 
have been incorporated in the design of oxygen plants, one laboratory of the furnace, provided that the contents of 
of the most important being the cold regenerator due to the hearth are sufficiently cold to cause the extra heat in 
Frankl, which in the Linde-Frankl "tonnage" plants has the flame to be drawn downwards into the hearth, and not 
replaced the original complicated system of pipes forming upwards to the roof. Given that an adequate supply of 
the recuperators. There are also numerous variations of cold scrap is available and means for rapid charging are at 
the original circuits, all designed to improve efficiency. hand, then oxygen may enable an improvement of perhaps 
Basically, however, the principle is still the same, forming 30 per cent and more in the rate of melting, coupled with 
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a fuel economy of the same order, to be achieved. Oxygen 
consumption will amount to between 1,000 and 2,000 
cu. ft./ton of steel. It must be stressed, however, that 
these economies can only be fully realized when the scrap 
supply to the furnace is also capable of improvement. A 
fast-melting furnace is only economical when charged fast. 
If scrap is in short supply or transport difficulties stand in 
the way of its being brought rapidly to the furnace, then 
the use of oxygen in the flame cannot be accompanied by 
the maximum advantages. Best possible fuel economy 
cannot then be realized and the campaign may be shorten
ed due to overheating of the roof. It is largely due to these 
problems that the future of oxygen used in the open 
hearth flame is in some doubt. It is, as yet, uncertain 
whether this departure has been examined under ideal 
conditions or for a sufficient length of time for a proper 
assessment of the advantages and disadvantages to be 
made. 

Since oxygen used in the flame is essentially a means of 
accelerating the melting, it is to be expected that the 
longer the normal melting time the greater the economies 
possible. Furnaces wherein more than 30 to 40 per cent of 
the charge is liquid pig iron do not, as a rule, benefit much 
from the use of burner oxygen. A 100 per cent cold
charged furnace naturally benefits most. 

A furnace which operates with a high percentage of 
"hot metal" (molten pig) in the charge and where the 
refining period is long will benefit far more from the use 
of oxygen as an oxidizing agent injected directly into the 
bath of metal either through a long, slowly consumed, 
steel tube known as a "lance" or from a convergent
divergent nozzle arrangement which is held a few inches 
above the bath surface. The gas is thus used either as a 
total or partial replacement of the normal refining agents, 
iron ore or millscale. 

From this use of oxygen may accrue the following ad
vantages: (a) increased speed of refining (b) better slag 
formation and (c) fuel economy. It has been shown that 
the addition of oxygen to an open hearth bath may 
accelerate the carbon removal to some three or four times 
the speed normally obtained with iron ore or millscale. In 
addition, if oxygen is fed during refining there will be a 
better mixing between slag and metal and equilibrium is 
obtained more easily. The replacement of iron oxide by 
elemental oxygen means that the chemical reaction during 
carbon removal which was formallv endothermic is now 
replaced by a series of reactions "the sum of which is 
exothermic. The addition of oxygen does not, therefore, 
chill the bath but actually heats it, consequently the fuel 
input during the refining may be sensibly reduced if not 
completely cut off. A marked saving in fuel is thus 
possible. 

The exact savings to be achieved by this means will, of 
course, depend on the carbon contents of the steel at the 
beginning and end of refining and what proportion of the 
total heat time is taken up by the refining operation. As 
regards the consumption of oxygen gas during this oper
ation, again as a general average it may be said that 
roughly 4 cu. ft. of gas will be used for every "point" of 
carbon (i.e., 0.01 per cent C) removed per ton of steel 
provided that the carbon is not lowered to very much 
below 0.15 per cent. 

The exact chemical mechanism of carbon removal by 
this means is not fully understood. It is certain, however, 
that in addition to the actual oxidation effect of the gas 
the physical action due to agitation and bubbling plays a 
very considerable part. This has been proved by the 
discovery that if the oxygen is replaced by compressed air 
the efficiency of the lance or jet is not reduced to a fifth of 
the original, the air stream is barely less than about half as 
efficient, although air contains only 20 per cent oxygen. 
Since compressed air is roughly five or six times cheaper 
than tonnage oxygen, the use of air for refining the heat, 
particularly when the initial carbon is high, is often to be 
preferred. Much work remains to be done on the relative 
performance of oxygen and air before the situation re
garding the future use of these devices in the open hearth 
bath becomes clear. 

There are therefore a number of confusing factors to be 
reckoned with when considering the possible widespread 
adoption of oxygen to open hearth steelmaking. There is 
also the problem of the quantity of oxygen which must be 
consumed if a "tonnage" plant is to be economic. This 
type of plant only operates at its ideal efficiency if it 
produces some 50 tons (or more) of oxygen per day, 
continuously. It is therefore probable that an open hearth 
shop, wherein the demand is bound to fluctuate, will not 
be altogether suitable for connecting up with a "tonnage" 
oxygen generator, and the better way will be to set up a 
large central generator primarily for some other purpose, 
and use oxygen in the open hearths as a means of ab
sorbing excess quantities of gas from time to time. Alter
natively, a storage receiver must be constructed. 

USE OF OXYGEN IN THE ELECTRIC FURNACE 

Oxygen has been used in the bath of the electric furnace 
in the same manner and for the same purpose as its use in 
the open hearth bath. Acceleration of the carbon removal 
has been obtained successfully. In some ways the condi
tions of electric steelmaking process are more favourable 
to the adoption of oxygen-refining than the conditions in 
the open hearth. The atmosphere inside the electric fur
nace is practically neutral, considerably less oxidizing than 
in the open hearth, and therefore the part played by the 
agitation and mixing of the bath under the gas stream is of 
less importance. Replacement of oxygen with air in the 
electric furnace is not accompanied by the same results as 
in the open hearth furnace, and is of little value. 

Oxygen has also proved to be of considerable value 
during the manufacture of stainless steels in the electric 
furnace. Normally the quantity of stainless steel scrap 
which can be remelted in the electric furnace is limited by 
the heavy losses of chromium, which passes into the slag as 
Cr20 3 during carbon removal. If oxygen is used, however, 
the operating temperature is increased and this causes the 
carbon to be preferentially oxidized and the loss of chro
mium is reduced. This means that less ferro chrome need 
be added at the conclusion of the heat, an important 
conservation of an alloy which requires a heavy expendi
ture of electric power during manufacture. In addition, 
of course, power is saved in the steel furnace itself. 

It may be expected then that the use of "tonnage 
oxygen" in the electric furnace will prove to be of con-
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siderable value throughout the high quality alloy steel 
trade, and play an important part in the conservation of 
raw materials and electric power. 

USE OF OXYGEN IN THE STEEL:\fAKING CONVERTER 

The enrichment of the normal air blast in the bottom
blown and side (or surface)-blown converters has been 
rather more thoroughly examined and it may be stated 
with confidence that in many respects this has proved 
successful and is likely to be widely adopted in the coming 
years. Air normally contains some 20 to 21 per cent 
oxygen, if the converter blast is enriched to somewhere 
around 30 per cent oxygen content, the converter may be 
operated with a number of possible savings and without 
undue wear on the converter refractories. 

Several variations are possible in the way in which the 
advantages of the oxygen-enriched converter may be 
realized. Essentially the effect of enrichment is removal of 
nitrogen from the sphere of action; and since this nitrogen 
normally does nothing except remove heat from the bath 
and increase the volume of the gas blown, the enriched 
converter is markedly improved as regards thermal effi
ciency and speed of working. This better performance 
may be made use of-(a) to get a faster working converter 
giving a shorter blow and hotter steel, (b) to use a pig iron 
containing less silicon or phosphorus, and (c) to melt a 
greater quantity of cold scrap steel during the blow. 

Whichever one of these possibilities is selected will depend 
on local conditions, but in all cases a substantial contri
bution towards conservation both of fuel or raw materials 
can be made. Oxygen enriched converters have been 
functioning successfully in Germany for some time, and 
recently a side-blown unit has come into regular operation 
with enriched blast in Great Britain. 30 to 35 per cent 
oxygen has proved to be about the maximum oxygen 
content of the blast for safe working. More than this may 
cause too great a temperature rise and damage the lining. 
Russian experimenters using 100 per cent oxygen report 
that they were hampered by this difficulty, the tuyeres 
only lasting for one blow. 

THE t:SE OF OXYGEN IN IRON-MAKING 

If oxygen is to be applied to improving the process of 
iron-making, the most natural possibility to consider is 
that of enriching the blast in the blast furnace in order to 
speed up production and reduce the consumption of coke. 

There is, however, some doubt as to whether such a 
departure, which is a very large-scale undertaking, would 
in fact prove economic or satisfactory. It has been cal
culated that if the blast could be safely enriched to 30 
per cent oxygen in a normal-type blast furnace, the saving 
in coke would not amount to much more than 14 per cent 
and the cost of generating the necessary oxygen might be 
so much as to offset any economies thus gained, apart 
from difficulties in furnace operation. The blast furnace is 
thermally very efficient and enriching the blast is unlikely 
to receive wide attention as regards smelting normal ores. 
What little work has been done in this field is reported to 
have given disappointing results. 

BRANDT 

However, there is evidence from some trials run in 
Germany during World vVar II that oxygen enrichment 
of the blast of a small blast furnace specially designed for 
this kind of work, may enable poor-grade ores to be 
economicallv smelted, which otherwise would not be 
suitable for~ normal blast furnace treatment. Since the 
world supplies of high-grade ores are not illimitable and 
more lower grade ores must be smelted in the future, this 
application of oxygen may become important. On the 
other hand, it must not be overlooked that progress in the 
field of ore-benefication may render such a departure un
necessary. The relative economics of the two processes 
will depend largely upon local factors. 

USE OF OXYGEN FOR THE MANUFACTURE 
OF FERRO ALLOYS 

FERRO MANGANESE 

If the blast of the blast furnace making ferro manganese 
is enriched to 30 per cent 0 2 , the same calculation will 
show that a similar reduction in the coke rate should be 
possible. Since the ferro manganese furnace works at a 
higher temperature and consumes a larger quantity of coke 
this reduction may be worthwhile. Naturally the capital 
expenditure for an oxygen plant of sufficient capacity will 
be considerable, but it is to be hoped that this field will be 
investigated soon. 

FERRO CHROME 

Most ferro alloys other than ferro manganese which are 
produced on a large scale are at present manufactured in 
the electric low-shaft smelting furnace which is the only 
available plant capable of generating sufficient tempera
ture to enable the alloy to be successfully reduced from the 
ore and give an economic degree of recovery. (The 
"Thermit" process only gives small outputs.) Ferro silicon 
and ferro chrome are two particular examples. The power 
consumption in smelting for these alloys is very consider
able and makes the process uneconomic in any locality 
where hydro-electric power is not available. 

If, however, the blast of a specially designed low-shaft 
blast furnace be sufficiently enriched with oxygen, then a 
sufficient temperature can be generated in the tuyere zone 
to enable the reduction of refractory oxides such as chro-
mite (FeO.Cr203) to take place with carbon as a reducing 
agent. 

During World War II, a small German blast furnace was 
operated with 30 per cent oxygen blast and smelted a 
low-grade ferro chrome from a low-grade chrome ore. It is 
suggested that a low-shaft furnace might be successfully 
adapted to operate with a high percentage oxygen blast 
and smelt high grade (65 to 70 per cent) ferro chrome from 
a normal high-grade ore. Provided that the difficulties of 
hearth and tuyere maintenance at the very high tem
peratures involved can be successfully overcome, there 
seems no reason why this type of furnace should not be
come a practical proposition. Ferro chrome should be 
produced at roughly one fifth the normal power con
sumption. The coke consumption will increase roughly 
eight times, but as a comparatively low shaft height may 
be employed, it is to be expected that a low quality coke 
may be utilized. 

179 



,v~~~~W~U\.,.,,§;11""$"'"'------·-·--------------------htio,Y~ ... dU: b lilil*isl U IJ 11'1'1 
UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

Ideas on the Future Production of Iron and Steel 

ROBERT DURRER 

ABSTRACT 

The processes currently employed in the production of iron exhibit fundamental defects which will become more 
and more evident as the raw material situation progressively deteriorates. A satisfactory solution to the problem is 
afforded by the use of high-percentage oxygen instead of atmospheric air both for smelting and for converting. Smelting 
would be effected in a low-shaft furnace, a type which makes less exacting demands, both chemically and physically, on 
the raw materials than does the ordinary blast furnace. The metal extracted by this method of smelting, in so far as it 
is used for steel manufacture, need no longer be a pig-iron in the present-day sense of the word, but merely an inter
mediate metallic product yielding steel on being converter-blown with high-percentage oxygen; the heat produced in 
this process would be sufficient, if all the intermediate metal were treated in this way, to melt down all the scrap iron 
at present generally regenerated in the open-hearth furnace at the cost of a heavy consumption of fuel. 

The successful introduction of this transformation in the method of extracting iron calls not only for extensive 
technical and economic knowledge and experience, but also and in no lesser degree, for the desire and the will to 
benefit mankind. 

The production of iron is undergoing a transformation, 
the effects of which only the coming generations will be 
able fully to appreciate. We iron-metallurgists of today, 
however, are called upon to determine the direction of this 
transformation, and for that reason we bear a special 
responsibility for its shaping, since fundamental errors 
would influence the whole field of engineering, and thus 
our entire civilization. Even though the benefits arising 
from an expedient course of development would accrue to 
us in a modest degree only, we are under an obligation to 
devote all our energies to this problem, for we do not live 
for ourselves alone; it is up to us to provide for future 
generations also. 

The principal goal of this transformation is the most 
efficient possible utilization of the natural resources avail
able to us. It is only in the last half century, approximate
ly, that the raw materials necessary for the production of 
iron have been exploited to any substantial extent, and 
even in this short span-an insignificantly brief episode in 
the history of mankind-the available supplies have suf
fered appreciable reduction. Two possibilities are open to 
us: either we can continue on the course we have so far 
been pursuing and wait for circumstances to force us to 
strike out on another path, or we can prudently follow 
that new path now of our own free will. There can hardly 
be any doubt that the second alternative is the more 
expedient and the more worthy. 

The extraction of iron presupposes the presence of ferri
ferous raw materials and the possibility of processing 
these into metallic iron. Owing to the high affinity of iron 
for oxygen, iron is found in the earth's crust almost ex
clusively in the form of its oxides, and is available to us in 
this mixed with gangue, in a number of miner
als which we describe as iron ores when they are technical
ly and economically suitable for smelting. The scope of 
the term "iron ore" changes greatly with the times and is 
constantly extending; the time is not far distant when 
ferriferous minerals which cannot at the present time be 
considered for use in iron production will find themselves 
promoted to the rank of iron ores. 

The processing of the ores to yield the metal is based 
fundamentally on the separation of the iron from the 
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oxygen. In practice, this separation has hitherto been 
performed by using carbon in the form of coal (in the 
widest sense of the term), and it is highly probable that 
this will continue to be the case in future (apart from 
special cases which can be disregarded in considering total 
production). 

In order to carry out this process of separation, i.e., the 
reduction of the iron oxides, the mixture of ore and coal 
must be heated. The heat required for this purpose is 
produced almost exclusively by burning extra coal, but it 
may also be supplied in other ways. In countries rich in 
hydraulic power, electrical energy will, to the extent 
permitted by economic considerations, be used for heating 
the mixture or "burden"; it may be that atomic energy 
will at some future date be of assistance in this connexion. 

Our earth's crust contains iron to the extent of some 
5 per so that the supply of iron, regarded from the 
purely theoretical point of view, is practically unlimited. 
The portion, however, which can be considered for 
smelting on the basis of our present-day knowledge and 
conceptions, i.e., the iron ore, is only sufficient, as far as 
can be estimated, for the next few hundred years-a short 
period in the future of the human race. Although it is to 
be anticipated that further deposits will come to light in 
the course of time, there are no grounds for the assumption 
that they v<.1ll be such as materially to postpone the day 
when the world's available supplies of iron ore will be ex
hausted. On the other hand, there are immense quanti
ties of ferriferous materials whose iron content would 
justify smelting even under present-day conditions were 
it not that they contain undesirable impurities which 
render such a step difficult or preclude it altogether. This 
is a difficultv which will be overcome as soon as it becomes 
possible to ;melt all and any ferriferous minerals, and thus 
to treat them as iron ores on the sole condition that they 
contain sufficient iron. Theoretically, iron can be ex
tracted even from materials poor in iron, but in proportion 
as the iron content falls the expense and effort involved 
increase, and there comes a point beyond which the oper
ation is no longer worth-while either from the financial 
point of view or from that of the iron yielded and the 
materials used. 
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Coal will, as far as we are able to judge at the present 
time, continue in the future to be the reducing agent par 
excellence in the large-scale production of iron. The 
adoption of some other agent for the generation of the 
heat is more readily conceivable, although at the present 
time no such other agent is available in sufficient quantity. 
It is improbable that electrical energy produced by hy
draulic power will be accessible in such quantity in the 
foreseeable future that electric smelting will assume sub
stantial proportions. As far as we are able to foretell the 
future, then, there will for the present continue to be no 
substitute for coal either for reducing or for heating pur
poses. As, however, coal is used almost exclusively in the 
form of coke for this purpose, and coking coal constitutes 
only about a quarter of the total world supply of coal, the 
present method of operating blast furnaces cannot con
tinue-again taking the long-term view-for more than a 
very limited period. Even today, difficulties are being 
experienced in this respect in many ironfields. Just as in 
the case of the ferriferous raw material, the future will 
require the smelting process to be such as to permit of the 
use of any type of coal. 

DURRER 

ascending gas increases owing to the decline in the nitro
gen content, the indirect reduction (reduction by carbon 
monoxide) is accelerated. Both processes effect a step
ping-up of output. 

These considerations are borne out by experience. They 
lose their effect when the top-temperature reaches its 
practical minimum( approximately 100 degrees C), since any 
further increase in the oxygen content of the blast merely 
causes this 100 degrees zone in the furnace to sink, above 
which zone practically no smelting effect is achieved. The 
distance becomes shorter over which the carbon monoxide 
can reduce the ore and as a result-it is frequently main
tained-indirect reduction declines, so that the coke con
sumption increases. From this it is deduced that any en
riching of the blast above this critical value serves no use
ful purpose and is even detrimental because any increase 
in fuel consumption augments production costs. 

If this view were correct, the use of an enriched blast 
would possess certain advantages, but not advantages of 
a decisive nature, and the smelting operation would 
remain essentially as it is today. However, this line of 
argument ignores the most important effect of high

Both these requirements can be largely complied with percentage oxygen. As the 100 degrees zone in the surface 
if the oxygen necessary for the combustion of the heating descends the furnace becomes less tall until, with pure 
coal is used in a suitable form. The blast normally used in oxygen, it measures only a few yards in height. The 
the blast furnace, i.e., atmospheric air, introduces enor- correspondingly reduced height of the charge means that 
mons quantities of ballast into the furnace in the shape of the components of the latter need no longer be so firm as 
nitrogen, this adversely affecting the process in a number in the ordinary blast furnace, the height of which is largely 
of respects and imposing very high requirements on the determined by the strength of the components of the 
initial materials. If high-percentage oxygen is used, the burden. The high-shaft furnace is transformed into a 
operation is fundamentally simplified and the quantity of low-shaft furnace, permitting the use of softer coal and 
raw materials utilizable is increased enormously, to which softer ore and thus, for this reason alone, substantially 
must be added the advantage of their more efficient util- extending the range of raw materials utilizable for smelt
ization. ing. Added to this is the fact that, in view of the smaller 

The blast furnace, which is to all intents and purposes specific quantity of gas, the burden may be more compact, 
the only type of furnace used for smelting, owes its height so that in this respect also the demands made on the 
of some 100 feet to the nitrogen ballast introduced with burden are diminishing. 
the oxygen into the bottom section (hearth) of the furnace What, then, would be the economic effect of an increase 
by the blast and heated there to a temperature of approxi- in the fuel consumption? The rule with ordinary blast 
mately 1500 degrees C. It extracts large quantities of heat furnaces is to keep the consumption as low as possible, but 
from the furnace at the precise point where the latter most only because the fuel utilizable in such furnaces-mainly 
urgently requires that heat, and conducts it to the upper coke, but, also charcoal and anthracite-is very expensive, 
zones of the furnace, where it is transferred to the charge and because only about one half of its calorific value is 
settling down in the contrary direction. In order to render utilized in the furnace, the other half being lost with the 
this transfer as complete as possible, and thus to lose as waste gas. Approximately half of a high-grade fuel is, 
little sensible heat as possible with the waste gases drawn therefore, transformed into a fuel of inferior quality, for 
off the furnace, the materials passing each other in blast furnace gas consists of approximately two-thirds 
counterflow--i.e., the ascending gas and the descending ballast, and its calorific value is accordingly below 1000 
burden-must remain in mutual contact for a sufficiently kilocalories per cubic meter, whereas that of coke-oven 
long time. This means that the furnace must be built very gas, for instance, is about five times as high. The low
tall. shaft furnace, however, not only permits of the use of a 

If in an existing blast furnace, in which the waste gas lower-grade fuel, but also, because the proportion of 
temperatures may reach 300 degrees C, the oxygen-content ballast is much smaller, yields a higher-grade waste gas. 
of the blast injected is gradually increased, the specific Thus, whilst in the blast furnace high-grade fuel is convert
quantity of gas ascending in the furnace diminishes ed into fuel of lower grade, the reverse takes place in the 
accordingly, and with it the quantity of heat conducted low-shaft furnace, so that the old rule for blast furnaces 
upwards by it; the temperature of the gas in the furnace has lost its validity. Under certain circumstances it may 
declines more rapidly and the waste-gas temperature even be desirable to produce more gas in the low-shaft 
falls. In this way less heat is lost with the waste gas, furnace than would be necessary merely for smelting, i.e., 
and the coke consumption is reduced. Since less heat to use the blast furnace intentionally as a gas producer. 
is withdrawn from the hearth, the furnace runs hotter; Incidentally, it is not yet known with certainty whether 
and, moreover, as the carbon monoxide content of the in fact the fuel consumption in the low-shaft furnace is 
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greater than in the high-shaft furnace or not. No doubt 
any shortening of the distance over which the gas and the 
burden are in contact, diminishes~all other conditions 
being equal~the degree of indirect reduction and thereby 
increases the fuel consumption, but the lower speed of 
travel of the gas (in consequence of the smaller specific 
quantity of gas) and the higher carbon-monoxide content 
of the blast furnace gas operate in the contrary direction. 
In many cases, according to the raw materials available 
and the operating method employed, some reduction in 
fuel consumption will be possible even if, for the reasons 
expounded, it is not desired. 

The fundamental advantage associated with the use of 
a high-percentage oxygen resides in the possibility of 
utilizing for the production of iron an immensely wider 
range-as compared with the blast furnace-of raw 
materials (ore and coal). In the relatively near future this 
possibility will become a necessity, when suitable raw 
materials for standard blast furnaces are no longer avail
hie in sufficient quantity; the necessity is even now making 
itself felt in certain quarters. 

Whereas in smelting the oxygen supplies the heat 
necessary for the process by oxidizing the heating carbon, 
it does this in steel manufacture, if this is carried out in the 
converter, by oxidation of the accompanying elements in 
the iron, i.e., it simultaneously converts the pig iron into 
malleable iron. Only a small surplus of heat in excess of 
what is required for carrying out the process is produced, 
and this is used for melting down a corresponding, like
wise relatively small quantity of scrap (cooling scrap). 
The reason for the smallness of the excess is that the 
ballast-nitrogen conducts a great deal of heat away. If 
high-percentage oxygen is used instead of the usual blast, 
the heat remains in the liquid iron and the quantity of 
cooling scrap is increased. It naturally varies with the 
composition of the pig iron, but should be of such order of 
magnitude that approximately half a ton of scrap can be 
added to each ton of crude iron. If all the pig iron to be 
converted into steel were converted in this way, the 
part of the scrap accumulating all over the world could be 
melted down with the heat so economized, this work being 
at present performed almost exclusively by the open
hearth furnace. The superior quality of open-hearth steel 
as compared with converter-steel is no argument to the 
contrary, for it is due mainly to the lower nitrogen content, 
and this difference would be reversed if high-percentage 
oxygen were used for blowing. 

Neither smelting nor refining with high-percentage 
oxygen constitute, metallurgically speaking, any further 
problem, even though their practical application is only 
in its infancy. The economic aspect of this method of 
working must be examined from case to case; where vast 
sums of capital are at present invested in the existing 
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plants, a gradual change-over is the obvious solution. The 
decisive factor in forming a judgment on the economy of 
the system is the price of high-percentage oxygen. In the 
case of very large plants this price should be in the region 
of 0.5 cents per cubic metre; the resultant extra cost would 
even today be, in many cases, more than offset by the 
economies effected thereby. 

The principle on which future iron production must be 
based is to adapt the operating procedure to the raw 
materials available, and not to adapt the raw materials to 
the existing methods. The metallic product of the smelt
ing process will, if it is to be further processed into steel, 
no longer be pig iron in the present-day sense of the word, 
but rather an intermediate product the composition of 
which may vary within wide limits. Thus, for instance, 
the silicon content particularly will be relatively high 
when high-silica ores are being processed; the extra power 
required for reduction is liberated again in the converting 
process, and will, under future raw material conditions, 
probably be so considerable that the "converter-heat" 
will be sufficient to melt down all the scrap V>i.thout ad
ditional fuel. 

In individual cases, various combinations of this 
method of working, of which only the basic idea is here 
outlined, are conceivable. From among the many pos
sibilities, let us examine here the practical example of an 
electric steel work which is to be converted to a combined 
method of operation in which the scrap is melted down 
with oxygen, with the addition of an appropriate quantity 
of liquid pig iron, and the steel finished by electric arc 
heating. Detailed experimentation has shown that the 
extra cost for oxygen is offset by the saving in electrical 
energy alone. The further advantages, and in particular 
the shortening of the melting time, effect a substantial 
reduction in production costs, an advantage which will 
presumably be supplemented by an improvement in 
quality. 

Any fundamental transformation of the method of iron 
production will require a long period of time for its real
ization. Whether such transformation will come in the 
manner outlined here is a question for the answer to which 
we must wait, but that a transformation will come is 
beyond any doubt; the raw-material situation in the future 
will bring it about whether we want it or not. Our des
cendants will derive the greatest benefit from it if we 
attempt to effect the transformation from material rather 
than from financial considerations. In order to do this, 
however, we human beings must also undergo a trans
formation ba.sed on recognition of the fact that, although 
we can accomplish much for the betterment of our earthly 
life by using our brains, we can only accomplish great 
things if we allow our soul to guide us. 
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Treatment of Waste Gases 

WALTER A. SCHMIDT 

The title of this assignment is somewhat ambiguous for 
this symposium on conservation, which presupposes the 
prevention of losses. No gas can strictly be considered a 
waste gas if it contains recoverable values or causes 
damage or creates a nuisance. This is mentioned merely to 
set the framework for this paper. Time does not permit a 
broad technical discussion of the problem, nor a historical 
review of the subject. It will be necessary to jump into 
the problem of evaluating gases emanating from industrial 
operations, and then briefly outline the various available 
ways and means for handling them. Many industrial gases 
have potential value and many are economic liabilities. 
Relatively few are strictly waste gases that can be sent to 
the atmosphere without regard to internal losses or ex
ternal damage. Even boiler gases, which until recently 
were given little consideration except as a means for 
providing furnace draft, have now become a serious 
problem in central power stations, because of the fly ash 
and sulphur compounds liberated from the fuel. However, 
this is a conference on Mineral Resources, and to-day's 
discussion is on Conservation in Manufacture. That re
stricts this discussion to a small segment of the general 
problem, and more appropriately to the recovery of values 
from metallurgical furnace gases and ore handling oper
ations. 

Metallurgical factory gases, with practically no ex
ception, carry some metal values. Unless these are collect
ed they are lost forever, as they settle out of the atmo
sphere over too great an area to permit subsequent 
economic recovery. 

These values are either in the dust that has been 
mechanically separated in the furnace and ore handling 
operations, or in the fume that has been condensed from 
vapors of volatilized metals or metallic compounds. 
Throughout this paper the words "dust" and "fume" will 
have these meanings irrespective of the size of the sus
pended particle. Coarse dust settles quite rapidly under 
the influence of gravity and many so-called settling cham
bers were incorporated in the early smelters and refineries. 
In such chambers, the gas velocity is reduced to a low 
value and the settling time is extended to a degree suf
ficient to permit the heavy dust to settle to the floor of the 
chamber. However, the rate of fall of small dust particles 
in the absence of gas turbulence, follow Stokes' Law, 
according to which the particle will fall at a rate pro
portional to the square of its diameter, all other factors 
being constant. It follows that it would take a settling 
chamber one hundred times as long to settle particles one
tenth the diameter, all other factors being the same. 
However, in these settling chambers, there usually is 
considerable gas turbulence which further complicates the 
problem. Generally speaking, such chambers are in
effective for the collection of fine dust and fume, and 
consequently the use of this simple device is rapidly 
being abandoned. The largest settling chamber ever built 
handled all of the furnace gases at the Great Falls, Mon
tana Smelter. This chamber was built about 1909 and 
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was 358 feet long, 176 feet wide and 21 feet high, and was 
partially filled with vertical wires on 2.3-inch centers, to 
prevent turbulence, and thus insure uniform gas flow and 
optimum settling. It handled a gas volume of approxi
mately 900,000 cubic feet per minute, which gave an 
average gas velocity of 4 feet per second and a time factor 
of 1.5 minutes. 

While the coarse dust was effectively settled out of the 
gases, this large chamber was ineffective on the fume, and 
only moderately effective on the very fine dust. However, 
the investment readily paid for itself as the collected dust 
contained practically all of the copper, gold and silver, 
while the fume carried the less-valuable materials. 

As an example of the heavy losses sustained when 
smelter gases are discharged directly to the atmosphere, 
we need only remember the old story that when the new 
Anaconda Smelter was built in 1906 and the old smelter 
was torn down, enough copper and gold were scraped up 
from the old plant site and nearby hillside, to pay for the 
entire new smelter. Dust and fume losses can be very high 
and if neglected may constitute serious economic losses. It 
is the primary purpose of this paper to discuss the ways 
and means by which these losses can be prevented or 
minimized, and not to present metallurgical statistics. In 
passing, however, it may be well to indicate the magnitude 
of these recoverable losses in extreme cases. One smelter 
recovers more than $1 million a year in gold, silver and 
copper out of the gases from twelve multiple hearth 
roasters. One Mint recovers more than one hundred 
thousand dollars a year in gold and silver from the gases 
ventilating its refining furnaces. One lead smelter re
covers more than three hundred thousand dollars a year 
in lead and silver out of the gases from ten Dwight Lloyd 
sintering machines. One cement factory recovers more 
than one hundred thousand tons a year of cement-making 
material out of the gases from four rotary kilns. At other 
plants, large quantities of zinc, nickel, selenium, tellurium, 
cadmium, arsenic, antimony, bismuth and other metals 
are recovered from the furnace gases. 

I am not at liberty to disclose recoveries at specific 
plants and it is hoped that the various operating companies 
will provide the statistics that will show what has been 
accomplished in the United States and other countries 
where modern equipment is in operation. It is sufficient 
for this paper to say that the metal recoveries from fur
nace gases now aggregate a saving of many tens of millions 
of dollars per annum. Similarly, the dust losses from 
crushing and ore handling operations often will cause very 
serious metallurgical waste unless this dust is separated 
from the air and returned to the ore stream. Furthermore, 
such dust is usually a health hazard and a menace to good 
operations. In general, it can be said that all dusts and 
fumes constitute an economic loss, either through direct 
metal and mineral losses, or as a health hazard, or as an 
impediment to good operations and proper maintenance 
of machinery and equipment. 
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Viewing the subject in the broadest sense, it must be 
admitted that the prevention of metal losses through the 
installation of proper fume and dust collection equipment, 
is a fundamental necessity in the metallurgical industry of 
to-day. There seems to be no way to prevent dust and 
fume emission from furnaces, nor dust suspensions from 
crushing and ore handling operations. Therefore, this 
discussion narrows down to a consideration of the various 
types of equipment available for the separation of sus
pended particles from gases and an evaluation of their 
respective advantages and disadvantages for special 
problems. 

In passing, it should be stated that several companies 
are now producing large quantities of sulphuric acid and 
elemental sulphur from the sulphur dioxide contained in 
their furnace gases, thus gaining valuable chemical by
products while reducing the sulphur damage to sur
rounding vegetation. 

However, this interesting field of economic develop
ment is outside the scope of this paper. 

GRAVITATIONAL METHODS 

The earliest means used for recovering dust from fur
nace gases, was an enlargement of the flue between the 
furnace and the stack. By reducing the gas velocity in 
this manner, the heavy dust would settle to the bottom 
of the flue from which it could be periodically removed 
through doors at the sides. To improve the effectiveness of 
this simple device, large chambers were constructed with 
hoppered bottoms and gas distribution means, so as to 
minimize gas turbulence and to insure minimum and 
uniform velocity throughout the chamber. Some of these 
so-called settling chambers took on enormous dimensions 
and were very costly. The largest ever built was at the 
Great Falls, Montana Smelter, as previously stated, but 
notwithstanding its enormous size, it was only effective 
on the dust, and was completely ineffective on the fume. 

Henry Howard improved on this simple device by con
structing a chamber containing a number of superimposed 
inclined shelves, thus reducing the distance through which 
the individual dust particle had to settle before it came to 
rest on an inclined shelf, down which it could slide to the 
cleanout doors. Many of these Howard dust chambers 
were built during the early years of this century, parti
cularly in sulphuric acid plants burning pyrites. 

However, all varieties of settling chambers prove in
effective in collecting fumes and, as finer crushing of ore 
became customary with improved milling operations, 
they also became ineffective on the fine dust and the use 
of this simple device has been completely abandoned, 
except in such isolated cases and in small scale operations 
where the installation of better equipment is economi
cally unjustified. 

In such cases, the chambers should be designed to give 
sufficient time for settling of the smallest size particle that 
it is desired to collect, and obviously should be made wide 
and low, rather than narrow and high. Chains, or wire 
curtains, within the chamber will minimize gas eddies and 
may collect some of the finer dust through contact. The 
actual settling rate of the smallest particle to be collected 
is preferably determined experimentally, but where this is 
impractical the theoretical settling rate can be calculated 

from Stokes' Law if the particle size distribution is known. 
There is no apparatus on the market for dust collection by 
the simple settling or gravitational method, and it, there
fore, devolves on the engineer in charge of the plant design 
to construct the necessary equipment. 

INERTIAL METHODS 

As gravity is the settling force in the settling chamber, 
so the centrifugal force causes the separation of the sus
pended particles from the gas in centrifugal or inertial 
apparatus. This force is directly proportional to the square 
of the gas velocity and inversely proportional to the radius 
of the curvature of the gas stream. It can be made large 
by increasing the gas velocity and reducing the radius of 
curvature. For example, the centrifugal separating force 
in a circular gas stream with a 60-feet per second tangen
tial velocity, is eleven times the force of gravity when the 
radius of curvature of the gas path is 10 feet, but it is 112 
times the force of gravity when the radius of curvature is 
only one foot. On the other hand, by doubling the 
tangential velocity, the separating force is quadrupled. 
Of course, there are limitations in permissible power 
requirements and structural expense, and in the mainte
nance of the free open passage for the gas; otherwise, it 
would be possible to raise the separating force to several 
thousand times the force of gravity. 

In practice, most of these devices operate with a pres
sure drop of about 2 or 3 inches water gauge, and the 
clearance between surfaces is sufficient to prevent clogging 
from the accumulation of the separated solids. 

There are two types of equipment operating on this 
inertial separating method; namely, the baffle chamber 
type and the cyclonic type. In baffle chambers, the gas 
path may be of approximately parallel flow, but never
theless must be tortuous, and the inertial separation force 
becomes effective as the gas passes around the obstructions 
which establish the tortuous motion. An obvious pre
requisite of any dust collection apparatus is that the 
separated dust be not again dispersed in the gas, and this 
is particularly important in the baffle type of apparatus 
for the collection of solid particles. With the high gas 
velocities necessary to insure the required separating force, 
special precautions must be taken to insure retention of 
the separated material. This is usually accomplished by 
making the baffles of such a form that relatively dead 
pockets are established behind the baffles, down which the 
dust particles can settle into the hopper. One example of 
this type of baffle dust chamber is the Bubar Collector. 
There are several baffle type collectors for liquid sus
pensions such as the P. and A. Tar Collector and the 
Calder Fox Scrubber, but as they are not used in the 
metallurgical industry description thereof will be omitted. 

Generally speaking, the effectiveness of such baffle 
chambers is not as high as cyclonic apparatus. In such 
cyclonic apparatus, the gas path involves an outer down
ward-flowing vortex and an inner upward flowing vortex. 
Depending upon the design, the movement of the gas from 
the outer vortex to the inner vortex takes place over an 
extended area, and hence the radially inward component 
velocity is small compared to the tangential velocity of the 
gas, and the dust is carried downward along the outer 
periphery into the discharge throat at the bottom. 
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In former years, it was the practice to build large
diameter cyclones, but in recent years these have been 
largely replaced by a multiplicity of small-diameter 
cyclones, operating in parallel in conjunction with a single 
header and a single hopper. Examples of this type of 
apparatus are the Multiclonc Dust Collector, in which the 
tul>e diameter varies from 6 inches to 24 inches, depending 
upon the needs of the problem, and the Thermix Collector, 
in which the tube diameter is normally between 6 inches 
and H inches, and the Aerotec Collector, applied for very 
free flowing dust, in which the tube (liameter is only ;) 
inches to 4 inches. 

Like the gravitational method, centrifugal or inertial 
methods are primarily applicable to mechanical clis
persoids, like dusts and sprays, but due to the much larger 
separating force, smaller particles can be collected. How
ever, none of these devices are satisfactory for the col
lection of fumes or very fine dust particles, having diame
ters of less than 5 microns. 

The choice of this type of equipment naturally depends 
upon the specific problem that must be handled. If the 
suspended dust particles are coarse and of high specific 
gravity, the pressure drop can be low and the dimensions 
can be relatively large, while if the dust particles arc fine, 
the pressure drop must be relatively high and the di
mensions must be relatively small. If the bulk of the 
suspended material is fume, then this type of equipment 
is completely inapplicable. If the values are contained in 
the coarse or heavier fraction of the dust, a lower over-all 
collection efficiency may give a satisfactory metal re
covery. For example, in the treatment of copper converter 
gases, cyclonic devices in which the tubes are 16 inches in 
diameter may give an over-all collection, on a weight 
basis, of approximately 80 per cent, while the collection, 
on the copper content basis, may be well over 90 per cent. 

The exact collection efficiency will depend upon the 
coarseness of the dust, the specific weight of the individual 
particles, the temperature and viscosity of the gas, the 
pressure drop and the details of design of the apparatus. 
The cost of such equipment runs in the neighbourhood of 
20 cents per cubic foot per minute of gas handled, and the 
draft requirement is usually on the order of 2.5 inches 
water gauge. The power to maintain this draft can either 
be supplied by a very high stack, if the gases have suf
ficient temperature, or otherwise it must be provided by a 
mechanical fan. 

Other variations of inertial equipment are skimmers of 
the S. T. Collector type and dust separating fans of the 
dry Rotoclone type. In skimmers there is no reverse
flow double vortex, as in cyclonic apparatus, but only a 
single vortex with a direct flow through the tube, the 
concentrated dust being skimmed off at the periphery 
near the outlet, usually with a small fraction of the gas. 
In dust-separating fans the dust is concentrated at the 
outer scroll of the fan housing and the concentrated dust 
is often drawn off with a small fraction of the gas. In 
either type the fraction of the heavily dust-laden gas that 
is drawn out of the primary separator is conducted to a 
secondary collector, usually of the cyclonic type in which 
the bulk of the dust is separated from the gas and the gas 
is then carried back to the inlet of the primary separator. 
Both of these types of separators have the advantage of 
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lower power requirements but give a lower collection 
efficiency than a well designed multiple cyclonic collector. 

In meeting the requirements of any specific problem, 
the cost of the equipment and the power cost must be 
weighed against the recoverable values. If the values are 
essentially in the coarse fraction of the dust, then cen
trifngal collectors are the most economical to install. 

If, on the other hand, a large proportion of the values is 
contained in the fume, then this type of equipment is not 
satisfactory. Examples of profitable applications are 
copper roaster gases, copper converter gases, crnshing and 
ore handling ventilating gases, nodulizing furnaces, rotary 
dryers, rotary coolers, and such other equipment wheie 
heavy dusts are created without the formation of fumes. 
There is no general rule that can be applied in the choice 
of this type of equipment, as each problem must be 
analyzt•cl on the basis of the economics involved. 

FILTRATION 1\IETHODS 

The most common filtration equipment used in metal
lurgical plants, is the so-called bag honse, consisting of a 
multiplicity of tubular bags from 6 to 30 inches in diameter 
and from 6 to 30 feet long. The,;;e are usually suspended 
from their closed upper ends and have their open lower 
ends fastened to a gas inlet header which also serves as the 
dust hopper. The collected material is dislodged from the 
bags periodically by means of a hand or mechanically 
operated shaking device. A common variation in design 
is to have the tubular bags fastened between upper and 
lower headers. The filtering medium is a fabric of suitable 
material. It is common practice to use a heavy wool cloth 
in lead smelters and a heavy cotton cloth in zinc smelters, 
but such cloth demands that the temperature be main
tained below 250 degrees F. for wool bags and below 
200 degrees F. for cotton bags. While slightly acid gases 
can be handled in unscoured wool bags, only neutral gases 
can be filtered through cotton bags. Pressure drop through 
the bags must be kept low because of the limited strength 
of the cloth and the gas volume capacity is ordinarily in 
the neighborhood of one cubic foot per minute per square 
foot of bag area. 

As dust accumulates on the filtering surface the resist
ance to the flow of gas is increased and the frequency .of 
shaking the bags is determined by this factor as it is 
necessary to maintain a reasonably uniform gas flow 
through the equipment. The filter cloth does not only act 
as a sieve, holding back the dust particles while the gases 
pass through the meshes, but the fibers of the cloth collect 
material by contact and adhesion, and the collected 
material itself forms a filtering medium. Consequently, 
the entire surface becomes matted and relatively im
pervious unless the collected material is periodically re
moved from the surface of the cloth. 

These simple bag houses are usually designed and built 
by the plant engineers themselves and usually cost in the 
neighborhood of fifty cents to one dollar per cubic foot per 
minute capacity to construct. There are a large number 
of these simple bag houses in operation for the collection 
of lead fumes from lead blast furnaces, zinc oxide from 
zinc retorts, and for the collection of arsenic and antimony. 
When well designed and well operated, they give a col-
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lection efficiency close to one hundred per cent. Their 
disadvantageous feature is their sensitiveness to bag 
deterioration due to temperature, corrosion and mechanic
al wear, and as soon as one bag breaks, the efficiency of 
the entire unit suffers severely. 

To overcome these defects, a number of manufacturers 
are now marketing unit filters, which, while more ex
pensive per square foot of cloth area, have superior 
characteristics, particularly increased gas handling ca
pacity for equivalent cloth area. Most of these are unit 
filters with automatic cleaning devices coupled with 
reverse gas flow, which insures better bag cleaning and 
more uniform pressure regulation. Amongst these are the 
Dracco, Dustube, Norblo and Hersey Collectors. It is 
claimed that some of these improved filters will permit a 
filtration rate as high as twenty feet of gas per minute per 
square foot of bag area. 

Some manufacturers are supplying bags made of as
bestos fiber, plastic fiber and glass fiber, to better with
stand corrosion and temperature. It is said that some of 
the plastic fiber cloth now available, will withstand con
tinuous temperatures up to 400 degrees F. and that glass 
fiber cloth will withstand continuous temperatures up to 
600 degrees F. 

A modification of the bag house that has found broad 
application in industry is the leaf type of filter in which 
flat bags are stretched over frames and in which the frame 
rather than the bag is shaken. Examples are the Sly and 
Pangborn Collectors. These are likewise built as unit 
filters, provided with automatic shaking devices coupled 
with reverse gas flow. Their chief advantage lies in their 
compactness and low cost. A great number are used in the 
mining and metallurgical industry, particularly for dust 
collection in connexion with crushing and ore handling 
operations. 

In general it can be said that where applicable, filters 
are economically superior to other types of collectors, be
cause of their low cost, high efficiency and relatively low 
power consumption. But their use is badly restricted be
cause of their rapid deterioration under conditions where 
corrosion, high temperature, or abrasion must be met. 

SCRUBBING METHODS 

.~~~- -------- - --

displaced by the spray droplets. Neither is the bubbling 
of gas through a column of liquid very effective, unless the 
gas itself is finely dispersed throughout the liquid. 

Consequently, numerous devices have been developed 
for bringing about intimate contact between the liquid 
and the dust and fume-laden gas, but to accomplish this it 
is necessary to expend considerable power. A well known 
device for accomplishing this result is the Theisen scrubber 
in which the gas and water are intimately churned to
gether by rotating blades. This type of equipment is very 
effective and has found wide application, particularly in 
the steel industry for the cleaning of blast furnace gas, but 
power requirements are very high. A type using less 
power, but also giving lesser effect, is represented by the 
Schneible Washer, and this has found wide application in 
the foundry industry. A more recent development is the 
Venturi Scrubber in which the water is introduced in the 
throat of a venturi constriction in the flue. The high 
velocity of the gas at the venturi constriction disintegrates 
the water into a very fine mist which wets the particles 
and weights them so that they can be separated from the 
gas stream by simple cyclonic equipment. However, the 
power consumption is high. Another type that has found 
wide application in industry is represented by the wet 
Rotoclone, in which the water and gas are intimately 
mixed in a rotary fan. 

In view of the many variations in the design of scrubb
ing equipment, no general cost data can be given. Neither 
can any data be given regarding average water or power 
requirements. In general, it may be said that where the 
gases are non-corrosive, and where the dust is relatively 
coarse, such equipment will give a high degree of recovery, 
but the economics of the problem must justify the cost of 
power and water. 

One of the drawbacks to all scrubbing operations is the 
disposal of the sludge. In places where stream or sewer 
pollution are vital issues, and sludge must be thickened 
and filtered before the effluent can be discharged, and 
where the operation is conducted for the recovery of 
values, the effluent must be filtered or settled, before it is 
discarded, otherwise the values will be lost. In certain 
cases, the sludge can be thickened and the water re
circulated, but where soluble salts are to be contended 
with, this procedure is impractical and uneconomical. 
Scrubbers have a limited field of application in the metal
lurgical industry. 

ELECTRICAL PRECIPITATION METHODS 

The simplest type of scrubber is the so-called spray 
chamber in which the dust-laden air is passed through a 
chamber into which water is sprayed. Contrary to the 
generally accepted opinion, the effectiveness of this type 
of apparatus depends largely upon the contact with the The use of Electrical Precipitation for the collection of 
wetted walls and surfaces. For this reason, the more suspended particles from gases, has increased very rapidly 
effective spray chambers are provided with baffles, giving during the past forty-two years, since Frederick G. Cottrell 
the gas a tortuous path and thus the operation more installed the first satisfactory commercial electrical pre
correctly falls under the heading of inertial equipment, in cipitator at Selby Smelter for the separation of sulphuric 
which the wetted surfaces become the collecting means, acid mist carried by the gases from the gold and silver 
trapping the separated particles. Simple falling water parting kettles. Although many inventors have contribut
droplets, or rain towers, are relatively ineffective. On the ed largely to bringing the art of Electrical Precipitation to 
other hand, packed towers are very effective in collecting its present stage of development, the three men who were 
dust, but are not effective in collecting fume, because the chiefly responsible for the early pioneering work were 
suspended particles are surrounded with a film of gas Cottrell, in America, Lodge, in England, and Moller in 
which prevents contact with the spray droplets and Germany. 
surfaces, unless the particles are large enough to possess For this reason the method is known as the Cottrell 
sufficient momentum to be carried out with the gas that is Electrical Precipitation process in America, as the Lodge-
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Cottrell process in England, and as the Cottrell-Moiler 
process on the Continent of Europe. In Germany it is 
often referred to as E.G.R. (Etektrische Gas Reinigung). 

In principle, this method constitutes passing fume-laden 
gases through an apparatus comprising two sets of elec
trodes, insulated from each other, and between which a 
unidirectional electrical discharge is maintained at a high 
electrical potential. One set of electrodes is usually re
ferred to as the discharge electrode system and the other 
as the collecting electrode system. Ordinarily, the col
lecting electrode system is grounded, while the discharge 
electrode system is maintained at a high electrical po
tential. To facilitate electrical discharge, the electrodes 
of the discharge system ordinarily consist of wires or 
members having edges of such radius of curvature as to 
create a field strength sufficient to cause ionization of the 
gases. On the other hand, the collecting electrode system 
is usually made of such configuration as to prevent ioni
zation of the gases and to present a large surface on which 
the separated material can be collected. Consequently, a 
unidirectional current flows from the discharge electrodes 
to the collecting electrodes. The collecting electrodes or
dinarily consist of tubes, plates, wire mesh, rod curtains, 
graded resistance concrete plates, plates with baffles or 
pockets, and many other forms so designed as to best meet 
the needs of the specific problems. 

Time and space does not permit of a full discussion of 
the various ramifications of design and application of this 
process, and it is recommended that those who are in
terested in the subject read the literature that is listed in 
the appended bibliography. 

In general, such apparatus is electrically energized by 
rectifying a high potential alternating electric current at a 
potential between 30,000 volts and 90,000 volts, and the 
apparatus is normally built in several units, so that the gas 
flow can be shut off from one unit at a time when the col
lected material is shaken from the electrodes, so as to 
prevent re-entrainment of the collected material in the 
gases. Ordinarily the chambers, in which the electrodes 
are housed, are provided with hoppers from which the 
material is removed by screw conveyors, or other con
venient means. Obviously if the collected material is a 
liquid, it will flow off the electrodes and can be drained 
from the bottom of the chamber. 

Advantages of this method are low draft requirement 
and wide adaptability as it will function at high tempera
tures and low temperatures, at high pressures and low 
pressures, on fine fumes and coarse dust, on corrosive 
gases and neutral gases, and for the collection of liquids 
and solids. It cannot be used for the collection of sticky 
materials unless these can be removed from the electrodes 
by means of appropriate solvents. To meet these various 
problems, proper structural materials must be chosen, and 
proper means for removing the collected material from the 
electrodes must be provided. As already stated, time does 
not permit a full description of the various types of appa
ratus, but the following brief comments can be made. For 
the rectification of the high potential alternating current, 
three types of electrical equipment are in use; namely, 
mechanical rectifiers, electronic rectifiers, and static 
rectifiers of the selenium rectifier type. }[one of these has 
any advantage so far as precipitation results are con-
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cerned, but the static and electronic types are advan
tageous, where there would be any fire or explosion 
hazards from the exposure of open arcs as are prevalent in 
a mechanical rectifier. 

However, mechanical rectifiers are less expensive and 
are not so sensitive to damage by misuse or careless oper
ation and the majority of installations embody the 
mechanical rectifier type of electrical equipment. 

For satisfactory operation of the equipment, it is es
sential that the current flow be smooth and unidirectional, 
and for this reason the discharge electrode system is 
usually given a negative polarity with respect to the col
lecting electrode system. In the high electric field, ad
jacent to the discharge electrodes, ions are formed by 
ionization through collision and the ions of the same sign 
as the discharge electrode are carried through the gas by 
the electrostatic force existing between the two sets of 
electrodes. \Vhen the gas contains suspended dust or 
fume particles, the ions attach themselves to the particles 
and they thus become large ions and are forced over to the 
collecting electrodes, to which they attach themselves. 
For the proper maintenance of operation, these collected 
particles must give up their charge to the grounded elec
trodes, and if the deposit is nonconducting, electrical 
disturbances are established. For this reason, it is some
times necessary to condition the gases by adding moisture, 
or acid vapors, or, in rare cases, other gaseous constituents 
to establish surface conductivity in the collected material. 
Otherwise, there will be established the phenomenon 
which is ordinarily referred to as back discharge, which not 
only causes electrical disturbances, but may make the 
entire equipment inoperative. Where heavy gas or fume 
concentrations are dealt with, it is ordinarily desirable to 
pass the gases through several separately energized sec
tions, as the suspended charged particles establish a space 
charge which will depress the discharge of electricity from 
the discharge electrodes. With such series treatment, the 
potential can be varied to accommodate the decreasing 
fume concentration, and thus give a better over-all 
clean-up. 

One of the advantages of the electrical precipitation 
method is that the efficiency of collection can be adjusted 
to economic requirements. The rate of precipitation can 
be expressed by an exponential equation, from which it 
follows that it takes a much larger installation, or time 
factor, to give a high percentage cleaning than for a low 
percentage cleaning. All other conditions remaining 
constant, it takes a precipitator twice as large to give 
99 per cent collection as it does for 90 per cent collection. 
In practice, in the metallurgical industry, the optimum 
economic efficiency usually lies between 90 per cent and 
95 per cent, although there are. many installations in re
fineries for the collection of gold and silver where the 
efficiency is over 98 per cent and in connexion with some 
chemical operations, as, for example, the manufacture of 
sulphuric acid by the contact method from roaster or 
converter gases containing arsenic, it is desirable to build 
the equipment large enough to give collection efficiencies 
close to 100 per cent. 

There are several companies in Korth America and 
Europe that engineer and build electrical precipitators 
and some metallurgical plants build such precipitators 
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through their own engineering departments. However, 
there is very little that can be standard in this type of 
equipment, and usually each installation is specially de
signed to meet the requirements of the problem. There 
are so many factors entering into the design of this type 
of equipment, which can only be judged by experience, 
that it is not advisable for engineers not familiar with the 
art to design and build their o·wn equipment. 

No general figures can be given representative of cost or 
operating expense. Depending upon the ease or diflkulty 
of the problem, and the choice of structural materials, the 
installation cost varies over a tremendous range. 

It may be as low as 25 cents per c.f.m, or it may be as 
high as $20.00 per c.f.m. For an ordinary simple metal
lurgical problem the cost runs in the neighborhood of 
$1.00 per c.f.m. Draft loss through the equipment is very 
low, being merely sufficient to establish good gas distri
bution and ordinarily is in the neighborhood of one-half 
inch water gauge. Power requirements are low, ordinarily 
being in the neighborhood of one-third kva. per 1,000 
c.f.m of gas cleaned, on average gas and dispersoid 
problems and for a precipitation efficiency in the neighbor
hood of 90 per cent. 

These industrial electrical precipitators operate on the 
so-called one-stage system. That is, the discharge elec
trode acts both as the means for charging the particles and 
for the establishment of the electrostatic field. For air 
cleaning, and ventilating problems, it is customary to use 
a two-stage system, in which a very fine discharge elec
trode charges the particles and the charged particles are 
then separated from the gas stream in 8. second or follow
up section consisting of a set of non-discharging electrodes, 
placed close together to establish a strong electrostatic 
field. This type of equipment is more compact and is less 
expensive, ordinarily costing in the neighborhood of 25 
cents per c.f.m, but it is not applicable where heavy dust 
loadings are to be handled, because the equipment would 
quickly be clogged by the collected material. There are 
several manufacturers supplying this type of two-stage 
precipitator, marketed under such names as the Pre
cipitron, Electromatic Filter, Raytheon Electrostatic Fil
ter, and Trion Electrostatic Filter. In all of these two
stage air cleaning precipitators, it is customary to use two 
different voltages, the voltage on the ionizing electrodes 
usually being of the order of 12,000 volts, and the voltage 
for the follow-up or electrostatic field being of the order of 
6,000 volts. 

Another distincti~e feature of these air cleaning pre
cipitators is that the discharge electrode is usually positive 
with respect to the grounded electrode, in order to mini
mize the formation of ozone. 

Electrical precipitators have found broad use in the 
metallurgical industry for the treatment of fume-laden 
gases from roasters, converters, sintering machines, re
finery furnaces, and for the collection of gold, silver, 
nickel, copper, lead, zinc, arsenic, tellurium, cadmium, 
bismuth, and other metals. The process is also widely used 
for the cleaning of iron blast furnace gases ahead of the 
regenerative stoves and for the cleaning of metallurgical 
gases in the manufacture of sulphuric acid. The process 
has not proved entirely satisfactory for the treatment of 
lead blast furnace gases or zinc retort gases, as these fumes 

establish nonconducting deposits upon the electrodes and 
the process will not function properly, unless the gases are 
thoroughly conditioned through humidification or acidi
fication, or both. Generally speaking, the process is widely 
applicable to the needs of the metallurgical industry and 
there are now thousands of installations in operation all 
over the world, and the aggregate collection of values by 
this process now amounts to many tens of millions of 
dollars per annum. 

ULTRASONIC METHOD 

The latest addition to the family of dust and fume col
lectors is the Ultrasonic Method. This has been under in
vestigation for several decades, but no industrial progress 
was made until recently because of the limited capacity of 
the sound wave generator. A high power sound generator 
has recently been developed and this consists of a high 
speed rotor forcing high pressure air through ports which 
are alternately open and closed. These generators are 
capable of converting several hundred horsepower into 
sound energy at very high frequencies. 

It is claimed that particles of different sizes respond 
best to different frequencies, and consequently the fre
quency is adjusted to the needs of the problem. The 
energy input depends upon the gas volume treated and the 
weig~t of material to be collected. 

In principle, the particles are caused to oscillate or 
vibrate under the intense sound waves, and in colliding 
they agglomerate. The gas with the agglomerated material 
is then carried into mechanical separators, usually of the 
cyclonic type. 

No precise data from large scale operations have been 
published, but it would appear from the information that 
has been released that the method is best suited for ag
glomeration of liquid particles, such as droplets of tar, or 
sulphuric acid, or for the agglomeration of solids which 
are more or less adherent or sticky, such as carbon black. 
There is one full size commercial iil.stallation operating for 
the collection of sulphuric acid mist, and it is reported 
that this is giving a high recovery. There is also an in
stallation in operation for the recovery of carbon black 
which is giving a recovery of better than 90 per cent. 
A number of pilot plant tests have been made on lead 
smelter fume, kraft mill soda fume and other problems, 
but this work is still in the experimental stage, and no 
data have been released, and, therefore, it can not be 
reported as to what extent the method will prove appli
cable to these various problems. It has been shown, how
ever, that this method does give positive results where the 
suspended material is of such nature that when ag
glomerated it will remain agglomerated, and will not 
again be redispersed in the gas stream. By conditioning 
the gases with water vapor, or other means, a number of 
materials which ordinarily would redisperse in the gas 
stream, can be made to agglomerate in such manner that 
the agglomerates can be separated from the gas stream 
before they are again redispersed. 

It is too early to tell where this method will find its best 
applications, and to what extent it will displace the other 
more proven methods previously discussed. 

Insufficient information has been released to permit 
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drawing any conclusion as to the average cost of in
stallation or average operating cost, but apparently the 
cost of installation will be less than that of an equivalent 
electrical precipitator, but the power consumption will be 
considerably higher. Comparative collection efficiencies 
can only be determined as the work progresses. 

SOL\fARY 

No gas can strictly be considered a waste gas if it con
tains recoverable values, or causes damage or creates a 
nuisance. Many industrial gases have potential values and 
many are economic liabilities. The subject is so broad 
that this paper had to be restricted to the small segment 
pertaining to the recovery of values from metallurgical 
furnace gases and ventilating gases from ore-handling 
operations. 

Metallurgical factory gases, with practically no ex
ceptions, carry some metal values, and unless these are 
collected, they are lost forever, as they settle out of the 
atmosphere over too an area to permit subsequent 
economic recovery. values are either in the form 
of dust, that has been mechanically separated from the 
furnace and ore-handling operations, or in the form of 
fume which has been condensed from vapors of volatilized 
metals or metallic compounds. Coarse dust settles quite 
rapidly under the influence of gravity, and many so
called settling chambers were incorporated in the early 
smelters and refineries. However, this simple device is 
completely ineffective on fumes, and only partially ef
fective on fine dusts, and consequently their use is rapidly 
being abandoned. 

To meet the needs of industry, a large number of dif
ferent types of ·equipment has been developed. These 
can be grouped under various headings; namely: 

Gravitational methods, which include all types of settling 
chambers. 

Inertial methods, which include all baffle chambers, 
cyclonic devices, skimmers and dust separating fans. 

Filtration methods, which include all forms of bag houses 
and filters. 

Scrubbing methods, which include all types of tower 
scrubbers, mechanical scrubbers, and the venturi scrub
ber. 

Electrical precipitation methods, which include all types 
of electrical precipitators. 

Ultrasonics methods, which include all types of equip
ment in which the material is agglomerated through the 
effect of intense sound waves. 

No particular method is superior to all other methods. 
Each problem must be considered on its merits, and re
coverable values must be weighed against the installation 
and operating costs. In general, the gravitational methods 
have advantage where only coarse dust is carried by the 
gases, or where the recoverable values are essentially all in 
the coarse fraction of the dust, or for such isolated cases 
in small scale operations where the installation of better 
equipment is economically unjustified. 

The Inertial methods have anvantage where relatively 
fine dust, as well as the coarse dust, must be collected to 
give proper economic results, but they are not satisfactory 
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for the collection of fume. Filtration methods have ad
vantage where the gases are relatively cool and non
corrosive and where a very high degree of collection of 
fume as well as dust is desired, but their use is badly 
restricted because of their rapid deterioration under con
ditions where corrosion, high temperature, or abrasion 
must be met. Scrubbing methods have particular ad
vantage for dust collection where ample water is available 
and where the effluent can be discarded without causing 
secondary problems, such as stream contamination. 
Electrical precipitation methods are more universally 
applicable than all other methods, particularly for fume 
collection, as they can be made to operate over wide 
ranges of temperature, pressure, gas characteristics, dust 
and fume characteristics, and dust and fume concentration 
but installation costs are relatively high. Ultrasonic 
methods are particularly applicable where the suspended 
material can be agglomerated in such manner that it does 
not redisperse before it can be separated from the gas 
stream in the secondary collection equipment. 

Viewing the subject in the broadest sense, it must be 
admitted that the prevention of metal losses through the 
installation of proper fume and dust collection equipment, 
is a fundamental necessity in the metallurgical industry of 
to-day. There seems to be no way to prevent dust and 
fume emission from furnaces nor dust suspensions from 
crushing and ore handling operations. Therefore, it is 
necessary to collect the suspended material from the gases, 
and the proper equipment to install depends upon the 
conditions to be met. 

Each installation must be considered as a special engi
neering problem, and the details must be evaluated on 
their engineering merit. 

I am not at liberty to disclose recoveries at specific 
plants, and, therefore, this paper does not include metal
lurgical statistics. However, it is pointed out that one 
smelter recovers more than $1 million a year in gold, 
silver and copper out of the gases from twelve multi
ple-hearth roasters. One Mint recovers more than one 
hundred thousand dollars a year in gold and silver from 
the gases ventilating its refining furnaces. One lead 
smelter recovers more than three hundred thopsand 
dollars a year in lead and silver out of the gases from ten 
sintering machines. One cement factory recovers more 
than one hundred thousand tons a year of cement-making 
material out of the gases from four rotary kilns. At other 
plants large quantities of zinc, nickel, selenium, tellurium, 
cadmium, arsenic, antimony, bismuth and other metals 
are recovered from the furnace gases. Recoveries from 
furnace gases now aggregate a saving of many tens of 
millions of dollars per annum. Similarly, the dust losses 
from crushing and ore handling operations often will cause 
very serious metallurgical waste unless this dust is sepa
rated from the air and returned to the ore stream. Further
more, dust is usually a health hazard and a menace to 
good operations. In general, it can be said that all dusts 
and fumes constitute an economic loss, either through 
direct metal and mineral losses, or as a health hazard, or 
as an impediment to good operations and proper main
tenance of machinery and equipment. 

A comprehensive bibliography is attached hereto and it 
is recommended that those who are seriously interested in 



"""''""'4~~-----------------------------------'IJO!I:i'I"'.W·"'t'i¢1'!*"'1Pt 4i'i ---l!llli!tiiiUtd* t.~"' 

UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

the subject read the original publications, as time and 
space limitation made it impossible to do more in this 
paper than give a very sketchy review of the subject. 
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Electrolytic Tinplate - Its Production and Benefits 

SAMUELS. JOHNSTON 

ABSTRACT 

Electrolytic tinplate is produced from two principal types of electrolytes, acid and alkaline. Important differences 
are discussed. Principal means for fusion of electro-deposited tin are given. Hot-dip plate carries 1.25 to !.50 lb. of 
tin per base box while present electrolytic grades have 0.25, 0.50 and 0.75 lb. of tin per base box. Electrolytic plate has 
important savings in labour costs, but these are largely offset by maintenance and depreciation. Lighter coating weights 
on electrolytic plate permit the manufacturer to extend limited tin supplies to coat more base boxes than by hot-dip 
means. The light coating weights offer no soldering problems and corrosion-resistance can be increased with supple
mentary organic coatings. 

In the production of tinplate, as with any manufactured 
material, the over-all cost is usually broken down to in
clude: 

1. Cost of raw materials, 

2. Labour, 

3. Maintenance, 

4. Overhead, 

5. Depreciation and amortization. 

These costs apply to individual operations within the 
entire operation, as well as the process as a whole. 

metallic salts used. Plating power costs are, in general, in 
favour of the acid type electrolyte. This type has, general
ly, a significantly higher conductivity than the alkaline 
type which results in the use of less voltage for the amper
age required. Higher cathode efficiencies have generally 
been reported for the acid type bath. Again, the valence 
difference is in favour of the acid type in that it requires 
half the amount of current to deposit an equal weight of 
tin by the alkaline type. This factor supplies leverage so 
that plating power cost of an alkaline type system can run 
as high as ten times that of an acid type system. Another 
characteristic of the acid type system is the ability to 
produce satisfactory deposits at high current densities 
(up to 500 amperes per square foot or 54 amps per sq. 
decimetre) and over a wide range of current density. This 
simplifies design and equipment problems in the construc
tion of a high speed plating unit. In commercial practice, 
a satisfactory operation is reported by each individual 
user of each system and the performance of the material 
produced under the various systems is rated fairly even. 

While there is some plate used in the matte or "as 
plated" condition, most of the plate produced is given a 
heat treatment which fuses the electro-deposited tin and 
produces a surface very similar to that of the hot-dip 
product. This heat treatment is carried out in three 
principal ways: 

1. Induction, whereby the coated strip is moved 
through a high-frequency electrical field and internal 
molecular friction supplies the heat required to melt the 
coating; 

2. Conduction, whereby the strip becomes a resistance 
element in an electrical circuit; 

3. Radiant heating by burning gas. 

Under any economic system, weighted values in terms 
of the monetary system are assigned to process materials 
and man-hours, and the amounts of use of both are 
computed into cost in terms of money. Cost accounting 
procedures have been evolved to show the balance between 
labour and materials costs and act as a guide in keeping 
them in their proper ratio. Costs in money lose meaning 
when converting from one economic system to another, so 
this discussion will be limited to a comparison of the costs 
between electrolytic and hot-dip tinplate. Unit costs are 
based on the percentage of recovery in saleable form of the 
total amount of material proces..sed. In production terms, 
10 to 18 tin stacks have the equivalent production capacity 
of one electrolytic line. If one electrolytic line is pro
ducing defective material, 100 per cent of the product is 
affected. At a higher rate of speed the amount of defective 
material produced can be great. One tin stack not oper
ating properly affects only 6 to 10 per cent of the total 
production and can be easier restored to proper operation 
without a great deal of effect on the total operation. The 
converse is also true. If 18 tin stacks are producing off
grade material, it is harder to correct than one electrolytic 
line. In practice, the recovery of prime plate by the hot-
dip method is somewhat higher than by electrolytic. A fourth means which did not gain much usage consisted 

The operations necessary to hot tinning are much the of moving the coated strip through a hot oil bath. This 
method, while producing a satisfactory melted finish, did same from mill to mill. Improvements developed in one 

mill soon find their way into the others. not lend itself well to quick changes of speed and basis 
weight. Again, the fusion methods in use commercially, 

There are two distinct plating systems in use in the produce satisfactory finishes and are an accepted integral 
production of electrolytic tinplate in the United States. part of each manufacturer's operation. Cost comparisons 
These are: are difficult to make because those melting processes with 

1. The alkaline system wherein tin is electro-deposited the higher costs have intangible benefits which affect the 
from a solution in which the tin has a valence of four; final yield of prime product. 

2. The acid system in which the tin is in the stannous In comparing production costs of the two processes, the 
form with a valence of two. principal differences will be considered according to the 

Each of these systems has at least two variations in the cost breakdown category. 
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(1) COST OF RAW MATERIALS 

Steel for tinning, whether by electrolytic or hot-dip 
means, is processed in the same manner from the open 
hearth to the temper-rolled coil and hence has the same 
cost. The cost of tin for both processes has the same price 
per pound. The first big differential comes in the amount 
of tin applied. Hot-dip plate in coke grades is supplied in 
two coating weights: 1.25 and 1.50 lb. per base box. The 
present schedule on electrolytic grades provides three 
weights: 0.25, 0.50 and 0. 75 lb. per base box. There is 
then an important saving in the amount of metal used in 
the electrolytic process. In addition, sheets produced by 
hot-dip means carry the so-called "list edge" which results 
in a waste of many pounds of tin. Edges of electrolytic 
plate have a tendency to carry a higher coating weight 
than the rest of the sheet, but this does not nearly ap
proximate the list edge. 

Power might be considered a raw material in the elec
trolytic process. The power cost, overall, for electrolytic 
tinplate is of the order of four times that for hot-dip 
material. If the manufacturer installs generating equip
ment to produce the power requirements, this will re
present a considerable added indirect capital investment 
in equipment over and above that actually needed in the 
plating process. 

(2) LABOUR 

The electrolytic process is a highly mechanized oper
ation and results in a labour saving in man-hours which 
amounts to about one-third man-hour of direct coating 
labour per base box. This labour, however, is higher 
skilled, hence higher paid, so the direct labour cost is 
more of the order of 15 per cent less, rather than 33 per 
cent. 

The development of coating in coils has brought about 
a change in assorting and reckoning practice. In the shear 
line for cutting sheets to length, an inspection station is 
provided ahead of the shear head to permit two girls to 
inspect for surface defects. One scans the top direct, 
while the other watches the underside by means of 
mirrors and proper illumination. Each has a switch to 
control a gate in the conveyer beyond the shear head and 
detour off-grade sheets to a reject box. 

The reject box gate is also activated by an electronic 
hole-detector device and an automatic gauge. Conse
quently, surface defects, holes and light and heavy plate 
are eliminated, and the plate reaching the end of the shear 
line is of prime quality. Shipping pallets, or skids, are 
placed in the piling box at the delivery and to receive the 
sheets and they are counted as they are piled by a photo
cell mechanism. When a bundle has received the required 
number of sheets, a new skid is inserted and a new bundle 
started. Completed bundles can be removed without 
stopping the shear and these bundles are covered, wired 
and shipped without further handling. About 70 per cent 
of the electrolytic plate produced receives no hand as
sorting or reckoning. The other 30 per cent consists of 
hand assorting of rejects and assorting of prime bundles as 
a check on the efficiency of line assorting. The overall cost 
of assorting and counting electrolytic tinplate is ap
proximately 65 per cent of that of hot-dip where assorting 
and reckoning are entirely a hand operation. 

(3) MAINTENANCE 

Maintenance costs of the electrolytic process are much 
higher than in hot-dip. Operation of the equipment at 
speeds up to 1,500 feet per minute, and even higher, 
demands precision in all parts of all units. Rolls must be 
accurately ground which includes rubber-covered rolls, as 
well as steel and other metals. In one production unit 
there are in excess of 100 rubber-covered rolls which are 
periodically removed for grinding, and when the original 
rubber thickness has been ground or worn away, re
covered. Life expectancy of rubber-covered rolls is un
certain. Many give long life while others become so badly 
cut after one-hour's service that they must again be 
stripped and re-covered. This work requires a completely
equipped machine shop and highly-skilled machinists and 
mechanics for its operation. 

Proper maintenance must be carried out in an orderly 
manner. Production costs soar when maintenance must 
be done on operating time. 

Maintenance of equipment against corrosion requires 
labour and material. Tanks, structures and buildings are 
constantly being checked, washed and painted as a pro
tection against splash and fume of acids and alkalies. The 
electrolytic process is electrical, as well as mechanical, and 
requires a great deal of electrical equipment. Motors, 
generators, fans and wiring all require constant inspection 
and upkeep. Replacement parts must be ready for instant 
use in case of breakdown. 

(4) OVERHEAD 

Overhead is generally associated with fixed charges 
which are independent of the direct charges of operation. 
It would be difficult to differentiate this charge for the two 
types of operation. It is worthy of note that research is 
regarded as an overhead cost and that the development of 
the electrolytic process of producing tinplate is largely a 
result of intensive research. This research is a continuing 
effort to extend the uses of the electrolytic material, but a 
great deal of the basic knowledge gained is also applied to 
producing a better grade of hot-dip product. 

(5) DEPRECIATION AND AMORTIZATION 

The capital investment required to install a given pro
duction capacity of electrolytic plate is of the order of 
21/ 2 times that for the same capacity of hot-dip plate. In 
addition, while special alloys and rubber coverings are 
used, corrosive conditions are such that a higher than 
normal depreciation rate is necessary. This charge is 
much higher for electrolytic plate than for hot-dip. 

The important money saving in favour of electrolytic 
tinplate is in the difference in the weight of metal applied 
and the efficiency of its application. The important savings 
in labour costs are largely nullified by maintenance and 
depreciation of equipment. 

There are many advantages of the electrolytic process 
to the tinplate manufacturer. The steel is handled entirely 
in the coil form up to and including the coating operation. 
The required weight of coating is applied in a uniform 
thickness with a spread which does not vary more than 
10 per cent between the high and low values in the sheet. 
Furthermore, there is great versatility in producing rna-
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terial of different coating weights. There is little more 
required than readjustment of rheostats to change the 
coating being applied from 0.25 to 0. 75 lb. per base box. 
The uniformity of the coating, absence of the abnormal 
tin loss on the list edge and the variety of applicable 
coating weights, make it possible to greatly extend the 

umber of base boxes of tinplate which can be coated with 
;mited supply of tin. 

'e early development work on electrolytic tinplate 
\med to produce a material for the so-called "dry-

market which would have adequate protective 
..... ue, cost less than regular tinplate and conserve tin. 
There was already a market for this material for the 
packaging of coffee, tea, spices, tobacco, baking powder, 
motor oil, candy, medicinals, etc. for distribution to the 
consumer. Its use in packers cans was made necessary by 
the war with attendant shortages. 

For use in packers cans, electrolytic tinplate had to be 
evaluated in the following three general properties: 

1. Solderability; 
2. Corrosion resistance to specific packs and processes; 
3. Susceptibility of the surface to sanitary enamel 

systems to enhance limited corrosion resistance. 
The problem of solderability was overcome by ex

perimentation with fluxes, solder compositions and heat 
variation. There is no problem today, on even the high 
speed can lines, in soldering any of the commercial coating 
weights. 

Early work disclosed that adhesion of various lacquers 
and enamels to any tinplate surface was unpredictable, 
particularly under process conditions. Close co-operation 
between the manufacturer, the can companies and the 
suppliers of the lacquer systems, plus intensive research 
on the part of all, has eliminated this problem. 

Early work on corrosion resistance of electrolytic tin
plate showed that its performance was irregular and hence, 
unsatisfactory. The use of supplementary organic finishes 
made the material acceptable to a great many packs. 
Advances in the technique of steelmaking, composition 
and treatment, together with improvements in plating 
technique, have resulted in a marked improvement in 
internal resistance of cans to the corrosion of materials 
packed in them. Intensive research has also been applied 
to canning techniques to reduce the severe corrosion con
ditions of processing. These combined efforts have result-

JOHNSTON 

ed in a wider application of process foods to electrolytic 
cans, both plain and lined. 

In applications where limited corrosion resistance is no 
hindrance, the 0.25lb. grade of electrolytic plate is finding 
wider and wider usage. The surface is excellent for litho
graphy and, in some instances, the unmelted coating forms 
a colour base for a multicolour system. This grade of plate 
is finding wide usage for bottle crowns and closures, beer 
cans, paints, motor oils and medicinals. As the supply of 
tin becomes less critical, this market will expand. 

The monetary savings possible in the use of electrolytic 
tinplate dictate that it be used in place of hot-dip plate 
wherever possible. This makes possible more efficient 
utilization of both iron and tin as natural resources and 
materially lengthens the use of available supplies for the 
benefit of mankind. 

The author expresses thanks to the Weirton Steel 
Company for their gracious permission to prepare and 
present this paper. Acknowledgment is due_ also. to as
sociates in the Weirton Steel Company for their assistance 
and criticism in assembling the paper. 
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The Conservation of Leadl 

J. FAYE 

Of all the common metals lead is the one which melts 
most easily, is the most malleable, the densest and the 
most resistant to corrosive agents. 

This combination of properties, which in particular, 
makes lead durable and easy to use, gives it a character 
all its own and makes it difficult to find a substitute for the 
metal in many of its traditional uses. 

Apart from its uses as a metal, lead is employed in the 
form of oxides and salts. In that form, its chemical 
properties become important, and we shall see in each 
case how the question of its replacement may be ap
proached. 

During the last thirty years the world production of 
lead has not expanded at a rate comparable to that of 
other metals, chiefly, perhaps, because lead is not a war 
metal. During the two world wars the armies' lead re
quirements for the manufacture of armaments and ac
cumulators could be satisfied without any great difficulty 
out of the systematic reclaiming of old lead and also 
because civilian requirements had fallen appreciably 
(mainly motor-car accumulators). 

The lead industry has consequently received no par
ticular stimulus from the governments and the mining 
industry has been mainly concerned with developing 
deposits of metals possessing a greater strategic value. 

The only large deposits discovered or put into pro
duction on a large scale since 1940 are those of Morocco, 
the output from which, it may be hoped, will replace that 
from the exhausted mines of the United States of America, 
Spain and Sardinia. 

In the years immediately before the war the average 
annual world output of lead mines amounted to about 
1,700,000 tons of metal. No complete statistics can be 
given for the period since 1940, but it seems clear from 
table I that the output of the lead mines, after reaching a 
low in 1946, rose again very noticeably in 194 7 and 1948; 
it may therefore be expected that the pre-war production 
level will be regained in the near future. 

A return of the production of lead to its 1939 level 
would not, however, suffice to meet all requirements, since 
these have increased in all countries as a result of world 
economic development. We have already seen that the 
working of the present mines does not hold out any 
prospect of a large increase in output. A study of the 
possibilities of economizing in the use of lead is therefore 
imperative. 

During the war years most countries suffered from a 
severe lead shortage. The best use had to be made of the 
available lead and many studies and experiments were 
undertaken in every direction in which economies in the 
use of lead were conceivable. Some of these studies have 
given remarkable results which we shall refer to later. 

The rise in the price of lead has also resulted in the 
search for and utilization of substitute materials, some of 
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""" THE l\fAI~ USES OF LEAD 

Table 2 shows the relative consumption of lead ac
cording to its main uses in the United States of America, 
Great Britain and France (expressed as percentages). 

We shall now consider, in each field of utilization, the 
saving in lead which it has been possible to achieve by 
improved techniques, and the possibilities of replacing 
lead by other, more easily obtainable raw materials. 

CABLE SHEATHS 

The composition of electric cables varies according to 
the use to which they are put. A protective sheath of lead 
is often regarded as indispensable. We shall consider the 
principal types of cables. 

(a) Armoured impregnated paper insttlated cables for 
underground power transmission 

Two methods of economizing lead in the manufacture of 
these cables have become common since the war: 

1. Reduction in the thickness of the sheaths, which in 
France, for example, gave rise to a temporary standard 
(C.104G of the U.S.E. in 1941) which is still in force, and, 
in view of the results obtained, will probably become 
permanent. 

2. The use of sector-shaped conductors within a given 
cable in order to reduce its diameter for sheathing in lead. 
In spite of the complication in the cabling which this 
method involves it has now been generally adopted for 
conductors of 19 strands or more. For small sections, 
solid sector-shaped conductors have sometimes been used, 
but the saving in lead is small and this technique does not 
appear justified except in cases of acute shortage. 

Two examples will indicate how much is saved by the 
use of these two methods: 

Low-tension 3-conductor 
cable of 50 sq. mm. 

1939 (C. 7 standard) .. 
1941 (C. 104. G standard): 

Round conductors. 
Sector-shaped con

ductors . . . . 

Low-tension 3-conductor 
cable of 300 sq. mm. 

1939 ........ . 
1941: 

Round conductors 
Sector-shaped con

ductors . . . . 

Weight of Percentage 
lead per km. saving 

1,340 kg 

1,244 " 7.1 

977 " 27.1 

5,307 " 

4,039 " 

2,946 " 

23.9 

44.5 

Lead is completely eliminated in the cables encased in 
steel pipeline as now used in the United States of America 
for very high tensions, in the region of 130,000 volts in 
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that country. Tests with cables encased in pipeline for 
220,000 volts are now in progress in France. 

(b) Rubber-insulated cables with lead sheathing 
These low-tension cables, designed for short external 

connexions, are very widely used. Attempts to cut dow11 
the consumption of lead have not resulted in large savings, 
since the sheaths used before the war were in any case 
thin, verging on the permissible minimum, particularly 
for small sections. 

The replacement of lead by thermoplastic resins has 
been studied but has not been put into general use. There 
is always a danger of heating with these low-tension cables 
·and not enough is known as yet about the behaviour of 
plastic resins when subjected to high temperatures over 
long periods of time. 

It should also be noted that these plastic-sheathed 
cables are more expensive than the standard lead
sheathed cables. 

The use of drawn aluminium sheaths is still in the ex
perimental stage, and it is impossible as yet to judge the 
results. 

(c) Telephone cables 
For subscribers' cables and small network cables it is 

proposed to discontinue the use of lead sheaths and to 
replace them by sheaths of vinyl resin. This elimination 
of the lead is made possible by a better insulation of the 
wires, paper insulation being replaced by a layer of 
polyethylene which has good resistance to moisture. 

A lead sheath, though of a thinner gauge, continues to 
be used for heavy cables (28 pairs or more), and, in the 
case of the heaviest, sector-shaped designs giving reduced 
diameters are used as for underground power transmission 
cables. 

The carrier-wave telecommunication technique, in 
which small coaxial cables are used, leads to a very con
siderable saving in lead. 

It should be noted, in connexion with the various types 
of lead-sheathed cable, that the successful development 
of alloys that are resistant to vibration (inter-crystalline 
corrosion) makes it possible to use sheaths of the same 
thickness over bridges and, in general, in the vicinity of 
points where vibration occurs. 

ACCUMULATORS 

FAYE 
·------····-~---····---- ·~--

of the total weight. With the widespread use of alloys 
with better mechanical properties specially adapted for 
the construction of each element it has become possible to 
achieve appreciable savings. The dimensions of the parts 
are no longer determined by the need for a certain 
mechanical resistance but by their electrical conductivity. 
Certain solutions, such as lead-coated copper connexions, 
save lead but are too costly to be considered except in 
special cases (aviation for example). 

The theoretical gain which is still possible in the active 
part of the accumulator does not amount to more than 
10 per cent for accumulators of good design. It is evident, 
therefore, that the consumption of lead in the manufacture 
of accumulators of the orthodox type cannot contract 
much further. 

Experiments are now in progress on the replacement of 
the grids by plastics which have been rendered conductive, 
but no satisfactory solution seems likely in the immediate 
future. 

Lastly, we may note the saving in lead which is possible, 
and indeed becoming increasingly general, in fixed in
stallations by such means as the replacement of lead 
tanks by vinyl resin tanks; similarly acid vats, piping and 
pumps can be executed in plastics. 

PIPES A:-!D SHEETS 

We shall review the chief uses of lead, in each case 
examining the reasons which justify its use and the possi
bilities of economizing or replacing it: 

(a) Buildings and Public Works 
The long life of lead and its ease of working are un

deniable advantages. Its malleability, which gives it play 
and allows it to follow the distortions due to the settling 
of soils, has long been one of its irreplaceable qualities. 

The shortage of lead has, however, made it necessary to 
develop other materials. Its high price has also played a 
part in turning the attention of consumers towards the 
use of substitutes. 

Seamless steel piping and centrifugally-cast iron piping 
are commonly used for water and gas. There are now 
various types of water-tight and gas-tight flexible joints 
which are satisfactory. 

Joints in cast iron pipes themselves can be made 
without using lead, by employing certain mixtures, with a 

Lead accumulators still unquestionably rank first. The sulphur base for example, which cast like lead. It is too 
uses of alkaline accumulators remain limited, owing to early as yet to pass any judgment on the life of joints of 
their higher price and to certain disadvantages (bulkiness, this type. 
unsatisfactory operation at low temperatures). For pipes of relatively large diameter, asbestos cement 

A feature of the use of lead in the manufacture of ac- pipes have given good results (they have the advantage of 
cumulators is that a high proportion of the metal can be being immune to the effects of stray currents). 
reclaimed-more than 80 per cent, when properly organiz- A 50 to 70 per cent saving in lead has been achieved in 
ed. The reclaiming has now become the rule as a result of installations where steel and cast iron are used. 
the stringencies of the war years. In a country like In all cases where buildings are exposed to a salt-laden 
France-after allowing for the inevitable losses and the or corrosive atmosphere, particularly in coastal regions, 
fact that in the distant colonies batteries are seldom or not lead is still preferable, owing to its superior resistance to 
at all reclaimed-between 65 and 70 per cent of the metal corrosion. 
is reclaimed. Similarly, it is difficult to find a substitute for lead in 

The lead used in the chemically inactive part of an certain connexions for piping etc. for roofs, where its 
accumulator (grids and connexions) represents 50 per cent malleability allows it to take any shape. 
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Table I. Production of Lead Mines 
(in millions of metric tons of metal content) 

1913 1929 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 e 

America 465.5 1025.- 931.5 885.7 940.- 893.5 985.() 901.5 802.8 824.6 730.5 777.7 783.-
Australia . 255.- 180.- 278.8 284.5 285.3 265.2 265.0 192.0 179.0 163.6 183.- 191.3 202.5 
Africa 60.7 52.0 52.3 58.1 46.3 32.2 20.1 14.9 21.6 23.5 32.3 66.6 103.-
\Vestern Europe a . 352.8 280.4 226.9 198.5 209.1 192.2 188.8 172.3 154.7 58.8 110.4 102.7 130.-
The world-excluding Asia 

and Eastern Europe b 1134.0 1537.4 1489.5 1426.8 1480.7 1:383.1 1459.5 1280.7 1158.1 1070.5 1056.2 1138.3 1218.5 

Asia. 29.3 114.7 116.9 114.1 112.- 104.- 49.7 
Eastern Europe . 5.1 41.1 159.6 152.9 
The world 1168.4 1693.2 1781.7 1705.2 

a Germany and Poland included up to 1944; ·western Germany only included as from 1945. 
b Australia included. 
c Estimates. 

(b) Chemical Industry 
In most of its uses in the chemical industry lead is 

subject to little wear; strictly speaking, it is immobilized 
rather than consumed. 

The need for economy has led, however, to the develop
ment of improved techniques for utilizing lead and, 
wherever it has been possible, to its replacement. 

From the point of view of saving in the use of lead we 
may mention: 

(1) Adherent leading or drop leading: by means of the 
blowpipe depositing a completely adherent protective 
layer of lead on steel. This layer of lead is thinner than 
foil and its behaviour and life are far superior. 

(2) Use of cast lead-antimony alloy sheets. These cast 
sheets are more rigid and can be of thinner gauge than 
rolled sheets. 

(3) "'flrianufacture of apparatus by the moulding process. 
This process sometimes makes appreciable saving of metal 
possible. If the apparatus is bulky, it may be cast in 
sections and welded together. 

As substitutes for lead, we may mention: 
(1) Ceramics possessing properties of chemical and 

mechanical resistance. Stoneware and acid-proof cements 
have made remarkable progress and are being increasingly 
used. 

(2) Thermoplastics. These sometimes resist corrosion 
better than lead. The vinyl resins are already widely used, 
and it is not improbable that with the discovery of new 

such as polyethylene, the scope of plastics \vill 
expand greatly owing to their resistance to low and high 
temperatures. 

PIGMENTS 

White lead and basic lead sulphate give a body to out
door paints which is unequalled by any other pigment now 
in existence. 

The high price of lead has caused paint manufacturers 
to use as little of it as possible, but there is a minimum 
below which it is not possible to go without seriously 
affecting the quality. 

Starting from the assumption that only the surface of 
the particles of pigment are chemically active, a large 
manufacturer has developed pigments made up of nuclei 
of silica covered with a surface of lead silicate and lead 

sulphate. These pigments contain less than 50 per cent of 
lead oxide and make it possible to produce linseed-oil 
paints with a body and lasting qualities in every way 
comparable to those obtained with white lead. 

In some countries the use of lead pigments is restricted 
by regulations (danger of lead poisoning); in France, in 
particular, the use of white lead is prohibited except in 
certain special cases. The question of economizing lead is 
thus automatically settled, though it is true that this saving 
is offset by an increased consumption of zinc oxide, which 
is a somewhat inadequate substitute for lead pigments, 
and for which the question of shortage may equally well 
arise. 

For the protection of ferrous metals red lead is generally 
considered to be unequalled. For reasons of price it is 
being widely replaced by paints with a micaceous iron 
oxide base or simply with a tar base. These paints, while 
not giving such long-lastingprotection, cane none the less 
be economical when the price of lead is very high. These 
substitutes solve the problem of lead economy for this 
particular use. 

Paints with a mixed lead and micaceous iron oxide base 
have been developed, giving a protection equal to that of 
red lead while economizing in lead to an extent of roughly 
50 per cent. As the cost of production of these paints is as 
high as that of red lead, their use will probably not develop 
unless the lead shortage becomes still more critical. 

LEAD TETRAETHYL 

Lead tetraethyl is the anti-knock agent of the "ethyl 
fluid" mixture which is almost universally used for raising 
the octane number of fuels for internal-combustion 
engines. 

The quantity of lead used for this purpose is on an 
average 0.4 per thousand of the weight of the fuel treated, 
which results in a heavy consumption of lead. 

Possessing equal efficiency, ethyl fluid is the cheapest 
anti-knock substance known and when used in small 
quantities it possesses the great advantage of not causing 
deterioration of the engine. These properties amply justi
fy its use. Much research, however, is now in progress 
with the object of limiting the consumption of lead in 
motor fuel, the principal lines of approach being: 

(1) The development of refining methods yielding 
products with a higher octane number, which will con-
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Table 2. Uses of Lead 

U.S.A. a Great Britainb France c 
--~---

1942 1946 1942 1948 1940 1948 

Cable sheaths. 21 13 36 34 30.8 35.7 
Accumulators. IO ll 8.5 7.2 6.3 10.4 
Pipes, sheets 9 10 14.2 24.5 39.6 18.9 
White lead . 9 8 8.1 0 1.2 l 
Red lead, litharge . 17 24 12.7 13.2 10.1 9.6 
Lead tetraethyl . 8 9 1.4 
Solder . 2 0 3.4 3.2 4.6 
Munitions 8 3 6.5 1.1 4.5 6.4 
Miscellaneous . 1o 16 10.6 8.8 7.5 12. 

a Minerals Yearbook, \Vashington. 
b The British Bureau of Non-Ferrous Metal Statistics, Birming

ham. 
c 1'vlinerais et 1\Utaux, Paris. 

sequently require the addition of smaller quantities of 
anti-knock substances; 

(2) The study of engines capable of using fuels with a 
low octane number; 

(3) The search for anti-knock substances which are not 
dangerous to manufacture and use. 

In a few years' time these researches are sure to lead to 
a reduction in the consumption of lead tetraethyl. 

SU:VDciARY 

The world production of lead, which began to slow 

SEQUENS 

down substantially in 1942, is now recovering rapidly and 
should shortly regain its 1939level of about 1, 700,000 tons 
per year. This production, however, is inadequate to 
satisfy the greater demand of a world engaged in full 
industrial development and unless new deposits are dis
covered, it is necessary to consider all technical means of 
economizing lead in its various uses. 

We noted, in the first place, that the general technical 
rules favouring economy, which are already often ap
plied, ought always to be applied. They are: 

(1) The adoption of development techniques which 
avoid wastage and limit the use of lead to the minimum 
sufficient for optimum yield, the application of dimensional 
standards and the utilization of more resistant alloys. 

(2) The organized reclaiming of scrap and residues, 
which has a particular importance in the case of lead, a 
metal that is practically indestructible. 

Furthermore lead can sometimes be replaced by less 
scarce substances, without detriment to the quality of the 
products. In this respect, the thermoplastic resins are 
specially important. Their qualities-resistance to cor
rosion, malleability, weldability-make them one of the 
best substitutes for lead in many applications. 

It would be desirable if, by the systematic use of sub
stitutes wherever possible, enough lead were released to 
satisfy, without restriction, the very many and important 
uses for which lead possesses an undeniable advantage. 

The Conservation of Non-Ferrous Metals 
v' 

JIRI SEQUENS 

The economical use of non-ferrous metals in production 
is a most important requirement of the maintenance and 
development of technics. Nowadays we cannot do without 
non-ferrous metals, and at the same time we know well 
that in the majority of them the natural resources are 
limited and that their exhaustion threatens in the course 
of the next fifty years or so. Only aluminium-the con
tents of which in the crust of the earth amount to approxi
mately 8 per cent, and similarly also magnesium will 
continue for the time being to be available in unlimited 
quantities. Thus it may be anticipated that such current 
metals as zinc, tin, lead and copper will, by a foreseeable 
date, be exhausted unless new deposits are located some
where. 

It is for this reason that the metals already in circula
tion must be conserved in the best possible way and that 
sensible economy must be exercised in the ca..,<>e of new 
metals. That does not just mean constant limitation, but 
simply a new perspective in technics as to what direction 
the efforts in conservation should be given. It is a well
known experience that during the war-time restrictions 
the search for substitutes always led to the discovery of 
some raw material with until then never-imagined possi
bilities of a development of their new properties. 

Just as the technics utilizing low-grade ores are being 
developed, so it will be necessary to develop the technics 

of the utilisation of small quantities of non-ferrous metals 
contained in alloys in the form of alloying admixtures. 
Some of the ways of recovering metals from alloys, such as 
by electrolysis, segregation and the like are well known. 
The most economical way, of course, is to bring back into 
circulation metals produced from properly stored, un
mixed or else well-assorted scrap metal, so that in its 
processing it is relatively easy to maintain the original 
composition of the alloy. 

As far as the production of metals is concerned, I shall 
limit my statements to the production of non-ferrous 
metals and alloys from scrap metal and residue. The 
purpose of such production is to maintain the circulation 
of metals and alloys in consumption and production in a 
way which would necessitate the addition of but the 
smallest possible amount of virgin metals produced from 
ores. Whilst minimizing the danger of natural resources 
giving out, the ever increasing production from scrap 
metal is at the same time less costly than the production 
from ores. It is estimated that during the time the pro
duction from waste has spread, a saving has been effected 
of at least 20 million tons of copper, 10 million tons of 
lead, 7 million tons of zinc, more than 1 million tons of tin 
and at least 2 million tons of aluminium. 

It goes without saying that an economical processing of 
scrap metal depends on a good organization of the col-
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lection and a sorting-out which will take properly into 
account the optimum requirements of the production. The 
production itself is as a rule divided into the processing of 
scrap on the one hand, and of residue on the other. In 
these processes there is an endeavour common to both to 
work up the material with the smallest possible losses for 
the finished product. The value of the scrap material may 
be considerably lessened by its mere remelting without 
previous sorting and refining during the melting process. 
An unsuitably remelted metal may have a substantially 
lower value than the initial scrap metal from which it was 
produced. 

The more the processing of scrap material spreads, the 
more it will become necessary to watch the circulation of 
metals and alloys so as to prevent any mixing-up and 
deterioration in value. The technique of the utilization of 
scrap and alloying by means of virgin metal will, as time 
goes on, become more and more refined. 

In the standardization of metals and alloys it is in
creasingly necessary to aim at the simplification and 
reduction in number of allovs. Soon there will be no 
difference between secondary "and primary alloys. At the 
foundries the standardized alloys will come into their O>vn 
provided they prove truly advantageous from the stand
point of the foundryman and their mechanical properties. 

In the collecting and processing of old metals, the 
following groups of alloys and metals materially differ 
from each other: (a) Aluminium and its alloys; (b) Copper 
and alloys; (c) Zinc and alloys; (d) Lead and alloys. 

It therefore follows that the production should be 
carried out separately according to these groups. The 
main groups of metals must of course not be intermingled 
if economic losses are to be avoided. 

Each one of the metal groups mentioned has its distinc
tive physical and chemical properties by which it material
ly differs in the possibilities of use for given requirements. 

However, even within the said groups there are series of 
alloys which must be precisely distinguished from each 
other both in circulation and classification. 

In the case of aluminium alloys, for example, one has to 
distinguish between alloy types such as AlCu, AlCuKi, 
AlSiCu, AlZnCu, AlMg, AlMgMn, AlSi, AlSiMg, AlMgSi, 
AlMn, AlSi. 

In the case of copper alloys between alloy types such as 
CuSn, CuZnSn, CuZn, CuSnPb, CuPb, CuNi, CuAl. 

material, but only as an alloy suitable for plain castings. 
which are subjected to minor service stresses. 

When the various alloys are separated in a suitable and 
economical manner, it is possible to obtain a new raw 
material that possesses the original characteristic pro
perties and, if suitably treated, can be used for the manu
facture of most of the component parts of airplanes from 
the scrap of which it came. 

Before the processing starts, care must be taken to see 
that the processing material undergoes a simple, yet 
thorough cleansing and degreasing. Voluminous scrap 
with a large surface such as chippings and fine scrap of 
thin sheet metal should be compressed into bales before 
being melted. 

In the processing of aluminium scrap the main problem 
is the removal of oxides from and the degassing of the 
material. A secondary problem is the removal of un
desirable alloying admixtures. The treatment principally 
adopted is that employing chlorine and other halogens 
and their compounds. When care is taken to ensure that 
the material is processed according to all the principles of 
metallurgical technique and under observance of the 
necessary economy, it is possible to obtain an alloy which 
possesses the same as or even better properties than the 
material from which it set out. This is only one of the 
very interesting examples that could be quoted in con
nexion with the processing of non-ferrous metals. It 
might be easy to argue that such a processing is costly and 
that it is difficult to carry it out in the case of compara
tively small quantities and in the absence of any skilled 
labour and the necessary equipment. This argument 
holds water where the quantities of the material to be 
processed are small and where skilled labour is not avail
able, to which might be added yet a further important 
factor-the question of distance and possibilities of trans
port. Wherever these questions receive careful consider
ation, that is to say where it is a paying proposition to 
transport relatively small quantities over long distances 
or to process them perfectly on the spot, the whole idea 
will receive a great impetus, for the very purpose is to 
awaken interest in the best possible solution of the 
question of keeping non-ferrous metals in circulation. 

In the processing of unsuitable material in the form of 
scrap, the main role is played by the refining. This, in its 
turn, has two tasks to fulfil: firstly to remove the un
desirable impurities, and secondly to change the ratio of 

In the case of zinc and alloys between Zn, ZnAl, the metals in the alloy to each other and, if necessary, to 
ZnAlCu, and in the case of lead alloys between Pb, PbSb, remove some metal altogether. In both these tasks one of 
PbSn, PbSbSn, PbSbSnCu. the means especially employed is selective refining, i.e., 

Wherever metals or alloys are not thus distinguished using the properties of the elements so that they react 
from each other, the value of the scrap material diminishes with the refining agent more or less easily, thus making 
in its processing or at least the working-up and refining the refining process take effect intermittently (after 
becomes relatively far more complicated, costly and less jumps). The single elements which are contained in the 
economical. alloys react gradually-according to their affinity-to the 

An example of either more or less economical processing refining agent, so that at first one, another, and yet a 
is shown in the possibilities of processing aircraft scrap. further element is removed. The preliminary condition 
Where processing takes place of complete parts of air- for such a refining process is that the component parts 
planes containing in the first place aluminium alloys of the which are to be preserved react with the refining agent 
most varied kinds, and, besides, also other alloys of non- least easily. Refining agents appear in the reaction 
ferrous metals, iron and diverse substances, even the most preferably in gaseous form (for example, oxygen), but also 
painstaking processing will produce an alloy which cannot in liquid or solid groupings. Even in the case of inter
be used for the same purposes as the original, high-quality mittent reaction some component part may be lost during 
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:he refining which is a desirable one in the alloy. In the 
.. :ase of alloys of copper with tin, for example, the removal 
, ,f aluminium and iron also causes the tin to vanish. Such 
.osses could be obviated if there were no need for refining, 
md it would indeed be unnecessary if scrap material had 

·1either aluminium nor iron present in its alloy which no 
tmount of magnetizing can remove. However, one should 
tppreciate some further considerations which result from 
t repeated remelting of scrap. If during repeated re
:nelting no alloying elements are added, a material change 
nay occur in the original alloy. Particularly in a carelessly 

, :arried out melting there will be primarily an oxidization 
)f some components of the alloy, whereas the not so easily 

, )xidizable components remain in the alloy and their con
:.ent rises, which may materially change the composition 
. )f the alloy and its properties. Thus for example the 
well-known red alloy 85Cu, 5Sn, 5Zn, 5Pb will after 
:·epeated remelting show a lowered tin and zinc content, 
whilst the lead and copper content will rise. From the red 
tlloy we therefore slowly 3.rrive at a leaded bronze which, 
·1owever, has a low lead content and which, unless it is 
!iven an alloying element, is neither suitable as a metal 
:'or bearings, nor possesses the requisite strength and 
dongation demanded of red alloys. When this is not duly 
tcted upon in small-size melting plants and particularly 
. n foundries, there will be a constant spoiling and de
t.erioriation of the quality of the castings and a wasting of 
,abour and material. From all this again follows the 
mportance of a faultless processing of scrap not only by 

::nelting, but also by refining and alloying and, thereby, 
.tlso by the maintenance of the alloy in a standardized 
:omposition containing a minimum of impurities. 

In the further developments the scrap-processing 
laundries will intensively pursue the working up of their 
·)Wn residues and, ultimately, will employ the same 
methods as those used in the treatment of low-grade ores. 
[t is simply a question of making the losses incidental to 
my processing of metals as small as possible, of reducing 
the processing to the smallest possible number of times, 
md simplifying the processing methods to the greatest 
possible extent. 

Of great importance is the question of dust and ashes 
trising in the production of waste-processing foundries. 
The rise of dust must first of all be prevented by a correct 
. :onduct of the founding processes. If the forming of dust 
:annot be altogether prevented, it is absolutely necessary 
to arrest the dust in its passage, for hygienic reasons on 
the one hand and for reasons of economy on the other. 
Dust will frequently form during the oxidation of a metal 
which during its founding is being evaporated, and that is 
why it is best to prevent the oxidation of the metal which 
.~ives rise to the formation of dust and to try instead to 
.mdistil the metal under exclusion of air. In this way a 
most pure raw material is obtained. Where the for
mation of dust cannot be prevented, it is necessary to 
trap it most suitably by means of electro-static filters, 
taking care that the various kinds do not get mixed. Such 
·lusts can in the majority of cases be worked up in the 
, :hemical industry. 

The question of metal dust and fine turnings incidental 
l:o the wearing-out machine parts likewise deserves more 
.:tttention than that hitherto given it, for during the 

SEQUENS 

wearing-out metal is being lost in the form of dust and thus 
passes out of circulation. In the majority of cases we 
have not even made a beginning yet with attempts at the 
recovery of metal dust. It would certainly be worth while 
to make the attempt, particularly to try and recover 
metal from waste oils. 

In this connexion it will be necessary to follow the 
utilization of metallic compounds in the chemical industry, 
especially in some of its branches, such as paints and 
varnishes. When we consider that zinc-white coatings 
alone take away from us substantial quantities of zinc 
which do not come back and are therefore to all intents 
and purposes lost to circulation, we realize that it will be 
necessary to seek for white coatings some non-metallic 
combinations . 

In the waste waters incidental to the lixiviation of ores 
and residues a lot of metal is being lost in the form of 
soluble compounds (such as for example tin tetrachloride 
in the leaching of roasted pyrites). The waste waters in 
the chemical industry, too, contain many metals and pol
lute our waterways, although they might with advantage 
be returned to circulation. It is by no means easy to 
extract metal from these waste products, but times being 
what they are, one feels prompted to pay increasing 
attention to these questions . 

It will be absolutely necessary to keep up the circula
tion of metals obtained from natural resources and to 
prevent their loss in the form of dust and dilution in al
loys. It will be necessary to go the way of all wise hus
bandry in which nothing is thrown away but everything 
stored, carefully and methodically, for new use after 
having been discarded. Every workshop or factory can 
easily build up a perfect economy in the utilization of 
turnings and other scrap metals, so that it will not only 
become an asset item for the concern but be of benefit to 
everybody. Scrap material should be as carefully stored 
as any raw material essential for production: large-size 
plants should store scrap-material assorted according to 
the character of the material. It will be necessary to bring 
about a change in the mental outlook on scrap material 
and to stress its value. Co-operation of all people employ
ed in industry-including the workmen-in the matter of 
saving raw material is the first prerequisite of success. 

Non-ferrous metals are indispensable in engineering . 
In primeval days they were better known than iron. In 
the subsequent stage iron obtained the upper hand in that, 
owing to its low price, it made possible great advances in 
industry, ousting the use of non-ferrous metals where they 
really would have been more advantageous. The me
chanical properties of iron and its alloys are excellent up 
to about 250 degrees C. At higher temperatures, iron 
alloys are used successfully enough, but the alloying ele
ments are costly and are beginning to be rare. The 
resistibility of iron to corrosion is small in the absence of 
alloying admixtures, and in many cases it is found un
satisfactory. The properties of iron as a bearing material 
in many cases also prove insufficient. Although we are 
still passing through the iron age, non-ferrous metals have 
already started on their victorious march forward. And 
yet we are at the same time at a stage where many non
ferrous metals are getting rarer and rarer. In many cases 
it is for the time being not possible to replace some of the 
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non-fen :JUs metals on account of their excellent pro
perties. The situation is to some extent retrieved by the 
developments in the production of aluminium and its 
alloys, which entitle to great hopes for the future. Similar
ly, though for the time being in a somewhat lesser degree, 
magnesium alloys are beginning to come into their own. 
In the days to come we shall go on trying to find as exactly 
as possible the greatest possible economy in the use of 
any given material. 

In this question for economy, the most decisive factors 
are: 

(1) The requisite properties, 
(2) The price, 
(3) The availability of the material. 
As regards requisite properties, there is a whole series of 

requirements at variance with each other. It is therefore 
necessary in the first place that the requirements be clear
ly specified, so as to make the best possible use of the 
material. We still know of far too many cases of little 
utilization or altogether incorrect utilization of material. 
It is therefore necessary once more to stress the importance 
of the standardization of a metal for production. It is not 
enough merely to standardize a given alloy as regards its 
composition and impurities and the prescription of defi
nite mechanical properties, but it will become increasingly 
important and will ever be more in demand to specify 
down to the minutest detail the properties and the possi
bilities of use. In their majority, non-ferrous metals are 
characterized by their greater resistibility to corrosion 
and chemical compounds than the resistibility shown by 
iron. There are even several groups of material amongst 
them with good bearing properties. Compared with other 
material, they have a relatively great specific gravity, a 
great heating and electrical conductivity, a good me
chanical strength together with a relatively good tough
ness, and, in many instances, also a considerable hardness 
and elasticity. All these properties can be maintained 
where there is a suitable selection of metals and alloys 
within relatively wide limits of heat up to several hundred 
degrees Centigrade. The resistibility toward corrosion 
moves within wide limits between the various metals and 
their alloys, and from this point of view it is necessary to 
proceed expertly in the selection of material. The ab
sorption of gases under given of heat must be 
likewise considered as well as the possible changes in pro
perties connected therewith. Resistibility toward che
micals is a decisive factor particularly in the chemical 
industry. Workability and castability are being in
creasingly studied. Capacity to emit electrons, values of 
reflectability and other properties only go to show the 
manifold uses of these metals. 

A further factor of decisive importance in the use of 
metal or an alloy is their price. This is arrived at by the 
striking of a balance between demand and offer, but the 
main item in the calculation of prices are the costs of 
manufacture and distribution, which in their turn depend 
on the richness of the ores and the possibilities of their 
processing. However, as there are constant changes both 
in the productive possibilities-conditioned by develop
ments in techniques-and in the resources of ores, the 
price of many metals is still in a state of development, 
although the prices of some commonly used metals are 
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being steadily stabilized. This of course does not apply to 
rarer metals, metals and alloys the use of which is not 
general and is only slowly taking shape. 

The third important factor which played a preponder
ating part in these post-war times are the needs springing 
from a restricted allocation of metals. This factor helps 
in what all the world really should attempt-an economic
al utilization of metals-but it also acts in the various 
countries and regions as a distorting factor, in that re
strictions imposed during and after the war are often not 
based on principles of world economy and, accordingly, 
some regions frequently promote the use of metals which 
ordinarily they would not be using. 

The best possible use metals can be put to relies not 
only on the selection of a suitable metal and alloy, but 
also on the quantity of metal used. Thus, for example, in 
order to lower wear and tear, one may also use rare and 
precious metals, provided they need only be used in in
significant quantities and, in being used, bring about a 
substantial improvement in the properties of the alloy. 
A typical example of the saving in material is the history 
of bearings. Instead of heavy bronze casting pans the 
inside of which is coated with a composition containing at 
least 80 per cent of tin, use is nowadays made chiefly of 
steel pans with a thin layer of lead-bronze, which no 
longer need a costly tin composition lining. The bearings 
are now being pressed from thin steel bands coated with a 
sintered lead-bronze, and the formerly necessary ma
chining is now no longer needed. The consumption of non
ferrous metals has now fallen in the case of bearings to a 
mere few per cent of the former weight, and, incidentally, 
the consumption of tin has ceased altogether or is now 
reduced to a minimum. Such economies make possible 
for example the using of a microscopical quantity of in
dium, which acts as a preventive against the corrosion of 
bearing layers under the influence of lubricating oils at 
rising temperatures. The use in this way of not easily 
replaceable non-ferrous metals aims at their being used as 
little as possible, and, most suitably and most frequently, 
only as thin coating layers. 

Then there is yet another great field for the use of non
ferrous metals as the major part or the main material in 
the manufacture of contact parts. Here we are trying to 
use a cheap material, which is available in huge quantities, 
and in this connexion attention must be drawn to the ever 
increasing, leading part that is being played by aluminium 
in its use for complete constructions. Aluminium came 
into use primarily where small weight was the preliminary 
requirement-as in aviation-where it has now competi
tors to face in the form of magnesium alloys. The former 
slogan that "dead weight is the enemy" has now shifted in 
the first place to the whole field of the means of trans
port-including wagons, lifts and cranes-and is penetra
ting further and beyond the field of transport into building 
construction. The utilization of aluminium in all branches 
of industry is constantly gro»ing, and the fears that used 
to be entertained immediately after the war what was to 
be done with the ever-growing output of aluminium have 
proved groundless, for actually the present production can 
hardly meet the consumption. From the world aspect of 
an economical utilization of non-ferrous metals it is es
sential that the consumption of aluminium be extended, 
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promoted and facilitated to the greatest possible extent. 
In almost every case a saving in weight means the saving 
of material. 

From the point of view of production, there is added the 
requirement of the saving of machining operations, for a 
minimum of machining lowers the quantity of scrap, 
which, although in the majority of cases it can be re
processed, means an increased effort to regain a raw 
material and at all times a definite, albeit small loss of 
metals. The motto should therefore be lived up to which 
says "a minimum of turnings", provided of course that 
this can be reconciled with the demand that there should 
be the smallest possible number of rejects. 

Having thus made a general survey of the situation, we 
must make up our mind about the best way of saving non
ferrous metals, so as to know how to marshal our efforts. 
In order to realize the possibilities of any eventual sub
stitutes, we will have to be quite clear as regards the pro
perties of the various non--ferrous metals which have to be 
used sparingly, for a proper realization of their properties 
will bring us to further researches as to the possibility of 
substitutes. 

Copper is being used ore account of its good heating and 
electrical conductivity and good resistibility toward cor
rosion and chemical influences even in alloys. The use of 
copper in electrotechnics is most extensive: and it is pos
sible, partly and to a considerable extent and very ad
vantageously, to replace it by aluminium especially in 
cases involving large quantities; in other cases, in which 
only little material is needed, a still better substitute would 
be silver, which has an even better conductivity than 
copper. Compared with copper, aluminium has a lower 
conductivity (40 per cent), and in some cases a further 
fault with aluminium when used in electro-technics is that 
its surface becomes on exposure to air immediately coated 
with a thin layer of oxide, which insulates electrically and 
gives aluminium very bad properties when used for con
tacts, yet on account of its resistibility toward corrosion is 
absolutely essential to aluminium. Silver, on the other 
hand, is, on account of its low melting point, unsuitable for 
sparking contacts. Besides seeking metal substitutes for 
electro-technical purposes, we are trying to employ suit
able profiles so as to reduce machining to a minimum. We 
use wherever possible plated metals and plating v.ith the 
desired non-ferrous metal instead of a full material; we 
plate even plastic material, and in high-frequency tech
nics we use on principle. hollow profiles, alternatively, 
silver-plated ones. Otherwise we are introducing the use 
of aluminium as much as possible into the production of 
cables for collectors and are extending the use of contacts 
and contact points of plated copper, and silver, wherever 
the price permits it. In the case of aluminium there are 
certain difficulties on account of its small toughness com
pared with copper, so that the smaller conductors show 
a tendency to be brittle; in a considerable degree it is a 
question of the purity of aluminium, any increase of which 
would materially improve its toughness. 

constructional measures, so that the use of aluminium has 
by now also extended to coolers. 

The field of alloys in which copper is used is a very 
wide one. They are being used partly for their resistibility 
to corrosion and favourable properties as a material for 
bearings, partly also for their decorative appearance and 
the possibility of changing their colour by means of added 
substances, from pink via gold to white. An example of 
the saving of material in the case of bearings has already 
been given and it only remains to be said for the sake of 
completeness that bearings with copper for a base may 
now be replaced by aluminium alloys. Brass alloys used 
for water-tap fittings are now being replaced by zinc and 
aluminium castings. Besides copper we are trying to save 
in copper alloys also tin, and are replacing tin-bronzes 
with aluminium ones which possess very favourable 
mechanical properties and a favourable heating conduc
tivity; these only need an accomplished founding techni
que. Copper alloys, and in certain cases also alloys of 
copper and zinc with nickel are being replaced by us with 
plated metals. Otherwise, for use at high temperatures 
where good mechanical properties are required, we en
deavour, by suitable alloying, to improve as much as 
possible the properties so as to make them withstand 
stress under heat, in order to save the maximum amount 
of material. 

As regards the saving of tin in copper alloys, some 
relevant details must also be given here. In tin bronzes, 
only three alloys are now in use. There is firstly the low
percentage alloy, 4 to 10 per cent Sn for fittings in the 
chemical industry, which, however, can for their greater 
part be replaced in other ways, notably by plastic material 
provided this is not at the same time subjected to ex
cessive mechanical stresses. Secondly, there is the group 
of current bearing bronzes containing up to 14 per cent Sn, 
which, however, are being more and more replaced by 
lead bronzes; in the third group are hard and brittle 
bronzes with about 20 per cent Sn for bearings mostly 
statically stressed under very high pressures. These alloys 
are now being very successfully replaced by aluminium 
and lead bronzes with an addition of nickel and other 
metals. 

The saving of tin in the realm of bearing compositions 
has registered good successes in the forming of composi
tions on a lead base, which for the majority of require-
~ments can be used just as well as tin ones. This makes 
possible a saving of at least 80 per cent tin. Instead of tin 
tubes for the foodstuffs industry we use aluminium or else 
plastic material. 

As regards lead and its alloys we have a constantly re
curring chance to switch over from heavy leaden ac
cumulators to light steel-nickel ones, the only drawback 
frequently being their higher cost. If this change-over 
could be carried out completely, it would be tantamount 
to an enormous saving of material. In water-tap in
stallations, lead can in the present state of technics be 
fully dispensed with. Solders containing tin in excess of 
40 per cent are likewise required in really exceptional 

In heating technics, copper is very popular for its great cases. Soldering in fact is being replaced by welding, 
heating conductivity, but its use is decreasing owing to wherever this is in the least possible. What we gain there
the utilization of other material in cases where an im- by are firm joints and resistibility to corrosion. Where 
provement in the passage of heat is being brought about by this is not possible, we use hard-solder with brass or else 
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with silver solders in cases involving only a small con- perties of the surface by way of increasing its consistency 
sumption of material. and improving its resistibility to wear and tear. 

Great attention should be paid to the question of metal- Various methods of metal coating produce different 
lie and non-metallic impurities in alloys, which strongly thicknesses of the layer and a different homogeneity of the 
influence the properties of alloys. By improving the pro- layer. The thickest coatings are obtained by immersion in 
perties of alloys we increase the chances of the material tv a bath of molten metal. The thickness of the layer can be 
withstand stresses without sacrificing safety, we lower the regulated by the temperature of the metal bath, the time 
weight and, in addition, we also increase durability and of immersion and various admixtures to the bath. Metal 
resistibility to wear and tear. We shall be saving such coatings of this kind are used particularly in the case of 
values thereby that we may hope-with the general in- zinc, tin and lead. 
crease in mechanization-that the consumption of metals The more up-to-date method of metal coating by 
shall become stabilized or at least brought down to a lower spraying gives thinner coatings and has the advantage 
level. From this it follows what immense importance for that it may be used also on non-metallic products, without 
all branches of technics attaches to research work. In the exposing the latter too much to heat. A great saving of 
chemical industry we have in this manner succeeded in the metal is now being effected by metal coatings, in which 
saving of large quantities of lead by the use of plastic the component parts that are being metal-coated have an 
material for the lining of receptacles or the manufacture of electrostatic charge by which particles of the material are 
such receptacles from plastic material. attracted, so that all the material sprayed is actually 

The task of zinc alloys is a very interesting one. They utilized, with the additional advantage that even hollows 
replaced various alloys, first of all, thanks to their cheap- can be suitably metal-coated. Metal-coating makes pes
ness, but particularly owing to their fitness for very easy sible to gain component parts with properties demanded 
working-up. Accordingly, the consumption of zinc for for example in electro-technics, which by any other method 
these purposes is rising by leaps and bounds, which is not would be unattainable. A special method of metal-coating 
a very desirable phenomenon; it is necessary to oppose is the condensation of metal vapours on the surface of the 
this increase in consumption in a suitable way, particular- article by electrostatic means, if necessary. The process as 
ly by the use of plastic material, possibly in combination a rule takes place in a vacuum, and is a current one in the 
with metallic "stiffeners" of a zinc alloy. Zinc alloys have production of precision mirrors, reflectors and so forth. 
saved us thousands of tons of brass and have made work The technique of galvanic metal coating has also pro-
considerably easier. gressed so that it now permits the use of coatings several 

Now as regards economical working-up: having already thousandths of a millimetre thick ev.en in cases where an 
stressed the rule about the correct utilization of metal absolutely dense, wholly impermeable coating is required. 
alloys, I must say that equal importance attaches to the We have already reached the point where we fully master 
working-up. In treatment under heat, be it smelting, the separation of metals during electrolytic condensation, 
tempering or softening, constant control of both heat and and we are now in a position to obtain any precisely 
time is essential. Losses due to oxidation and overheating demanded state of coating, beginning with a coarse, 
likewise play an important part not only in the saving of spongy, permeable and easily removable and ending with 
material but also indirectly, for a carelessly processed a perfectly shiny, faultlessly adhering and perfectly dense 
alloy is liable to lose some important alloying components, coating. The thickness of the coating can now also be 
whereby its properties undergo a substantial change. chosen within wide limits and adapted to any given pur
However, mechanical processing is of immense im- pose. The saving of metals which formerly had to be 
portance, too. In many cases it is necessary to make a applied in metal baths is a colossal one, and the con
sensible selection of the quality of the surface to be treat- sumption of material for metalling purposes is lowered 
ed, which has an enormous importance for the wear and thereby to a mere few per cent. This in turn cheapens the 
tear as also for the time and effort that are spent on the price of the coating and widens the scope of its use. 
production. It is self-evident that the question of heating In the machining of material by separation it is essential 
during mechanical treatment must also be considered, to keep it down to a minimum, and this is closely connect
lest it should exercise an unfavourable influence on the ed with the way in which the raw casting is produced. 
mechanical properties of a heat-treated material; it is The surface of the casting and its dimensional accuracy 
best to attend to the heat treatment only after the me- are the subject of ever more stringent requirements. That 
chanical treatment had taken place. A correct choice of is why the foundry technique is getting more and more 
the sequence in which the heat, chemical and mechanical refined. In serial production, we have moved from the 
treatment is to be applied brings about economies and casting into sand to die-casting, and, further, to pressure 
improves the quality. From this aspect, particular careful- die-casting. The results obtained by pressure die-casting 
ness is needed in welding and soldering. In many cases it are very good ones, and the attainment of precision to a 
pays well to carry out the heat or mechanical treatment tenth of a millimetre is nowadays no rarity. There is great 
after the welding operation. promise in the now fully developed technique of pressings 

There is a great part to be played by metal coatings of from metal powder combined with sintering, where com
which mention has already been made before, and we now ponent parts thus produced, need practically no further 
return to the subject from the angle of production. The machining. But even in the customary founding practice 
purposes of such layers of metal are to improve the ap- the use of suitable kinds of sand and expert preparation 
pearance, to ward off corrosion and chemical influences, of the mould can produce a surprising precision and 
to change the surface and to change the mechanical pro- quality of surface even in the case of very complex 
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castings. Amongst non-ferrous metals, pride of place 
belongs to castings from aluminium alloys and zinc 
castings. Castings from aluminium alloys should be more 
and more extended, so that they can replace other alloys 
of non-ferrous metals. The results obtained are eminently 
satisfactory, and aluminium alloys, suitable for the most 
varied purposes, are being constantly introduced into 
practical use. In these days the main problem is the 
utilization of remelted alloys so that besides alloys of the 
AlSi type, which are the most popular, it should also be 
possible to use alloys of the other types, of which are 
current also the alloy types AlCu and AlMg, but not 
AlCuMg, which last-named it is difficult to use unless the 
magnesium can be removed from them. The technique of 
pressure die-casting aluminium alloys is already so far 
advanced that even pure aluminium can be sprayed 
without great trouble, which is of great importance in the 
building of rotors for electric motors. A special branch of 
industry engages solely in the production of aluminium 
pistons, in which even questions such as expansibility, 
resistibility toward high temperatures and the influence of 
exhaust gases have been successfully solved. The majority 
of mechanically stressed castings receives heat treatment. 
At the same time, the use of magnesium alloys is also 
spreading. In their case,. the coming into greater use was 
originally somewhat retarded by their smaller resistibility 
to corrosion. Now that their resistibility was successfully 
increased by various methods of protective coating, by the 
elaboration of suitable alloys and an improved purity of 
the original raw materials. The castings from magnesium 
alloys are the lightest in use, with the exception of beryl
lium alloys, which are hghter still but cannot be put to 
general use on account of the high price of beryllium. 
Should the price of magnesium become lower still~which 

WASTLUND 

is probable-magnesium alloys will strongly compete 
against aluminium in current commercial finish, for the 
difference in weight will be in their favour. 

The saving of non-ferrous metals and the maintenance 
of their circulation has already passed the first stage of the 
seeking of ways and means, for we now not only know the 
situation as to the resources of ore, but we also know by 
now a number of ways how to carry out the saving and 
the maintenance of non-ferrous metal circulation, having 
had over twenty years of practical experience on the sub
ject. In all this we also have accertained that this way is 
by no means a brake on progress, but in fact a spur to 
new endeavour in the utilization of natural resources. 
We also know already that the somewhat depressing 
question of the using up of great energy in the mining of 
aluminium will be no handicap, for we have already the 
first steps towards the utilization of nuclear energy behind 
us and are on the way to the employment of that energy 
for the benefit of all mankind, not only for purposes of 
war. 
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Design as a Factor in Conservation 

PROFESSOR GEOR.G WASTLUND 

ABSTRACT 

The article deals with attempts in Sweden to economize building materials and to save raw materials used in 
structural engineering. 

The cement industry has introduced a substitute cement, called E-cement, which contains about 65 per cent ordinary 
Portland cement and 35 per cent inert materials, such as sand filler. Details about strength and utilization are given. 
Through the introdu<:tion of E-cement in addition to some new methods of fuel-saving in production, it has, in fact, 
been possible to reduce the consumption of coal to about 35 per cent of the amount used before the war for the pro
duction of a given quantity of cement. 

Deformed bars of high grade steel with high allowable stresses (up to 31,000 per sq. m.) have been introduced. The 
amount of saving in material by utilizing it is discussed. 

In Sweden deep steel I-girders are welded, if not rolled, and they are not riveted. From extensive theoretical and 
experimental studies of buckling of webs it has been possible to reduce considerably the safety factors in the design 
of webs, thus saving material. 

Also other efforts in the same line are shortly mentioned in the article. 

Efforts in various directions have been made in Sweden, 
during and after the war, in order to economize building 
materials and to save raw materials used in structural 
engineering. The following examples may be mentioned: 

2. Economy in design. Lower safety factors, for exam
ple in the design of deep steel !-girders (see below). 

3. More careful attention to the work done on the site. 
In view of the varying demands on accuracy and control 
in concrete manufacture and reinforced concrete works, 
three classes of different requirements have been establish
ed. Higher stresses are allowed for structures in the higher 

l. New building materials, such as E-cement and high 
grade steel reinforcing bars, have been introduced (see 
below). 

14 203 



UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

classes, resulting in more slender structures and less con
sumption of material. Revised methods have been worked 
out for the finishing of concrete floors and plastering of 
houses. 

4. Training courses for supervisory staff and workers 
are arranged. Such courses in concrete technology are 
sponsored by the Government and the cement industry 
and are given continuously over the whole year, each 
separate course lasting 15 days in full. 

5. To assure consideration of economy, most drawings 
and projects are submitted to State authority controls. 
Uneconomical designs are rejected and have to be revised. 

6. More economical utilization of the materials on the 
site, especially of timber for scaffolding and falsework. 

NOTES ON E-CEMENT 

During the war, the shortage of fuel, especially of coal 
and oil, was very great in Sweden. The cement industry 
was therefore forced to reduce radically the consumption 
of fuel. This was realized in one way by the introduction 
of a substitute cement, called E-cement, which is still the 
main ingredient (about 75 per cent) of all cements used in 
Sweden. E-cement contains about 65 per cent ordinary 
Portland cement and 35 per cent inert materials, such as 
sand filler. The sand is either ground together with 
cement clinker and gypsum in the mills, or ground to
gether with already ground cement. In the latter case, 
the cement part is ground twice. In both cases the 
grinding process is driven very far. (The mills are driven 
by electricity from water power stations and therefore do 
not consume fuel.) When the sand part can be substituted 
by granulated, high basic slag the cement clinker part can 
be reduced to about 50 per cent. 

The strength of theE-cement is considerably lower than 
that of the ordinary cement. Thus the compressive 
strength of the E-cement mortar cubes is only 250 kilo
grammes per square centimetre ( = 3,550 per sq. in.), 
while the strength of ordinary Portland cement cubes is 
400 kg/sq.cm (= 5,700 per sq. in.). The corresponding 
bending strengths are 50 (710) and 65 kg/sq.cm (925 per 
sq. in.), respectively. 

However low, these strengths are in most cases satis
factory in ordinary house construction, since the dimen
sions of the walls and the slabs often are determined from 
considerations of factors other than the load-carrying 
capacity, such as the sound insulation and the desirability 
of a minimum of space between the form-giving surfaces 
etc. In such cases, the cement content, in order to secure 
the workability of the concrete, has to be higher than is 
strictly necessary from strength considerations. This 
workability can be achieved by employing the same 
quantity of E-cement but then ihe strength is lowered. 
It should be pointed out that E-cement cannot be used in 
high-class engineering structures, such as dams and 
bridges. 

Summary of Discussion 
The CHAIRMAN considered the subject of metals con

servation to be one of the most important of the Con
ference. Previous discussions had dealt with the estima-

Through the introduction of E-cement, in addition to 
some new methods of fuel-saving in production, it has, in 
fact, been possible to reduce the consumption of coal to 
about 35 per cent of the amount used before the war for 
the production of a given quantity of cement. 

NOTE ON HIGH GRADE STEEL REINFORCEl\IE:\'T 

During the war deformed bars of high grade steel with 
high allowable stresses were introduced in Sweden. These 
bars have transverse lugs of somewhat different shape 
than the deformed bars used in other countries and the 
yield strength is higher, minimum 4,000 kilogrammes per 
square centimeter ( = 57,000 per sq. in.). The specified 
allowable stresses for these bars vary in Sweden between 
1, 700 and 2,200 kg/sq.cm. (24,000 and 31,000 per sq. in., 
respectively). In accordance with information I possess, 
the allowable stresses are in general considerably lower in 
the United Statss (18,000 to 20,000 per sq. in.). 

For an actual residence house in Sweden, with two-way 
slabs, the required amount of reinforcement was 26,100 
kilogrammes (58,000 lb.) when using plain bars, yield 
point 2,600 kg/sq.cm., and only 18,700 kg. (41,000 lb.) 
when using deformed lug high grade steel bars; which 
means a reduction of about 20 per cent. 

The high yield point is not reached through the appli
cation of cold working processes but is a result of the alloys 
and it is therefore stable with regard to high temperature. 
Since the price is favourable, the deformed lug bars are 
generally used, even in high class engineering structures, 
such as dams and bridges. 

NOTE ON THE DESIGN OF DEEP STEEL I-GIRDERS 

In Sweden, deep steel !-girders are welded, if not rolled. 
They are not riveted. From extensive theoretical and ex
perimental studies of the buckling of webs, it has been 
possible in recent years to reduce considerably the safety 
factors in the design of webs. 

It seems, according to the regulations of the American 
Institute of Steel Construction, that a safety factor of 
1.8 to 2.25 is generally employed in the United States in 
calculations based on the buckling formulas given by 
Timoshenko. In Sweden, this factor has now been reduced 
to 1.3 to 1.6 and Dr. Bergman and I propose a further 
reduction. This is of great economic significance especially 
for slender girders, where the buckling risk is the decisive 
factor in the design, that is, the decisive factor for deter
mining the plate thickness. 
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tion of world potential mineral reserves and of future 
demands for minerals in the face of expanding technology. 
Conservation included not only economical extraction 
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with a minimum of waste, but also wise use of minerals. 
There were five phases in conservation: appraisal of re
sources; methods of extraction; processing; corrosion 
control; and proper use. 

Proper use was in itself a human and social problem. 
Conservation included not only mining and milling, but 
also concentration, smelting, refining, fabrication, re
covery of by-products, and design of products. 

Mr. WILLIAMS, in presenting his paper on "Conservation 
in Production of Iron and Steel", explained that, as a 
result of the war, conservation of raw materials had as
sumed important aspects. Reserves of rich iron ore in the 
Lake Superior district of the United States had been 
seriously depleted. For a long-range programme of pro
duction, means of procuring ore must be found for the 
maintenance of the industry at its existing leveL Rich 
deposits in the Lake Superior district were surrounded by 
large deposits of low-grade ores and taconites containing 
thirty per cent iron. Research and extensive develop
ment work in progress proved that the latter could be 
relied upon to supplement future needs. Taconites re
quired fine grinding (350 mesh) followed by flotation, con
centration and nodulizing. The magnetic taconites \vill be 
the first to be treated commercially and then the hematitic 
ores will come next. Foreign ores doubtless will be pro
cured in the United States at prices which will permit 
heavy importation. Deposits in Labrador could be treat
ed, but it would be necessary to build extensive transpor
tation facilities. Beneficiation plants should also be con
structed in the vicinity of ore deposits, but they would 
require enormous capital outlays. 

Steel scrap was another source of material. It is used in 
large quantities in the United States in the production of 
steel ingots. When steel production reaches a high level, 
steel scrap is in great demand and a shortage follows. 
The United States is just recovering from the shortage 
caused by the war. As was customary in periods of 
shortage, numerous proposals for alleviation of the short 
supply had been advanced. One such proposal was for the 
production of sponge iron which could be used as a sub
stitute for scrap. In the United States, there was no 
sponge iron process which could withstand the cost of cur
rent methods of production. There was an inevitable 
return to the use of pig iron as a substitute for scrap. One 
of the best methods for better production in an emergency 
was the "pig and ore" process, in which liquid pig iron 
was used in large percentage; any available scrap from 
plants was used and ore was added. That process saved 
time and increased production from open-hearth furnaces. 
The duplex process had been a boon in wartime. Duplex 
steel could be used as the equivalent of open-hearth steel. 

Production of synthetic scrap had been developed; 
Bessemer blown metal, cast into pigs, was used in the cold 
or solid state in open-hearth or electric furnace charges. 

One development which was not yet ready for commer
cial use, but which was in the experimental stage, was a 
new process for Bessemer steel making in which ore of 
either high or relatively low phosphorus content was used 
for the production of Bessemer steel in a side-blown fur
nace. It did not need the high phosphorous containing pig 
iron necessary for the normal Bessemer process. The 
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resulting steel was made quickly; it had the same com
position and properties as open-hearth steel. That was a 
promising development. 

There had been continuous efforts to produce more pig
iron in blast furnaces. Some progress had been made in 
speeding up the blast furnace process as a result of the 
efforts of the War Production Board during the Second 
World War. The operation of blast furnaces under in
creased top gas pressures and overall pressures bode well 
for increased production. After a year and a half of ex
perimentation, it had been possible to increase output by 
about 20 per cent. The installation of the system of 
valves necessary to increase top pressures was cheaper 
than building new furnaces. 

Among other suggestions for increasing the production 
of pig iron in blast furnaces was the use of oxygen-en
riched air blast. That process would be given careful study 
and trial. The use of the high-top-pressure system plus 
oxygen-enriched air blast had great possibilities. The use 
of oxygen in steel production had proved to be effective 
and economical. Used to burn carbon out of steel, oxygen 
decreased the production time by 20 per cent. It was not 
costly and was being tried by several companies. 

Other methods of conservation in the steel industry 
depended largely on economy in the use of metals. In the 
United States, manganese must be imported and must 
therefore be conserved. During the war a discovery which 
led to great saving of manganese had resulted in the use of 
a group of steel compositions called National Emergency 
1000 Series. It had been found by metallurgical research 
that a new group of alloy steels could be produced with 
low alloy content by using heat treatment as a substitute. 
If two or more metals were used as alloys, not only was the 
effect of those metals obtained, but also a dividend. Sub
stitution of another alloy for part of the manganese 
resulted in a decrease of 0.10 per cent in manganese con
tent or a saving of 75,000 tons annually. 

Such developments were very promising for a con
stantly expanding steel industry in the face of short 
supplies of raw materials. 

The CHAIRMAN called attention to a statement in Mr. 
Williams' paper to the effect that steel producers were 
adopting or planning to adopt the high-top-pressure blast 
furnace practice as soon as sufficient background for the 
technique was established. 

Mr. FEISS referred to the statement that the improved 
gas-solid contact in the stock column and greater weight 
of reducing gases in the high-top-pressure process were 
reported to increase the iron output of the furnace by 
about 15 to 20 per cent, with coke consumption lowered by 
10 to 15 per cent, and flue dust decreased by about 30 
per cent, and remarked that this technical practice was 
conservation in the true sense. 

In the absence of the author, Mr. SUTTON presented 
Mr. Brandt's paper "A Note on the Use of Gaseous 
Oxygen". He pointed out that the causes of the upsurge 
of interest in the subject were first, the existing world 
shortage of steel, and secondly, the prospect that "medium 
purity" oxygen generated in situ would soon be no longer 
an expensive commodity. Existing plants and their ca-
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pacity could be improved by small modifications to make 
possible the use of oxygen in production, and new plants 
could be built in which oxygen would be used from the 
start, and in which the central oxygen generator would be 
an integral part of the plant. 

The use of oxygen entailed the consumption of fuel. 
For an electrically driven oxygen generator the produc
tion of a ton of gas represented the consumption of about 
500 lb. of coal. 

Oxygen had been successfully applied to the operation 
of open-hearth steel making, as Mr. Williams had pointed 
out in his paper. The value of oxygen-enriched flame in 
the open-hearth furnace was used to best advantage 
during the charging and melting periods. A 100 per cent 
cold-charged furnace benefited most. A furnace operating 
with a high percentage of "hot metal" in the charge and 
where the refining period was long would benefit far more 
from use of oxygen as an oxidizing agent injected directly 
into the bath of metal. Advantages accruing from such 
use of oxygen were increased speed of refining, better slag 
formation and fuel economy. 

Oxygen used in the bath of the electric furnace had 
proved to be of considerable value in the manufacture of 
stainless steel. Use of oxygen-enriched air blast in side
blown and bottom-blown converters had proved success
ful and was likely to be widely adopted in the future. 
Used with an air-blast enriched to 30 per cent oxygen 
content, the converter made possible considerable savings, 
without undue wear on the refractories. Thirty to thirty
five per cent oxygen had proved to be about the maximum 
oxygen content of the blast for safe working. Oxygen 
used in iron making speeded up production and reduced 
consumption of coke. There was some evidence from 
trials in Germany during the war that oxygen enrichment 
of the blast in a specially designed small blast furnace 
might make it possible to use poor-grade ores economical
ly. If the blast of the blast furnace making ferro-manga
nese were enriched to 30 per cent 0 2 , it might make pos
sible a 28 per cent reduction of coke. It was hoped that 
this development would be investigated soon. 

The CHAIRMAN drew attention to Mr. Brandt's state
ment that the use of gaseous oxygen might lead to savings 
in coke consumption. That possibility was of great im
portance in the United States in view of the depletion of 
the Pennsylvania coal seams. 

"------------ "--------------

contemporary sense of the word, but merely an inter
mediate metallic product yielding steel on being con
verter-blown with high-percentage oxygen; the heat pro
duced in that process would be sufficient, if all the inter
mediate metal were treated in that way, to melt down all 
the scrap iron currently employed in the open-hearth fur
nace at the cost of a heavy consumption of fuel. 

Mr. Durrer had maintained that neither smelting nor 
refining with high-percentage oxygen constituted, metal
lurgically speaking, any further problem, even though 
their practical application was only in its infancy. The 
economic aspect of that method of working must be 
examined from case to case; where vast sums of capital 
were currently invested in the existing plants, a gradual 
change-over was the obvious solution. The decisive factor 
in forming a judgment on the economy of the system was 
the price of high-percentage oxygen. In the case of very 
large plants that price should be approximately five
tenths of a cent per cubic metre; the resultant extra cost 
would be, in many cases, more than offset by the econo
mies effected thereby. 

The CHAIRMAN drew attention to Mr. Durrer's state
ment that, although it was to be anticipated that further 
deposits would come to light in the course of time, there 
were no grounds for the assumption that they would be 
such as materially to postpone the day when the world's 
available supply of iron ore would be exhausted. That 
statement appeared unduly pessimistic; it also conflicted 
with statements made in the plenary meetings. Very con
siderable reserves of low-grade ore existed in Africa and 
South America which had not yet been even explored. In 
Rhodesia and Tanganyika there were deposits of quartzite 
with an iron content of 28 to 30 percent. The beneficiation 
of the taconites from those deposits might be the source of 
iron ores in the future, although the difficulties of trans
port and the distance from supplies of coking coal might 
prove obstacles to efficient operation. 

With regard to the types of blast furnace mentioned in 
Mr. Durrer's paper, there had been recent changes in 
design which might be expected to produce good results. 

Mr. CAVANAGH asked Mr. Williams' opinion on what he 
regarded as a basic question in iron production-the use 
of taconites formed into iron ore concentrate and agglo
merated into pellets. If they were laid down for smelting, 
he wondered what their performance was in the operation 
of the blast furnace as compared with that of lump ore. 

In the absence of the author, Mr. JoLLES presented His own impression was that the comparison was not in 
Mr. Durrer's experience paper on "Ideas in the Future favour of the pellets. Furthermore, he did not wholly 
Production of Iron and Steel". Mr. Durrer had stated agree with Mr. Williams' comments on sponge iron. 
that the processes currently employed in the production Sponge iron admittedly was subject to special uses. It 
of iron presented fundamental defects which would be- was not normally used in the United States, but it was 
come more and more evident as the raw material situation used in interesting ways in Canada. Certain regions could 
progressively deteriorated. A satisfactory solution to the not afford to build blast furnaces because there was no 
problem was afforded by the use of high-percentage readily available market for the product; in such cases, the 
oxygen, instead of atmospheric air, both for smelting and smelting of sponge iron had great advantages. Sponge 
for converting. Smelting would be effected in a low-shaft iron would not normally be used as a substitute for scrap, 
furnace, a type which made less exacting demands, both but it was not always inferior in all respects to pig iron in 
chemically and physically, on the raw materials than did quality and in rate of production. 
the ordinary blast furnace. The metal extracted by that Mr. Cavanagh felt that special attention should be paid 
method of smelting, in so far as it was used for steel to Mr. Durrer's forecasts because that author had a re
manufacture, no longer needed to be a pig-iron in the putation-implemented in practice-for operating a high-
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ly successful and profitable plant on the basis of such pre
dictions. 

With regard to the use of oxygenization and other alter
natives to the blast furnace method, the blast furnace 
produced fuel gas which was necessary in subsequent 
stages of the smelting operation. Most smelters were 
situated amid deposits of solid fuel, and it would not be 
logical to convert hard coal to gas. In some places, how
ever, that was not so; Mr. Durrer's suggestion that poor 
fuel should be converted into enriched gas was logical in 
such situations. In places where no solid fuel was present 
but supplies of hydro-electric power existed, that power 
should be used to create the requisite gas. The use of 
electricity and sponge iron did not, therefore, compete 
with the use of pig iron but should be employed in special 
cases. Sponge iron would be useful for the purposes of a 
small steel industry in places where an abundance of 
natural gas existed. 

With regard to the prospects of the exhaustion of iron 
ore deposits, the question depended upon the definition of 
ore. In his view, it could not be classified as ore unless it 
could be smelted profitably. 

Miss WoRTHING, speaking as an economist, observed 
that the Conference was opposing waste but the question 
of the method of doing so was not being fully faced. 
Mr. Williams had written that an essential conservation 
measure was that ore beneficiation problems should be 
solved as soon as possible so that the remaining direct
shipping reserves of merchantable ore could be used for 
blending. Mr. Durrer had concluded his paper with an 
appeal for the transformation of human beings based on 
the recognition of the fact that great things could be ac
complished only if the soul were allowed to guide the 
brain. How could these worthy objectives be achieved if 
vast sums of money were involved and the international 
situation was affected? It had been hard to achieve inter
national co-operation in war; it was even more difficult in 
peace time when the cohesive influence of a single objec
tive was not present. How did the Conference expect to 
persuade the owners of valuable ores to restrict their use 
in favour of the less rewarding taconites? She wondered 
how it would be possible to persuade countries to co
operate on conservation when it might involve them in 
immediate financial loss. 

Mr. WILLIAMS replied that business must always show 
an adequate return; that was as true of the steel industry 
as of any other. That industry would use low-grade ores 
in preference to high-grade when it paid it to do so. He 
believed that careful consideration of that process had 
already been initiated. The steel industry in the United 
States had become aware of the need to develop new 
processes as a result of the depletion of reserves during the 
war. For many years previously it had been spending 
large sums on research on new methods of beneficiation. 
The results of that research would be put into practical 
operation as soon as the situation demanded. That would 
be done before an actual emergency arose taking into 
account that the transition from the laboratory to the 
plant required a considerable time. The same process 
would occur in the development of foreign sources for ores. 
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Such action would not be taken prematurely; but it would 
be taken. The steel industry was fully aware of the need 
for continuous development and was proceeding towards 
it as rapidly as circumstances warranted. 

Mr. ScH!IIIDT asked Mr. Sutton why Mr. Brandt had 
stated that 30 to 35 per cent oxygen had proved to be 
about the maximum oxygen content of the blast for safe 
working. 

Mr. SUTTON said that that figure had been worked out 
in the United Kingdom on the basis of the adequate 
efficiency and durability of converter refractories under 
prevailing conditions. It might possibly be higher, how
ever, if other equipment and materials were available. 

Mr. ScHMIDT concluded that, therefore, the figure was 
not a theoretical limit estimate but had been based upon 
actual working conditions, using standard refractories and 
furnace construction. 

Mr. WILLIAMS agreed that it would not be possible to 
raise that percentage appreciably in open hearth and blast 
furnaces because atmospheric air was required for buoyancy 
and contact. 

Mr. CAVAKAGH said that oxygen was used in general to 
cause chemical reactions. The prevailing types of furnace 
had been designed for the use mainly of atmospheric air; 
new types would have to be installed if a higher oxygen 
percentage was employed. 

Mr. ERRERA agreed with Mr. Cavanagh. Existing equip
ment would not permit the use of more than 30 per cent 
oxygen. In Belgium experiments had been conducted by 
the Thomas Process which had shown a reduction of 
50 per cent in the time of operation and a decrease in the 
nitrogen and phosphorus content of the pig iron resulting 
from the use of oxygen; the quality had been equal to 
that of the open hearth product. In those experiments, 
the oxygen content had been raised to 40 per cent at 
certain stages in the Thomas converter, but it had not 
been maintained at that level. The Maximilianhiitte, 
which had operated for ten years with only three days' 
stoppage, had found that 30 per cent oxygen was the most 
effective content. 

Mr. HIGAZY regretted that no mention had been made 
of the mineral reserves of Egypt, in view of Mr. Williams' 
opinion that the iron ores in the United States were being 
seriously depleted. Hematitic ores had been found at 
Aswan in 1926 and similar ores in other parts of the coun
try. The largest phosphate deposits in the world existed 
in the Red Sea coast area; 312,000 tons had been exported 
in 194 7. There were exportable quanti ties of manganese 
ores in the Sinai peninsula. Oil existed on the west coast 
of the Red Sea and in the Sinai peninsula, an extension of 
the structure in Saudi Arabia. Intensive geological ex
ploration would be required. Egypt possessed an abundance 
of other mineral resources. If Egypt were accorded the 
co-operation and assistance of nations which had develop
ed advanced techniques, its resources could be doubled; 
that would swell the total of the world's mineral resources. 
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Mr. ScHMIDT agreed with the Chairman that recoveries 
made in the previous few years had been extremely im
portant. More attention should be paid to losses occurring 
with the waste gases. He reminded the Conference that 
when the Anaconda Company had demolished its old 
smelter in 1906, sufficient gold and copper had been re
covered from wastes to pay for the erection of the new 
smelters. 

Mr. Schmidt read a summary of his paper on the 
"Treatment of Waste Gases". He said that no gas could 
strictly be considered a waste gas if it contained recover
able values or caused damage or created a nuisance. Many 
industrial gases had potential values and many were 
economic liabilities. The subject was so broad that the 
paper had had to be restricted to the smaller segments 
pertaining to recoveries made from metallurgical furnace 
gases and ventilating gases arising in ore-handling oper
ations. 

Metallurgical factory gases, with practically no excep
tions, carried some metal values, and unless those were 
collected, they were lost forever, as they settled out of the 
atmosphere over too great an area to permit subsequent 
economic recovery. Those values were either in the form 
of dust which had been mechanically formed in the fur
nace and ore-handling operations or 'in the form of fume 
from vapours of volatilized metals or metallic compounds. 
Coarse dust settled rapidly under the influence of gravity, 
and many so-called settling chambers had been incorpo
rated in the early smelters and refineries. That simple 
device, however, was completely ineffective on fume, and 
only partially effective on fine dust; consequently, their 
use was being rapidly abandoned. 

To meet the needs of industry, a large number of dif
ferent types of equipment had been developed. Those in
cluded gravitational, inertial, filtration, scrubbing, elec
trical precipitation and ultrasonics methods. 

No particular method was superior to all other methods. 
Each must be considered on its merits, and recoverable 
values must be weighed against installation and operating 
costs. In general, the gravitational methods had ad
vantages where only coarse dust was carried by the gases 
or where the recoverable values were essentially all in the 
coarse fraction of the dust, or for such isolated cases in 
small scale operations where the installation of better 
equipment was economically unjustified. 

Mr. Schmidt contended that, if the subject were viewed 
in the broadest sense, it must be admitted that the pre
vention of metal losses through the installation of proper 
fume and dust collection equipment is a fundamental 
necessity in the modern metallurgical industry. There 
seemed to be no way to prevent dust and fume emission 
from furnaces nor dust suspensions from crushing and 
ore-handling operations. It was necessary, therefore, to 
collect the suspended material from the gases. The proper 
equipment to be installed depended upon the conditions 
to be met. Each installation must be considered as a 
special engineering problem and the details must be 
evaluated on their engineering merit. 

Mr. Schmidt said that he was not at liberty to disclose 
recoveries at specific plants; his paper, therefore, did not 
include metallurgical statistics. He had pointed out, how
ever, that one smelter recovered more than 1 million 

----- ----------- ........... --·----

dollars a year in gold, silver and copper out of the gases 
from twelve multiple-hearth roasters. One mint recovered 
$100,000 a year in gold and silver from the gases venti
lating its refining furnaces. One lead smelter recovered 
more than $300,000 a year in lead and silver from the 
gases from ten sintering machines. One cement factory 
recovered more than 100,000 tons a year of cementmaking 
material out of the gases from four rotary kilns. At other 
plants large quantities of zinc, nickel, selenium, tellurium, 
cadmium, arsenic, antimony, bismuth and other metals 
were recovered from the furnace gases. Recoveries from 
furnace gases aggregated a saving of many tens of millions 
of dollars per year. Similarly, the dust losses from crush
ing and ore-handling operations would frequently cause 
very serious metallurgical waste unless that dust was 
separated from the ore and returned to the ore stream. 
Furthermore, dust was usually a health hazard and a 
menace to good operations. In general it could be said 
that all dusts and fumes constituted an economic loss, 
either through direct metal or mineral losses or as a health 
hazard or as an impediment to good operations and proper 
maintenance of machinery and equipment. 

Mr. Schmidt pointed out that he had attached a com
prehensive bibliography to his paper and recommended 
that those seriously interested in the subject should refer 
to the original publications. 

The CHAIRMAN commented that Mr. Schmidt's paper 
was particularly appropriate to the aims and purposes of 
the Conference. 

Mr. JoHNSTON, in presenting his paper on "Electro
lytic Tinplate-Its Production and Benefits", said that 
electrolytic tinplate was a relatively new material in 
commerce, being only about fourteen years old. For many 
years the steel for tinplate had been made by hot reduc
tion of packs of steel sheets by a laborious hand process 
which had militated against its wide use. With the 
development of hot reduction, however, and later of cold 
reduction, a revolution had occurred. Rimming gradesteel 
of high ductility had also been made available which had 
spurred the development of annealing in coil form and 
continuous rolling of annealed coils. 

A new demand for tinplate for containers to hold coffee, 
tobacco and medicines had provided the market for which 
electrolytic tinplate had first been developed. The 
development had been slow because of the difficulty of 
techniques but was hastened by the war. The use of elec
trolytic tinplate represented a saving of tin. In 1943 elec
trolytic tinplate in the United States of America was less 
than three per cent of the total tinplate produced, whereas 
in 1945 it was almost thirty per cent of the total and in 
19,19 it was at a rate of about sixty per cent. The postwar 
production of tinplate was about fifty per cent greater 
than the immediate pre-war production but less actual tin 
was used. 

In reply to a question from Mr. MoNTURE, whether it 
was necessary to use a higher tin content in the solder for 
electrolytic tinplating, Mr. Johnston said that experi
ments had been conducted on that subject during the 
war. The old solder contained sixty per cent lead and 
forty per cent tin; the new solder was ninety-eight per 
cent lead and two per cent tin. 
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Mr. LEH:>IANX, in the absence of Mr. Faye, presented the 
latter's paper on "The Conservation of Lead". 

The world production of lead, which had begun to slow 
down substantially in 1942, was recovering rapidly and 
should shortly regain its 1939level of about 1,700,000 tons 
per year. That production, however, was inadequate to 
satisfy the greater demand of a world engaged in full in
dustrial development and, unless new deposits were dis
covered, it would be necessary to consider all technical 
means of economizing lead in its various uses. 

He noted, in the first place, that the following general 
technical rules favouring economy, which were already 
often applied, ought always to be applied: 

(1) The adoption of development techniques which 
avoided wastage and limited the use of lead to the mini
mum sufficient for optimum yield, the application of 
dimensional standards and the utilization of more 
resistant alloys. 

(2) The organized reclaiming of scrap and residues, 
which had a particular importance in the case of lead, a 
metal that was practically indestructible. 

Furthermore lead could sometimes be replaced by less 
scarce substances, without detriment to the quality of the 
products. In that respect, the thermoplastic resins were 
specially important. Their qualities-resistance to cor
rosion, malleability, weldability-made them one of the 
best substitutes for lead in many applications. 

It would be desirable if, by the systematic use of sub
stitutes wherever possible, enough lead were released to 
satisfy, without restriction, the very many and important 
uses for which lead possessed an undeniable advantage. 

:Mr. Lehmann stressed in particular the statement in 
Mr. Faye's paper that "during the last thirty years the 
world production of lead has not expanded at a rate com
parable to that of other metals, chiefly perhaps, because 
lead is not a war metal... The lead industry has conse
quently received no particular stimulus from the govern
ments ... " 

He also drew attention to the section on tetraethyl-lead 
and the tables annexed to Mr. Faye's paper. 

Mr. BLONDEL said the statement that lead was not a 
war material was somewhat misleading. What Mr. Faye 
had probably meant was that the experience of the recent 
war had shown that civilian consumption of lead could be 
considerably reduced thus enabling its conservation for 
war uses, and that most belligerent States had had at their 
disposal enough lead to meet their own needs. The real 
reason for the lack of development in world production, 
however, was the failure to discover new deposits and the 
fact that existing ones were being exploited to the maxi
mum in view of the price of lead. 

Prospecting in eastern French Morocco during the past 
ten years had revealed some lead deposits, some of which 
were already being exploited. Those occurring along the 
Algerian frontier were disseminated deposits presenting a 
large surface and capable of providing very big tonnages. 
The important deposits at Zellidja, under joint exploita
tion by French and United States interests, were pro
ducing about 60,000 tons per annum and it was hoped 
that within two or three years the whole of Morocco would 

be producing over 100,000 tons annually which would be 
sufficient to meet French needs and leave a small surplus 
for export. 

Lead was one of the substances in which a shortage 
would reveal itself first, in the prevailing state of econo
mics and technology. 

::\fr. BRADLEY read a letter from Mr. Wormser, of the 
St. Joseph Lead Company, commenting upon Mr. Faye's 
paper. 

Mr. Wormser said that Mr. Faye's paper had indicated 
some of the places where, during the recent world ·wide 
shortage, lead had been saved in application. He had 
observed that that conservation had been dictated by two 
motives: the impossibility of procuring the metal in the 
quantities desired by various industries at the time, and 
the availability of substitutes at lower cost. For example, 
the lead-covered cable industry, when unable to procure 
all the lead it needed in the United States, had developed 
polyethylene aluminium sheath which was manufactured 
on a comparatively large scale. Had the lead been avail
able that sheath would probably not have been manu
facured, since lead, when used on a cable sheathing, was 
entirely recoverable. The cost of the use of lead sheathing 
was substantially the difference between the first cost and 
its salvage value. 

A similar principle prevailed in the use of lead for tank 
linings wherever sulphuric acid was used. There also, the 
high salvage value of lead gave it an advantage over sub
stitute material, regardless of its original high cost. It was 
striking how important the reclamation of lead appeared 
in the uses of the metal. The previous year in the United 
States more lead had been recovered in the form of scrap, 
largely from accumulators, than was actually mined 
domestically. No other metal had such a high p;oportion 
of scrap to mine production as lead. 

Lead was being used less by paint manufacturers 
because of its expense, but as its presence had a distinct 
bearing on the durability of an exterior paint he hoped to 
see its use continued in exterior paints. 

Lead was sometimes substituted for other metals. For 
example, considerable lead was used in the manufacture of 
collapsible tubes for shaving cream, toothpaste and other 
items where formerly the much more expensive metal tin 
had been used. 

He could not subscribe to the suggestion that irreclaim
able uses of lead, as in gasoline, insecticides and paint 
should be curbed. There was no better means of con
serving lead than to let the market determine who ob
tained it. Any decisions on conservation would be apt to 
run into all kinds of discrimination and hardship. }fore
over, it was quite conceivable that through the application 
of lead in completely expendable uses other materials and 
labour might be saved. The application of red lead paint 
on a bridge certainly conserved iron and steel. Lead in
secticides on fruit conserved the products of an orchard 
and lead in gasoline conserved fuel and costly metals and 
equipment needed in the fabrication of improved refining 
equipment. 

The (HAIRMA::-< in the absence of the author, considered 
Mr. Sequens' paper on "Conservation of Non-Ferrous 
:\1etals" as read. 
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Mr. MALMSTROM, in the absence of the author, presented 
Mr. Wastlund's paper on "Design as a Factor in Con
servation", which dealt with Swedish attempts to econo
mize building materials and to save raw materials used in 
structural engineering. 

The cement industry had introduced a substitute 
cement, called E-cement, which contained about 65 per 
cent ordinary Portland cement and 35 per cent inert 
materials, such as sand filler. Details about strength and 
utilization were given. Through the introduction of E
cement, in addition to some new methods of fuel-saving in 
production, it had been possible to reduce the consump
tion of coal to about 35 per cent of the amount used before 
the war for the production of a given quantity of cement. 

Deformed bars of high grade steel with high allowable 
stresses had been introduced. The amount of material 
saved by their utilization was discussed. 

In Sweden deep steel !-girders were welded, if not rolled, 
and thev were not riveted. From extensive theoretical 
and experimental studies of buckling of webs, it had been 
possible to reduce considerably the safety factors in the 
design of webs, thus saving material. 

The CHAIRMAN opened the general discussion. 

In answer to a question by Mr. Monture, Mr. WILLIAMS 
said that some research had been carried out on the use of 
magnesium in cast iron. The use of magnesium produced 
what was called nodular cast iron which was stronger than 
the ordinary variety and had considerable promise. There 
was considerable interest in its use as a deoxidizer in steel 
manufacture. The same may be said for the use of sodium 
and lithium was also possible. 

Referring to Mr. Cavanagh's question regarding how 
the use of iron ore pellets, produced as the result of agglo
merating iron ore concentrate, compared with the use of 
lump ore in blast furnace operations, he said that the 
former was very good because of its uniform size and that 
much progress in blast furnace operations had been due to 
the sizing of ore. It was not, however, likely that pellets 
would be used exclusively except in very unusual cases. 

He recognized that good steel could be made from 
sponge iron although ordinarily it was not economically 
desirable in a steel producing country such as the United 

States. In countries where coking coal was not available 
the general economic effect of using sponge iron should be 
considered. Brazil, for instance, had decided it was more 
economical to import high grade coal from the United 
States than to use domestic low grade coal for steel pro
duction. 

He did not express a definite opinion on the merits of 
steel made from sponge iron, but thought that, if it was of 
really superior quality, it would be used in a limited way 
even where large scale production of steel was economical
ly possible. 

:Mr. CAVANAGH said that sponge iron was used when it 
was more economicaL It was easier to make good steel 
with sponge iron because its content was not variable. 

Nodular cast iron had raised much interest because of 
its economical possibilities but it must be approached with 
great caution since the addition of magnesium to molten 
iron might have dangerous results. 

The British had developed a special addition agent con-
taining selenium. · 

Mr. MONTURE raised the question of the use of titanium 
white and antimony oxide as pigments in paint. 

Mr. BRADLEY said the use of titanium white in outside 
paints was probably a debatable question. The use of 
antimony oxide had increased during the war because of 
its fire-proofing qualities but, apart from that, its high 
price limited its use. In the past the United States had 
obtained its antimony supplies from the East but in the 
future it would probably depend on domestic antimony. 
He indicated that his company had built, in Idaho, the 
first smelter for domestic antimony ores. 

Mr. FICK said that known high grade ore deposits were 
being rapidly depleted but marginal reserves were be
coming economically exploitable through technical pro
gress. It was important to make full use of methods of 
conservation. Valuable research work along these lines 
was being carried out by universities, research institutes 
and industrial and governmental laboratories, whose 
results might establish new industries and affect the stan
dard of living throughout the whole world. 

210 



Conservation by Corrosion Control ' ., 

1 September 1949 

Chairman: 

Riad A. HrGAZY, Lecturer, Geology Department, Farouk I University, Alexandria, 
Egypt 

Contributed Papers: 

Report on the Conservation of Metals by Corrosion Control 
Georges CHAUDRON, Professor of Applied Chemistry at the Sorbonne, Paris, 

France 

Costs of Corrosion to the United States 
Herbert H. UHLIG, Associate Professor, Corrosion Laboratory, Department of 

Metallurgy, )fassachusetts Institute of Technology, Cambridge, Mass., 
U.S.A. 

The Costs of Corrosion and its Control 
W. H. ]. VERNON, Head of Corrosion Group, Chemical Research Laboratory, 

(Department of Scientific and Industrial Research), Teddington, England 

The Role of Protective Coats in the Conservation of Metals 
U. R. EVANS, Reader in the Science of Metallic Corrosion, University of Cam

bridge, England 

Prevention of Corrosion by Means Other Than Protective Coatings 
F. L. LAQUE, In Charge, Corrosion Engineering Section, Development and 

Research Division, The International Nickel Company, Inc., New York, 
N.Y., U.S.A. 

Costs and Benefits of Conservation of Cast Iron and Steel Pipelines by Control of 
Corrosion 
]. E. CARRIERE, Managing Director, Institute for the Testing of Water Supply 

Materials, The Hague, The Netherlands and 
C. A. LOBRY DE BRUYK, Managing Director, Central Institute for Research 
on Materials, Delft, The Netherlands 

Fundamental Research on Corrosion-Work of the Committee for Electro-chemiCal 
Thermodynamics and Kinetics 
Marcel PoURBAIX, Agregi de l' Universiti de Bruxelles, Belgium. In collabo

ration with 
P. VAN RYSSELBERGHE, University of Oregon, Eugene, Oregon, U.S.A. 

Summary of Discussion 

Diswssants: 

Messrs. UHLIG, SUTTON, BECI<, YouNG,]. D. EDWARDS, LAQUE, BURNS, MoN
TURE, FEISS, NIELSEK, POURBAIX, SCHIMMEL 

Programme Officer: 

Mr. Herbert ScHIMMEL 



Jlli:A u: m ~ . 
\ 

UNSCCUR PROCEEDINGS: MINERAL R]) 

l 
Report on the Conservatior~f Metals by Corrosion Controll 

GEORGES CHAUDRON 

The purpose of these few lines is to indicate the main 
points which should be dealt with in this report. 

It is well known that all the common metals-iron, 
aluminium, lead, zinc, copper etc.-corrode more or less 
quickly in the environments corresponding to their con
ditions of use, that is to say, that they all tend, at or
dinary temperature and under the influence of oxygen, 
water vapour, carbon dioxide etc., to turn into oxides, 
hydrates, carbonates, and so forth. These products of 
corrosion are more or less complex. 

DEFINITION OF THE PROBLEM 

The speed with which many common metals corrode in 
natural environments is well known, but it must not be 
forgotten that this process is governed by a large number 
of factors. The atmospheric corrosion of iron, for example, 
varies greatly from one area to another, from one town to 
another, as it depends essentially on the moisture content 
of the air, the impurities in the air, the position of the 
metal surface in relation to the dominant moisture
bearing winds, and so forth. 

From the practical point of view it is important to note 
that it is impossible to strike a balance in the accountancy 
meaning of the term between the value of the metal lost in 
the process of corrosion and the real loss caused by this 
phenomenon to the piece of metal, apparatus or construc
tion. For example, a massive piece of metal may suffer a 
considerable degree of corrosion without losing its quali
ties, and therefore its intrinsic value, to any appreciable 
extent. 

On the other hand, some pieces of metal which are thin 
or have surface conditions appropriate to a given use will 
lose all commercial value as the result of an almost im
perceptible attack. These factors show how difficult it is 
to supply engineers, businessmen and the various users of 
metals with information on which to base a calculation 
of the advantages which may be offered by a given pro
tection of the metal. 

Moreover, in addition to the ordinary protection of 
metal, there are often other factors which justify large 
expenditures on special coatings. In the chemical industry, 
for example, there is no hesitation in using the precious 
metals, silver, gold, platinum, and stainless steels, to plate 
iron and protect it completely against the action of power
ful reagents which would destroy the unplated iron almost 
instantaneously. 

Lastly, where the appearance of an article is important, 
a piece of metal which is slightly corroded is no longer 
sufficiently pleasing to the eye. Motor car coach-work, 
for example, requires the use of very high quality pro
tective coatings. 

SPECIAL NOX-CORROSIVE METALS AND ALLOYS 

The common metals can in many cases be improved by 
very great purification; 99.99 aluminium, for example, 

1 Original text: French. 

has exceptional resistance in comparison with 99.5 alumi
nium, and alloys made from very pure aluminium have 
similar properties. 

A considerable improvement, however, can also be ob
tained by the homeopathic addition of certain compo
nents, as for example traces of copper in iron. A large 
number of special alloys have been invented which resist 
certain types of corrosion. These alloys have properties 
which are indispensible for special manufacturing proces
ses and it may be considered that the prime cost factor 
should no longer operate, since these are particular pro
blems which cannot be solved without the use of these 
special alloys, as for example the use of 18/8 nickel-chrome 
steels in the manufacture of nitric acid or the new highly 
complex alloys with a nickel, chrome or cobalt base which 
are used in the manufacture of turbine blades. 

THE CORROSION. PROCESS AND THE EFFECT OF THE TYPE OF 

CORROSION ON THE MECHANICAL CHARACTERISTICS OF THE 

C\1ETAL 

Emphasis should be laid on the important fact that 
corrosion in metals may be accelerated by mechanical 
erosion, electro-chemical phenomena and biological reac
tions. 

If, therefore, precise information is provided concerning 
the corrosion of a metal or alloy by a given environment, 
it will often be very difficult to apply these data to a slight
ly different environment or to slightly different conditions 
of use. 

Moreover, the effects of corrosion on the mechanical 
properties of a metal may vary greatly according as the 
corrosion is uniform, pitted or inter-granular. Hence, any 
practical information about a type of corrosion should 
provide very exact data about the nature of the corrosion, 
by comparing the loss in weight of the test samples and the 
change in the various mechanical properties essential for 
the use of the metal in question. 

THE VARIOUS CORROSIVE ENVIRONMENTS 

There are innumerable corrosive environments and it 
will make for greater clarity to divide them into four main 
groups: 

(1) Atmospheric corrosion 
This may be sub-divided into: 
(a) Marine corrosion, 
(b) Rural ground corrosion, 
(c) Industrial ground corrosion, 
(d) Tropical corrosion, 
(e) Mountain corrosion. 

(2) Water corrosion 
This may include: 
(a) Marine corrosion, 
(b) Corrosion by river water, 
(c) Corrosion by industrial water. 
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(~1) Underground corrosion 
Corrosion in different types of soil 

( ~) Corrosion of metal in contact with different types of 
binding materials 
(a) Metals in contact with cement, 
(b) Metals in contact with various organic sub

stances. 

PRH1E COST OF COATIXGS 

The prime cost should be considered in the light of a 
number of important considerations: 

A. A coating can give good results only if applied to a 
suitable surface-the surface must be adequately prepared. 
In the case of iron, for example, a comprehensive study 

UHLIG 

should be made of de-rusting or de-carbonization, for 
which a large number of processes have been suggested. 
In addition to the prime cost of preparing the surface, 
the disadvantages of each of these processes should be 
considered both as regards health factors and the dete
rioration of the metal (for example, the fragility when 
scraped). 

B. The prime cost of a coating must clearly be establish
ed in terms of its useful life which it is very difficult to 
define. Similarly, a coating maintained over too long a 
period may cause real damage which makes repair im
possible. 

How to draw up the most suitable rules to meet the 
greatest number of possible cases is a question to which no 
reply can be given until the users of the metal have ex
pressed an opinion in relation to a defmite use. 

Costs of Corrosion to the United States 

HERBERT H. UHLIG 

ABSTRACT 

Indirect losses through corrosion cannot be estimated, but are known to be of a high order of magnitude. They 
include losses through over-design, as well as loss of product, shut-down, reduced efficiency, explosion, and contam
ination. 

Direct costs, including corrosion control, amount to more than $5,500 million annually. Of this total, approximately 
$1,000 million and thousand of tons of steel, it is predicted, might be saved annually through a well-directed five year 
program of research, development, and education. · 

Reasonable planning and effort with regard to corrosion control can provide immediate substantial gains in the 
conservation of metals and other resources. These gains most likely will come through increased attention to ( 1) 
cathodic protection of submerged and buried structures, (2) reduced corrosive wear of internal combustion engines, 
(3) increased use of inhibitors and water conditioning, (4) improved protective coatings, and (5) expanded application 
of corrosion-resistant metals. 

Economic and material loss through corrosion of metals 
is divided into (I) direct loss resulting from replacement of 
corroded equipment, and (2) an incalculable, often higher, 
indirect damage or loss through shut-doV\'11, over-design, 
loss of product and efficiency, explosion, and contami
nation. 

Direct loss by corrosion, although amenable to analysis, 
still is difficult to estimate. A survey of this kind is almost 
always incomplete, and is subject to a wide range of inter
pretation. ~evertheless, it is believed that annual cost to 
the United States, tabulated below in detail and amount
ing to over $5,500 million, represents the present-day tax 
exacted directly by the ravages of corrosion, and is the 
correct order of magnitude. Previous estimates in the 
order of $500 million to $1,000 million are definitely 
too low. 

Not all of the material loss can be prevented. Metals 
persist in reverting to their ores or to compounds of lower 
energy despite corrosion protection. And possible reduc
tion of economic loss is limited by the continuous or 
periodic upkeep required of all protective measures. ~at
withstanding, much more can be accomplished through 
further scientific and engineering application to this 
problem, involving, as it does, conservation 0f materials 
and human effort. 

The substance of this report may well serve to challenge 
the imagination of those responsible for administration of 
research. If this is true, perhaps the facts will also chal
lenge engineers and scientists, persuading them of the 
opportunities for service in a field where only one per cent 
improvement means the saving of $ 50 million to $ 60 
million annually and thousands of tons of critical metals. 

INDIRECT LOSSES 

Indirect losses are not possible to estimate, and are not 
subject to even an educated guess. This is particularly 
true since they include loss of life and limb, and psycho
logical factors attending unpredictable failureorexplosion. 
Furthermore, losses of materials and of dollars and cents 
through corrosion of industrial equipment seldom become 
public information. Enough convincing examples are on 
record, however, to show that these losses are of a high 
order of magnitude. They include loss of oil, natural gas, 
and water through corroded pipes, reduced capacity of 
pipe lines, spoilage of food in metal containers, and shut 
down of water supply, electric power, manufacturing 
plants and transportation. 

LOSSES THROUGH OVER-DESIGC'< 

Large as are these indirect losses, there are also similar 
losses less readily recognized. For example, appreciable 
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tonnages of metal are consumed needlessly each year 
because equipment is over-designed to take care of cor
rosion. Because corrosion rates may be unknown, the 
design often specifies several times the required 
thickness of metal to insure adequate strength and con
tinued performance. Except for corrosion, the factor of 
safety might be much less. Over-design is common with 
construction of reaction vessels, boiler and condenser 
tubes, buried pipe lines, oil-well sucker rods, water tanks 
and marine structures. 

The magnitude of this factor can be appreciated by 
reviewing the design of pipe lines carrying natural gas and 
petroleum. Pipe lines laid without protection are provided 
with walls exceeding the thickness required for operating 
pressures. The thicker wall is for the purpose of avoiding 
early perforation by corrosion from the outside. With 
adequate external protection, however, the wall thickness 
can be reduced 20 to 35 per cent, still allowing an ample 
factor of safety with regard to internal pressures. For 
example, 225 miles of 8" diameter pipe reduced in wall 
thickness from 0.322" to 0.25" saves 3, 700 tons of steel, 
valued at $330,000 in 1945 (1) 1• This saving amounts to as 
much as or more than the usual combined cost of a pro
tective coating plus cathodic protection which permits 
thinner wall pipe. 

The reduction of wall thickness, incidentally, also pro
vides a larger internal diameter pipe having approximate
ly 5 per cent increase in capacity. This makes possible 
additional gains over the initial saving of steel. Based on 
the length of all pipe lines in the country, a 5 per cent in
crease in capacity is equivalent to almost 50,000 miles of 
pipe. 

DIRECT LOSSES 

Estimated annual direct losses by corrosion to the 
United States are listed in Table 1. -The losses are cal
culated on the basis that all measures which apply to the 
protection of metals, or which increase the cost of materials 
over that of steel should be included. Furthermore, labour 
charges for application or replacement are considered part 
of the costs. 

The individual estimates include only an order of magni
tude appraised from the best available information. Lack 
of data, either unobtainable at the time of writing or, in a 
few instances, not available as public information, com
pelled some important omissions. The final cost figure of 
table 1, in any case, should be considered on the low side, 
since it is felt that future, more exhaustive, attempts to 
estimate true costs will raise this total appreciably. 

Although all common metals corrode, iron and steel 
account, by a large factor, for most metal in use. Cor
rosion losses, therefore, obviously reflect this situation. 
Were iron completely resistant to rust and tarnish, it un
doubtedly would be used generally because of its avail
ability and low cost. Therefore, whenever non-ferrous 
metals or alloy steels are used instead primarily to resist 
corrosive attack, the increased cost over iron of the same 
shape and size is a legitimate charge to corrosion. One 
weakness in this argument comes from the fact that 
resistant non-ferrous or alloy materials are usually used in 

thinner-gauge or thinner sections than corresponding steel 
construction, so that labour charges per pound of metal 
may be more than for an equivalent weight of steel. For 
this reason, metal production figures on a weight basis 
multiplied by a differential price per pound are not neces-

a correct measure of corrosion costs applicable to a 
given metal. This factor, however, would probably not 
alter by much the final cost figure of table 1. 

The assumption that 50 per cent of the annual pro
duction of paints is used for protecting metals against 
corrosion may be either high or low, since no data are 
collected bearing on the specific surfaces to which paints 
are applied. 

The estimate for phosphate coatings, used largely on 
steel as a base for paints, was obtained from the largest 
concern that produces phosphating solutions. 

To the approximate $560 million charge to corrosion 
listed in table I for metal coatings, should be added similar 
charges for the enamelling industry, and for the rubber 
and plastic coatings field, figures for which were not avail
able. Estimates for electroplating of metals other than 
nickel are also omitted. 

The data for copper and copper-base alloys omit appli
cations such as flashing on buildings, air conditioning 
equipment, automobile radiators, refrigeration equipment 
and so forth, for which recent data are not available. 

The estimate of $66 million for cost of boiler and other 
water conditioning was obtained by multiplying the total 
horsepower capacity of the country by the cost of water 
conditioning plus labour and boiler tube replacement per 
unit of horsepower (2). 

Lnderground pipe maintenance costs make use of an 
earlier figure carefully estimated by K. H. Logan (3), and 
corrected for increased costs and for the re-estimated 
pipe-line mileage ( 4). 

Oil refinery maintenance costs, including both materials 
and labour, should be corrected for materials listed else
where. However, labour costs predominate, and it is likely 
that indirect losses, e.g., shut-down, combine to make the 
$50 million estimate too low. Also, to this figure should be 
added several million dollars more for tanker corrosion 
oil-well corrosion, distribution equipment losses, and othe; 
items, data for which were not obtainable. 

Combined losses of the chemical industry, communi
cations industry, railroads, shipping, etc., might bring the 
total to ten or twenty times the corresponding fignres for 
the oil industry. However, data reflecting so much as an 
order of magnitude could not be obtained for general 
corrosion losses in industry. 

Cost figures for hot-water tank replacements are derived 
from service data of the Federal Public Housing Authority 
quoted by L. J. Waldron (5). One-fourth to one-half 
million domestic hot-water tanks and range boilers at 
various housing projects throughout the country, using 
all types of waters, were observed for five years. \Vithin 
this time, several projects required annual replacement of 
as high as 25 per cent of all tanks in service, with a figure 
of 10 per cent reflecting a conservative estimate. Indus
trial water tanks are not included in the final cost figure. 

The large cost of engine wear attributed to corrosion is 
1 Numbers within parentheses refer to items in the bibliography. startling, but, nevertheless, appears to be correct. f(ecent 
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experimental data obtained both in England (6) and in the 
United States (7) proves that piston rings and cylinder 
walls wear not only by abrasion of one part moving on the 
other, but also by chemical attack of combustion products. 
Corrosive wear was found to be especially active during 
the warming-up period of engine operation when water 
condenses on the cylinder walls. 

Experiments were conducted in 40 to 100 hour tests in 
which piston rings were weighed before and after, and the 
internal diameter of· cylinders precisely calipered. The 
conclusive evidence of corrosive wear is briefly as follows: 

1. Cylinder-wall temperature of 104 degrees F. (40 
degrees C.) or 120 degrees F. (50 degrees C.) was followed 
by considerably more wear (in some cases a factor of 5 
to 1) than at temperature of 167 degrees F. (75 degrees 
C.) or higher. 

2. Using hydrogen as fuel, with low cylinder-wall 
temperatures, caused substantially less wear than using 
gasoline or alcohol blends. Combustion products of the 
latter contain carbonic acid, various organic acids, and 
sometimes sulphuric acid. 

3. Wear increased proportionally to the sulphur con
tent of the fuel. 

4. Acids were detected in the combustion products. 
Sulphuric acid and metal sulphates were detected in cy
linder deposits and in used lubricants. 

5. Reduction in wear was obtained by the use of cor
rosion-resistant alloys. 

6. Substantial reduction in wear was obtained by ad
ding alkaline compounds to oil or fuel, or by passing oil 
over lime pellets. 

The factor of corrosive wear is borne out, as well, by 
service data. Statistics compiled in England show that 
cylinder wear for long-distance runs amounts to about 
0.001 inch per 5,000 miles, whereas for automobiles used 
by doctors and some house-to-house delivery vehicles 
(more cylinder condensate) the wear was 0.001 inch per 
100 to 1000 miles, a maximum ratio of 50 to 1. 

From these and other facts it appears reasonable to 
estimate (8) that an average of 60 per cent of all auto
mobile engine wear can be attributed to corrosion. 

Mufflers on automobiles, in the majority of instances, 
fail by corrosion. There were 4,740,600 (9) mufflers in
stalled by car dealers and independent repair shops in 
1948. This does not include mufflers installed at gasoline 
filling stations, fleet shops, or by individual car owners. 
The above figure, therefore, multiplied by an estimated 
$14 for labour and parts gives a conservative estimate of 
loss from corrosion. 

REDUCTION OF CORROSION COSTS 

What can be done to reduce these losses? Certainly 
development of present methods, and research on new 
approaches to corrosion control can be depended upon to 
exert their effect. For this reason, many costs of table 1 
can be expected to contract in the future. On the other 
hand, others will increase, reflecting savings largely of in
direct corrosion losses not tabulated in this survey. 

Obviously, since iron and steel constitute the bulk of 
metal in use, paints and metal coatings will continue as 
major protective measures. The improvement of their 
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protective qualities has received considerable impetus 
through the expansion of research facilities in the in
dustries. Much more remains to be done, however. It is 
not an unreasonable objective for a research programme 
in this field to improve some or all of these coatings by 
more than 10 per cent within the next five years. Pro
tective paints, for instance, have improved in excess of 
this factor within recent years, largely through the use of 
new vehicles and corrosion inhibitive primers. Along with 
future advances, there is urgent need for accompanying 
quantitative data on the life of painted metal structures. 
Service data of this kind are peculiarly lacking at the 
present time. 

The use of corrosion-resistant metals and alloys is ex
pected to expand because of economies effected by their 
use. Another factor in this same direction is the increasing 
acceptance of bright metal surfaces for many decorative 
applications. The economic advantage of replacing iron 
by corrosion-resistant metals or alloys is not always 
realized. For instance, Pogacar (10) gives an example of 
alternate materials available for use in heat-exchanger 
tube bundles used in the coke industry. Carbon-steel 
13-gage tubes cost $3,190 and last one year. Stainless 
steel tubes of the same gage cost much more, namely, 
$13,600, but they last 20 years. The cost per year of 
$3,190 for carbon steel but only $680 per year for stainless 
steel reflects a saving of $2,500 per year plus the conser
vation of many pounds of iron over a 20-year period. 

In general, whenever a more costly alloy or protective 
coating increases the life of the metal structure, and labour 
costs are identical, the substitution, if economically 
sound, can be estimated by evaluating the following 
expression : 

100 - 1 +- - 100 -LlT ( L) LlC 
T C C 

where T = life in years 
L =labour costs for replacement 
C = cost of materials 

LlC = increase in cost using new material or pro
tective coating having increased life LlT. 

100 ~T = per cent increase in life 

100 LlCC = per cent increase in materials cost. 

If the expression above is greater than zero, the substitu
tion saves money, the amount of which per year can be 

obtained by multiplying the expression by (T C Ll 
100 + T). 

This annual gain neglects interest charges. 

Buried pipe or other metal structures can be protected 
externally for an almost indefinite period by use of catho
dic protection. Pipe lines so protected show no evidence 
of attack after many years of service. Cathodic protection 
makes use of electric energy supplied from some source 
such as a rectifier or wind-driven generator. The negative 
terminal of the source is connected to the pipe; the posi
tive terminal to an anode bed. The latter is made up of 
carbon or graphite which gradually disintegrates or 
oxidizes; or scrap iron which corrodes in amount ap
proximately proportional to the impressed current. 
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Cathodic protection without use of external electric 
current is possible employing "sacrificial" anodes of 
magnesium, aluminum or zinc. Anodes of these metals 
set up a galvanic cell with the steel structure, resulting in 
electric current that acts similarly to protect the steel 
from corrosion. Transfer of corrosion from the pipe or 
other structure to the readily accessible anode bed re
quires that the latter be renewed at intervals depending on 
the amount of electricity flowing. Rates of corrosion of 
non-ferrous anodes are somewhat higher than the chemic
ally equivalent weight of iron that otherwise rusts. 

Zinc, being a critical metal, offers relatively little hope 
for this purpose from a conservation standpoint. Alumi
num ores are more abundant, and magnesium is available 
in what seems unlimited quantities in ocean water. Since 
aluminum or magnesium recovery requires definite quan
tities of electric energy per pound of metal, employing 
these metals for cathodic protection is simply that of a 
convenient source of energy at the site where corrosion 
takes place. For example, each pound of magnesium in a 
"sacrificial" anode is equivalent to about 500 ampere 
hours. 

Conservation of steel by cathodic protection, therefore, 
throws a corresponding load on our energy resources, and 
on cheap forms of some metals or conducting non-metals. 
The energy requirements, however, are relatively small, 
and are entirely reasonable in view of the otherwise serious 
loss of product, such as oil or gas, that may occur in 
absence of corrosion protection. Furthermore, the initial 
saving of steel made possible by thinner-wall steel pipe 
cathodically protected is a major factor when one deals 
with thousands of miles of pipe line. 

\Vben scrap iron is used as anode, this is continually 
consumed, so that, except for the initial saving of steel by 
use of thinner wall, iron as such may or may not be con
served. This fact suggests the need for improved graphite 
or other type insoluble anode beds available for installa
tions employing impressed current. 

Costs for installing and maintaining eathodic pro
tection vary with the method, soil conditions, type of 
protective coating, if any, and other factors. Use of a 
supplemental non-conducting coating has been found to 
be justified economically. It acts to better distribute the 
protective current to critical areas of exposed steel and 
reduces current requirements and maintenance costs. For 
some installations on pipe lines employing supplemental 
coatings, initial investment costs have been between $150 
and $600 per mile (1) (11). Sacrificial anodes of magne
sium weighing 17 pounds cost from $7.50 to 810.50 each, 
depending on quantity, and last approximately ten years 
when supplying 90 milliamperes of current continuously. 
At one installation, it is reported that labour costs amount
ed to 70 per cent of the cost of magnesium anodes (12). 
Maintenance costs vary widely. A figure of 1 per cent of 
the initial investment for the pipe line, which includes 
power costs, depreciation, interest and taxes, was given as 
an average annual estimate for a Pacific coast gas line 
observed over a five-year period (11). 

75 feet high, 65 feet long, and 7 feet thick, painted with 
bituminous enamel, are cathodically protected using an 
impressed current of approximately 1 ampere per 1,000 
square feet of surface (13). The initial cost for installing 
cathodic protection using steel anodes was $1,000 per gate 
or $200 per 1,000 square feet of protected surface. This 
cost is estimated as less than one-half per cent of the cost 
for replacing the In operation after four years, no 
pitting was observed, and the protection is expected to 
permit operation of the locks until1953 without painting. 

Use of magnesium anodes for domestic hot-water tanks 
has gained headway during the past few years, and it now 
seems apparent that at least several years' life can be 
added to galvanized hot water tanks. Use of rectifiers and 
insoluble anodes has also offered promise, particularly for 
industrial water tanks. 

Increased use of inhibitors for cooling systems, pipe 
lines, brine systems, air conditioning equipment, heating 
plants, small boilers, and elsewhere, will reflect eventually 
the conservation of thousands of tons of steel and other 
metals. An inhibitor in a petroleum product line, for 
example, is estimated to increase average capacity by 
15 per cent (14). Cost of the inhibitor is usually a small 
consideration. 

De-aeration of waters to protect steam boilers is practis
ed by all modern plants. De-aeration is now also available 
for reducing corrosion by cold water. Equipment has been 
quoted as costing $10,000 for a one-million-gallon-per
day-plant or $200,000 for a fifty-million-gallon-per-day
plant. Corresponding operating costs are about $2 per 
million gallons when dissolved oxygen is reduced to 1 part 
per million (15). This cost will be higher when corrosion 
must be held to a minimum and dissolved oxygen, there
fore, must be reduced still more. 

Present data show that the economic loss represented 
by corrosive wear of engines can be reduced by available 
protective measures, such as addition of inhibitors to oil 
or fuel, and by use of corrosion-resistant alloys for cylinder 
liners and piston rings. Protective measures of this kind 
should effect an eventual saving of at least 50 to 95 per 
cent of present cylinder and ring wear caused by cor
rosion alone. This is equivalent to a minimum 30 per cent 
reduction in the over-all wear from combined corrosion 
and abrasion, with possible improvement over this esti
mate. 

Valves and valve seats will probably not be inhibited by 
the same additions to fuels that protect cylinders and 
rings, but there is every possibility that current improve
ment of oxidation-resistant alloys will make available, in 
due course, valves having still longer life. 

Present-day loss of mufflers probably can and will be 
mitigated by use of protective coatings instead of heavier
gage steel now used in more expensive types. This ap
proach will save steel. 

Speculating about the future, 1f purely guess-work, may 
or may not justify the effort. However, continual thought
ful planning for the future, based on established facts and 
past experience, is necessary to human survival. For this 

Cathodic protection also applies to submerged struc- reason, a summary of predicted reasonable gains to be 
tures, industrial water storage tanks, and domestic hot- made by a well-directed research, development, and 
water tanks. At the Panama Canal, steel gates measuring educational program over the next five years may serve 
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some purpose. This is done in table 2. An investment of 
1 / 2 to 1 per cent of the amount to be saved would provide 
adequate support for such a program. 

The savings, of course, are not alone in dollars and cents 
as this Conference is well aware. There are direct and in
direct savings of metals, coal, oil, water, and other of our 
exhaustible material resources. And not least, there is a 
substantial saving of human effort. What potential 
advance in culture and other real values of living are 
possible by the latter saving is a subject that lies outside 
the scope of this paper. It is sufficient to know that the 
increasingly successful effort to combat corrosion re
presents social and material gain for mankind. 
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Table I. Annual U.S. Direct Loss By Corrosion Including 
Costs of Corrosion Control 

l. Paints, varnishes, and lacquers: 
(for protecting metals) 

Based on 1/ 2 total estimated pro
duction for 1948. 

Ratio labor costs of application to 
cost of paint = 21 / 2 to 1 . . . 

2. Phosphate coatings; Materials and 
applications . . . . . . . . . . 

3. Galvanized sheet, pipe and wire: . 
1,643,000 tons sheet in 1948 at 

21 / 2 cents/lb. differential over 
black iron ....... . 

830,000 tons of galvanized pipe 
(1947) at 21/ 2 cents/lb. differ
ential . . . . . . . . . . 

259,000 tons of galvanized 
barbed wire (1947) at 21/ 2 
cents/lb. differential . 

Total. 
4. Tin and terne plate . . . 

3,950,000 tons in 1948 at 
4 cents/lb. differential over 
black iron sheet. 

5. Cadmium electroplate . . . . . 
Cd production (1948): 

7,200,000 lb. 
60 per cent for electroplating : 

4,300,000 lb. 
at $2.00/lb. . . . . . . . . 
application $2.66/lb. . . . . 
(based on Ni application cost) 

Total. . . . 

$ 

82,000,000 

41,500,000 

13,000,000 

136,500,000 

8,600,000 
ll,500,000 

20,100,000 

$ 
585,000,000 

1,460,000,000 

20,000,000 
136,500,000 

316,000,000 

20,000,000 
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6. Xickel and nickel alloys: . . . . 

(a) Electroplate - 30,000,000 lb. 
nickel (1948) at 40 cents/lb. 
Application cost . . . 

12,000,000 
80,000,000 

Total. 92,000,000 

7. 

8. 

(b) Heat and corrosion-resistant 
alloys other than stainless 
alloys listed below. 
180,000,000 lb. (1947) at 
50 cents/lb. . 90,000,000 

Total. 182,000,000 
Copper and copper-base alloys 

250,000,000 lb. (1948) of copper 
and alloy pipe and tube at 
20 cents/lb. differential 
(recent data on other appli-
cations not available) 

Stainless chromium-iron and 
chromi urn-nickel-iron alloys: 

(a) Wrought alloys-600,000 tons 
(1948) at 50 cents/lb .. 600,000,000 

(b) Castings-20,400 tons (1948) 
at 50 cents/lb .. 20,400,000 

Total . 620,400,000 

182,000,000 

50,000,000 

620,400,000 

9. Boiler and other water conditioning 66,000,000 
10. Underground pipe maintenance 

and replacement . . . . . . . 600,000,000 
Based on 988,000 miles of gas, 

water and oil lines, employing 
estimate of K. H. Logan that 
$200,000,000 is reasonable 
annual cost for 500,000 miles 
of pipe line. Logan's figure 
has been increased 50 per cent 
to take care of increased 
labour and material costs. 

11. Oil refinery maintenance .... 
12. Domestic water heater replace-

13. 

ments ........... . 
30,000,000 tanks, lO per cent 

replacement each year at $75 
each for labour and materials. 

Internal combustion engine cor-
rosion ........... . 

Corrosion estimated responsible 
for 60 per cent of wear. 

38,000,000 vehicles (1948). 
10,400 milesfyearfvehicle. 
Valve grind cost of $40 per 

30,000 miles. 
Piston ring and overhaul cost 

of $150 per 50,000 miles. 
Mufflers: 

4,750,000 installed in 1948 at 
$14 each ..... . 

Grand total. . . . 

50,000,000 

225,000,000 

1,030,000,000 

66,000,000 

5,427,000,000 

Table 2. Predicted Annual Savings by 5-Year Research, 
Development, and Educational Program on Corrosion Control 

l. Paints, varnishes and lacquers . . 
10 per cent improvement in life. 

2. Galvanized sheet, pipe and wire . . 
10 per cent improvement in life. 

3. Nickel electroplate. . . . . . . . 
10 per cent improvement in life for given 

thickness of coating applied to 30,000,000 
lb. nickel at 40 cents per lb. 

$ 
205,000,000 

13,700,000 

1,200,000 
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$ 
4. Increased use of inhibitors and water condition-

ing . . . . . . . . . . . . . . . . . 200,000,000 
5. Buried and submerged structures, maintenance 

and replacement of . . . . . . . . . . . 120,000,000 
20 per cent saving over cost of coatings and 

cathodic protection for distribution and 
transmission pipe lines, buried tanks, canal 
locks, marine structures, etc. 

6. Domestic hot-water tank replacements . . . . 55,000,000 
25 per cent saving over cost of cathodic pro-

tection. 
7. Internal combustion engines . . . . . . . . 310,000,000 

30 per cent improved life through use of cor-
rosion = resistant metals or alloys, and 
corrosion inhibitors in oil and gasoline. 

Auto mufflers. . . . . . . . . . . . . . 17,000,000 
25 per cent improved life. 

Total. 921,900,000 
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The Costs of Corrosion and of Its Control 

W. H. J. VERNON 

ABSTRACT 

The costs of corrosion and of its control are discussed in relation to the world shortage of metals and the increasing 
demands upon the world's metal resources. Older estimates of the annual loss of steel and iron by corrosion are reviewed 
in the light of available present knowledge. In spite of very considerable advances in the efficiency of corrosion control, 
the net aggregate loss, taking into account indirect losses of various kinds, is believed to be serious. Large-scale 
reduction in the corrosivity of the main environments to which metals are exposed can be looked for only in atmospheric 
corrosion, of which by far the greatest amount is directly related to atmospheric pollution. A wider and more enlightened 
application of preventive measures is urged, with particular attention being paid to the cost of corrosion control in 
relation to the project life of the structure, taking into account accessibility and other factors. Appreciably greater 
costs of initial treatment may be justified by reduced costs of maintenance and greatly reduced overall costs of the 
Jlroject. Improved methods of corrosion control should lead to the greater conservation both of metal and of time and 
.effort. 

1n any survey of metallic corrosion (1) 1 , emphasis will 
-naturally be placed upon the complexity and the im
portance of the subject. The complexity is no longer a 
,serious obstacle to a reasonable understanding of the cor
rosion mechanism, upon which much light has been 
thrown by intensive research in many countries .. There is, 
moreover, a growing awareness on the part both of in
dustry and of various public bodies and undertakings of 
the enormous economic implications of corrosion-the 
cost to mankind of the slow return of the metal to the 
stable condition of the ore. In modern times the problem 
has assumed especial significance, since it is upon the 
more corrodible metals, notably iron and steel, that the 
greatest demands of industry and commerce have been 
made. Nevertheless, in a vast corrosion literature, there is 
remarkably little detailed information on the subject of 
the costs of corrosion and of its control. 

1 ::Sumbers within parentheses refer to items in the bibliography. 
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CORROSION COSTS AND THE WORLD'S METAL 
RESOURCES 

From time to time estimates have been attempted of 
the encroachments by corrosion upon the world's metal 
resources. In 1922, following the First World War by a 
period of time almost identical with that which has now 
elapsed since the Second World War, the late Sir Robert 
Hadfield (2) urged the need for conservation of ferrous 
metals, pointing out that, through causes largely associat
ed with corrosion, the real contribution to the world's 
wealth in iron and steel is only a small porportion of the 
annual production. Hadfield's estimate of the annual 
world cost of steel and iron wasted by rusting, of the order 
of £600 million, is well known and frequently quoted. 
Speculative in large part though such estimate must be, 
no one can doubt that the aggregate economic loss due to 
corrosion is enormous, particularly bearing in mind that 
to the actual loss of metal must be added, completing an 
economically vicious circle, the still greater amounts of 
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Dre, fuel and fluxes used up in its replacement. Neither 
•. ·an it be doubted that the "world-hunger for steel", to 
·which Hadfield referred in 1922, presents a much more 
acute problem today, since the catastrophic demands of 
war and its aftermath have followed a period of generally 
cncreasing rate of extraction of iron and other metals. 
Thus, Prof. G. S. Whitby (3) has estimated that during the 
first third of this century a larger quantity of all metals 
was extracted from the earth's crust than in all previous 
l1istory. 

As pointed out by J. C. Hudson (4), estimates of cor
rosion economics are probably more safely applied to the 
::ost of protective measures, particularly if the field be 
restricted geographically. From a statistical analysis of 
the total wrought iron and steel production of the United 
Kingdom for 1936, Hudson deduced the approximate 
total surface area and concluded that if the whole of this 
area had been painted with two coats of paint, approx
imately 32 million gallons of paint would have been 
required, representing a total cost, including that of the 
necessary labour, of, say £40 million. It was observed 
that although much of the total area would not normally 
be painted, other and equally costly methods would be 
necessarv in manv cases; moreover, the estimate referred 
to new f~rrous m~terials only and did not provide for the 
considerable expense incurred in repainting existing struc
tures. Contemporary estimates by Dr. F. N. Speller for 
painting costs of iron and steel structures in the United 
States supported the conclusion that the figure quoted 
was at least of the right order of magnitude. Revised 
iigures kindly supplied by Dr. Hudson (1949) for the 
purpose of this paper, taking into account both the in
creased total output of iron and steel and increased labour 
costs, place the total cost of corrosion prevention of iron 
and steel for the United Kingdom alone at the startling 
figure of £200 million annually. 

Supporting evidence that this figure is a representative 
one is confirmed by data kindly supplied by a large Brit
ish industrial undertaking. The total annual cost met by 
this organization for painting maintenance alone is given 
as approximately £270,000. In a few cases the same 
organization obtained information on the cost of structural 
steel replacement due to atmospheric corrosion and this 
came to approximately £200,000 per annum. In the light 
of these figures some of the earlier estimates for aggregate 
corrosion costs can hardly have been exaggerated. 

CORROSIOK COSTS AND CORROSION CONTROL 

It is surely opportune at this Conference to reaffirm the 
importance of corrosion in relation to metal conservation. 
It should be borne in mind, however, that wastage of 
metal is by no means the only economic factor to consider. 
Frequently, corrosion may lead to heavy losses of other 
materials or heavy increases of power necessary to main
tain supplies. An important example of this indirect effect 
is the reduction of carrying capacity of pipes through the 
formation of insoluble corrosion product-the volume of 
such product being normally many times greater than 
that of the metal from which it is derived. H. E. Jordan 
(5) (quoting E. K. Wilson and L. R. Howson) estimated 
that the loss of revenue from this cause, in respect to 
water mains in the United States, probably approaches 

15 219 

VERNON 

$40 million per year. In many other cases material loss is 
subordinate to the wastage of time and effort for which 
corrosion is responsible. To take a simple example, a leaky 
condenser tube-caused by localized corrosion-may hold 
up a plant engaged on vital production or slow dovvn a 
battleship; here, the effects are serious to an extent that is 
out of all proportion to the cost of replacement. A domestic 
hot water tank or an evaporator in a chemical plant is 
useless when once it is perforated, or a structure may col
lapse from localized thinning. Examples could be con
tinued indefinitely and it is beyond present statistical 
knowledge even to indicate what those costs represent. 

To quote from a recent article (6), "the indictment 
against corrosion is by no means exhausted in the pre
mature replacement of material rendered unserviceable; 
it should include, for example, the indirect costs of dam
age due to corrosion failures in service, and the incidental 
losses of productivity and human life. Foodstufis and 
other packaged goods are contaminated by corrosion pro
ducts, water and gas are wasted by leakage, chemical 
processes are impeded, structural safety factors are aug
mented, and throughout industry there is loss of efficiency, 
risk of breakage or explosion, and all the consequent 
elaborate and costly routine of periodical inspection". It 
is fair, however, to emphasize that both the efficiency of 
corrosion preventive methods and the scale upon which 
they are employed have increased greatly within recent 
vears. Thus, of the iron and steel then in use, Hadfield 
(loc. cit.) regarded one-third as being subject to corrosion; 
the proportion is probably considerably less today 2 • In 
other words, the aggregate cost of corrosion control has 
probably increased relatively to that of corrosion. This 
clearly is a healthy trend in the direction of metal con
servation and the emphasis will no doubt become in
creasingly placed upon the economics of preventive 
measures. 

On this question, much depends upon the life of the 
structure as determined by factors other than corrosion, 
and the initial cost of protection must be balanced against 
the number of years the structure is expected or required 
to last. In the automobile industry, for example, com
paratively expensive protective schemes would probably 
be ruled out on the grounds that obsolescence would 
intervene before corrosion became a problem. The 
aesthetic function of a painting scheme may here be even 
more important than its corrosion resistance; neverthe
less, measures such as phosphate treatments which in
crease the adhesion of the paint are clearly advantageous, 
since in general they contribute to both objects. On the 
other hand, in the chemical industry, the prolongation of 
the life of a vessel is clearly of major importance and 
relatively expensive methods of protection become eco
nomically practicable; for example, "stainless steels" may 
take the place of cheaper materials with substantial ulti
mate economy. Here, the cost of the increased corrosion 
resistance is subordinate to the cost of the shut-down of 
processes and the labour costs of replacing defective 
material. 

2 The greatly increased total metal in use must not, however, be 
overlooked; taking this factor into account the net annual loss 
through corrosion of the world's iron and steel-in the long view 
probably the most serious aspect of corrosion-must today greatly 
exceed Hadfield's estimate of £600 million. 
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Another matter of considerable importance is that of 
accessibility. Thus, expensive protective methods which 
may not be justified where parts of the structure can be 
easily reached for periodical maintenance may become 
economically expedient and highly desirable if access can 
be gained only by the expenditure of much time and 
effort. Underground pipelines afford a good example, but 
similar illustrations from other fields will readily be 
recalled. 

Emphasis has so far been placed upon the metal; it 
may here be expedient to consider for a moment a major 
economic aspect of environment. In general, methods of 
control depending upon modification of environment must 
be limited to the protection of specific systems or specific 
structures; clearly, the wide-scale treatment of the atmo
sphere, or the ocean, or the ground is impracticable. It is 
noteworthy, however, that whereas the last two of these 
principal environments owe their destructiveness entirely 
to natural causes, the corrosivity of the atmosphere is very 
largely man-made. So far as "natural" factors are con
cerned, atmospheric corrosivity should diminish as the 
distance from the sea increases. In so far, however, as the 
approach is made to towns or to populated areas precisely 
the reverse obtains3 and it is in such districts, where most 
of the world's fabricated metal is concentrated, that cor
rosion, with all its concomitants, is by far the most severe. 
The preponderating factor has been shown to be the 
presence of sulphur dioxide. There is overwhelming evi
dence that in the combustion of coal-without adequate 
attention to the elimination of sulphur compounds from 
the products-we are contributing heavily to the destruc
tion of metal economically as precious as the coal that is 
consumed; or, alternatively, to the cost of preventing that 
destruction. On previous occasions (e.g., 1, 8) the present 
writer emphasized how inextricably the atmospheric cor
rosion problem is bound up with that of atmospheric 
pollution. Much progress has already been made in the 
removal of sulphurous impurities from flue gases; if and 
when this objective can be completely achieved, atmos
pheric corrosion must largely cease to be a problem. 

ECONOMICS OF CORROSION CONTROL 
IN SPECIFIC FIELDS 

We shall now consider a few representative examples of 
costs of corrosion and corrosion prevention. 

STRUCTURAL ENGINEERING 

In the extensive field of structural engineering, inter
esting problems arise. Here, long periods of pre-obsoles
cent life, sixty years and upwards, are envisaged. Clearly, 
failure from corrosion might be provided for simply by 
increasing the thickness of the section. This practice is 
in fact commonly adopted, at least in principle. Apart, 
however, from the increase in weight-in many cases a 
serious, if not insuperable, objection-this leaves un
touched the problem of wastage, as distinct from that of 
failure. How serious this wastage may be is shown by 

3 For example, Cohen and Rustom (quoted by A. Marsh (7)) 
showed, in tests extending over seventeen years, that the Joss of 
weight of steel rails due to corrosion was six times greater in the 
centre of a town than on the sea coast among sand hills. See also 
J. C. Hudson (4). 

calculations made by A. M. G. Dempster (9) who, taking 
the extreme cases of (i) relying entirely on increased thick
ness and (ii) using the possible coatings and maintenance 
with correspondingly reduced thickness, concluded that 
(for an arbitrary period of service life) the mean annual 
cost per ton of steel employed would be £10 and £3.65 
respectively. 

On the principle we have already discussed, the long 
service-life expected from structural work should justify 
relatively heavy initial costs of corrosion prevention. On 
the other hand, the magnitude of the scale on which the 
metal surfaces are exposed is itself an adverse economic 
factor-militating, for example, against the use of rust
resisting steels which are permissible on the smaller scale 
of chemical engineering. Here, one may urge the more 
extensive use of low-alloy steels, the corrosion resistance 
of which, although of a lower order than that of the 
"stainless steels", is yet economically worth-while (from 
about P/4 to some three times that of ordinary mild 
steel); these steels also afford improved adhesion towards 
paint coatings, to which their greater intrinsic resistance 
provides a second line of defence if and when the coating 
fails. 

The economics of painting have been discussed by 
U. R. Evans (10) using the following formula: 

c .M+L 

where C is the mean annual charge for painting upkeep 
of a structure; M, cost of paint and other materials; L, 
cost of painting including labour costs; T, the interval 
between paintings (interest charges, which are small if T 
is only a few years, are here neglected). If by the use of an 
infinitesimally better paint, T is increased by dT then 
(since M = CT L): where dM is the extra cost that it is 
permissible to pay for the better paint without increasing 
the total cost. Thus, any extra cost less than CdT will 
result in an economy; i.e., the higher the existing annual 
charge for upkeep the more should the prudent man be 
willing to pay in order to obtain any given life-increment 
for his paint. Evans points out that an increase of cost 
(for paint and materials alone) equal to the present total 
annual upkeep charge should leave this charge unaltered, 
provided that it prolongs the period between paintings by 
one year; any increase in cost of paint and materials less 
than the present total annual upkeep will result in 
a saving. 

Fancutt and Hudson (11), in a comprehensive review of 
the prevention of corrosion of structural steelwork, place 
considerable emphasis on surface preparation; they point 
out that the nature of the finishing coat becomes of less 
significance in relation to the life of the structure as the 
mode of surface preparation more'nearly approaches the 
ideal. This principle has been developed from the econo
mic standpoint by W. A. Johnson (17), who enumerates fac
tors in the corrosion prevention of structural steel leading 
to the reduction of the long-term total cost. He attaches 
special importance to "prime coatings" for the purpose of 
protecting steel members during the interim period, up to 
say twelve months, between fabrication and erection. The 
object is to permit the cleaning of the work (scale-removal 
etc.) without risk of subsequent rusting prior to erection, 
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whilst providing a suitable base for the final protective 
scheme. Assuming an arbitrary life period of fifty years, 
Johnson observes that over this period the total cost of 
painting outweighs by far the cost of any initial pre
paration, and the period between re-painting is therefore a 
most important economic factor. In circumstances where 
re-painting at three-year intervals would normally be re
quired (following initial weathering and ·wire-brushing), he 
suggests that improved methods of surface treatment 
(flame cleaning and priming at works) should increase the 
painting interval to five years, whilst by initial shot
blasting and aluminium spraying, the anticipated period 
is extended to seven years. The estimated total cost for 
50 years is reduced in the ratios 53, 25, 20 respectively. 

TEMPORARY PROTECTIVES 

Reference to the short-term protection of steel as part 
of E long-term economy recalls the growing use of "tem
porary protectives" for the preservation of machined iron 
and steel surfaces during storage or transport. This is a 
matter of considerable commercial importance, partic
ularly in overseas trade, because the deterioration of 
metal articles under such conditions frequently causes 
industrial loss quite incommensurate with the actual 
amount of metal corroded. Recent developments, which 
should result in considerable economies by preventing this 
deterioration, involve the use of corrosion inhabitors im
pregnated in the wrapping material (12) ,or, more recently, 
in rubber latex (13). Simple dipping of the article in the 
treated latex (containing small amounts of sodium benzo
ate and sodium nitrite) leaves a film under which the 
metal remains bright throughout extremely adverse con
ditions. The film can readily be peeled off when no longer 
required. 

MARINE CORROSION 

The specified margin of safety for the wastage of ships' 
plate by corrosion is 20 per cent of its thickness. The 
results of laboratory ("rotor") tests at The Chemical 
Research Laboratory on mild steel ships' plate suggest 
that unpainted 3/ 4-inch plate on a ship steaming at 20 knots 
for six months in the year would lose this safety margin in 
about two and a-half years, i.e., at the rate of about 1.5 
millimeter (0.06 inch) per year. Although precise cost 
figures are not available, this is an indication of the 
dependence of the life of a ship upon the measures taken 
for corrosion prevention. Comparable estimates for ships 
in service are difficult to obtain because of widely differing 
service conditions. One ship, for example, was found (14) 
to have an extreme difference of thickness of 1 I 8-inch 
between two points on the same plate, a probable wastage 
of 17 per cent. If wholly effective anti-corrosion measures 
could be devised, therefore, the corrosion allowance made 
in the present Lloyds Register regulations for scantlings 
and hull material could be reduced, and a corresponding 
amount of steel (and weight) could be saved. A new anti
corrosive paint formulation has been developed (15) under 
the auspices of the Marine Corrosion Sub-Committee of 
the British Iron and Steel Research Association; extensive 
trials of this paint have shown considerable promise of 
prolonging the life of ships and of reducing fuel consump
tion. Although the fouling of ships' hulls by marine or-
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ganisms is normally the chief factor in reducing cruising 
speeds (conversely increasing fuel consumption) it must be 
remembered that no anti-fouling composition can be fully 
effective unless corrosion is stopped. 

With the improvements in available paint formulations 
it may be urged that greater attention be given to econo
mies in the application of ships' bottom paints. The 
aggregate consumption of paint for this purpose must be 
enormous, and one regrets the absence of figures if only 
to emphasize the urgency of the problem. It must be 
admitted that the conditions under which such composi
tions are applied are generally bad, often necessarily so, 
but this should call for the greater effort in reducing 
wastage, which should not be regarded as inevitable. 

RAILWAYS 

Apart from housing and industry, it is probable that the 
railways account for a substantial proportion of inland 
corrosion costs in Great Britain. A computation of the 
costs of corrosion and of corrosion prevention as affecting 
railways must necessarily comprise (1) first costs, (2) 
maintenance costs, (3) indirect costs. Much of what has 
been said about first costs-using heavier sections etc.
applies equally here. In certain railway environments 
elaborate devices are sometimes used to provide gas-tight 
enclosures to exclude corrosive gases and so prevent the 
corrosion of delicate instruments parts. This provides 
another illustration of the many "intangible" factors-in 
this case in capital equipment-which make the cost of 
corrosion so difficult to assess with any accuracy. 

With regard to maintenance, it may be observed that: 
(1) much painting would in any case be necessary for 
decorative purposes; (2) renewals, though often due to 
defects arising from corrosion, provide opportunity for 
the scrapping of obsolescent designs, without which pro-

might be slowed down. If, however, only 10 per cent 
the total maintenance costs are attributed directly or 

indirectly to effects of corrosion, then the cost of con
trolling corrosion or repairing its ravages has been estimat
ed (for Great Britain) as being of the order of £10 million 
per annum. Allowing for many items indirectly attribut
able to corrosion (e.g., loss of revenue from vehicle held up 
by causes arising from corrosion, damage to goods in 
transit caused by corrosion etc.), this is probably a con
servative estimate. 

CORROSION UNDERGROUND 

The corrosion of metals underground, comprising main
ly pipelines for water, gas or oil, is one of outstanding 
economic importance. For example, K. H. Logan (16), 
referring to the 500,000 miles of buried pipe-lines in the 
United States, states that the annual cost of replacement 
"probably most of which is due to corrosion" is of the order 
of $200 million. Available data show that in England and 
Wales there are 80,000 miles of water mains alone, a high 
proportion of which are laid in clay soils known to be 
aggressive. A Departmental Committee, recently in
stituted by the Ministry of Health, is now enquiring into 
the causes of the deterioration of cast iron and spun iron 
pipes; much evidence is being collected and a report is to 
be issued shortly. The matter is of especial concern at the 
present time because of the large programme of rural 
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main construction now in progress in Great Britain in
volving a capital expenditure of some £100 million; ex
tensive gas and water systems are being laid for new 
housing estates and for new townships. The objective, 
therefore, is to rectify past omissions in corrosion pre
vention with a view to future economics. 

For reasons already discussed-of which the accessi
bility factor is very obvious-buried pipelines provide an 
example par excellence of the justification for greater initial 
expenditure on corrosion control, to secure longer life of 
the structure. It is probable indeed that the permissible 
ratio of protection costs to structural costs here reaches its 
maximum, particularly when it is considered that the 
costs of laying the pipes may be several times greater than 
that of the pipe material itself. An expenditure on pro
tective measures of 30 per cent of the cost of the pipe 
appears not unreasonable. This has not been sufficiently 
realized in the past, and many instances of failure, in
volving considerable expense of relaying, have been direct
ly attributable to insufficient attention to preventive 
measures when the mains were first laid. With a growing 
realization of the problem, attention is now being directed 
both to the use of more efficient, if more costly, protective 
coatings, and to the introduction (supplementing the pro
tective coating as a "second line of defence") of electrical 
methods of cathodic protection. Already eminently 
successful for iron and steel pipes-according to the avail
able evidence-in the United States, such methods have 
hitherto received little attention in Great Britain, where 
geographical factors are not so favourable for their large 
scale adoption. Nevertheless, the present trend is of in
terest as illustrating one of the premises of the present 
paper-that the costs of corrosion control may in many 
cases be increased considerably with justification in the 
greatly reduced ultimate cost of the project. 

CONCLUSION 

In concluding this brief review, I am conscious of its 
many deficiencies; I can only hope that the points I have 
raised may serve as a basis for discussion by the Confer
ence. At the outset I referred to the scarcity of reliable 
published data on the costs of corrosion and of its con
trol and called attention to the largely speculative nature 
of many of the estimates that have been attempted in the 
past. Although, for reasons that I have attempted to 
explain, this is to a great extent inevitable, it is clear that 
much more could be done, and more detailed information 
has in fact long been desired. The acquisition and ap
praisal of data on anything approaching a large scale 

would entail systematic research by a team of scientists 
and economists covering the principal industries respon
sible both for the production and use of metals. On this 
question, including the possibility of setting up the neces
sary mechanism, the views of the Conference would be 
welcomed. 

Meanwhile, the evidence already available leaves no 
room to doubt the paramount importance of corrosion 
and corrosion control in metal conservation and the 
expediency of its discussion at the high level of the 
present Conference. 
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The Role of Protective Coats in the Conservation of Metals 

U. R. EVANS 

ABSTRACT 

The life of metal articles could be increased by the intelligent use of protective coatings, which today are some
times employed without judgment. Paints do not give the best results when applied over rust or broken mill-scale. For 
the protection of steel structures, some authorities favour gtitblasting, followed by spraying with aluminium or zinc 
from a pistol, and finally by painting. 

One of the main needs of the day is authoritative, disinterested information. The exposure tests carried out by 
independent, scientific bodies are of great value, but owners of metal-work should also carry out comparative tests on 
their own structures. 

INTRODUCTIO.:-.i 

ARR/1..';GEMENT OF THE PAPER 

One of the most promising plans for overcoming the 
existing shortage of metals depends on the prolongation 
of the life of metal structures or articles through the 
avoidance of corrosion. Corrosion mav be avoided bv 
suitable choice of metal, by chemical treatment of noi
mally corrosive water, or by application of a protective 
coating. The present paper deals with the last method, 
and includes sections devoted to metallic and non-metallic 
coatings respectively. The discussion suggests a crying 
need for instruction from disinterested sources and for 
improved relationships between manufacturer, user and 
scientist; these matters are considered in the final section. 

The examples cited are taken largely from structural 
steel, but the protection of sheet steel is an equally im
portant problem~particularly since the sheet employed 
ha~ tended to become thinner during recent years. Nor 
should it be assumed that non-ferrous metals never require 
protection. 

THE DISTRIBUTION OF ATTACK 

A vessel perforated by pitting, or a structural member 
fractured by corrosion-cracking, usually retains its original 
cross-section at many places. Often the uncorroded 
residue can be sold as scrap, but this will not compensate 
for the inconvenience and expense of replacement; some
times considerations of labour, transport and fuel-costs 
render recovery uneconomic. Thus, a process which mere
ly caused attack to be spread uniformly would represent 
an economy; clearly one which reduced the total of 
destruction would be better still. On the other hand, so
called "protective" processes which, although reducing 
the total corrosion, concentrate it on a restricted area, 
provide no solution of the problem, and indeed introduce 
a new danger. 

From this standpoint, protective coatings offer better 
promise than water treatment. Some inhibitive chemicals 
advocated for addition to corrosive waters localize any 
attack which remains, and may produce serious pitting
especially if chlorides are present. This intensification of 
attack is occasionally met with in one type of protective 
coating; a cathodic metal like copper deposited on steel 
and wetted with a strongly conducting liquid may intensi
fy attack at any gaps where the steel is exposed; such 
cases of intensification are, however, rare, and, in general, 

protective coatings, even if they do not prevent attack 
altogether, at least make matters no worse. 

SHORTAGE OF COATING MATERIALS 

There is little prospect of economy if the coating 
materials themselves are scarce. Recently the shortage of 
linseed and other drying oils has caused anxiety. Many of 
the newly introduced synthetic or semi-synthetic materials 
offer little relief, since some are being made in relatively 
small quantities, others are suitable only as minor consti
tuents of coats, whilst others yield layers of limited pro
tective value. Certain developments, however, may im
prove the outlook. The related groups of vinyl and styrene 
compounds are becoming available in considerable quanti
ties, and possess some valuable properties. The applica
tion of rubber-like coatings holds out much promise, 
whilst the use of tar paints for purposes where oil-paints 
have hitherto been employed may bring about some saving ; 
also certain by-products of coal tar, like coumarone and 
indene, yield, on condensation with sulphuric acid, resins 
which have been used instead of rosin, being indeed 
superior to it owing to their resistance to saponification. 
Vitreous enamels, already widely used on hardware and 
lighting fittings, are likely to be increasingly employed in 
other situations. 

It is perhaps too early to say whether silicone com
pounds will play an important part in paint manufacture. 
Regarding cementiferous (inorganic) paints, the writer is 
not well placed to express an objective opinion, but the 
use of ethyl silicate as a means of impregnating such coats 
is a possibility which probably merits mention. 

BETTER EMPLOYMENT OF EXISTING MATERIALS 

Much of the covering of metal-work today is carried out 
in such a way that good results cannot be expected, either 
because the surface is unsuitably prepared, or because the 
choice of coating has been unwise. Probably the brightest 
prospect of economy is to be found in better realization of 
the advantage of removing rust and scale before painting. 

Other causes of waste arise from a misdirected desire to 
reduce first costs. Thickly zinc-coated iron lasts much 
longer before developing rust than thinly coated material. 
It is commonly stated that the life of the coat is propor
tionate to the thickness. This is often true when the 
thickness is uniform, although allowance must sometimes 
be made for a "threshold value". It is, however, difficult 
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(at least by hot-galvanizing) to obtain thin coatings of 
uniform thickness, and consequently a very thin coating 
enjoys a shorter life than the proportionality rule would 
predict. Nevertheless, in the absence of truly disinterested 
advice, purchasers will continue to obtain the thinnest 
coat, because material so coated is cheapest. This is not 
good economy in the long run, at least if the galvanized 
iron is to be exposed unpainted. Where the zinc is merely 
intended to protect during transit and erection, paint 
being subsequently applied, a thin coat may suffice, al
though even here a thick coat would be better. 

In general, the wider adoption of agreed specifications 
would result in an improved performance from coatings 
of all types. 

METALLIC COATS 

METHODS OF APPLICATIOX 

Relatively small articles produced in a factory can be 
coated by (1) electroplating, (2) dipping in molten metal, 
(3) heating in powder or (4) exposure to a vaporous com
pound. Large structures can be cleaned, before or after 
erection, by grit-blasting and coated with zinc or alumi
nium by means of a spraying pistol; this plan re
moves the scale from rivets and weld-lines, and the 
coating can be applied before corrosive substances reach 
the surface. 

The spraying method allows the coat to be applied most 
thickly at just those places where thickness is important, 
although correct distribution demands judgment from the 
man with the pistol. The factory methods provide less 
freedom of choice; frequently they produce coats of thick
ness varying from place to place, and the distribution may 
not correspond to the needs of the situation. Hot-dipping 
processes usually confer thicker coats at recesses-provid
ed these receive any coating at all; electroplating, despite 
all the efforts to produce baths of high "throwing power", 
is apt to leave the inaccessible parts thinly covered. 

The zinc-coating of steel wire and strip merits special 
attention. Here there are no recesses, and electro-deposi
tion, methodically carried out, yields a coat more uniform 
in thickness than that normally obtained by passage 
through molten zinc. This uniformity of thickness is im
portant for efficiency. Abnormal local thickness re
presents waste of zinc, and increases the risk of cracking 
when wire is sharply bent; places where the coat is ab
normally thin will develop rust before the rest of the sur
face. 

CATHODIC COATS 

Copper is strongly cathodic towards steel and may cause 
intensified attack at discontinuities in the coat, as ex
plained above. This intensification is not commonly ex
perienced with nickel, which is less strongly cathodic. 
Lead and tin are sometimes cathodic and sometimes ano
dic; cases of intensification have been reported at breaks 
in these metals, but even under conditions where they are 
initially cathodic, coatings of lead or tin sometimes seem 
to stifle attack. Rust appears at the outset, and then 
ceases to develop-owing either to a change in polarity or 
to the inhibitive properties of tin and lead compounds. 
The use of thin, discontinuous coats of tin below paint is 
mentioned later. 

In general, a cathodic coating can only prevent rust if 
it is continuous. Pin-holes must be avoided, and it is 
usual to prescribe a minimum thickness, since the risk of 
pin-holes tends to diminish with increasing thickness. It 
would be well that efforts should be directed to securing 
coats free from pin-holes, even when very thin. Sometimes 
of course, an appreciable thickness may be needed for its 
own sake, if, for instance, the coating is itself liable to 
corrosion or to abrasion, which may result from periodic 
cleaning. Alloys are often more resistant to wear, as well 
as to corrosion, than simple metals, and much may be 
hoped from the further scientific study of the production 
of alloy coatings. 

ANODIC COATS 

When a zinc or aluminium coating is applied to steel, 
discontinuities can under some circumstances be tolerated 
without risk of attack on the steel, except in cases when 
the polarity reverses, as sometimes occurs when an iron-zinc 
junction is exposed to hot water. Coatings of aluminium 
or zinc applied with the spraying pistol (the easiest method 
for coating structures) are extremely porous. At each 
discontinuity a cell 

Zinc/Liquid/Steel or Aluminium/Liquid/Steel 

is set up, but the zinc or aluminium is the anode and 
suffers corrosion, whilst steel, being the cathode, often 
receives protection. It might appear that the steel is 
merely conserved at the expense of a more valuable 
material. Fortunately, the electric current deposits on the 
exposed steel a protective film (zinc hydroxide, aluminium 
hydroxide or calcium carbonate, in different cases) which 
probably reduces the flow of current and retards attack 
on the zinc or aluminium. Through interaction with 
traces of iron salts, the film may later be converted to a 
clinging form of ferric hydroxide, which, however, also 
possesses protective properties, so that the formation of 
loose rust is avoided. (This mechanism of protection was 
arrived at through the electrical study of coats of the 
zinc-rich paint mentioned below, but almost certainly 
applies to sprayed metal coats also.) 

Zinc confers cathodic protection upon exposed steel 
under conditions where sprayed aluminium fails to do so, 
but, provided that the conditions are suitable for the use 
of aluminium, a coating of that metal will probably last 
longer than a zinc coat of the same thickness. In some 
atmospheres, steel covered with a porous coating of spray
ed aluminium will develop rust-spots after a few days' ex
posure, but these disappear, giving rise to slight grey stains, 
which probably represent redeposited metallic iron. In 
the cases studied by the writer, this early rusting at the 
outset proved to be a temporary phenomenon; when once 
the rust-stains had disappeared, they did not recur. It 
seems doubtful, however, whether that occurs in all 
situations, and further study is required. 

Generally the ephemeral rusting is avoided--Drat least 
escapes notice-if a covering of paint is applied on the 
sprayed aluminium surface. Paint applied on the alumi
nium-sprayed steel often keeps its colour better than the 
same paint applied directly upon uncoated steel. An 
aluminium coating cannot prevent the darkening of paint 
due to clinging soot, but much of the darkening of paint is 

224 



CONSERVATION BY CORROSION CONTROL 

connected with the precipitation of iron oxide at or just 
within the paint surface, due to ferrous salts moving out
wards through the coat. The presence of aluminium be
tween steel and paint can prevent that type of darkening. 

Although different opinions are expressed, many 
authorities favour a three-stage procedure for the pro
tection of metal structures: (1) grit-blasting, (2) spraying 
with aluminium, or perhaps zinc, from a pistol (the wire
process being used, at least for aluminium) and (3) ap
plication of an oil paint. Such a method has been found 
capable of protecting steel against corrosion under adverse 
conditions in many parts of the world during the last ten 
years. On the Forth Bridge, four panels of steel sprayed 
with aluminium by the wire process were fixed in 1938 at 
a position 10 feet above high-tide level; one pair carried 
0.004 and the other 0.008 inch aluminium; one member of 
each pair was painted. All four are free from rust after 
eleven years, although the unpainted specimens are some
what mottled; the painted specimens are still smooth on 
the upper surfaces, but one of them has become rough 
below. 

Coatings containing 95 per cent of metallic zinc may be 
obtained by the use of chlorinated rubber or polystyrene 
paints richly pigmented with zinc dust; such coats can be 
applied by brushing in the field without the use of a 
spraying pistol. Steel carrying a single coat of zinc-rich 
paint, engraved with a scratch-line so as to expose the 
basis metal, has survived for over a year in sea water 
without the appearance of loose rust; the mechanism of 
the protection has already been indicated. 

NON-METALLIC COATS 

TYPES OF COATING 

Oil paints will probably be used in the protection of 
steel for many years to come. The idea that the protection 
depends mainly on the exclusion of moisture or acid fumes 
from the steel is probably wrong; many efficient coatings 
are very porous. It is generally agreed that protection is 
best achieved if the priming coat contains an inhibitive 
pigment, the outer coats being chosen to prevent mechani
cal or chemical deterioration of the primer. 

Other types of covering have been mentioned in the 
first section. Some of these provide coats less pervious 
than layers of oil paint, but appear to be less suitable as 
vehicles for inhibitive pigments, such as red lead. Prob
ably the true inhibitor in red lead paints is not red lead 
itself, but lead linoleate, or some other lead soap, formed 
by interaction with the drying oil; in certain media, soap 
will not be formed at all, and the inhibition will fail. The 
mechanism of inhibition is, however, a complicated one. 

Relatively thick coatings of cement aggregate have 
proved very effective in preventing corrosion of steel. 
Probably the inhibitor is here the alkali slowly liberated 
dudng the setting of cement, and only types of cement 
which develop alkali should be chosen. Protection is less 
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vantage-it is argued-is sacrificed if a non-yielding layer 
is applied. 

NECESSITY FOR PROPER CLEANING 

Numerous exposure tests agree in showing that even a 
good painting system gives inferior results if applied to an 
unclean surface. An inhibitive primer may fail to 
vate steel if it is separated from the metal by a layer of 
rust or broken mill scale. Tests have indicated that pro
tection is least effective if paint is applied at a stage when 
the greater part of the surface is still covered with mill 
scale, broken up by small patches of rust. This combi
nation of large cathode (the scale) and small anode (the 
scale-free iron) leads to considerable corrosion. Fresh 
rust formed under atmospheric conditions is largely formed 
below the paint; being more voluminous than the steel, 
the paint is pushed away from the surface, with disastrous 
results. Under immersed conditions, the rust is largely 
precipitated o%tside the paint, and the breakdown due to 
rust is less serious; nevertheless, in stagnant salt water, 
alkali, the cathodic product, may accumulate at the re
gions most accessible to oxygen and loosen the paint. 

Although the oxide on cast iron, cast steel and certain 
types of wrought iron can with advantage be left in position 
before painting, it is desirable that rolled steel work should 
be freed from scale and rust before paint is applied. It is 
sometimes considered that, if the mill scale were quite un
broken, paint could be laid on it without bad results. 
Experiments have not always borne out this view, and in 
any case it would be impossible in practice to ensure that 
the scale was really undamaged. The most efficient 
methods of removing scale and rust are by pickling (suit
able for relatively small articles) and grit-blasting (which 
can be applied to large structures after erection). Wire
brushing does not remove mill although it sometimes 
burnishes the deceiving even experienced persons 
into the belief that the metal has been reached. Flame
cleaning does not remove scale and rust completely, but it 
renders much of it brittle and capable of being removed 
with brush or hammer; the adherent residue appears to 
provide a suitable basis for painting. 

There are many situations where proper cleaning of 
steel before painting is impossible. A paint system is badly 
needed which will confer good protection on a bad sur
face. It is thought by some authorities that red lead is 
still the best primer for application to such surfaces; since 
red lead was used in the days of Nero, it would seem that 
progress has not been rapid. Much work is being devoted 
to the development of a painting system intended for 
effective application to unclean surfaces-or alternatively 
a chemical wash which would render such surfaces suit
able for protection by a standard paint-combination. 
Despite many disappointments, it is believed that success 
will ultimately be attained. 

CHEMICAL PRE-TREATMENT BEFORE PAINTING 

effective in the presence of chlorides, and metals like zinc, In one pickling process-often used before painting 
lead and aluminium, which are attacked by alkali, cannot large plates-the steel is pickled in warm sulphuric acid, 
be protected in this way. The application of concrete or dipped in water and immersed for a few minutes in hot 
cement mixtures to steel pipes has been criticized on the phosphoric acid. This leaves a phosphate coating on the 
grounds that the advantage of steel over cast iron is its steel, and if the paint is applied whilst the steel is still 
power to yield under stress instead of cracking; this ad- warm, good results are obtained. 
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Iron phosphate is not regarded as the best basis for 
paint; volume changes which occur during passage between 
the ferric and ferrous conditions may produce a disturbing 
effect. Various commercial processes exist for the deposi
tion of layers containing phosphates of zinc, manganese 
and other metals. Some of the older phosphating proces
ses were slow, and the acceleration achieved by the ad
dition of a copper salt or an oxidizing agent is commonly 
believed to reduce the protective value, although the thin 
coatings produced by some of the rapid baths show good 
resistance to mechanical damage. 

Phosphate baths are probably most useful in the treat
ment of galvanized iron. Paint does not adhere well to a 
freshly galvanized surface, and attempts to render it suit
able for painting by applying washes containing copper 
salts or hydrochloric acid are open to objection; here 
phosphating is often regarded as a welcome solution of the 
problem. 

A promising development is the application of a very 
thin, discontinuous layer of tin deposited on steel before 
painting. Sometimes the tin deposition represents an ad
ditional operation. Sometimes a trace of tin salt is in
troduced into the cathodic pickling bath, and confers the 
advantage that there is less attack on the metal during 
pickling, and also less entry of hydrogen, which might 
cause embrittlement or blistering. 

CORRECT CHOICE OF COATING 

THE NEED FOR DISINTERESTED INFORMATION 

Probably the unwisdom displayed today in applying 
protective coatings arises from lack of information or 
doubts about its disinterested character. Here, the results 
of tests conducted by organizations like the American 
Society for Testing 1\Iaterials or the (British) Iron & Steel 
Institute1 are proving very helpful. Brochures describ
ing the results of such tests in language intended for the 
user of metals have enjoyed a satisfactory reception. 
Tests carried out by the writer's research group at five 
different exposure stations, representing different atmo
spheres, have been conducted with much smaller spe
cimens than the official tests, and have utilized a light 
pattern of exposure rack which can be placed on any flat 
roof. Since the results have broadly agreed with those 
obtained on large specimens suspended in a more elabo
rate manner, it would seem that the organization of ex
posure tests need not be such an ambitious or expensive 
affair as is sometimes supposed; opinions vary, however, 
on this question. 

The results of exposure tests must, of course, be applied 
with common sense. Conditions on the exposure station 
are intentionally kept simple; in practice, corrosion is 
affected by geometry, and this must be borne in mind 
when the results are applied to situations where the geo
metry is complex. A sheet of zinc-coated iron hung on an 
exposure rack, well away from other surfaces, may with
stand even a marine atmosphere for a considerable period; 
similar sheets left piled on the sea shore, so that large 
drops of salt water remain lodged at where two 

1 The Corrosion Committee of the Iron & Steel Institute is now 
the Corrosion Committee of the British Iron & Steel Research 
Association. 

sheets approach one another, may be attacked very 
quickly. Again, a sheet material which is found to have a 
long life when tested on the exposure rack may be speedily 
perforated if used on the roof of a complicated building; 
at some point where rain collected by a large area of slate 
or glass runs off on to the metallic surface, so that a small 
area receives, as it were, far more than its proper "ration" 
of sulphur acids, rapid corrosion may occur. 

The production of voluminous products at a crevice 
between two metallic plates may also produce effects un
predicted by experiments on test specimens comprising 
no crevices. Here the engineer can help by designing his 
structures in such a way that geometrical features likely 
to promote corrosion are avoided; in lap-welded joints a 
fillet of weld metal is sometimes used to prevent water 
getting into the lap. 

It will usually be helpful if the owner of metal-work 
himself carries out comparative tests of various protective 
schemes. He should select some part of his structure 
where premature failure of a coating (if it should occur) 
would not be disastrous. He should then divide the area 
up into patches, and coat them with different protective 
combinations: the patches chosen must be strictly com
parable in regard to exposure to rain, condensed moisture, 
acid gases, driving grit-particles and all factors which may 
produce chemical or physical damage; it may be well to 
obtain advice on this matter. Each of the protective 
schemes should be applied to two, or better, three test
areas, well spaced out from one another. After some years, 
the proprietor will have accumulated data likely to be of 
great value when the time comes for the erection of a new 
structure or the recoating of the old one. 

A desire for accelerated tests which will quickly furnish 
in the laboratory the results of long exposure under ser
vice conditions is natural enough. Some of the standard 
tests employed, however, misleading results. 
tests of the type in which the metal specimen remains 
permanently wetted omit an essential factor-namely the 
effect of intermittent drying on the character of the cor
rosion product. The confidence placed on such tests in the 
past has led to much loss. When cadmium-plating was 
introduced, spray tests appeared to prove that cadmium 
coats would give better protection than zinc coats; sad 
experience showed that frequently the converse was true. 
The concerns interested in cadmium have derived no 
lasting advantage from the misleading results of the spray 
tests, since today hesitation is shown in adopting cadmium 
in where it would probably prove superior to zinc, 
for in radio sets. 

THE ROLE OF SCIENTISTS AND SALESMEX 

The performance of comparative tests by impartial 
scientific bodies may affect the part played by the com
mercial traveller. The old type of "aggressive" salesman, 
whose ambition was to persuade persons to purchase what 
they did not really need, is becoming discredited; an 
apostle of wastefulness-difficult to defend even in days 
of glut-is clearly a public enemy in times of world short
age. Nevertheless, the need remains for a salesman to 
arrange transactions of mutual benefit, to inform his firm 
of what is demanded and its customers of what is avail
able. His aim should be to introduce the user to the most 
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su:.table protective scheme~irrespective of whether the 
materials would be supplied by his own firm or another. 
If it became a matter of professional pride that the best 
possible advice should always be furnished, then each 
concern would gain as much as it would lose. Moreover 
loss and weariness arising from complaints would be 
avoided; really valuable processes have been brought into 
discredit through the overzeal of salesmen, who have 
advocated them for unsuitable purposes. The new sales
man need not possess scientific qualifications, but he must 
know just enough science to maintain liaison between 
scientist and non-scientist. 

One of the best ways in which the scientist can help the 
solution of technical problems is by taking part in the 
discussions of technical societies, but his usefulness there 
will be limited unless the technical members are permitted 
to expose the pertinent facts. As regards metallic coats, 
there exists in Great Britain a technical society noted for 
frank and fruitful discussion, in which representatives of 
different commercial concerns help one another by sharing 
their experiences. Admirably conducted societies also 
exist for the discussion of other types of protective coats, 
but visitors to their meetings sometimes come away with 
the impression that those taking part have not been free 
to disclose the whole of the essential information. 

This need for full exposure of the facts~both in papers 
presented to meetings and those published in journals
cannot be too strongly emphasized. Those who are fearful 
of "giving away" information forget that, if the habit of 
frankness was once established, everyone would gain more 
than he would lose. Undoubtedly, however, circumstances 

LA QUE 

do exist where some delay in publishing results is justified; 
indeed, of the two evils, delayed publication is better than 
rushing into print before the facts are established; wrong 
ideas, when once implanted, take years to eliminate. 
Moreover there is one type of article which must always be 
condemned and that is the "concealed advertisement". 

Today the scientist is constantly being pressed to join 
technical committees; it is apparently believed that he 
can put in this work in his "spare time". Often, however, 
the scientist has no spare time, and efforts devoted to 
committee work must represent neglect of something else. 
Undoubtedly the co-operation between practical men and 
scientists on committees is leading to some very fruitful 
results, but against this must be set the fact that original 
and promising work, which might otherwise be actively 
prosecuted, is being postponed or abandoned, owing to the 
time consumed in attending, or travelling to, committees 
concerned with work which is less original, and possibly, 
in the long run, less important. It is gradually becoming 
recognized that sometimes the formation of new com
mittees defeats the very purpose for which they are in
tended; and there are grounds for hope that better 
judgment will be exercised in the future than in the past. 
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Prevention of Corrosion by Means Other Than Protective Coatings 

F. L. LAQUE 

ABSTRACT 

The corrosion of metals and alloys can be reduced or prevented through the judicious application of principles 
and knowledge established by many diversified research activities. A number of approaches, other than through the 
use of protective coatings, are available to the engineer. Control or modification of environments to which metals are 
exposed is one particularly effective resort. This may involve reduction in humidity below certain critical limits, 
addition of specific chemicals which inhibit corrosion reactions, control of air supply, or control of flow of corrosives 
in contact with the metals. Cathodic currents may also serve as a very practical means of reducing corrosion in many 
operations which involve large quantities of metals such as underground pipelines and maritime vessels. Many corrosion 
difficulties may be avoided in the design of equipments by eliminating or reducing the number of crevices and improper 
coupling of dissimilar metals. Proper design may also avoid unfavourable conditions of velocity. The most important 
means of preserving metals is through addition of alloying elements which greatly increase their corrosion resistance. 
Very frequently small percentages of alloying elements provide improvements which are far in excess of their percent
age in the alloys. 

This is to be an introductory paper devoted to preven
tion of corrosion by means other than protective coatings. 
\Vhatever these means may be-and this includes pro
tective coatings as well-their value will depend primarily 
on the soundness and completeness of their scientific foun
dation. Consequently, first importance attaches to the 
prevention of corrosion by learning more about its nature 
and mechanisms. Hardly less important is the recording 
of this knowledge so that all may make use of it. Then 

comes the exchange of information and experience so that 
development of principles and their practical application 
will benefit from attention from diverse scientific points of 
view and in a variety of services and industries. 

This cultivated resource of scientific knowledge is one 
that differs from natural resources by being conserved 
most effectively by its most unrestricted and widespread 
dissipation. It is one that falls naturally within the field 
of interest of the United Nations. It is one that has grown 
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through the efforts of scientists1 in many lands who have 
published their work so that all may benefit from it. All 
have added to the understanding of the basic principles in 
ways that have enhanced the value of each other's con
tributions so that here truly we have an instance where the 
whole is much greater than the sum of its parts. 

The attention being given corrosion at this Conference 
of the United Kations is, therefore, particularly appro
priate. It represents an example of how the nations of the 
world can expedite progress by their united efforts in 
bringing to light the basic principles upon which difficul
ties can be avoided. We have reason to hope, also, that 
similar international co-operation will have an equally 
good effect in alleviating problems in other fields as 
susceptible to improvement by concerted effort as has 
been the case with the prevention of corrosion. 

The means of preventing corrosion other than by the 
use of protective coatings are so many and so varied in 
their application that the prescribed limitation of the 
length of this paper will permit only a sketchy treatment 
of each. The appended references to literature will have 
to be used by the reader who wishes to explore the details 
of any particular method. 

CONTROL OF ENVIRONMENTS 

HU:MIDITY CONTROL 

In manv instances the most effective and most economic
al means· of controlling corrosion is to alter the environ
ment so that it is made non-corrosive. Since practically 
all common corrosion processes require the presence of 
water, or water vapor, it is possible to prevent corrosion 
by eliminating water. It has been established (1) 2 that 
when the relative humidity is kept below 30 per cent 
corrosion will be negligible. If control of humidity is 
supplemented by the use of protective oils and greases, 
the critical humidity may be increased to 45 per cent-as 
a matter of fact, some greases may be more effective 'With a 
little moisture in the air. For best results with control of 
humidity the surfaces to be protected should be cleaned as 
thoroughly as practical so as to eliminate hygroscopic 
"dirt" which may cause corrosion at relative humidities 
as low as 20 per cent (2). 

Since the bulk of the moisture to be removed frequently 
is absorbed on the surfaces to be protected, the first stage 
of dehumidification will require much greater drying 
capacity than will be needed to maintain the desired level 
of humidity subsequently (1). 

Control of humidity may be accomplished by dynamic 
or static means. The former involves simply the use of 
air conditioning equipment to control the humidity in 
large spaces, such as the interior of ships or buildings
generally while they are laid up or not in use (1). 

Static means require sealing the equipment to be pro
tected so that the atmosphere within the apparatus or 
envelope surrounding it may be kept dry by the use of a 

1 At this point the author considered including the names of 
prominent students of corrosion throughout the world, but 
abandoned the attempt because there would not be enough room 
to list more than one name from each country, There was no good 
basis for choosing the individuals to be singled out in this way. 

a Numbers in parentheses refer to items in the bibliography. 

suitable desiccant, such as silica gel (3). The desiccant is 
regenerated and replaced when it loses its power to main
tain the required humidity as determined by an indicator, 
such as the change in color of cobalt sulfate crystals 
viewed through a window provided for the purpose. 

Packaging envelopes for this purpose may be made of 
plastics which, however, do permit some transfer of 
moisture and require some means of venting through 
moisture absorbing breathers to avoid 'ballooning' as the 
confined air becomes heated (4). Metallic containers may 
be charged with dried air under a moderate pressure and, 
if desired, an inert gas, such as nitrogen, may be substitut
ed for air (5). 

DE AERATION 

Corrosion of most metals can be prevented, or kept 
within tolerable limits, by removing oxygen from the 
environment. One of the oldest ways of accomplishing 
this is by consumption of oxygen by the corrosion of scrap 
iron introduced into the system for the purpose. A more 
reliable means is the common use of de aerators as general
ly applied to the treatment of boiler feed water. These 
devices get rid of carbon dioxide, ammonia and other non
condensible gases along with oxygen. It is possible to 
reduce the oxygen content of water below 0.01 part per 
million. For cold water systems reduction of dissolved 
oxygen to less than 0.3 part per million will suffice to 
prevent appreciable corrosion of steel (6). Oxygen sca
vengers, such as sodium sulfite, are frequently added to 
water to take care of the last traces of dissolved oxygen 
(7, 8, 9). When effective de aeration is combined with 
chemical adjustment of the water to about pH ll it 
becomes practical to use steel for high pressure high 
temperature steam boilers 'Without any significant amount 
of corrosion (10). 

De aeration has also been applied successfully to the 
prevention of corrosion of steel pipe lines used to carry 
otherWise corrosive water for long distances (6, II). 

Along the same line is the desirability of attention to 
pump and valve packings in circulating water systems-as 
in household heating units-to reduce the amount of 
make-up water required and to prevent continuous access 
of air. In the absence of such additions of air the oxygen 
initially present in a closed system and that introd'ilced 
with small amounts of make-up water will be consumed 
by a relatively slight amount of corrosion. 

The de aeration that accompanies vacuum evaporation 
or distillation may be effective also in reducing corrosion 
of the apparatus used for the processes. 

In some special case, de aeration may be undesirable and 
deliberate aeration is preferred. This may be the case with 
the use of stainless steels in contact with solutions-e.g., 
containing reducing acids-that are on the borderline 
between maintaining and destroying passivity (12). 
Aeration may serve to preserve passivity that would be 
destroyed by de aeration (13). 

IKHIBITORS 

In many instances it is possible to control corrosion by 
the introduction of a small concentration of some com
pound that stifles either the anodic or cathodic portions of 
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the normal corrosion reactions, or both (14). Most inhibi
tors function as chemically or physically adsorbed films 
which either alter the electrochemical characteristics of 
the metal or serve as mechanical barriers to the normal 
corrosion processes ( 15). 

Organic inhibitors, frequently of a colloidal nature and 
of high molecular weight, are used regularly in acid baths 
for the descaling of steel (16, 17, 18, 19). They conserve 
steel by reducing wasteful corrosion of the iron exposed by 
release of scale. They also reduce the amount of hydrogen 
evolution and thus avoid embrittlement and subsequent 

of the pickled steel (20, 21). Arsenic acts in a 
similar way and has been found to be quite effective in 
preventing corrosion by sulfuric acid (22, 23). Organic 
inhibitors are used also as additions to the hydrochloric 
acid introduced through the steel tubing into oil wells to 
open up productive formations. 

A frequent characteristic of organic inhibitors is that 
they are complex compounds containing nitrogen or sul
fur (18). However, simple aldehydes are sometimes effec
tiv•2 as exemplified by the use of formaldehyde to reduce 
corrosion of oil-well tubing, casing and pumping equip
ment by brines containing hydrogen sulfide (24). 

A special use of inhibitors is for the prevention of the 
caustic embrittlement of steam boilers (25). Quebracho 
extract and similar tannin compounds derived from waste 
suHite pulp cooking liquor are used for this purpose, 
thcugh sodium nitrate is believed to be even more effec
tive (26). 

Chromates, dichromates, organic chromium compounds 
and nitrites are typical of inhibitors that function primari-
ly electrochemically by inducing passivity. It is necessary 
that they be used in sufficient concentration to passivate 
all·Jf the exposed surfaces, since otherwise they may serve 
to localize, rather than prevent, corrosion (27). 

These inhibitors are employed regularly to control cor
rosion in circulating water ranging from engine cooling 
systems to the large volumes of cooling water used in 
petroleum refining and other chemical plant processes. 
(28). Here a concentration of sodium chromate around 
300 parts per million is usually adequate. 

Sodium nitrite has been found to be particularly effec
tive in preventing corrosion inside petroleum product pipe 
lines, thus maintaining their capacity for long periods (29). 
Sodium chromate is used for the same purpose (30). 

Chromate inhibitors are well established for preventing 
corrosion by sodium and calcium chloride brines as used 
in :refrigeration systems (31, 32) and for the treatment of 
water in air conditioning units, and well defined proce
dures have been worked out (33). For calcium chloride 
brines the recommended concentration is 100 lb. of 
soClium dichromate per 1,000 cu. ft. of brine, or about 1.6 
grams per liter. About twice this concentration is required 
for a sodium chloride brine (31). They are also used in 
automotive cooling systems, including diesel engines 
where unusually severe corrosive conditions, perhaps 
aggravated by vibration effects may require concentra
tions as high as 4,000 parts per million. 

Silicates and phosphates, including hexametaphosph
ates and other polyphosphates, are used also very effective
ly to prevent corrosion in water systems (34, 35). They 
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appear to function through a filming effect which some
times requires continuous additions of the inhibiting 
chemicals to maintain the films. Such film formation and 
repair is favored also by circulation and agitation. These 
compounds are especially useful in hot water systems 
above temperatures where the chromate type of inhibitor 
becomes unreliable. The polyphosphates are especially 
useful in preventing scale formation. Disodium phosphate 
is also used as an alternate to sodium dichromate for in
hibiting corrosion by sodium chloride brines-the re
commended concentration is 1.6 grams per liter (31). 

Another common use of silicates as inhibitors is to 
prevent corrosion of aluminum by alkaline detergents as 
used for cleaning aluminum vessels (36) and to permit its 
use for containers for mildly alkaline products, such as 
shaving creams. 

Though not exactly inhibition in the usual sense, it is 
common practice to add calcium carbonate to water to 
remove aggressive carbon dioxide and deposit protective 
scales and thus avoid corrosion of steel and iron pipe 
lines (37, 38). 

Another class of inhibitor is represented by the water 
soluble oils which are employed rather extensively in 
automotive cooling systems and as additions to prevent 
corrosion by anti-freeze compounds (39). 

Vapor phase inhibitors are volatile compounds that may 
be incorporated, for example, in packaging materials in 
order to maintain a non-corrosive atmosphere within a 
package. Similar compounds have been used effectively 
to prevent corrosion by carbon dioxide in steam heating 
and vapor return systems (40). 

What mav be considered indirect inhibition of corrosion 
is the com~on use of additives designed to prevent de
composition of other substances in a way that would 
promote corrosion. This is exemplified by the use of anti 
oxidants in engine lubricating oils and in organic anti 
freezes Jike ethylene glycol to avoid formation of corrosive 
substances or to neutralize acids that may develop. Addi
tives in the form of polar organic compounds also may 
function by being adsorbed on the metal surfaces so as to 
act as a barrier or repellant to corrosive water (41). 

CATHODIC PROTECTION 

One of the most effective means of preventing or ar
resting corrosion is by the application of what is called 
cathodic protection. This is based on the principle that 
most corrosion of practical importance is electrochemical 
in nature and results from the flow of current through an 
electrolyte between areas of different potential which may 
exist on the surface of a single metal or between two or 
more different metals. The flow of current and its result
ing corrosion can be eliminated by bringing all surfaces to 
the same potential. This can be accomplished in most 
cases by discharging current on the more noble (cathodic) 
surfaces so as to achieve their cathodic polarization to the 
potential of the adjacent anodes (42). The importance of 
what goes on at the cathode in such instances and the fact 
that the metal to be protected is made the cathode of the 
electrical circuit give rise to the use of the term cathodic 
protection to describe what is accomplished. 

Cathodic protection is not new. It was introduced by 
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Sir Humphry Davy in 1824 (43), when he endeavoured to 
control corrosion of the copper sheathing on war ships by 
the current generated by the galvanic corrosion of zinc. 
This probably was the start of the traditional use of zinc, 
especially in marine engineering, to protect the hulls and 
shafts of steel ships in the vicinity of bronze propellers. 
Zincs are used regularly also for the reduction of corrosion 
in steam boilers and in various types of condensers and 
other heat exchange apparatus in which corrosion by salt 
water is encountered. More recently efforts have been 
made to put such use of 'zincs' on a sounder technical basis 
with respect to the size, distribution and purity of the 
zincs used. The principal difficulties are to insure that the 
amount of current generated by corrosion of the zinc will 
be sufficient and that it will be distributed adequately to 
all surfaces requiring protection. This latter requirement 
is extremely difficult, if not impossible, to achieve in 
tubular apparatus where the zincs or other anodes must 
be located outside the tubes while the corrosive liquid 
passes through the tubes. It is a general rule that a pro
tective current will not flow into a tube much beyond one 
tube diameter past the end of the anode. Where there is 
considerable deposition of insulating films on cathodic 
surfaces-as occurs in sea water-the zone of protection 
will be extended gradually to distances from the 
anode and protection by the coating will persist through 
interruptions in the flow of protective current and for a 
time after flow of current ceases. 

.Magnesium and aluminum are used in much the same 
way as zinc as galvanic anodes in cathodic protection 
processes. 

An important advantage of magnesium is the higher 
effective potential that is developed ( 44). 

In order to develop effective anodic potentials it is 
necessary to alloy aluminum (45). Alloys suitable for 
anodes are under development and some, containing zinc, 
are now recommended for limited applications with 
relatively noble metals e.g., lead cables. With zinc, im
purities, especially cadmium and lead, should be restricted 
to very low limits to avoid the formation of insulating 
films which may reduce current output very quickly. Zinc 
of 99.99 per cent purity is recommended (45). :Magnesium 
is used either as the electrolytic cell product or, preferably, 
alloyed with aluminum (6 per cent) and zinc (3 per cent) 
(44). 

The theoretical economic relationships amongst zinc, 
aluminum and magnesium are indicated by the following 
data which should be adjusted to take into account the 
anodic efficiencies of the metals in particular environ
ments. These anodic efficiencies can be adjusted favourably 
by the proper choice of back-fill ( 46, 4 7) to surround the 
galvanic anodes in the protection of underground struc
tures and, in some instances, by adjustments in the com
positions of the anodes. 

Electrochemical equivalents of galvanic anodes 

Ampere Hours Estimated from 
1'vfetat Per Pound of Expected 

l'.Iagnesium . 
Aluminum . 
Zinc .... 

1lif eta/ Theoretical Efficiencies 

997 
1,352 

372 

600 
675 
335 

Outside of the use of zincs for the cathodic protection of 
steel ships, the first uses of the practice in other fields 
grew from the efforts to counteract corrosion of under
ground pipe lines and other structures by currents that 
"strayed" from street railways systems. The bonding of 
such structures to the negative side of the power genera
tors was followed by the installation of auxiliary anodes 
distributed so as to provide a flow of protective current to 
the structures to be protected (48, 49). 

By far the most important application of cathodic pro
tection has been in connection with the thousands of miles 
of underground oil, gas and water pipe lines, and power 
and communication cables. In most instances cathodic 
protection is used as a supplement to the usual built up 
organic and fibrous coatings which serve to reduce the 
amount of current required and achieve its uniform 
distribution from widely spaced anodes. 

The sources of the required current may be rectifiers, oil 
or gas engine driven generators, wind driven generators 
or, under appropriate circumstances, galvanic anodes of 
magnesium, zinc, or aluminum. 

Another common application of cathodic protection is 
in connection with municipal or plant water storage 
tanks (50). Here a rectifier is generally used as the source 
of current which is applied through aluminum, steel or 
platinum anodes suspended in the tank and its water 
column. Here, too, cathodic protection is ordinarily 
supplemented by, or supplements, the conventional or
ganic coatings used in tanks of this sort. 

A relatively new application of cathodic protection of 
domestic importance is the installation of magnesium 
anodes to prevent corrosion of galvanized steel hot water 
tanks so as to extend their life and avoid the so-called 
rusty "red" water (51). 

Since only the high spots of cathodic protection can be 
mentioned here, the reader is referred for details to a recent 
publication of the National Association of Corrosion En
gineers and the Electrochemical Society (52) 3

• 

DESIGN 

Attention to design factors in preventing corrosion re
presents simply a combination of knowledge of the nature 
of corrosion and corrosion processes and the common 
sense application of that knowledge. 

Variations from point to point in the temperature, 
velocity, concentration and aeration of a solution re
present common sources of corrosion currents. Conse
quently, the design and construction of apparatus should 
be such as to avoid opportunities for such heterogenity of 
the environment to develop (53). This means that crevices 
between faying surfaces or under wet porous materials, 
sharp comers, deposits, loose or discontinuous 
obstacles to flow, and other causes of local turbulence and 
hot or cold spots should be avoided, or removed as they 
develop, as factors that may give rise to destructive con
centration cells. If crevices cannot be avoided in con
struction, then they should be sealed by suitable caulking 
compounds, being careful, however, to use caulking 
materials that do not form harmful crevices on their own 
account along their outer 

3 Cathodic Protection Symposium-Published by the National 
Association of Corrosion Engineers, Houston, Tex. 1949. 
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As a general rule, alloys that depend on passivity for 
corrosion restistance benefit from a moderate degree of 
turbulence which will keep the surface free from clinging 
substances and bring passivating agents, such as dissolved 
oxygen, to the alloy surfaces. Other alloys that are pro
tected by relatively gross corrosion product films that may 
not be retained under turbulent conditions may suffer 
serious damage if velocity conditions become too severe. 
The point is illustrated by a comparison between brass 
and stainless steel as used in a tubular heat exchanger in 
which salt water passes through the tubes. If brass tubes 
are used, best results in terms of tube life will be secured 
if the velocity is held to a maximum of 5 feet per second, 
whereas when stainless steel tubes are used the velocity 
should be set at 5 feet per second minimum. 

The corrosion accelerating effects of galvanic action are 
too well known to require special emphasis. The galvanic 
relationships amongst metals and alloys vary somewhat 
depending on the nature of the environment, but are 
generally known well enough to serve as a guide for 
avoiding combinations that are far apart in a galvanic 
series (54). In many instances, the galvanic effect is 
roughly proportional to the ratio of the area of the cathode 
to the area of the anode in the couple so that it is necessary 
to avoid combinations where the cathode area is relatively 
large (55). The reverse relationship of areas frequently 
can be tolerated as exemplified by the use of corrosion 
resisting alloy fastenings in ordinary steel assemblies, 
e.g., flange bolts in pipe joints. 

The principle of relative areas also leads to caution in 
the use of coatings to control galvanic effects. It is neces
sary to avoid incomplete covering of the anode with 
resultant concentration and intensification of the galvanic 
effect at bare spots. Better practice is to coat the cathode 
so as, in effect, to take it out of the system, or to coat both 
the anodic and cathodic portions of the couple (56). 

It is bad practice to use threaded connections between 
dissimilar metals-brazed or welded joints are much 
better. Where connections of this sort must be made-as 
in piping systems-the first section of the less noble metal 
at the joint should be made with an extra heavy wall and 
should be a short section located so that it can be replaced 
readily. Spare replacement or 'waster' pieces should be 
held in reserve and, if practical, kept close to the point 
where they will have to be used (57). 

Similarly, where galvanic couples are involved in vessel 
construction, the thickness of the less noble metal should 
be increased in the vicinity of the joint, as by the use of 
"doubler plates" to build up the thickness of metal in the 
critical region. 

It is, of course, also possible and desirable to avoid 
galvanic action by the use of electrical insulation between 
the dissimilar metals. 

As in the case with normal corrosion, galvanic corrosion 
can be overcome by cathodic protection which may be 
provided by a rectifier or a replaceable sacrificial galvanic 
anode. Galvanic effects may also be reduced by the use of 
inhibitors which either stifle the reaction or passivate the 
les~, noble metal to the potential of the more noble one 
(58, 59, 60). 

As an extension of the principle of avoiding crevices, 
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etc. as seats of concentration cells, there is the simple 
practice of eliminating opportunities for corrosive liquids 
to collect and remain in pockets where they may become 
more concentrated and more corrosive by gradual eva
poration. For example, the bottoms of tanks should be 
sloped and the drains located so that when drained the 
tank will be emptied completely without leaving any pools 
of corrosive liquid. Similarly, thorough ventilation is 
frequently desirable so as to allow the metal surfaces to be 
dried as quickly as possible by the circulation of air. Such 
occasional drying out may also permit corrosion products 
to develop protective characteristics that would never 
appear if they remained moist continuously. For example, 
it is good practice to support tanks on legs rather than to 
let them rest on the ground or on a wet floor. 

Hollow compartments or reinforcements should be pro
vided with openings through which corrosive liquids or 
condensed moisture can drain freely. For the same reason, 
the edges of lapped plates should be chamfered to facilitate 
drainage and, where practical, the laps should face down
wards so that moisture will not have a chance to lie in the 
joints. 

Where corrosion occurs as a result of condensation of 
corrosive vapors, as from flue gases, it is possible either to 
prevent corrosion by maintaining the metal surfaces at 
temperatures above the dew point of the gases or to control 
the cooling of the gases so that condensation will occur at 
some non-critical point or where its corrosive effects can 
be taken care of at minimum cost. 

Some combinations of metals and corrosive media give 
rise to corrosion difficulties only within certain critical 
ranges of concentration or temperature which, if known, 
can be avoided in the carrying out of processes or per
mitted to exist for a minimum proportion of the time of 
the operations. 

Some materials suffer loss in corrosion resistance as a 
result of effects of heat as encountered in welding or stress 
relief annealing operations. Obviously these factors must 
be considered in choosing the alloy and method of fabri
cation. Where necessary, the original design must be 
chosen to permit the practical carrying out of any heat 
treating operations that must follow fabrication. If such 
heat treatment after fabrication is not feasible, then the 
material used and the method of fabrication must be 
chosen so that satisfactory corrosion resistance will be 
achieved in the "as fabricated" condition of the metal 
(61, 62, 63). 

ADJUSTMENTS OF COMPOSITION 

One of the most effective means of increasing the dura
bility of the elemental metals is to combine them in alloys 
or to control their minor constituents so as to achieve the 
corrosion resisting properties desired. The improved cor
rosion resistance may involve combining metals in sub
stantial proportions, the addition of elements in minute 
proportions to achieve specific effects, on the purposeful 
exclusion or close control of undesirable minor consti
tuents. 

The stainless steels provide the most spectacular mo
dern example of improving the durability of a metal-in 
this case iron-by the addition of the alloying elements 
chromium and nickel which are frequently supplemented 
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by such other elements as molybdenum, columbium, 
titanium, silicon, copper and tungsten added for specific 
purposes. It is not uncommon for these alloys to demon
strate resistance to corrosion as much as 100,000 times 
that of ordinary iron. The extra durability thus provided 
is effective in conserving resources, first by prolonging 
the useful life of equipment, and second by permitting 
the use of thinner and lighter sections, thus saving raw 
materials in the first instance. There are also supplemen
tary advantages in savings in fuels and energy in instances 
where the alloys are used for transportation equipment 
or other apparatus that must be moved by power of some 
sort. 

Particular mention is made (61, 62) of the use of ad
ditions to stainless steels of titanium or columbium to 
overcome a detrimental effect of carbon after welding or 
other operations that involve holding the alloys for ap
preciable periods within a critical temperature range from 
about 650 degrees to 1500 degrees F. Recently means of 
achieving the desired resu1t by manufacturing alloys with 
a carbon content not more than 0.03 per cent have been 
developed on a practical scale (64, 65). This will decrease 
the requirements of titanium and columbium for this pur
pose and will increase their supply available for other uses. 

The addition of molybdenum to the stainless steels 
effects a tremendous improvement in their resistance to 
specific environments. This improvement may be as 
much as a thousand-fold and naturally not only extends 
the fields of application of the alloys, but also extends 
their life with consequent conservation of their consti
tuents. 

Less spectacular, but nevertheless very important, is 
the improvement in the resistance of iron to corrosion by 
the atmosphere that can be secured by the controlled ad
dition of small percentages of such elements as copper, 
phosphorus, nickel, chromium and silicon in various 
amounts and combinations (66). Probably the most 
powerful effect is that of copper. In an industrial or 
marine atmosphere an increase in the copper content of an 
open hearth iron from 0.005 per cent to 0.05 per cent will 
result in a ten-fold improvement in corrosion resistance 
(67). Further additions of copper will have a moderately 
beneficial effect. Larger amounts of nickel and chromium 
alone or together and with or without copper and other 
elements will effect still further increases in corrosion 
resistance which can make the alloy steels about twice as 
durable as copper steel as measured under the usual 
atmospheric corrosion testing conditions in terms of 
weight loss over a test period of three or four years. The 
rusts that form on the alloy steels become very protective 
when they have a chance to dry out so that progressive 
corrosion almost ceases after exposure for about five years 
(68, 69, 70). The alloying elements that confer the im
proved resistance to corrosion also strengthen the steels 
considerably so that lighter sections can be used with 
consequent savings in weight which are especially attrac
tive in transportation equipment such as railroad cars, 
bus and truck bodies and tanks used for fuel transporta
tion. The greater initial strength of these steels is im
portant also with respect to the strength that remains even 
after some corrosion has occurred. 

\Vith the older alloy systems, such as the brasses and 
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bronzes, there has been built up a tremendous reservoir of 
knowledge and experience which serves as a reliable guide 
to their proper selection for particular services. This, 
therefore, provides the best basis for the conservation of 
their major constituents-copper, zinc, tin and aluminum. 
A noteworthy fairly recent advance in the durability and 
usefulness of alloys of this class is the incorporation of 
small amounts of arsenic, antimony or phosphorus (usually 
in amounts under 0.05 per cent) to prevent dezincification 
of copper zinc alloys containing more than 15 per cent 
zinc (71, 72). Another improvement has been the addition 
of about 2 per cent aluminum to a 22 per cent zinc, 
balance copper, alloy so as to effect a considerable in
crease in resistance to the corrosive and erosive effects of 
salt water at high velocity, sometimes referred to as im
pingement attack (73). 

In the copper nickel system there are the older alloys 
represented by Monel (70 per cent nickel) at one end, and 
the nickel silvers (10 to 20 per cent nickel) at the other 
which are well established and used on a basis of selection 
in terms of properties and performance that insures best 
use and conservation of their basic constituents. Im
portant newcomers in this field are the cupro nickels, and 
especially the 30 per cent nickel alloy that has become the 
standard material for marine condenser tubes where 
maximum reliability is required as in naval vessels and 
large merchant ships (74, 75). The performance of the 
70: 30 cupro nickel alloy is improved by the controlled 
addition of a small percentage of iron (76), i.e., from 0.25 
to 1 per cent, and sometimes as much as 2 per cent, which 
is believed to be especially useful where badly polluted 
waters must be provided for. 

The beneficial effect of iron in the 30 per cent nickel 
alloy has led to the use of the same element in alloys of 
lower nickel content, and especially the 10 per cent nickel 
alloy which is coming into common use to resist corrosion 
by sea water (76). 

The considerable attention that has been given the 
effects of composition on the corrosion resistance of 
aluminum and its alloys has provided a sound basis for 
selection of the proper alloy for particular purposes. This 
insures that aluminum itself will not be wasted by prevent
able corrosion and, also, permits the substitution of alumi
num in some cases for other metals that might be wasted 
in applications where they would be dissipated by cor
rosion. 

In the case of magnesium the principal advance that 
has been made in increasing its durability in corrosive 
environments has been the establishment of specification 
limits on elements that are detrimental to corrosion 
resistance and the addition of elements that overcome bad 
effects of other constituents (77). 

Limitations of space permit only passing reference to 
other metals, such as lead and zinc and the precious and 
semi-precious metals like gold, platinum, silver and tanta
lum. The application of all of these to defeat corrosion has 
a sound technical basis. All of them are being used effec
tively where their specific properties dictate their use and 
where by resisting corrosion successfully they, in effect, 
serve to conserve other metals that would be less durable 
in such applications. 
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As a supplement to the few specific references to litera
ture on particular points there is appended a list of books 
that deal with corrosion and which will provide a reliable 
guide to those who wish to review the general subject or 
any of its phases in greater detaiL 
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Cost and Benefits of Conservation of Cast Iron and Steel Pipelines 

by Control of Corrosion 

J. E. CARRIERE 
C. A. LOBRY DE BRUYN 

ABSTRACT 

After a brief introduction (section I) a survey is given of soil conditions in the Netherlands, describing the oc~ 
curring differences in soil composition, ground-water level and ground-water composition (section 2). 

Data are presented with respect to the total length and value of existing water and gas mains in the Netherlands 
and the length annually required for the next few years (section 3). 

The Dutch Corrosion Committee's specifications for pipe coatings are described, mentioning four classes of pro
tection, to use as circumstances such as pipe material and soil corrosiveness may require (section 4). 

Regarding the testing of soils for corrosiveness a chemical and physical examination is outlined, adapted to the 
circumstance that in the lower parts of the country anaerobic corrosion by the intermediary of sulphate reducing 
bacteria is a predominant factor (section 5). 

The paper concludes with information of an economic nature, showing that for the length of mains required in the 
next few years, the greater expenses that go with a first-rate protective coating ascompared with a mere coal-tar dipping 
are already compensated if the average life of the pipelines is increased from an average of twenty years to one of 
approximately twenty-three years (section 6). 

In the Netherlands a committee, now of the Central 
Institute for Research on Materials (C.I.M.O.), Corrosion 
Department, Delft, was founded in 1931 to study the 
causes and prevention of underground corrosion of pipe
lines for water and gas transport. In this committee rep
resentatives of the waterworks and gasworks joined 
forces with technical and scientific workers on corrosion 
problems to tackle the problem of underground corrosion, 
which in the prevailing conditions in the low-country soil 
of Holland presents special difficulties. Certain aspects and 
results of the work of the Committee (published in com
munications of the Central Institute), together with 
further economic information, are summarized under the 
following headings: 

Soil conditions in the Netherlands, 
Extension of underground systems, 
Specifications for pipe coatings, 

Testing of the soil with regard to corrosiveness, 
Economic aspects. 

SOIL CONDITIONS IN THE NETHERLANDS 

Generally speaking, the Netherlands can be regarded as 
the delta of the Meuse and Rhine, part of the North Sea 
Basin, bounded in the south and east of the country by 
older formations. These older formations attain a height 
in some places of from 50 to 100 metres above sea level 
and consist mainly of tertiary and diluvial sand mixed 
with gravel, haphazardly interspersed with lenticular 
pockets of clay and peat layers; in some places they are 
intersected by fairly large rivers with the resultant deposit 
of river clay, sporadically covered by peat. 

These higher areas are bounded in the west and north 
by lower areas consisting of holocene sand, clay and peat, 
for the greater part deposited in seawater, the top layer 
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of which is often below sea level, so that only a system of 
dykes and so forth can prevent inundation of the country. 

An exception is constituted by the wind-formed dunes, 
which stretch along the whole of the Netherlands' west 
coast. These vary from one to five kilometres in breadth 
and, at the most, 10 to 20 metres in height. 

It is obvious, therefore, that the ground-water level in 
such geologically contrasting areas also varies consider
ably. In the higher eastern and southern areas, which 
consist mainly of sand deposits. this level is sometimes 
some tens of metres below the surface. As a result gas and 
water conduits in these parts are nearly always above 
ground-water leveL 

The situation in the west and north is quite different, 
as the ground-water level in these parts of the country is 
often only a few decimetres below the surface. Many gas 
and water pipelines in these areas are either permanently 
underwater or, depending on the season, alternately above 
and below ground-water level. 

The composition of the ground-water also varies con
siderably. In the higher areas in the east and south, this 
water is generally fresh. In the lower districts in the west 
and north the ground-water is very much affected by the 
proximity of the sea; here large tracts are brackish, 
whereas in other places the original salt and brackish 
water have been displaced by the fresh water that has 
seeped through. The chemical composition of the ground
water varies considerably, e.g., in so far as this affects 
reaction to metals. In many areas, especially in the west 
and north, either unprotected or insufficiently treated cast 
iron and steel pipelines are severely affected as a result of 
the aggression of the soil and ground-water. Such areas 
have received the nickname of "pipe graves". In a number 
of cases it was necessary to renew entire pipelines not 
older than five or six years, which were protected in the 
then prevailing way, e.g., for cast-iron pipes a coating of 
coal-tar pitch and for steel pipes an immersion of the same 
material, provided with an impregnated hessian wrapping. 

PRESE:KT CONDITIO:\S AND NEAR FUTURE REQUIREMENTS 

OF CAST-IRON AND STEEL PIPES 

At present the population of the Netherlands is about 
10 millions, approximately half of whom are resident in 
the densely populated western half of the country, where 
the three large towns of Amsterdam, Rotterdam and 
The Hague are situated. 

In the west of the country 95 per cent of the population 
is provided with connexions to central water mains, 
whereas the figure is approximately 80 per cent for the 
country as a whole, according to the latest data of the 
Centraal Bureau voor de Statistiek (Central Statistical 
Bureau). For gas supply the Bureau mentions a figure of 
over 67 per cent. It follows from these figures that about 
eight million inhabitants of the Netherlands are provided 
with connexions to a main water system and over 6.5 
millions are supplied with gas. 

Up to the First World \Var water from mains was 
limited chiefly to the large towns, but later on supplies to 
country districts were considerably improved by the con
struction of water mains for groups of municipalities. 
Originally gas was also limited to the large towns, but 
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especially after the end of the Second World War, long
distance supplies have been pushed ahead, and the State 
Mines in the south-east of the country and the blast fur
naces on the west coast at Ymuiden have become gas 
producers. 

According to the rough data available, the total length 
of the central water mains is more than 20,000 km., of 
which about 16,500 km. are cast-iron, 2,500 km. steel, 
1,000 km. asbestos-cement and 100 km. concrete. The 
pre-war and present clay total value of the cast-iron and 
steel piping used in these conduits can be put at some 75 
and 200 million guilders, respectively, whilst the cost of 
laying the complete pipelines, auxiliary fittings, stop
cocks, and fire cocks included, at pre-war and present day 
prices can be put at 120 and 320 million guilders, respec
tively. 

Similarly, the total length of the piping in all gas 
systems can be estimated at about 12,500 km. of which 
11,500 km. are cast-iron and 1,000 km. steel. At pre-war 
and present-day prices the piping used in these systems 
can be valued at 50 and 150 million guilders respectively, 
whilst the cost of laying the complete pipe-lines at pre
war and present-day price levels can be put at about 80 
and 240 million guilders, respectively. 

As a result of the Second World War there are great 
arrears in the construction of new pipelines for supplying 
gas and water to groups of the population not previously 
connected, whilst necessary repairs to existing mains have 
practically had to be omitted. Moreover a great demand 
-principally for steel piping-exists for long-distance 
gas-transport. 

Immediately after the liberation, measures were taken 
under great difficulty to overcome the arrears. In 1948 
the situation gradually improved and it is to be expected 
that normal conditions ·will slowly be re-established. 

It is calculated that about 27,500 tons of cast-iron and 
500 tons of steel piping will be required annually for the 
water supply system during the next few years, whereas 
for gas these quantities are estimated at approximately 
17,500 and 9,500 tons, respectively. The total require
ments for the next few years therefore annually amount 
to some 45,000 tons of cast-iron and 10,000 tons of steel 
piping. 

SPECIFICATIO:\S FOR PIPE COATINGS 

The main constituent of the systems of protection (2) 
(3)1 is blown asphaltic bitumen, chosen because of its 
chemical stability and special mechanical properties. 

For pipes, 75 mm. or more in (inner) diameter, four 
classes of protection are specified: light, medium, heavy 
and extra heavy, for use in soils of increasing corrosive
ness; for pipes, less than 75 mm. in diameter, onlv one 
class--the heavy protection-is prescribed to be. used 
generally. 

Steel pipes must be clescaled by pickling (duplex pro
cess or equivalent method) in the following cases: 

1. All pipes to be coated with the extra heavy protec
tion; 

2. All pipes less than 7 5 mm. in diameter; 

1 Numbers within parentheses refer to items in the bibliography. 
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3. All welded pipes; 

4. Seamless pipes only when not coated within 3 days 
after manufacture. 

Specification of systems of protection, classes I-IV 

Class I, light: One coating of blown asphaltic bitumen 
with a minimum thickness of 0.5 mm. 

Class II, medium: First coating: Primer of blown 
asphaltic bitumen to ensure adhesion of second coating. 
Second coating: blown asphaltic bitumen with filler. 
Minimum total thickness: 2.5 mm., first coating maximum 
0.5mm. 

Class I I I, heavy: First and second coating as for class 
II. Third coating: impregnated fibre cloth for mechanical 
reinforcement. Fourth coating: top coating of blown 
asphaltic bitumen with filler; minimum thickness: 2 mm. 

Class IV, extra heavy: First and second coating as for 
classes II and III, but with a minimum total thickness of 
6mm. 

Third to fifth coating: two impregnated fibre cloth 
wrappings, separated by a 2 mm. coating of blown asphal
tic bitumen with filler. Sixth coating: top coating as for 
class III. Seventh coating: crepe paper covering. Eighth 
coating: straw cord wrapping, specially meant for pro
tection of coating during transport and construction. 

Specifications are given for the blown asphaltic bitumen 
to be used, as to softening point Ring and Ball, Penetration 
and Fraass Breaking Point; in addition, the material with 
filler must meet the requirements of a severe steel ball 
drop test, a flow test and a plunger load test. The finished 
coatings must show no pinholes when tested by a high 
voltage spark test and meet the requirements of a con
ductometric test. 

The four classes of protection are recommended for use 
as follows: 

Class 1: Only on sand-cast iron tubes in non-corrosive 
soils. 

Class I I: On steel and cast iron pipes in non-corrosive 
soils; on sand-cast iron tubes also in soils of medium cor
rosiveness. When used on steel and on centrifugally cast
iron tubes in medium corrosive soils, special precautions 
during transport must be taken and only steel tubes of 
short length (6 metres or less) and large diameter (150 mm. 
or more) are allowed. 

Class III: For all kinds of pipes in corrosive soils. 

Class IV: For use on non-accessible pipelines, e.g., 
canal crossings and similar cases. 

A great number of gas-works and waterworks have 
applied the above-mentioned protections for about fifteen 
years. Up to now, however, there has been no attempt to 
collect data systematically concerning the performance of 
the various protective coatings used under different 
circumstances. In order to remedy this neglect, the 
K.I.W.A. (Institute for the Testing of Water Supply 
Materials), founded in 1945, has lately instituted a com
mittee whose chief purpose is to collect data systematical
ly regarding the behaviour of cast-iron and steel pipe-lines, 
which have been protected by modern methods. 

TESTI~G OF THE SOIL WITH REGARD TO CORROSIVENESS 

Before making underground structures on which metals 
are used, it is necessarv to have information about the 
corrosive properties of' the soil. Apart from geological 
data from which a number of conclusions can be drawn, 
several tests can give valuable information. 

It has been generally admitted that corrosion is an 
electro-chemical process. The velocity of the reaction 
depends on the acidity (pH) of the medium and on the 
electrical conductivity. The presence of oxidizing or re
ducing systems has an influence on the corrosion; in an 
oxidizing medium the formation of a protecting film or 
layer of oxide may occur. As a source of differences in 
potential the contact with foreign matter such as carbon 
particles in the soil must be mentioned; severe attack may 
result from such con tact. 

Another process leading to severe damage is the so
called "sulphate reduction", first recognized in Holland 
by von Wolzogen Klihr (4) as a source of corrosion. In the 
absence of oxygen by the intermediation of certain bac
teria (sporovibrio desttljuricans), the function of the oxygen 
necessary for the corrosion process may be taken up by the 
sulphate oxygen. At the same time a certain quantity of 
ferrous sulphide is formed. When conditions have altered 
and oxygen again renders the soil aerobic, these sulphides 
are oxidized forming sulphuric acid which leads to further 
corrosion-damage. 

The conditions which must be fulfilled to bring about 
this electro-biological corrosion are, apart from the pre
sence of sporovibrio desulfuricans, absence of oxygen, 
presence of organic matter and other physiological com
pounds necessary for the growth of the bacteria, presence 
of soluble sulphates and neutral or nearly neutral medium. 

In the lower parts of the Netherlands the sulphate 
reduction is a predominant factor in underground cor
rosion, so that tests relating to this matter must be in
cluded. 

The investigation consists of the following determina-
tions: 

Chemical analysis of the soil; 

Acidity, by pH measurement; 

Electrical conductivity; 

State of oxidation with respect to reduction of the soil, 
by measurement of the redox-potential. 

Chemical analysis: The analysis includes determination 
of the sulphate, sulphide, polysulphide, chloride and lime
content of the soil, as well as the presence of carbon 
particles. The sulphate, sulphide and polysulphide content 
are important in connexion with the sulphate reduction 
process, whereas a high chloride content promotes cor
rosion by contributing to the electrical conductivity. The 
presence of lime prevents the formation of acid corrosion
products. 

Acidity: The pH value is determined in a sample by 
means of a glass electrode; for that purpose a special type 
of penetration electrode strong enough to be pressed into 
the soil, is used. A calomel-electrode with saturated KCI
solution of a specially designed type for the purpose of soil 
measurements serves as a reference electrode. The pH is. 
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established by means of a standard type laboratory 
potentiometer. 

Electrical conductivity: The measurement of soil resist
ivity is carried out with the Shepard apparatus (5), as 
designed for field use. Two electrodes are thrust into the 
soil, and connected with the poles of a battery; a milliam
meter, graduated in ohm-centimetres shows the resistivity 
of the soil, from which the conductivity may be calcu
lated. 

Redox-potential: The redox-potential must be measured 
in undisturbed soil, without exposing the soil to the air. 
Because the establisment of equilibrium at the electrodes 
takes much time, a special procedure is followed in which 
the testing in situ is replaced by sampling. The measure
ments are made within six hours after sampling. The 
determination is carried out in the same way as described 
under "Acidity"; however, the glass electrode is replaced 
by two platinum electrodes, to duplicate the test. The 
electrodes are made of !-millimetre platinum plate with 
sharpened edge to facilitate the penetration in the soil 
sample. Conform the procedure prescribed by Starkey (6); 
the cleaning of the platinum electrodes-which is very 
important in view of the reproducibility of the results
must be done with the aid of a special detergent (nacconol 
NRSF). 

ECONOMIC ASPECTS 

In the preceding pages mention has been made of the 
estimated average of 45,000 tons of cast-iron pipes as well 
as 10,000 tons of steel piping annually required during the 
next ten years for water mains and gas conduits. 

The considerations mentioned below are based on the 
necessity of applying a bituminous coating (as prescribed 
in class II, medium) to 10,000 tons of cast-iron pipes and 
treating all steel piping according to class III, heavy. The 
10,000 or 20,000 tons of cast-iron pipes, which will be 
protected in the manner mentioned in class I, light, have 
been left out of consideration. 

At a price of 250 florins per ton for cast-iron, the ex
pense for applying class II external protection can be put 
at about 15 per cent of the initial cost of the pipes, 
whereas the pickling and the applying of the coatings 
prescribed in class III heavy, to steel pipes can be put at 
2.5 and 10 per cent respectively, of the initial cost of the 
piping, based on a price of 850 florins per ton for steel. 

The current initial cost of 10,000 tons of cast-iron pipes, 
including the necessary auxiliary fittings, stopcocks and 
fire cocks can be put at approximately fl. 3 million; if the 
pipes are externally provided with class II protection, the 
amount is raised to about fl. 3,500,000. In this case the 
total value of the pipelines, when laid without or with a 
special protection, amounts to fl. 4,800,000 and fl. 5,600,000 
respectively. The initial cost of 10,000 tons of steel pipes, 
including the necessary auxiliary fittings, stopcocks and 
fire cocks amounts to about fl. 10 million, if the pipes are 
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not pickled but are externally wrapped with jute, after 
immersion in a coal-tar bath. This amount is raised to 
fl. 10,500,000 if the steel pipes are pickled and are ex
ternally provided with a class III coating. The total value 
of the pipe-lines when laid then amounts to approximately 
fl. 15 million without special protection and to fl. 16 
million with it. The total cost of cast-iron and steel pipe
lines normally fitted out therefore amounts to fl.l9,800 ,000 
and to fl. 21,600,000, if special protection is applied, 
making a difference of 9 per cent. 

Assuming that the life of the cast-iron pipelines with
out special protection and that of the non-pickled steel 
pipes with an immersion coating of coal-tar and a wrapp
ing of jute amounts to twenty years, taking into account 
that some of the steel pipes are laid in non-aggressive or 
slightly aggressive soil and further assuming that all of the 
cast-iron piping will be laid in aggressive soil, the annual 
liabilities for interest and amortization, based on a rate of 
interest of 3.5 per cent, amounts to 3.5:2 + 5 = 6.75 
per cent of the total capital invested. That means that 
the liability for interest on cast-iron and steel would be 
about fl. 325,000 and about fl. 1 million for amortization 
totalling fl. 1,325,000. If the cast-iron and steel pipe-line~ 
are externally protected according to the specifications of 
class II and class III respectively, the average life time 
can safely be put at fifty years. The annual amount 
required for interest and amortization in this case will be 
3.5: 2 + 2 = 3. 75 per cent of the initial cost, i.e., fl. 
210,000 and fl. 600,000, respectively, totalling fl. 810,000. 

It follows from these figures that by applying an ex
ternal protection of bituminous coatings that meet the 
highest demands, the annual saving on the costs of interest 
and amortization amounts to over fl. 500,000, plus the 
annual saving on the maintenance cost of the pipelines. 

Similarly it may be calculated that the greater expense 
of applying good protection, which raises the capital in
vested from fl. 19,800,000 to fl. 21,600,000 is already 
discounted in the annual amounts for interest and amorti
zation, when the average life of the pipelines is lengthened 
from twenty to approximately twenty-three years. 
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Fundamental Researches on Corrosion Work of the "Committee for 

Electro-Chemical Thermodynamics and Kineticsw 

MARCEL POURBAIX 

PIERRE VAN RYSSELBERGHE 

INTRODUCTION 

So long as the fundamental bases of a science or techni
que are incompletely known, that science or technique 
lacks one of the factors essential for progress. Progress is 
indeed possible, but it is halting and is dependent upon the 
intuition and genius of a few experimenters whose pioneer 
work is all the more admirable on that account. 

Every experimental science has started with this stage 
of fragmentary discovery, full of surprises and. disappoint
ments in the face of the facts, and also of disputes con
cerning their interpretation. Physics, electricity and 
chemistry, for example, each went through this romantic 
period. Their development was laborious and spasmodic 
up to the moment when mathematics and the st~dy of 
energy changes made it possible to establish their .real 
foundations. From then on, the facts fell smoothly mto 
place, research was less poetic b~t more logica~, and very 
considerable progress was made m a comparatively short 
time: the investigator was able to understand and to 
predict. 

The phenomena of the corrosion of metals are as a rule 
extremely complex; their causes lie in very various fields 
of study, among which may be mentioned in particular 
the physics of metals, the study of inter-phase phenomena 
and the physical chemistry of the three states of matter. 
Thus there can be no question of a theory of corrosion, but 
of several; theories of corrosion must be built on a funda
mental basis of widely different phenomena on which 
numerous researches are being actively carried out in 
many countries. Most of these researches are still in the 
fascinating but unprofitable stage of intuitive discovery, 
but the time seems to be drawing near when the common 
work of many investigators will result in a comprehension 
of the subject that will make steady progress possible. In 
physics, in electricity and in chemist.ry it w~s the stu~y of 
energy changes which played the mam part m the achieve
ment of such a comprehension; it is probable that the 
study of energy changes can give the same insight into 
electro-chemistry and consequently into the phenomena 
of corrosion by aqueous solutions, now recognized to be of 
an electro-chemical nature. 

The first applications of the study of electro-chemical 
energy changes, which might be called "electro-c.hemical 
thermodynamics", date back to Haber, who m 1898 
pointed out the importance of the concept of "electrode 
potential"; but, notwithstanding the success of Nernst's 
work on the subject, it was long before the importance of 
the idea was fully realized. About 1935 the idea received 
new impetus in various countries, and its usefulness in the 
study of corrosion was demonstrated by Wagner a~d 
Traud. In 194 7 the Faraday Society devoted one of Its 

1 Original text: French. 

most important "general discussions" to it. The possi
bilities offered by the thermodynamical approach in elec
tro-chemistry and related fields, including that of cor
rosion, are now recognized and research is at present 
flourishing along these lines by which results of consider
able scientific importance may be obtained, in many cases 
very soon. 

In view of the scope and the difficulties of the work to 
be accomplished, electro-chemists of various countries 
set up, in March 1949 at the University of Brussels, a 
"Committee for electro-chemical thermodynamics and 
kinetics''. 

THE COMMITTEE FOR ELECTRO-CHEMICAL 
THERMODYNAMICS AND KINETICS 

The purpose of the Committee is to promote inter
national co-operation in the fields of electro-chemical 
thermodynamics and kinetics. The members of the Com
mittee will carry on active research in this field and will 
agree to direct their researches along lines to be decided 
and, on occasion, revised at the Committee's meetings. In 
each of the countries where collaboration is secured one 
delegate will be responsible for co-ordinating the various 
activities within the framework of the Committee's pro
gramme. 

The Committee consists at present of about forty 
members, from ten different countries. Its present officers 
are: 
P. VAN RvssELBERGHE: Chairman and general delegate 

for America-University of Oregon-Eugene (Oreg.) 
M. PouRBAIX: Secretary-University of Brussels. 
A. }ULIARD: General delegate for Europe-University of 

Brussels. 
The present national delegates are: 

Belgium A. }ULIARD . . . . (Brussels) 
Canada . . . F. E. W. WETMORE (Toronto) 
Spain . . . . E. }IMENO (Madrid) 
United States P. VAN RvssELBERGHE (Eugene) 
France. . . . G. CHARLOT. . (Paris) 

and G. V ALENSI (Poitiers) 
United Kingdom T. P. HoAR . . (Cambridge) 
Italy . . . R. PIONTELLI . (Milan) 
Norway . . A. B. WINTERBOTTOM (Trondheim) 
Netherlands W. G. BuRGERS (Delft) 
Switzerland E. WYLER . . . . . (Berne) 
Czechoslovakia ]. HEYROVSKY (Prague) 

At the conclusion of the meeting held in Brussels, it was 
agreed that the Committee's programme would be as 
follows: 

(1) The preparation of an "Atlas of electro-chemical 
equilibria"; 

(2) The systematic determination of the polarization 
curves of electro-chemical reactions; 
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CONSERVATION BY CORROSION CONTROL 

(3) Applications of the fundamental investigations 
mentioned above to: corrosion, catalysis in solution, 
electrolysis and accumulators, general chemistry and 
analytical chemistry. 

We will now add a few remarks regarding the Com
mittee's programme of work. 

(J) ATLAS OF ELECTRO-CHEMICAL EQl.JILIBRIA 

The preparation of this atlas, based mainly on the 
thermodynamic data of Latimer, is now being carried out 
at the Universities of Oregon and of Brussels, with the 
collaboration of P. Delahay. The atlas will include 
"potential-pH" equilibrium diagrams at 25 degrees C. 
for all metals and metalloids for which the necessary data 
are at present available. -
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Such diagrams have already been published for nitrogen, 
chromium, copper and iron. As an example, Figures 1 and 
2 show the diagrams for lead and silver recently drawn up 
on the basis of data already published. 

These diagrams show in what circumstances the various 
electro-chemical reactions are thermodynamically possible 
or impossible; they constitute a guide for the rational 
study of these reactions. 
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(2) POLARIZATIO~ CURVES 

Thermodynamics and the equilibrium diagrams based 
on thermodynamics make it possible to predict the direc
tion of electro-chemical reactions, but not their speed, a 
knowledge of which is of considerable practical importance. 
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Polarization curves, which express the relationship 
between the speed of an electro-chemical reaction and its 
affinity, constitute a rational way of expressing these 
reaction speeds. 

The systematic determination of the polarization curves 
of electro-chemical reactions is a task of very great scope 
which can be successfully completed only through the 
collaboration of numerous experimenters working with 
different techniques. All the members of the Committee 
have been asked to collaborate in the accomplishment of 
this task. Among other techniques to be used will be the 
direct electrolytic methods of Hoar, Piontelli and Pour
baix and the polarographic methods of Heyrovsky and of 
Van Rysselberghe and Delahay. The oscillographic 
methods of Heyrovsky, Hickling and Burgers will be in
valuable for studying the degree of irreversibility of reac
tions, transient phenomena and the conditions for the 
formation of protective layers. 

Researches are being conducted along these lines in 
particular with regard to the electro-chemical behaviour 
of oxygen, hydrogen peroxide, copper, iron, lead and 
carbon and sulphur derivatives. 

A knowledge of the equilibrium and polarization dia
grams of electro-chemical reactions leads directly to a 
knowledge, often complete, of the fundamental bases, both 
static and kinetic, of these reactions. The investigation of 
complex electro-chemical phenomena may thenceforth be 
carried out by the judicious use of these fundamental 
bases. 

(3) APPLICATIONS 
(a) Corrosion 

The fundamental studies referred to above make it 

Summary of Discussion 

The CHAIRMAN announced that that morning's meeting 
would deal with the subject of conservation by corrosion 
control, papers on which dealt with three topics: cost of 
corrosion and control; metallic and non-metallic coatings; 
and other protective measures. 

In the absence of Mr. Chaudron, his "Report on the 
Conservation of Metals by Corrosion Control" would be 
considered as read. 

Mr. UHLIG presented his paper on "Costs of Corrosion to 
the United States". 

Mr. Uhlig said that a consideration of corrosion was 
justified by the great economic and material losses it 
caused. Since figures of such losses were very difficult to 
obtain, he had limited himself to the United States in an 
attempt to estimate their extent. 

Losses from corrosion might be divided into direct and 
indirect. Indirect losses were those caused by over-design, 
explosion, contamination and shut-down. Direct losses 
included the cost of replacements and labour charges for 
corroded equipment, and protective measures. Direct 
losses by corrosion cost the United States annually. some 

possible, by means of certain hypotheses, to determine 
without difficulty the conditions under which corrosion of 
certain metals by aqueous solutions may be expected and 
the conditions under which corrosion is impossible. 

As an example, Figures 3 and 4, derived from Figures I 
and 2, respectively, represent the conditions for the cor
rosion of lead and silver at 25 degrees C. Such figures have 
already been published for copper, iron and zinc. 

These figures-possibly modified and supplemented by 
the results of appropriate experiments-are particularly 
useful for the study of cathodic protection and of passi
vation by oxidation. The determination of polarization 
curves and the use of oscillographic methods can be of 
great value in the study of corrosion inhibitors and activa
tors. It is capable of yielding simple, certain and inex
pensive methods for choosing non-corrodable metals and 
for developing and regulating protective devices. 

(b) Other applications 

Incidentally we may point out that the practical value 
of the fundamental studies referred to under (1) and (2) 
above is not limited to corrosion. It extends, among 
other fields, to that of electro-deposition phenomena 
(Hoar and Agar), the functioning of accumulators and the 
combating of incrustation due to water (Pourbaix), and 
also to the study and teaching of general chemistry and 
analytical chemistry (Charlot, Juliard, Kolthoff and Lin
gane), to the study of chlorophyll photosynthesis (van 
Rysselberghe), and to many biological phenomena. 

We would like to thank the "Belgian American Educa
tional Foundation", which has helped us to achieve closer 
collaboration. 

$5,427 million. There was a large figure for loss due to the 
corrosion of internal combustion engines. 

By an intelligent application of resources, the improve
ment of protective paints and other devices, probably 
1,000 million dollars per year could be saved. Appreciable 
gains could be made by scientific research and by a pro
gramme for the application of what was already known on 
the subject; such a programme should be supported on a 
co-operative basis by both producers and consumers, 
supplemented where necessary by government assistance. 

In the absence of its author, Mr. SUTTON presented 
Mr. Vernon's paper on the "Costs of Corrosion and of Its 
Control". 

Mr. Vernon referred to Sir Robert Hadfield's estimate 
of the annual world cost of iron and steel wasted by 
rusting, and proffered a fresh estimate of the cost of cor
rosion prevention of iron and steel for the United Kingdom 
at £200 million annually. In one case a large industrial 
undertaking was spending approximately £270,000 yearly 
for paint maintenance alone and £200,000 yearly for 
structural steel replacement made necessary by atmo
spheric corrosion. 
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Dealing with the question of corrosion control, Mr. Ver
non said that much depended upon the life of the struc
ture as determined by factors other than corrosion; the 
initial cost of protection must be balanced against the 
number of years the structure was expected or required to 
last. In some cases the aesthetic function of a painting 
scheme might be even more important than its corrosion 
resistance. Another important question was the accessi
bility of the structure to be protected. 

Mr. Vernon laid special emphasis on the dependence of 
atmospheric corrosion upon atmospheric pollution, and the 
possibility of drastically reducing corrosion by elimination 
of pollution at source, e.g., by the treatment of flue gases 
for the elimination of sulphurous impurities. 

He then dealt with the economics of corrosion control 
in specific fields, and drew attention to the commercial 
importance of temporary protectives, particularly in over
seas trade. 

In conclusion, he said that systematic research would be 
required for the acquisition and appraisal of data on a 
large scale and hoped for the views of the Conference on 
the possibility of setting up machinery to collect such in
formation. 

Mr. BEcK said that very valuable figures had been sub
mitted by Mr. Uhlig and Mr. Vernon. Losses by corrosion 
were very difficult to estimate but the figures given by a 
government agency should be reliable, and he was in a 
position to give the statistics issued by a German govern
ment agency shortly before the war for the year 1937. 

Some publications had stated that the direct annual 
damage due to corrosion of iron and steel in Germany 
amounted to 2,000 million marks. That estimate, how
ever, appeared mistaken since the total annual steel pro
duction before the war had reached approximately the 
same level of 2,000 million marks. He then presented 
detailed estimates on the annual corrosion loss in Germany 
in 1937 for various types of steel. In 1937 about 81 million 
tons of steel products were invested in railroad upper 
structures, representing a purchase value of 4,000 million 
and 200 million marks. The annual wastage brought about 
bv rusting was estimated to be one three-hundredth of the 
q~antity of steel applied to upper structures, correspond
ing to an amount of 14 million marks. In the same year 
62 million tons of shaping tools and steel bars were in
stalled, being equal to a purchase value of 150,000 million 
and 500 million marks. The annual corrosion damage was 
estimated to be one-fourhundredth of the quantity of all 
shaping tools and steel bars installed, corresponding to an 
amount of 31 million marks. The loss out of 24,000 tons 
of strip steel had been one-hundredth of the total value of 
this material, being estimated at about 3 million and 
360,000 marks. The loss by rusting of a total of 190,000 
tons of rolled wire had been one-fiftieth or 26 million marks. 
The annual loss by rusting of heavy plates and flat steel 
had been about 8 million marks, and for thin sheets of steel 
and tinplate about 25,400,000 marks. The rusting of pipes, 
axles and forgings had cost 8 million marks. The total 
annual loss due to the corrosion of steel was given as 
125 million marks, but that figure should be amended 
taking into consideration the scrap value of a number of 
steel parts which had become useless through corrosion. 

241 

SUMMARY OF DISCUSSION 

Mr. You>~G thought Mr. Uhlig's estimate of the annual 
corrosion cost for paints, varnishes and lacquers was too 
high, since much paint was used for decoration purposes 
where the corrosion factor was secondary. That should 
reduce the estimate by several million dollars. He felt 
that the application of the 2' /2 : 1 factor for paints and var
nishes used on machinery was too high and that P /2 : 1 or 
1 : 1 would be a better factor. He did not agree with .:VIr. 
Uhlig's suggestion that the protective qualities of paint 
had improved in recent years, and thought the improve
ment was rather due to better painting practices. 

Mr. UHLIG appreciated Mr. Young's estimate since it 
was very difficult to obtain information in that field. 

Mr. BECK said the figure of 120 million gallons had been 
given as the amotmt of paint used yearly for the protec
tion of iron and steeL 

::VIr. J D. EDWARDS suggested that the effect of obsoles
cence and the economic loss, due to loss of business, 
which would be encurred if metals did not corrode, might 
be weighed against corrosion losses. 

Mr. UHLIG agreed that if metal did not corrode it would 
eventually become obsolete but felt that the implication 
that its non-corrosion would put people out of work was 
not well-grounded. His figure for the total cost of cor
rosion meant a loss of 50 dollars per person per year in the 
United States. Any saving effected in metals increased 
the total wealth of the world and made available more 
leisure time which would otherwise have had to be devoted 
to manufacturing replacements. 

Mr. J D. EDWARDS said he was really much in favour 
of saving metal from corrosion, particularly where that 
could be done by the use of aluminium. 

Mr. LAQUE pointed out that one advantage of corrosion 
was that it eventually destroyed ugly structures. 

Mr. BuRNS did not think the estimates given by Mr. 
Uhlig and Mr. Vernon were too high. Some years ago the 
cost of corrosion had been said to be equal to the cost of 
armaments. In recent years progress had been made by a 
greater understanding of the problem and by better 
methods of application of protective coatings, but the 
magnitude of the problem suggested the importance of 
still further scientific and engineering efforts. 

Mr. .:VfoNTURE said that much emphasis had been laid 
on the financial loss due to corrosion. He wondered 
whether any study had been made of the amount of the 
rather scarce non-ferrous metals (in particular lead) used 
for protection from corrosion, and whether any attempt 
had been made to use other metals. He also asked whether 
the rate of deterioration of iron and steel products had 
been studied. He had in mind the possibility of stock
piling such products against a future shortage. 

Mr. J D. EDWARDS remarked that a substantial part of 
all lead produced went into paints. Aluminium pigments 
could be used effectively in metal protective paints. 

:Mr. YouNG thought that lead-l;.Jased paints were not 
likely to be replaced in the near future. He did not think 
that the lead industry should be criticized for its attitude, 
however. Much of the lead used in paints was a by
product, from secondary recovery and refining of storage 
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battery plates stock for instance. It was true that other 
pigments could be used, but most of those were also in 
short supply. 

Mr. LAQUE, in reply to a question from Mr. Monture 
concerning the possible destruction of steel in stockpiles, 
explained that a distinction should be made between cor
rosion of large masses of steel and corrosion of steel in 
structures, the building of which represented a great 
amount of labour, such as corrosion of machine surfaces. 
The destruction of the former due to atmosphere was not 
great in terms of tonnage. Precautions must be taken 
against corrosion of steel surfaces in machines, which 
should be stored in atmosphere-proof shelters or covered 
with protective films. 

Mr. FEiss, referring to the use of lead pigment on big 
structures like bridges, which were exposed to salt water, 
asked if it were true that red lead was the only effective 
pigment for such use. 

Mr. BECK explained that he had done considerable work 
with the purpose of studying the principles governing the 
rust protective properties of red lead oil paints. It could 
be found that presence of red lead in linseed-oil films 
brought about a change of the reaction in the swelling 
water in the paint layer. 

The reaction, being originally considerably acid, became 
after a certain time neutral and even alkaline. This change 
of reaction is one of the important factors with regard to 
the mechanism of the corrosion protection exerted by red 
lead oil paints. 

Mr. SuTTON recalled that red lead was used in ancient 
Rome in the days of Nero and had not yet been surpassed 
as a pigment. British teams had studied it and found it 
outstanding for iron and steel protection. Mr. Evans 
thought that it should be further studied. 

He agreed with Mr. Young that further advances could 
be made in improving surface preparation and techniques 
of application of paint. He believed that real protection 
depended more on preparation of surfaces than on paint 
itself. 

Mr. LAQuE observed that users of paint would need 
education and persuasion on that point. Referring to the 
corrosion and fouling of ships, he pointed out that most 
operators would not leave their ships in dry-dock long 
enough to have them adequately protected by painting. 
If machines needed repair,"they would leave the ships in 
dry-dock as long as was necessary. They were not im
pressed with the importance of surface preparation, how
ever, and would have to be shown that that was as im
portant as the composition of the paint. 

Mr. NIELSEN, referring to Mr. Uhlig's remarks on losses 
through over-design, suggested that this might be due to 
the fact that engineers who design structures in which 
metals are used are seldom given a good foundation in the 
nature and use of engineering materials in technical 
schools today. A knowledge of physical metallurgy was 
not sufficient. Moreover, good information on engineering 
materials was difficult to find. 

The CHAIRMAN declared the discussion on the cost and 
control of corrosion closed and took up the consideration 

of the next topic on the agenda, namely, metallic and non
metallic coatings. 

Mr. SuTTON, in the absence of Mr. Evans, presented the 
latter's paper on the "Role of Protective Coats in the 
Conservation of Metals". In the introduction to his paper, 
Mr. Evans explained the distribution of attack of corrosion 
in structural steel. A process which caused attack to be 
spread uniformly would represent an economy; one which 
reduced the total of destruction would be better still. 
"Protective" processes which limited corrosion to restrict
ed areas, were not a solution of the problem. Protective 
coatings offered greater promise than water treatment. 
Some inhibitive chemicals which were advocated for ad
dition to corrosive waters might produce serious pitting 
and intensify attack at any places where protection failed. 
Coating materials themselves were scarce. Some of the 
new synthetic materials offered little relief, as they were 
made in small quantities. Some of them had only limited 
protective value. Rubber-like coatings held out much 
promise. Tar paints might represent some saving. Use of 
vitreous enamels on hardware and lighting fittings would 
probably increase. He stressed better employment of 
existing materials. Probably the greatest saving would 
result from better surface preparation, such as removing 
rust and scale before painting, and improvement in 
methods of application of protective coatings. 

Among the methods mentioned for applying metallic 
coats were electroplating, dipping in molten metal, heating 
in powder and exposure to vaporous compounds. For 
large structures, grit-blasting and spraying with zinc or 
aluminium were recommended. Zinc coating of steel wire 
and strip should be given special attention. 

In discussing cathodic coats, Mr. Evans pointed out 
that copper was strongly cathodic towards steel and might 
cause intensified attack at discontinuities in the coat. 
Nickel was less cathodic. Coats of lead or tin, even when 
they were initially cathodic, seemed to stifle attack. In 
cathodic coating, pin-holes must be avoided, even when 
the coats were very thin. 

Paint applied on aluminium-sprayed steel often kept its 
colour and character better than paint applied directly 
upon uncoated steel. 

Although there was some difference of opinion, many 
authorities favoured a three-stage procedure for the pro
tection of metal structures: (1) grit-blasting, (2) spraying 
with aluminium, or perhaps zinc and (3) application of oil 
paint. A zinc-rich paint coat on steel, engraved with a 
scratch-line, had survived for over a year in sea water 
without appearance of loose rust. 

Among the non-metallic coats considered were oil paints, 
synthetic resins and concrete and cement mixtures. Again 
the necessity for proper cleaning of the surface before 
painting was stressed. The most effective methods of 
removing scale and rust were by pickling, grit-blasting, 
wire-brushing, and flame-cleaning. 

Mr. Evans emphasized the need for disinterested in
formation concerning the correct choice of coatings. Tests 
by such organizations as the American Society for Testing 
Materials and the (British) Iron and Steel Institute had 
proved helpful. Results of such tests and those carried 
out by other research groups should be published and 
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more widely disseminated. Scientists and salesmen could 
do more to enlighten the users of materials as to the most 
suitable protective schemes. The need for full description 
of the facts in meetings of technical societies and in publi
cations could not be over-emphasized. 

The CHAIRMAN took up the consideration of the third 
topic on the programme of the meeting, namely, other 
protective measures for conservation by corrosion con
trols. 

Mr. LAQUE presented his paper on "Prevention of 
Corrosion by Means other than Protective Coatings". He 
pointed out that the most important factors in the pre
vention of corrosion were knowledge of the principles of 
corrosion and judicious application of the information 
gained through scientific research. The publication and 
wide dissemination of that information was also of prim
ary importance. 

He did not approve the suggestion that such knowledge 
should be pooled under the supervision of the United 
Nations, or any other organization. He saw no virtue in 
a reservoir of knowledge, classified and labeled since good 
judgment in the application of scientific knowledge was as 
essential as data; no organization could give that neces
sary judgment. What was needed was the removal of 
obstacles to the dissemination of knowledge. If the United 
Nations could contribute to the solution of that problem, 
it should do so. 

He explained that his paper was divided into four sec
tions: the control of environments, cathodic protection, 
design, and adjustments of composition. 

SUMMARY OF DISCUSSION 

probably the most spectacular modern example that could 
be cited. Particular mention was made of the addition of 
alloying elements such as chromium, nickel, molybdenum, 
titanium or columbium. Very often small percentages of 
alloying elements provided great improvements. 

The CHAIRMAX said that, in the absence of the authors, 
the paper on the "Costs and Benefits of Conservation of 
Cast Iron and Steel Pipelines by Control of Corrosion" 
prepared by Mr. Carriere and Mr. Lobry de Bruyn would 
be taken as read. 

Mr. PoURBAIX presented his paper on "Fundamental 
Research in Corrosion-the Work of the Committee for 
Electro-chemical Thermodynamics and Kinetics", prepar
ed in collaboration with Mr. van Rysselberghe. He 
emphasized the recent creation at Brussels of a Committee 
for Electro-chemical Thermodynamics and Kinetics, with 
approximately forty members belonging to nine countries. 
That Committee's programme includes the preparation of 
an "Atlas of Electro-chemical Equilibria", the systematic 
determination of the polarization curves of electro
chemical reactions, and the application of these funda
mental studies to corrosion, catalysis, electrolysis and 
accumulators and to general and analytic chemistry. 

The CHAIRMAN called for a general discussion on con
servation by corrosion control. 

Mr. BECK drew attention to the work done by another 
international corrosion agency, the International Joint 
Commission, organized in order to study the efficacy of 
methods applied to protect underground structures. This 
Commission M ixte I nternationale pour les experiences 
relatives ala protection des Lignes de Telecommunication et 
des Canalisations souterraines, Paris, has obtained useful 
results by international collaboration in the important 
field of corrosion protection of underground pipe and 
cable lines. 

Among the various means of controlling environments 
mentioned were humidity control, which was probably the 
most effective means of preventing corrosion, de aeration 
and inhibitors. Control of humidity could be accomplish
ed by dynamic means, such as the use of air-conditioning 
equipment, or by static means, such as sealing, packaging 
envelopes or metallic containers. Suitable desiccants Mr. YouNG expressed some surprise at Mr. Evans' ap
could often be placed in the containers. To illustrate the parent conservatism about the newer synthetic resinoids. 
use of de aeration, removing of oxygen from the environ- In the United States the vinyls, at least, were being used 
ment, Mr. LaQue described the treatment of boiler feed to a very considerable extent; their synthesis from natural 
water. Among inhibitors were "stifters" or compounds gas and petroleum sources ensured an adequate supply. 
that stifled the anodic or cathodic portions of normal cor- With regard to ethyl silicate, it was not widely used in the 
rosion reaction. Most inhibitors functioned as films which United States, and then usually in conjunction with 
altered the electro-chemical characteristics of the metal. phosphate pretreatments. It was not cheap. Although 
Inhibitors included chromates, dichromates, organic chro- not suitable for all purposes, it had been found valuable in 
mium compounds and nitrates, silicates, phosphates, a few specific applications. Almost any paint presented a 
water-soluble oils, vapor phase inhibitors, and additives good appearance when sprayed on well-prepared surfaces; 
designed to prevent decomposition of other substances the problem in the United States, however, had been to 
which would inhibit corrosion. Another effective means find a paint which could tolerate an imperfectly prepared 
of preventing corrosion was the application of cathodic or not wholly satisfactory basic preparation. The tradi
protection. tional use of zinc oxide in gum turpentine as a pre-wash 

Corrosion could be controlled to a certain extent by had been an approach to the problem of dealing with a 
design of structures. Elimination of crevices and other wet, poorly-prepared base, particularly in the case of the 
factors that might give rise to destructive concentration hulls of ships, where it apparently operated by a dehydra
cells was stressed. The use of the proper alloys in surfaces tion process. 
of structures and the avoidance of galvanic action by the Mr. Evans had recommended spraying with zinc or 
improper coupling of dissimilar metals were stressed. aluminium in combination with paints; he himself was not 
Ventilation and drying were important factors to be con- so optimistic. Over-coating sprayed zinc with paint some-
sidered in design. times had had a disastrous effect. 

In describing adjustments to compositions, the use of Mr. SUTTON regretted Mr. Young's inability to agree 
stainless steels to improve the durability of metals was completely with Mr. Evans on the subject of synthetic 
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resins. Mr. Evans had approached that question from the 
point of view of efficacy against corrosion; it might be, 
however, that synthetics were not so valuable purely from 
the point of view of their use versus oil-base paints. With 
regard to phosphatic coatings, Mr. Evans would certainly 
have been reluctant to detract from their purely technical 
merits, but he had contended that they were not in them
selves very effective for protection; they could, however, 
assist the painter by providing a clean surface, and were 
therefore much superior to grease solvents. 

With regard to the application of zinc-sprayed coatings, 
no deleterious effects had been found, in his own ex
perience. Considerable benefit had in fact been obtained 
from the method. 

Mr. ScHIMMEl. said that it appeared that there was a 
conflict of opinion between those who thought that no 
very significant loss could be attributed to corrosion 
directly and those who believed that, if the wider econo
mic aspects were taken into consideration, those losses 
were very large. With regard to the employment of small 
quantities of alloying metals as suggested by Mr. LaQue, 
and Mr. Monture's fear that minerals in short supply were 
being used excessively in coatings, it appeared desirable 
that more intensive studies of low-allov admixtures and 
their electro-chemical properties should~be made. 

Mr. UHLIG observed that the loss of iron by corrosion 
was very considerable. He had received an estimate to 
the effect that 25 per cent of the iron ore mined in any 
one year was lost by the corrosion of all steel structures 
currently in use. 

Mr. BECK advocated extreme caution in the use of such 
statistics. The value of the scrap resulting from the effects 
of corrosion must be subtracted from the total estimate; 
that value was considerable. It was extremely difficult to 
obtain an objective statistical picture; that could be 
supplied only by a disinterested governmental agency 
such as that which had supplied the German figures for 
1937 already quoted. The direct loss by corrosion might 
actually not exceed five or six per cent. 

Mr. LAQUE said that the urge to conserve metals was 
not yet strong enough to prevent considerable waste. A 
large proportion of the wastage of iron and tin might be 
attributed to the jettisoning of tin cans-perhaps a pro
portion equal to that caused by corrosion. The tin cans 
were not recovered because the cost of recovery and pro-
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cessing was not economic. Some sort of subsidy might 
perhaps be needed for the encouragement of that form of 
conservation, which might even take priority over cor
rosion controL 

Mr. J. D. EDWARDS said that aluminium coatings were 
useful for protecting materials containing aluminium 
allovs. Thus, so-called clad metals were used in the 
alu~inium industry to protect aluminium base alloy 
cores. The use of clad metals was not an innovation; it 
had long been the practice in the precious metal industry. 

Mr. ScHIMMEL observed that economic factors provided 
motives for conservation only after a considerable time 
lag when costs increased. It should be possible to obtain 
effective conservation by the application of a more scienti
fic approach to engineering. That question arose particu
larly with regard to the choice of materials for design, 
science had been called in to assist engineering only in 
recent years. Previously, engineering had represented the 
mingling of practical business economics and technique. 
Science should be brought in, but at a much earlier stage 
than had previously been the case. 

Mr. J.D. EDWARDS observed that the introduction of 
light alloys had stimulated to study design more 
thoroughly. Correct planning of design structure would 
be found economical and extend the use of light alloys. 

Mr. LAQuE, referring to Mr. Evans' paper, said that in 
the choice of coatings it was not so important that the 
coating should be anodic as that it should not be cathodic; 
it could be inert. With an inert coating, the corrosion 
reaction would usually occur at the base of a small vent, 
which would become plugged, and the reaction would thus 
be stifled. The fact that aluminium failed to confer 
cathodic protection, as Mr. Evans had stated, was not, 
therefore, of any great importance. Difficulties actually 
arose when the cathodic factor was external. In dealing 
with that question, the distinction whether the cathode 
was internal or external must always be borne in mind. 

Mr. YouNG observed that the use of sprayed aluminium 
should not be regarded as interchangeable with the use of 
sprayed zinc in all circumstances. 

The CHAIRMAN thanked those who had participated in 
the meeting for their attention to an extremely technical 
problem. 
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The Future of the Light Metals 

H. SUTTON 

ABSTRACT 

After reviewing briefly the early history of aluminium as a metal, the essential features of modern methods of 
production are described. Possible alternative methods are mentioned. The threat of exhaustion of the deposits of 
the best grades of raw material is focussing attention upon lower grades and methods of extraction by alternative 
methods. 

Recovery of aluminium from scrap and used parts is already a considerable industry. Aluminium can be used 
repeatedly by means of modern recovery technique and the scrap value of aluminium as a material of construction is 
likely to assume increasing importance. 

Applications of aluminium are discussed. The durability of the metal makes it attractive for a very wide range 
of engineering and general applications for which there is scope for much further expansion. 

Magnesium is making progress but its future as an engineering material is very dependent on the economics of 
metal and alloy production, high prices of the wrought materials in particular having been a deterrent to more extensive 
use. Recent advances in the magnesium alloy field are mentioned. 

The position of the less common light metals, beryllium and titanium, is indicated. Titanium is a metal which 
could be available in very considerable quantities and it would find extensive application if its price could be brought 
within the range of prices of commercial metals. 

The light metals offer a major contribution to the health and welfare of mankind and are suitable for vastly wider 
uses. 

While there is a long list of metallic elements to which 
the term "light" could appropriately be applied, there are 
only a few of these which have come to be known as in
dustrial metals. Of these, aluminium has become one of 
the most important of our industrial metals and magne
sium has also assumed considerable importance. Of the 
others, beryllium and titanium have been the subject of 
much research and development work. It is now 140 years 
since metallic magnesium was first isolated by Sir Hum
phry Davy and 120 years since metallic aluminium was 
first prepared by Oersted, the Danish physicist. 

clay, the colour becoming deeper with increasing iron 
content. On an average it contains: aluminium oxide, 
50 to 70 per cent; iron oxide, 3 to 25 per cent; silica, 
1 to 77 per cent; water (combined), 12 to 40 per cent; 
titanium oxide, 3 per cent, and small amounts of other 
compounds. About 2lb. of bauxite are required to produce 
1lb. of refined aluminium oxide, from which in turn about 
half as much aluminium can be obtained. The refined 
aluminium oxide (alumina) used for the production of 
aluminium usually contains less than a total of 0.1 per cent 
of the oxides of iron, silicon and titanium. It is a snow
white powder corresponding to about 200 mesh per linear 

ALUMINIUM inch. Processes for refining bauxite must be reasonably 
Oersted reduced aluminium chloride with potassium cheap to operate and must yield a sufficiently pure pro

amalgam. The French scientist Saint-Claire Deville duct. There are three processes for preparing alumina 
reduced the chloride with sodium and, assisted financially from bauxite, the Bayer process, the Lime-Soda process, 
by Napoleon III, was able to introduce aluminium as a and the Pederson process. The product of the Bayer pro
commercial metal in 1850. Dick and Smith working under cess is very pure. The losses of caustic soda and aluminium 
the direction of Dr. Percy reduced aluminium from cryolite oxide resulting from the formation of an insoluble sodium
with metallic sodium in 1855. Davy worked on the pre- aluminium silicate in the Bayer process are of great 
paration of aluminium by electrolytic methods. Although economic importance. As the losses depend on the silica 
he did not realize full achievement his work spurred Henry content of the bauxite, bauxites containing not more than 
Martin Hall in the United States and Herault in France to 5 per cent of silica and preferably less than 3 per cent are 
pursue the electrolytic method. Hall and Heroult, work- used in the Bayer process. 
ing quite independently, reduced alumina in a bath of The obvious advantages in obtaining aluminium from 
molten cryolite by the passage of electric current. That more generally distributed mineral bodies such as clay, 
method gave the key to the full-scale extraction of which are indigenous to most localities has led to in
aluminium as we know it to-day. The earth's crust con- numerable patents for methods of extracting alumina 
tains about 8 per cent of aluminium combined in various from clay. This work received great attention during the 
minerals, corresponding to 15 per cent of aluminium oxide. war and resulted in large scale plants being erected, chiefly 
Although aluminium-containing minerals are so abundant, in the United States. 
it is at present economically possible only to produce pure So far, however, none of these methods appears to be 
aluminium oxide as required for the modern reduction able to compete economically with the normal Bayer 
process from rich ores containing 50 to 60 per cent of process for good grade bauxite. A critical survey of the 
aluminium hydrated oxide, such ores being known under published research work leads one to the view that in the 
the comprehensive name of bauxite. Bauxite is not a absence of good quality bauxites (less than 7 per cent 
single mineral but a mixture. It looks like brown or red Si02) the best alternative is to treat low grade, high silica 
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bauxites by the combination process developed in the 
United States during the war. This consists in treating the 
ore by the normal Bayer method, followed by a lime sinter 
of the residual red mud. If neither high nor low-grade 
bauxites are available and it is necessarv to obtain alumina 
from clays, then the lime sinter proc~ss is probably the 
best known method. The sintering step appears to be 
both critical and difficult to control so as to obtain a 
"self-dusting" sinter. Of the various extraction methods 
developed, probably the most promising is an extraction 
of the sinter bv sodium carbonate sodium chloride solution 
followed by a ·de-siliconization step using synthetic sodali
te as a seed. 

The consumption of raw materials in the electrolytic 
process is roughly, per pound of aluminium produced, 
2 pounds of alumina, 0.6 pound of anode carbon, 0.05 to 
0.10 pound of cryolite, and 10 kilowatt hours of electric 
energy. The high consumption of electric energy involves 
availability of abundant electric power at low cost. The 
cryolite (double fluoride of aluminium and sodium) used is 
mainly the natural mineral. Synthetic cryolite has been 
used effectively but the natural form is preferred for use in 
the extraction cell and is usually more attractive on 
economic grounds. The greater part of the cryolite used is 
obtained from a deposit at Ivigtut in Greenland. 

The carbon anodes are produced from pure petroleum 
coke, pitch coke, or coal coke containing 1 per cent of ash 
or less, and less than 1 per cent of volatile matter. The 
anodes must have high electrical conductivity and show a 
low rate of burning. In many modern reduction works the 
self-baking Soderberg electrode is used in the cells. For 
production of the higher grades of aluminium, freedom of 
the electrode materials from iron and other impurities is 
of particular importance. The unit cost price of the anodes 
is about the same as that of the pure alumina and is there
fore of considerable importance. 

SUTTON 

methods of concentration of ores, such as heavy media 
separation and flotation, but so far as is known no in
stallations have yet been made. 

While the electrolytic method of reduction is the only 
one operated commercially there is at present keen in
terest in other possible methods including direct reduction 
in arc furnaces, and a recent advance in the technique of 
obtaining pure aluminium by way of the mono-halide, due 
toP. Gross, C. S. Campbell, P. J. C. Kent and D. L. Levi 
(1) 1 seems to offer interesting possibilities. Much will 
depend upon the way in which these processes operate on 
a large scale. 

An interesting feature of industrial application of 
aluminium is the effective way in which scrap castings 
and other parts no longer serviceable are used for the 
production of satisfactory "secondary" metal and alloys. 
The working up of secondary aluminium involves some 
degradation of quality each time re-use occurs. The 
modern recovery processes~the Beck, mercury, zinc and 
three layer processes--all have their place and the Gross 
mono-halide process seems likely to come into this field. 
Super-pure metal 99.99 per cent can be recovered from 
scrap and can be used for "sweetening" lower grade 
secondary metal. The present world production of secon
dary aluminium and aluminium-rich alloys is estimated to 
be 500,000 tons per annum. In this connexion the relative 
permanence under normal conditions of use of aluminium 
and aluminium-rich alloys compared with iron and steel 
means that once the metal has been isolated it can give 
useful service to generation after generation of the human 
race with little loss of material and in a sequence of 
different applications. Such a feature of an important 
engineering material is likely to assume far greater im
portance in future centuries, as the richer mineral-ore 
deposits tend to become exhausted. Some paint powder, 
"Thermit", explosives and deoxidizing preparations con
tain aluminium which never returns to the market. 

The bauxite mines of the world are situated at very 
considerable distances from the aluminium smelting The properties of aluminium are very well known but 
plants with very few exceptions, such as those of southern in particular its low density (2. 70) and face-centred cubic 
France. The best deposits are those of southern France, structure, with which very good workability is associated, 
British and Dutch Guiana, Jamaica, Hungary and West are of special importance. For many applications its high 
Africa. Those of the Dutch East Indies appear likely conductivity for heat and electricity are of value. The 
to become of increasing importance. Professor C. K. Leith high reflectivity is utilized in a good many ways. The 
has drawn attention to the unusual concentration of in- ability of aluminium to form a thin protective surface film 
dustrial mineral supplies round the North Atlantic and of oxide on standing in the atmosphere is one of its most 
Foster Bain has pointed out a corresponding diminution important properties and in recent years the development 
in the Far East. Present knowledge of the world's miner- of thicker films by anodic oxidation treatments has opened 
als in respect of their content of metals is, however, by no up new fields of service. 
means complete, especially in relation to metals which Aluminium of varying grades of purity finds application 
have come into prominence more recently than iron, in various manufactured forms. Metal of 99.99 per cent 
copper, lead and zinc. The rapid expansion of the alumi- purity is now produced on a commercial scale and its 
nium industry throughout the world during the recent war special properties are utilized in a number of practical 
led to the opinion that good quality bauxite reserves applications. 
would soon be expended and today extensive prospecting One major application of aluminium is in transmission 
programmes are in hand by all consumers in all parts of lines for electricity, for which purpose a galvanized steel 
the world. Improvements in mining practice of late have core having aluminium wires wound round it spirally is 
been mainly in the mechanization of the mining process, used extensively. The increasing demand for supply of 
particularly in the use of heavy caterpillar excavators, electric power in all countries must involve further ex
diggers and drag-line scrapers. General improvement in tensive use of aluminium transmission lines. Some of the 
quality is obtained mainly by selective mining followed by problems connected with this use especially those of vi
washing to remove clay bodies. There has been much in- -~~-~ 
vestigation of the possibility of applying other well-known 1 Numbers within parentheses refer to items in the bibliography. 
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bration, resistance to wind and ice have been studied 
scientifically with great advantage to the efficiency and 
reliability of the installations. 

Large quantities of aluminium are used in the produc
tion of pans, kettles and a very wide range of kitchen 
utensils and equipment. Many of these are made by spin
ning and drawing from sheet or plate but certain types are 
made, usually in selected aluminium-rich alloys, as cast
ings. Cans for food and caps for closing bottles and jars 
for food, cosmetics, drugs etc., are today manufactured in 
aluminium in very large quantities. Aluminium foil is very 
extensively used for wrapping sweets, foodstuffs and other 
consumable stores. Collapsible tubes stamped from a slug 
in one operation by impact extrusion are used for tooth
paste, shaving cream and other commercial products. 
Extensive experience in the use of aluminium in the 
handling of food and researches in that connexion are 
described in a full report recently issued (2). From this 
report it is clear thai aluminium is one of the metals most 
friendly to food. 

For many applications higher strength than is attain
able in aluminium is desired and aluminium alloys having 
a wide range of properties are now available in cast and 
wrought forms. The strongest modern wrought alloys are 
stronger than mild steel and much more durable under 
normal conditions of use. For many applications medium 
strength alloys of excellent corrosion resistance are suit
able and convenient. Castings find extensive application 
in all branches of transport engineering and in other in
dustries. For service at temperatures higher than normal 
special alloy compositions have been developed to suit 
production of alloys having the desired properties in 
castings and wrought forms. 

The post-war years of aluminium technology have been 
characterized by striking advances in the use of aluminium 
alloys in buildings, in general engineering and in ship 
construction. Many thousands (75,000 for the British 
home market) of pre-fabricated aluminium bungalows 
have been built in the United Kingdom since the war and 
this development has been followed by production of 
school buildings, warehouses and other types. The ease 
and speed of erection of light metals coupled with struc
tural advantages may more than counter-balance the 
initial higher cost of material. Some of the experience 
already gained has pointed to a very considerable future 
for roof structures, coverings, glazing bars etc., in alumi
nium alloys and for frames of windows. Instances of 
other applications recently published in technical journals 
(3) relate to items such as the 504-foot roadway bridge for 
Arvida being built by the Dominion Bridge Company; the 
bridge for the Hudson and Hendon Docks at Sunderland 
built by Head Wrightson & Co., in which 51 tons of alumin
ium serves where 130 tons of steel would be required; 
overhead travelling cranes of rating from 5 to 40 tons and 
from 40 to 70 foot span; jibs for jib cranes, and parts of 
excavators. Other applications which have advanced 
greatly in the post-war years are aluminium alloy scaffold
poles, electrical conduit, aluminium-sheathed cable, 
mining and agricultural equipment. In the transport 
engineering world the merits of light alloy parts of vans, 
lorries and buses are well recognized and established. 
Aluminium alloys are the main basic structural materials 

of modern aircraft and in that field are not seriously 
challenged. In shipbuilding progress has been less rapid 
but the post-war years have brought increased recognition 
of the advantages of light alloys for the ship-builder. In 
addition to the attractive feature of being non-magnetic, 
light alloys offer scope for reduction of top hamper, for 
increase of pay-load carried or reduction of fuel consump
tion. A large amount of the superstructure of s:::>me new 
ships is being made in light alloy for these reasons. Wesley 
Austin (4) suggests that with lighter and smaller power 
units the majority of transport will tend to decrease in 
size and become faster in movement and that perhaps the 
day of the great ship and the heavy train is passing. 

While there is no doubt of a future for aluminium, the 
extent to which materials based on aluminium will sup
plant other materials will depend on the future economy 
of aluminium production and fabrication as well as on user 
experience. For general engineering applications the cost 
of the semi-finished forms is of vital importance and while 
in some cases greater capital outlay is justified by the 
lightness and other features of the structures or parts, this 
will have to be properly balanced against the capital cost 
of alternative structures. 

The estimated world production of aluminium is shown 
in Table 1 and some United Kingdom prices of industrial 
metals at 31 March 1940, and at 31 March 1948 in Table 2. 
The United Kingdom prices on a volume basis are given in 
Table 3, and those of building materials in Table 4. The 
price of aluminium, unlike that of most non-ferrous metals 
is now at a value equal to the lowest level achieved 
between the two world wars, and is about the same as in 
the autumn of 1912. This fact alone is a remarkable tri
bute to the efficiency of the extraction industry. Should 
future research work on extraction result in a still lower 
cost of aluminium this alone would be a most powerful 
incentive to its further and more widespread usc. 

Another field of research likely in the view of many 
structural engineers to be a useful one is that of welding. 
While thin or light sections in aluminium and aluminium
rich alloys are commonly welded there is little full scale 
experience of the welding of heavy sections. Inert-arc 
welding of aluminium and medium-strength alloys is 
making remarkable progress, and good work is being done 
with metal-arc welding of the more usual type. Medium
strength and strong alloys for welding and the techniques 
for welding them in heavy sections are required for the 
new era of light-alloy engineering. Riveting and rivets for 
the thicker sections in aluminium alloys are also an im
portant field for research and development. 

MAGNESIUM 

The element magnesium is very widely distributed 
throughout the earth crust. It has been estimated that 
the upper stratum to a depth of 16 kilometres contains an 
average of 3.45 per cent MgO. Magnesite (magnesium 
carbonate) has in the past been the main source of magne
sium. Large deposits of magnesite occur in various parts 
of the world, the largest producers being the Union of 
Soviet Socialist Republics, Austria, Czechoslovakia, 
Greece, Manchukuo, United States, and Yugoslavia. 
Canada, India, Australia and South Africa are also pro
ducers. Brucite (magnesium hydroxide) occurs in Quebec 
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Table I. World Production of Primary Aluminium 2 

,'vi etric tons jVJ etric tons 

1900. 7,300 1920 154,300 
1901. 7,500 1921 78,900 
1902. 7,800 1922 92,800 
1903. 8,200 1923 139,100 
1904. 8,900 1924 169,600 
1905. 12,100 1925 181,200 
1906. 15,000 1926 195,400 
1907. 23,600 1927 219,800 
1908. 18,500 1928 256,000 
1900. 24,800 1929 282,600 

1910. 43,100 1930 268,100 
1911. 43,800 1931 219,400 
1912. 62,600 1932 153,400 
1913. 63,800 1933 141,700 
1914. 83,800 1934 169,600 
19l;j. 81,700 1935 258,000 
19[(). 115,130 1936 368,700 
1917. 156,000 1937 490,000 
1918. 179,900 1938 581,200 
191(}. 164,200 1939 697,100 

;'vletric tons 

1940. 818,000 
1941. 1,025,000 
1942. (1,400,000) 3 

1943. (1,950,000) 
1944. (1,750,000) 
1945. ( 900,000) 
1946. ( 750,000) 
1947. (1,000,000) 
1948. (1,200,000) 
1949. 

2 Prepared, 9 December, 1948. 
3 Figures in parentheses are best estimates available. 

Remainder are probably correct to 1 per cent, in the light of 
all published statistics. 

Table 2. Prices Per Ton of Steel, Copper, Lead, Zinc, Tin 
and Aluminium in the United Kingdom 4 

Per cent of 
difference 

31/3/40 31/3/48 31/3/40 
£ s. d. £ s. d. to 31/3/48 

Steel (soft T.G. billets). 9 12 6 14 2 6 + 47 
Copper (electrolytic) . 62 0 0 132 0 0 + 113 
Lead (soft pig) . . . . 25 0 0 90 0 0 + 260 
Zinc (sheets) . . . . . 39 2 6 87 0 0 + 122 
Tin (ingot) . . . . . . 249 0 0 569 0 0 + 129 
Aluminium (virgin ingot). 110 0 0 80 0 0 - 27 

4 (According to Fred. P. Peters, "Coming Changes in Metal 
Economics", Scientific American, December 1946, the costs of four 
common engineering metals in semi-fabricated forms are: Alu
minium, $25; copper, $106; magnesium, $22; plastics, $30 to 
35 per cubic foot). 

Table 3. Volumetric Comparison of United Kingdom 
Prices of Competing Metals 

Price per Price ratio to 
ton Specific aluminium on 

1/1/49 gravity volume basis 

£ 
Aluminium. 87 2.7 l.O" 
Copper. 140 8.9 5.3 
Zinc. 106 7.2 3.2 
Lead. 123 11.4 6.0 
Tin 569 7.3 17.7 
Nickel. 224 8.9 8.5 

5 In terms of volume aluminium is now, on a volumetric basis, 
the cheapest of the industrial metals (except steel). 
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Table 4. Building Material Prices in the United Kingdom 

Building 
material Aluminium 
prices 6 prices 

1939 107 94 
1940 127 llO 
1941 141 110 
1942 147 110 
1943 151 llO 
1944 153 llO 
1945 164 85 
1946 180 67 
1947 206 723

/, 

1948 209 80 

6 The Board of Trade Index of Building Material Costs. 

Table 5 7• Approximate Distribution of Aluminium 

Per cent 
Building Products 
Transportation. . 
Cooking utensils . 
Appliances . . . 
Power transmission. 
Machinery ... 
To fabricators . . . 
Others . . . . . . 

18 
13 
9 
9 
6 
4 

25 
16 

7 Source: 1948 Alcoa Shipments, (The Iron Age, 13 January 
1949, page 102b). 

and Nevada, and has become of importance as a raw 
material for the production of magnesium and magnesium 
compounds. 

The mixed calcium-magnesium carbonate, dolomite, 
occurs in extensive deposits in many parts of the world 
and has been used on a considerable scale for the produc
tion of magnesium by thermal reduction, for which pur
pose it is apparently well suited. 

Magnesia is required in large quantities for the steel 
industry and production of magnesium metal is likely to 
be affected in the future, as in the past, by the large scale 
operations involved in providing the material for steel 
makers. 

Magnesium occurs in seawater as chloride to the extent 
of about 5.0 grammes of the chloride per litre, i.e., about 
1.25 grammes of magnesium per litre and in greater pro
portion in some natural brines. Appreciable quantities 
occur in beds of natural salts such as those of Stassfurt 
which contain carnallite, a double chloride of magnesium 
and potassium and other magnesium salts. During the 
war-period and also previously, substantial quantities of 
magnesia were made from sea-water in United States and 
the United Kingdom. 

Methods of extraction of magnesium which have been 
used in recent years may be grouped under the general 
headings: (a) Electrolytic; (b) Thermal reduction. 

In electrolytic reduction the cell electrolytes now most 
used are fused chlorides, e.g., 25 per cent MgCl2 ; 60 per 
cent NaCl. In general the power consumption is of the 
order of 9 kw. per lb. of metal produced, and is roughly the 
same as in aluminium production when the quantity of 
metal produced is considered from the point of view of 
weight. In some electrolytic reduction processes the cells 
are heated externally and in others only by transmitted 
current. 
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Thermal reduction processes which have been operated 
on a full technical scale have depended upon calcium car
bide, ferro-silicon, carbon or aluminium as reducing agents. 
Of these the ferro-silicon process appears to have advanced 
further than any of itscompetitorsin the thermal-reduction 
field. It offers the advantages of being operable with the 
use of dolomite as the raw material and of yielding magne
sium of very high purity, a feature of great importance in 
connexion with the corrosion-resistance of the resulting 
alloys. While the total consumption of heat and power in 
heating the retorts and manufacturing the ferro-silicon is 
somewhat greater than that involved in electrolytic re
duction of magnesium, it might be lessened somewhat if a 
plant for operation of a continuous-process were develop
ed. Present operators claim to operate at an over-all 
production cost which compares favourably with other 
processes. The future of thermal reduction of magnesium 
seems likely to be greatly influenced by the availability 
and the cost of ferro-silicon or other convenient reducing 
agents. 

Two very important advances have been made in recent 
years with respect to magnesium-rich alloys. The first 
relates to the vast improvement in corrosion-resistance of 
magnesium-rich alloys by limiting closely the amounts of 
particular impurities, notably iron, nickel and copper, in 
the alloys. While the mechanical and general properties 
of the high purity alloys of normal types are not in
fluenced appreciably, the corrosion-resistance can, with 
the use of a suitable technique in preparing and handling 
the alloys, be of an extremely high order and comparable 
under normal conditions with that of high-grade alumi
nium alloys. 

Another noteworthy advance is the development of 
zirconium bearing alloys containing up to 0.7 per cent of 
zirconium with a few per cent of zinc and with rare earth 
elements when service at temperatures higher than normal 
is intended. In cast and wrought forms the magnesium
zinc-zirconium alloys have very attractive mechanical 
properties compared with other magnesium-rich alloys. 
In general the proof stress and elongation values are high 
and the working properties very good. 

In connexion with magnesium-rich alloys of the future 
a very interesting line of research has been opened up by 
the work of Hume-Rothery, Raynor and Butchers (5) on 
magnesium alloys containing lithium. Alloys of the two 
metals containing 26-30 atomic per cent of lithium have a 
body-centred cubic structure and offer the possibility of a 
ductile alloy considerably lighter than magnesium. Ad
dition of other elements, discussed by these authors in 
their paper, may yield alloys of practical interest, and is a 
subject of study at present in the United States and the 
United Kingdom. 

Magnesium castings made by good modern techniques 
are the strongest commercial castings for their weight and 
from this point of view have an advantage over aluminium 
alloy castings. They permit easier and faster machining 
than any other commercial metallic material. The 
wrought magnesium-rich alloys are not yet quite as strong 
for their weight, in general, as modern high-strength 
aluminium-rich alloys but there are many applications in 
which they can be used to advant:lge. The rather low 
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proof stress in compression of some forms of the older 
wrought alloys has been a serious handicap. 

The fire-risk associated with magnesium has received a 
great deal of attention. No serious risk need be involved 
when suitable arrangements are employed in machining 
and so forth. Large masses can only be ignited with great 
difficulty and by heating practically to the temperature of 
initial melting. 

The future of magnesium as an engineering material is 
very directly dependent on the economics of metal and 
alloy production. The prices of wrought forms of the 
alloys has in recent years been a serious deterrent to the 
user. In the casting field a much more satisfactory position 
has been reached, the cost of magnesium alloy castings 
being more reasonably comparable with the aluminium 
alloy equivalent on a bulk basis. 

THE LESS COMMON LIGHT METALS 

Beryllium (density 1.816 at 20 degrees C) is a metal in 
which there is a great deal of scientific and technical inter
est. The main source of beryllium is beryl, a constituent 
of a certain pegmatite. Brazil, Argentina, India and the 
United States are producers of beryl ore and Canada has 
considerable deposits. So far the supply of ore has been 
adequate but many authorities contend that a regular 
supply of ore to give a world production of the order of 
5,000 tons would be difficult. The pure metal is very 
expensive and this factor is important in relation to 
practical applications. The metal has a close-packed 
hexagonal lattice and is normally somewhat brittle but 
seems amenable to a certain amount of mechanical work
ing by special modern technique. 

The main applications of beryllium as a metal have 
hitherto been in special scientific equipment such as 
windows for X-ray tubes. Beryllium is used mainly as an 
alloying element. Beryllium bronzes have become im
portant materials for springs for instruments and elec
trical equipment. Very small amC!unts of beryllium are 
added to magnesium-rich alloys to minimize burning in 
the foundry. Substantial proportions of beryllium cannot 
be alloyed with magnesium by normal metallurgical 
methods. Beryllium can be introduced into copper and 
other metals by use of beryllium compounds, a method 
which is more convenient and less expensive than the ad
dition of beryllium metal as such. 

Titanium is widely distributed in the earth's crust. 
Several hundred thousand tons of titanium ore are mined 
per year. Although first prepared by Berzelius in 1824 it 
is in comparatively recent years that the metal has been 
prepared in a state of reasonable purity. Due, mainly, to 
the work of Van Arkel, De Boer, Fast, and Kroll, methods 
of producing it in a state of reasonable purity are avail
able. Titanium has a close-packed hexagonal crystal 
structure at temperatures up to 880 degrees C and a body
centred cubic structure at higher temperatures. Its densi
ty is 4.54 at 20 degrees C. The pure metal can be produced 
in ductile forms possessing good mechanical properties. 
In many respects titanium is similar to stainless steel 
particularly in resistance to atmospheric corrosion at nor
mal temperatures. The strength properties after moderate 
cold working, although good, are lower, however, than 
those of many commercial stainless steels. 
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Titanium is one of the less common metals which would 
be made in very considerable quantities, and for which 
there would be extensive application if its price could be 
brought within the range of prices of the more common 
metals. 

GENERAL COMMENT 

As mentioned by Sir Thomas Holland in the May lec
ture to the Institute of Metals, 1945, the workable mineral 
deposits of the world in no way coincide with political 
boundaries laid down for quite different national reasons. 
With the progress of education and culture there should be 
scope for greater use of natural resources for the benefit 
of mankind. In some cases the demands may become too 

to be met easily. Another very interesting obser
vation by Sir Thomas Holland is worthy of attention. He 
has pointed out that "there is now little real difference 
between materials required to maintain an army on a war 
footing and those that are essential to the necessary acti
vities of the civilian population; the materials essential 
for one purpose can be converted into articles required for 
the other". 

There seems little doubt that future generations of 
prospectors for useful minerals will have the great ad
vantage of modern physical methods of which Professor 
Rankine has given a comprehensive account in his lecture 
to the Institute of Metals in May 1948. The search for 
radio-active minerals is already being greatly assisted by 
modern knowledge and methods. It will, however, be a 
matter of general regret and of serious consequence if, by 
reason of a lack of wise handling, the world's resources 
should become prematurely exhausted or squandered. 

Improvement in standards of living means that the 
many now enjoy amenities which would not have been 
their privilege in former times. Modern quantity pro
duction of hygienic and effective hardware in light metals 
has an important role here. The older craftsman's 
materials like wood and clay give way to materials 
lending themselves to quantity production. In this con
nexion die casting, pressing, spinning, forging etc. of light 
metals are of particular advantage. 

When saucepans were the concern of scullions, cast-iron 
was good enough and would even suffice when the mistress 
first had to go out to the kitchen. But when emancipated 
woman became vocal and the master had to go into the 
kitchen too, things began to move more rapidly. Modern 
domestic innovations, in which light metals play a pre
dominant part, naturally entered upon the rapid advance 
which we now see progressing healthily. 

Similarly, when people began to drive their own cars 
instead of using chauffeurs or to paddle their own canoes 
instead of being rowed by boatmen, there developed a 
vital interest in how these vehicles were constructed, and 
improved methods were evolved to give improved per
formance at lower cost and effort. 

The very considerable number of engineers, mechanics 
and other craftsmen employed in the aircraft industries 
and ancillary trades has greatly increased the "know
how" of light metal handling as well as the appreciation of 
the ready advantages of light metals in engineering con
struction and in a wide range of practical applications. 
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The fuller scope existing today in many countries for 
the individuaL whatever his or her social position, to play 
a responsible part in the affairs of nation, state or provin
ce; city, town or village; trade, industry or profession, 
seems likely to hasten the practical and sensible realization 
of the contribution which the light metals, when properly 
used, can make to the health and welfare of mankind. 

ACKNOWLEDGMENT 

The author wishes to thank Sir Ben Lockspeiser, the 
Chief Scientist, Ministry of Supply, London, for permis
sion to present this paper, and Major C. ]. P. Ball, Dr. 
R. T. Parker, Mr. W. C. B. Perrycoste, Major P. L. Teed 
and Dr. E. G. West for assistance in its preparation. 

Bibliography 

REFERENCES 

(1) P. GRoss, C. S. CAMPBELL, P. J. C. KENT and D. L. LEvi, "On 
some Equilibria Involving Aluminium Monohalides", Faraday 
Society general discussion, September 1948. 

(2) Food Investigation, Special Report no. 50, H.M. Stationery 
Office 1948. 

(3) E. D. ILIFF, "The Steel Shortage; Can Aluminium help?", 
lVIetal Industry, 26 November 1948, 423-426. 

(4) G. \V. AusnN, "The Metallurgical of Scotland", 
Journal of the Institute of Metals, vol. 74 (1947), pages 149-157. 

(5) \V. HUl'.IE RoTHERY, G. V. GAYNOR and E. BuTCHERS, "Equi
librium relations and some properties of magnesium-lithium 
and magnesium-silver-lithium Alloys", Journal of the Institute 
of lvletals, vol. 71, part 12 (1945). pages 589-601. 

OTHER REFERENCES 

C. BoEX, The Aluminium Industry in Scotland, Institute of ::VIech. 
Engineers, May 1933. 

L. LITCHFIELD Jr., "Bauxite", Chemical Industries, February 1941 
and March 1941: Light Metals Bulletin, 23 May 1941. 

}AMES HOFFMAN, RoBERT T. LESLIE, HAROLD J. CAUL, LEWIS 
}ESSE CLARK and JOHN D. HOFFMAN, "Development of a 
Hvdrochloric Acid Process for the Production of Alumina from 
Cl;.y", Journ. Res. Nat. Bur. Stds., vol. 37, no. 6, (1946), pages 
409-428. 

W. D. TREADWELL, "On the Chemistry and Thermodynamics of 
the Extraction of Aluminium and Magnesium". Schweiz. Archiv. 
vol. 6, no. 3 (1940), pages 69-77, 

"Production of Aluminium", FIAT Final Report no. 524. 
"Aluminium Recovery", Ironrnonger, vol. 223, no. 3764 (1946), 

pages 69-71. 
0. C. GARST, F. FRAAS, W. M. MAHAN, D. D. BLUE and L. FINK, 

"The Recovery of Metal and other valuable Products from Alu
minium Dross", C. S. Bur. ::Vlines Rep. Invest. no. 3874, 1946, 
43 pages. 

G. \V. BIRDSALL, "Reclamation of Aircraft Aluminium", ]\,fetal 
Progress vol. 50, no. 6, (1946), pages 1232-1238. 

H. ScHIEK and H. \VALBERT, "Recovery and Working up of Alu
minium Turnings", Aluminium, vol. 22, no. 3 (:Vfarch 1940), 
pages 123-127. 

"Recovery of Aluminium from Aircraft Scrap", BIOS Final Report 
no. 376. 

\VM. C. AITKENHEAD, "Review of Recent German Developments 
in Aluminium Refining", FIAT Final Report no. 907. 

JAMES T. KEMP, "German Practice in Refining Secondary Alu
minium", ]l;fetals Technology vol. 14, no. 3 (1947), A.I.M.M.E. 
Publ. no. 2143. 

A. BLocK, "The Development and Importance of the Aluminium 
Industry", Schweiz. Archiv. vol. 6, no. 12 (1940), pages 345-351. 

"German Aluminium and Magnesium Industries", FIAT Final 
Report no. 501. 

"Magnesium from )lagnesite (The Hansgirg Process)", News 
Edit. (Am. Ch. Soc.) vol. 19, no. 15, (10 August 1941), pages 
839-841. 

J. LuMSDEN, Jv! agnesium, 1vl agnesite a·nd Dolomite, The Imperial 
Institute, London, 1939. 



_____________________________________________________________ , ____________ __ 

UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

R. S. DEAN, "Methods by which Magnesium Metal may be derived 
from Magnesite Ores", U.S. Bur. Mines, Rep. Inv. 3480, January 
1940, pages 43-54. 

H. A. DoERNER, "Electrothermic Magnesium", U.S. Bur. Mines, 
Conference on Metallurgical Research, Salt Lake City, 21 May 
1940, pages 12-18. 

R. S. DEAN, "Electrothermal production of Magnesium", U. S. Bur. 
Mines Rep. Inv. 3600, December 1941, pages 30-32. 

H. A. DoERNER and others, "Magnesium by Electrothermic 
Reduction", Chem. Met. Eng. vol. 49, no. 8, August 1942, pages 
85-86; U.S. Bur. Mines Rept. Inv. 3635, May 1942, 47 pages. 

H. A. KLAGSBRUN, "Wartime Aluminium and Magnesium Pro
duction", Ind. and Eng. Chem., vol. 37 (July 1945) pages 608-
617. 

E. E. WREGE and C. J. ANSTRAND, "Production of Magnesium 
Chloride from Dolomite", Am. Inst. Chem. Eng. Trans., voi. 41 
(February 1945), pages 1-18. 

G. E. STEDMAN, "Magnesium by the Carbo-Thermic Process", 
Metals and Alloys, vol. 22, (July 1945). pages 102-106. 

W. P. ScHAMBRA, "Dow Magnesium Process at Freeport, Texas", 
Am. Inst. Chern. Eng. Trans. vol. 41, (February 1945). pages 
35-50. 

"Primary Magnesium Production 1938-1943", Automotive and 
Aviation Ind., vol. 90, (March 15, 1944) page 109. 

C. E. NELSON, "Melting and refining Magnesium", Iron Age, vol. 
153, (March 2, 1944), pages 60-61. 

WM. MARTIN, "Magnesium, the Metal of the Moment", Mem. Soc. 
Ing. Civils, France, vol. 96, no. 5 (1943), pages 333-343. 

J. D. HANAWALT, "Metallurgical and Industrial Developments in 
Magnesium", FIAT Final Report no. 89. 

RALPH M. HuNTER, "The Electrochemistry of the DOW Magnesium 
Process", Trans. Electroch. Soc., vol. 86, (1944), pages 21-31. 

P. L. TEED, "Anglo-American Magnesium Production", Bull. Inst. 
Min. Met., no. 479 (1946), pages 1-23. 

"The German Magnesium Industry", BIOS Misc. Report no. 5. 
LLOYD R. MICHELS, BURKE CARTWRIGHT and S. F. RIVITZ, 

"Reduction of Magnesium Chloride by Calcium Carbide", U.S. 
Bur. Mines Rep. Invest. no. 4059, 1947, 8 pages. 

L. M. PIDGEON, "Thermal Production of Magnesium, Reduction 
of MgO by Silicon Aluminium and Calcium Carbide", Trans. 
Canad. Inst. Min. Met., vol. 49, (1946) pages 621-635; Canad. 
Min. Met. Bull., no. 416, 1946. 

P. P. ZAPPONI and M. J. SPENDLOVE, "Use of Molten Lead as 
quenching medium in Carbothermic Production of Magnesium", 
U.S. Bur. Mines Rep. Inv. no. 4082, June 1947. 

L. M. PIDGEON and J. A. KING, "The vapour pressure of Magne
sium in the Thermal Reduction of MgO by Ferrosilicon", Fara
day Society discussion, September 1948. 

Sir THOMAS HoLLAND, "The Supply of Accessory Metalliferous 
Minerals", journ. Inst. Metals, vol. 71, (1945). pages 359-370. 

A. 0. RANKINE, "The Search for Minerals by Physical Methods", 
op. cit. vol. 74, (1948), pages 563-582. 

The Future of Light Metals with Special Reference to Titanium 

OLIVER C. RALSTON 

ABSTRACT 

The metal titanium has only recently been made on a scale of 200 lb. per day in a sufficiently pure form to be ductile 
and workable. The properties of the commercially producible ductile metal are discussed. Of the four metals stable 
in the atmosphere and usable for construction purposes, titanium is fourth most plentiful. It is 50 per cent heavier than 
aluminum but six times as strong; of the same strength as stainless steel or twice the strength of mild steel and only 
half as heavy, and twice as dense as magnesium but four times as strong. Its strength weight ratio is therefore superior 
to that of the other three metals more abundant in the earth's crust and now used for structural purposes. Its superiority 
for aircraft usage is at once suggested. 

Corrosion resistance, particularly under marine conditions, is high and in some cases is superior to the stainless 
steels, in others competitive and in others inferior. 

Recent technological advances have made commercially available the titanium in the titanomagnetites, formerly 
not regarded as resources, so the supply of raw material is more than adequate. 

Unalloyed titanium can be substituted for stainless steel in which the chromium and nickel contents are scarce. 
It should compete with highly alloyed aluminum or magnesium whose alloying metals are also precious; and, if power 
supplies are scarce, more useful metal can be made per unit of power by making titanium. 

The metal titanium ranks with the lightweight metals 
because it is only slightly over half as dense as iron but 
twice as dense as magnesium. It has not yet come into 
industrial prominence (about 200 lb. daily in the United 
States), but the accelerated pace of research and develop
ment of ductile titanium is due to the widespread opinion 
that this metal is one of unusual quality. Furthermore, it 
is the fourth most plentiful in the earth's crust of the 
metallic elements that are stable in air and can be used 
structurally. It is appropriate that a paper on this element 
should emphasize its future. 

The sudden interest in and acceptance of titanium come 
from a conjunction of factors. First was the appearance of 
a simpler method of making the metal reliably in a ductile 
state sufficiently free of oxygen, nitrogen, carbon and 
hydrogen to be mechanically workable. Reduction of 
titanium chloride by magnesium metal is the essential step 
of this process. The large titanium oxide-pigment in-

dustry has been based on use of high-grade ilmenite and 
arizonite, which were among the richest of the titanium 
minerals available in reasonable quantity. A vastly 
greater but lower-grade resource in titanium was the series 
of titanomagnetites-mixtures of magnetite and ilmenite 
or other titanium mineral. The titanomagnetites have 
been regarded as valuable resources only when they were 
coarsely crystalline enough to be mechanically separable, 
and usually they were not. So the second factor in the 
above conjunction has been the technologic improvements 
that have made possible smelting of iron from a titano
magnetite rock not regarded as an iron ore and formation 
of a polytitanate slag very high in recoverable titanium 
from the same rock, which was also not regarded as a 
resource of titanium. The workable supply of titanium 
has been multiplied by a factor of several magnitudes 
through this event. 

A third and minor factor was the development during 
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World \Var II of large-scale use of high vacuum in metal
lurgy. This has eased the burden of the titanium metal
lurgist. 

Superpure titanium, like highly refined iron, is not very 
strong, but small volumes of oxygen and nitrogen in 
titanium stiffen and strengthen the metal, as carbon 
converts iron to steel. Full knowledge of these effects and 
control of the properties of the metal based on it are yet to 
come-but they are known to be approaching at a rapid 
pace. The industrially pure form of titanium attainable 
without high expense is a metal with the strength and 
corrosion resistance of the stainless steels and only half as 
heavy. One pound of titanium will do the work of 2 lb. 
of a good type of stainless steel and four times the work of 
common structural mild steel. Titanium is nearly six 
times as strong as aluminum of like purity and four times 
as strong as magnesium. In general, its strength: weight 
ratio is very high in comparison to the other three metals 
suitable for structural uses, which are more plentiful than 
titanium. Such a strength: weight ratio immediately sug
gests uses in aircraft. 

The corrosion resistance is even more promising. To 
date, its performance in sea-water probably has been in
vestigated more completely than in other corrosive 
mediums. One experimenter in this field states that 
titanium made by reduction by magnesium is in the class 
of platinum and Hastelloy C with respect to sea-water 
corrosion. Toward other corrodants the comparison is not 
so favourable, but it is resistant toward all concentrations 
of nitric acid, hydrogen peroxide and other strongly 
oxidizing mediums, like chlorine water, boiling ferric 
chloride etc., and toward other acids, like sulfuric acid if 
there is access of air or presence of other oxidizers. The 
future is evidently bright from this standpoint. 

The high melting-point of titanium has other attrac
tions; however, hot titanium in contact with air will scale 
like iron and in about the same temperature ranges. 
Either protective covering or alloying with suitable 
elements to protect it will be necessary. Much study is 
under way, but results are not yet available. Titanium is 
so avid to combine with oxygen, nitrogen, hydrogen, and 
other gases that one might well doubt whether any of its 
alloys will resist the action of any but the inert or noble 
gases at high temperatures. 

Alloys in which titanium is the main metal are little
known and not yet well-developed. A great deal of 
research is being done on them and whatever added vir
tues any of them may have, it is nonetheless obvious that 
the properties of the unalloyed titanium are such that it 
should find independently a very considerable market. 

The future cost of the metal is of great interest when any 
definite use is considered. At the moment two commercial 
United States and Canadian enterprisers are selling a few 
hundred pounds daily at a of $5 per lb. Both or
ganizations are in the development stage, and such a price 
pays only part of the cost. If the present method of 
production is considered permanent, about 1 lb. of mag-

nesium will be used in producing 1 lb. of titanium (100 
per cent efficiency and recovery assumed). The chlorine 
used for making titanium tetrachloride and the magne
sium are made simultaneously in the electrolysis of fused 
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magnesium chloride. When titanium chloride is reduced 
by magnesium, fused anhydrous magnesium chloride is 
formed which can return to the electrolytic cell. A mini
mum-commercial-size titanium-production plant must 
therefore be built around a minimum-size magnesium 
plant, say 10,000 tons yearly or about 30 tons daily. 
Magnesium made for 20 cents per lb. means titaniuin 
made for 20 cents per lb. plus other costs and losses in 
making a marketable titanium metal. On such a scale and 
under such economic conditions, it would appear reason
able to envision 50 cents per lb. as the ultimate price when 
the industry has grown to demand over 30 tons of metal 
daily and development costs have been extinguished. 
Aluminum at a similar period in its history also sold for $5 
per lb. · 

The titania pigment industry in the United States now 
produces titanium oxide equivalent to over 300 tons 
metallic titanium daily. The most economic combination 
would be that of a pl~nt producing alternately the oxide 
pigment or the metal. Titanium tetrachloride might be 
the common raw material for such an enterprise; but it has 
not yet been produced at the necessary low price that 
would permit metal production by use of reducing agents 
other than magnesium, as, for instance, hydrogen. Pro
duction of titania pigment completely by a chloride pro
cess is not yet done commercially. Use of titanium chlo
ride in making seed for the pigment plants using the sul
fate process is already common. 

If I lb. of titanium can do the work of 2lb. of magnesium 
or 4 lb. of aluminum or 2 lb. of stainless steel, as shown by 
the strength: weight ratio, it is of interest to consider the 
consequences. If magnesium is worth 20 cents per lb., 
titanium is worth at least 40 cents, solely on this strength: 
weight ratio. If low-cost electric power for production of 
magnesium is restricted in supply, it would be better to 
use the magnesium to produce a like weight of titanium, 
which would be twice as useful for structural purposes. 
The same reasoning would apply for aluminum. Sub
stitution of ductile titanium for the commoner uses of 
both magnesium or aluminum is a conservational measure. 
If the aluminum or magnesium were to be alloyed in order 
to compensate in part or in whole for their unfavourable 
strength: weight ratio, the alloying elements that are most 
effective are now in short supply throughout most of the 
world. Copper and zinc are two of them. Neither is 
needed if titanium is substituted for the two alloyed light 
metals. 

Some special comparison of titanium with stainless steel 
must be made beyond the strength: weight ratio of 2 in 
favour of titanium. Of the 40 or 50 grades of stainless 

not all would be replaceable by titanium. Toward 
some corrosive materials some grades of stainless steel can 
be more effective than titanium. Other corrodants will be 
met most effectively by titanium. There will be active 
competition for some uses, and the two materials will 
supplement each other for other uses. Where the two 
metals compete, the stainless steel in ingots must compete 
with titanium at half the price of 50 cents per lb. It should 
be able to do this, and if it does, each metal will be used 
solely on its own merits. The conservational aspect of 
these competing metals is in the chromium and nickel 
needed to produce a stainless steel. Both are in limited 
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world supply, therefore titanium should be used to replace 
stainless steels whenever supplies of chromium or nickel 
are difficult to obtain. 

In view of the present known virtues of titanium as an 
unalloyed metal and neglecting all the improvements in 
properties that may come with alloying, it is easy to 
understand the widespread research and development on 
fabricating the metal and testing it for definite purposes. 
Probably no other metal or alloy has simultaneously such 
strength: weight ratios, resistance to a wide variety of 
corrosive influences, and possibilities in conservation of 
electric power and of strategic and critical materials. 
Some patience must be exercised while the best means of 
fashioning it into finished shapes without damaging it are 
being worked out. Before ductile titanium has ever 
reached an appreciable scale of production, it seems to 
have won a favoured place in the race largely on its 
pedigree. 
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Possibilities and limitations in the Substitution of light Metals for 

Steel and Copper1 

JEAN MATTER 

ABSTRACT 

The author shows the savings that could be effected by the substitution of aluminium alloys for steel, copper and tin. 

With regard to substitution for steel, the extra cost involved by the use of light alloys in the place of steel for 
freight cars can be amortized in twenty-five and a half months in the case of the transport of aluminium and in forty
eight months in the case of the transport of coal. Moreover, the transport of gasoline by lighter tank waggon permits 
of a saving of metals (steel, copper, lead and chromium), tyres (rubber and cotton) gasoline or fuel-oil. 

In the case of copper, the use of aluminium in electric cables would permit of a saving of up to one ton of copper 
per kilometre of line at 60,000 volts. 

Finally, substitution for tin plate in the manufacture of 20-litre dairy cans enables an economy to be made of about 
1 kg. of tin per can, allowance being made for two re-tinnings each lasting approximately ten years. 

Within the scope of the United Nations Conference on 
the Conservation and Utilization of Resources, the aims 
of the utilization of light alloys would appear to be the 
following: economy of use in view of their lightness or 
lasting qualities, economy of other products, especially of 
metals which are or may become rare. 

The first is self-explanatory: it is a question of saving 
power by the lightening of cars, waggons or machine parts 
or prolonging the life of parts exposed to destructive in
fluences, weather conditions or chemical agents. 

With regard to the second, it should be noted that light 
metals cannot everywhere be used as a substitute, that 
some metals are or would appear essential for certain uses: 
copper for electric contacts, copper sulphate and tin for 
soldering and anti-friction metal, lead for bullets, te
traethyllead or chemical apparatus, zinc for galvanization 
and, as they threaten to become scarce before long, it is 
important to economize them as soon as possible to post
pone the day when their absence may become cata
strophic. 

We shall now give a few examples of these substitutions. 

1 Original text: French. 

TRANSPORT-SUBSTITUTION FOR STEEL 

In the transport field, the lightening of weight is most 
valuable when the reduction of deadweight achieved by 
the use of light metals can be employed to increase the 
useful load. In general, this applies to vehicles used for 
the transport of goods. With regard to the transport of 
passengers, structural requirements (code of the road) do 
not always permit of the full utilization of the useful load 
released by the process of lightening. The economic value 
of lightening is thereby diminished, but it becomes pos
sible to increase the comfort of passengers. 

Amongst the experiments carried out in France in the 
transport field, we shall only quote two examples relating 
to material used in the conveyance of goods, the first by 
rail and the second by road. 

(a) Rail transport: It is not possible to base our cal
culations of the benefits derived from lightening on the 
work undertaken by the Societe nationale des chemins de 
fer. We can, however, on the basis of the rates applied by 
the company to owners' waggons, show the advantages of 
lightening in the actual case of the transport of aluminium 
between two factories 456 km. apart. The difficulties of 
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the route make it necessary to keep down the total weight 
of the train to 950 tons-a gradient calls for an extra 
engine-and the maximum weight per axle is limited to 
17 tons. 

\Ve must bear in mind that the rates applied to owners' 
waggons are determined by the following provisions: 

(1) The costs of a journey empty are proportionate to 
the tare of the vehicle; 

(2) The costs of a journey fully loaded are determined 
by the S.N .C. F. rate applied to goods conveyed by its own 
:vaggons, less a rebate calculated on the basis of the lighten
mg of the materiaL This lightening is defined by the ratio 

useful load 
of . 

1
··-t- the nominal tare being equal to the actual 

nomma are 
tare minus the weight of the braking appliances. 

The various materials are divided into 9 categories. In 
the cas: of the above .material (transport of aluminium) 
the ordmary steel rolhng stock falls in category A6 (ratio 
useful load 

. 
1
-t-- 2.2 to 2.4). The scale of dues stops at 

nomma are 
. useful load 

category A9 where the ratio . ·······-- is above 3. 
nommal tare 

(:) l~or owners' wagg~n.s forming a complete train, the 
S.N .C.F. grants an additional rebate calculated on the 
basis of the difference between the useful load carried by 
the owners' waggons and the tonnage which would be 
carried by standard S.KC.F. waggons of the same total 
weight. This rebate is also proportionate to the rate 
applied to the transport of the same goods by S.N.C.F. 
waggon. 

As it may be hoped that the S.N.C.F. will sooner or 
later create an AlO category which will probably have a 

. useful load 
ratm . 

1 
t 4, we have built, for this transport 

nomma are 
of aluminium, rolling-stock of category AlO which at 
present only benefits from the advantages granted to 
category A9. This decision was taken in order to show 
that this rolling-stock was serviceable, and to draw at
tention to the fact that its construction did not give rise 
to any technical difficulties. 

Although construction costs of A 10 material are con
siderably higher than those of A9 material, the use of 
such material is well worth-while, as will be seen from the 
figures quoted below, which relate on the one hand to 
ordinary steel A6 material and on the other, to lightened 
A 10 rna teriaL 

In _the AlO material only the bogie-chassis, rims, 
couplmgs and some parts of the braking system continue 
to be of steeL A waggon of this type, with a capacity of 
64 cub. metres, weighing 14.7 tons, and with a useful load 
of 53 ~ons requires 5,400 tons of light alloys for its con
structiOn. A steel waggon category A 6 would have a tare 
of 21.6 tons, a capacity of 53 cub. metres and a useful load 
of 46,400 tons. 

MATTER 

carry the same quantity of goods as 53 steel waggons, the 
real extra cost of the lightened waggon in relation to the 
steel waggon would work out at 951,000 frs. 

As compar~d with this extra initial outlay, the operating 
profits on a lightened waggon per useful ton carried over 
the route of 456 km., are the following: 

Frs. 
Return costs empty . . . • 38.50 
Loaded journey : extra charge 31.00 
Extra engine (difference of 

costs per ton). . . . . . 4. 00 
Rebate on useful tonnage of 

train . . . . . • . 68.00 

Total profit . . 141.50 

A light alloy waggon turned round 60 times a year with 
a load of 53 tons therefore brings in: 141.50 x 60 x 53 = 

449,970 frs. 

The extra cost is therefore paid for in 25'/2 months. 

The conclusions drawn from this study coincide with 
tl~ose of a manufacturer of railway equipment operating 
his own waggons. In this latter instance, which concerns 
the transport of coal from the mining area of Pas de 
Calais to the Paris region, the charges on the increase of 
~seful load are proportionately less than in the previous 
mstance, coal transport rates being considerably lower 
than those for aluminium; the extra cost of A 9 material 
as compared with A 6 material is none the less covered in 
48 months. 

(b) Road transport: We have chosen as an example the 
transport of liquid fuel by road distribution tank. Ex
perience shows that an industrial chassis with a useful 
load of 5 tons can equally well be equipped for the trans
port of gasoline with a steel tank of 5,000 litres or a light 
alloy tank of 6,000 litres, their respective weights being 
1,~00 and 950 ~g. With regard to distributing capacity, 
5 hght alloy umts are equal to 6 steel units. The difference 
between the cost of 5 light alloy units and 6 steel units is 
700,000 frs. 

With regard to operation, taking an annual distance 
travelled of 36,000 km., the 5light alloy units will bring an 
annual saving of either 14,500 litres of gasoline worth 
626,000 frs., or 11,800 litres of fuel-oil equivalent to 
39?,0?0 fr~. To this saving should be added the following 
pnnopal Items: tyres (undercarriage of sixth lorry), 
110,000 frs;. mainte~ance machinery of sixth lorry, 
50,000 frs; dnver of sixth lorry, 360,000 frs. 

The operating profit finally works out at 1,146,000 frs. 
or 910,000 frs., according to the fuel used-paying in well 
u~d~r a year for the extra initial outlay of 700,000 frs. 
Simila~ res?lts were obtained with heavy lorries capable 
of takmg either a 20,000 litre steel tank or a 22 000 litre 
light alloy tank (annual operating profit in the n~ighbour
hood of 740,000 frs. for an annual distance of 150,000 km., 
as against an extra initial outlay of approximately 
605,000 frs.). The actual cost of these (two) waggons, including tax, 

would be respectively: aluminium waggon, 4,913,000 frs.; 
steel waggon, 3,468,000 frs.; a difference of 1,445,000 frs. .If the ini~ial cost of a 5 ton lorry with a 6,000 litre gas-

olme tank IS now worked out in terms of materials, and 
Allowing for the fact that 46 light alloy waggons can not of values, the follo\ving results are obtained: 
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A. Construction: 600 kg. of light alloys permit the 
following to be saved: 

2,500 kg. of steel 
4 kg. of copper 
3 kg. of lead 
I kg. of chromium 

35 kg. of rubber 
II kg. of cotton 

B. Running costs: for 35,000 km. annually the use of 
light alloys permits of the following savings: 

35 kg. of rubber 
I1 kg. of cotton 

2,900 litres of gasoline 
or 2,360 litres of fuel-oil. 

ELECTRlCITY-SGBSTITUTIOX FOR COPPER 

Aluminium in the form of either homogeneous cable, 
special alloy or mixed AI-steel cables is substituted for 
copper in electric cables. 

We shall quote two examples, that of a low tension cable 
of 300/4-00 volts and that of a cable of 60,000 volts. In the 
first case there are three possible solutions: 

(I) AI-steel conductors 3 x 4-3 sq.mm. I x 22 sq.mm. 
(2) Light alloy conductors 3 x43 sq.mm. I x22 sq.mm. 
(3) Copper conductors 3 x 22 sq.mm. I x I0.8 sq.mm. 
Case 1-1 km. of AI-steel cable weighs 525 kg. of which 

355 of AI and I70 of steel. 
Case 2-1 km. of light alloy cable weighs 4-17 kg. 
Case 3-I km. of copper cable weighs 700 kg. 
Seven hundred kg. of copper are thus replaced by 350 or 

400 kg. of aluminium. 
In the case of the 60,000 volts cable, two solutions are 

envisaged, either aluminium-steel or copper: I km. of line 
(cable of 228 sq.mm.) of aluminium-steel costs 2,500,000 
frs. and I km. of copper line (cable of 116 sq.mm.) costs 
2,760,000 frs., i.e., a difference of 260,000 frs. per km. of 
line. 

As regards weight, the aluminium-steel cable weighs 
875 kg. per km. of which 510 kg. are aluminium, and the 
copper cable weighs 1,062 kg. In this case half a ton of 
aluminium replaces one ton of copper. 

THE DAIRY CAN-SUBSTITUTIOX FOR TIN-PLATE 

The manufacture of 20 litre dairy cans (most commonly· 
used in France) from aluminium alloy represents a saving 
of 0.300 kg of tin per can. Between 1941 and 1949, 
350,000 cans were produced in France, representing a tin 
saving of 350,000 x0.3 = 100 tons. 

The French stock of dairy cans is estimated at between 
1 and 11 / 2 million cans. 

As regards cost, the can made from a light alloy sells for 
2,000 frs. and the tinplate can for 1,400 frs. On the other 
hand, the light can weighs 4 kg. whilst the tin-plate can 
weighs 7.800 kg. The extra expense is justified by the 
saving effected on various items and, particularly, the 
reduction in the number of lorries necessary for transport. 
Lightening allows the same vehicle to carry 116light cans 
instead of 100 tin-plate cans, or a gain of I6 per cent; to 
put it another way, seventeen lorries can do the work of 
twenty. 

Elimination of costs for re-tinning. A tin can requires to 
be re-tinned every three to four years. It lasts for about 
ten years. Hence saving of labour and saving of ap
proximately I kg. of tin per can. 

Five to ten per cent reduction in the number of cans 
required in a business by the elimination of cans sent in 
rotation for maintenance. 
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Magnesia and Magnesium from Sea -water 

MAJOR P. LITHERLAND TEED 

ABSTRACT 

In Great Britain, magnesia has been obtained from sea-water, on a commercial scale, since 1937. The main object 
of the pioneers was to obtain a material suitable for the manufacture of high-grade refractories for metallurgical pur
poses. Prior to the outbreak of the late war, it had, however, been demonstrated that such magnesia could be used, 
instead of imported calcined magnesite, as a source of magnesium. Subsequent to this demonstration, the metal 
continued to be made from imported material until the war position made it essential to employ an indigenous supply. 

From about 1940 onwards two similar but different processes for obtaining magnesia from sea-water were em
ployed. In one, the precipitant was that which had been, and continues to be, used by the first company producing 
magnesia from sea-water, namely slaked calcined dolomite. In a variant of the original technique, which reached the 
production stage during the war, slaked lime was employed as the precipitant. This latter technique gave only about 
half the quantity of magnesia per ton of sea-water as compared with the older process. On the other hand, the product 
was somewhat purer and since pumping charges are not a very large item in the operation of the process, magnesia 
obtained in this way was not of necessity dearer than that made by the original process. 

Since, at the present time, the demand for magnesia for the manufacture of magnesium is insignificant in com
parison with that for refractories, only slaked calcined dolomite precipitation is being employed. The product of both 
methods was however effectively employed, during the period of hostilities, for the manufacture of magnesium, but 
had choice been permitted to the metal makers, they would have selected the lime precipitated material. 

IXTRODUCTION 

The writer, though not without experience with regard 
to the recovery of magnesia (MgO) from sea-water, must 
confine this short paper to those aspects of the question 
which bear on its employment for the subsequent pro
duction of metallic magnesium. Neither space nor first 
hand knowledge permits of his dealing, except in a few 
short sentences, with what is a far larger question, namely, 
the manufacture of the highest grade refractories from the 
same basic material. 

In Great Britain at the outbreak of the last war, magne
sia from sea-water, though extensively employed for 
making refractories for the steel and other industries, was 
not then used as the source of the metal. It had, however, 
been demonstrated in 1938 on a full scale unit that it 
could be employed for this purpose but, for economic 
reasons, its use had not become standard practice. Due, 
however, to the enemy occupation of Greece and to the 
ever increasing necessity for the utmost economy in the 
use of shipping, magnesia from sea-water became the pri
mary source of the raw material during the greater period 
of hostilities. \Vhether it will now so remain, is partly a 
technical and partly an economic question. Extensive 
masses of magnesite (MgC03) of high quality exist in 
several parts of the world, particularly in Austria, Yugo
slavia, Greece, Manchuria and India. By calcination under 

however favourable, will not of necessity lead to the 
immediate employment of the cheaper material. 

During the late war considerable difficulties were ex
perienced when it became necessary for a reduction works 
only to use magnesia from sea-water, even though chemi
cally this did not differ greatly from that which had been 
formerly employed. As will at once be appreciated, when 
processing largely depends on the working of automatic 
machinery, relatively small changes in such physical at
tributes as bulk specific gravity, angle of slide etc., may 
throw out of gear mechanism hitherto entirely satis
factory. On the chemical side, the presence of minute 
quantities of boron in magnesia derived from sea-water, 
had a somewhat disturbing influence in the British plants 
producing the metal by means of electrolysis. This trouble, 
for reasons never wholly understood by the writer, was 
more considerable in the United States than in Great 
Britain, but cell design and operational technique not 
being precisely the same, the explanation probably lies 
here. 

OUTLINE OF THE PROCESS FOR OBTAINING 
:\fAGNESIA FIW:VI SEA-WATER 

THE COMPOSITIOX OF SEA-WATER 

appropriate conditions (which of course depend on the use From the earliest times, salt has been obtained by 
for which the product is required) this mineral can be evaporation from sea-water. It was not, however, until 
converted into a magnesia suitable for the production of analytical chemistry had been established on sound faun
the metal, refractories, pharmaceuticals etc. In brucite dations that the potentialities of the sea as a source of 
(Mg0H20), which is found in substantial quantities in a inorganic materials, was realized. Then a further efflux of 
few countries, there exists another rival to the material time had to take place before economic techniques were 
derived from sea-water. The price on site of magnesia from evolved which would recover even one or two more of the 
these different sources will, naturally enough, have a very many constituents of the sea. The following analysis sets 
great influence in determining its employment. Since, out the amount of the principal elements contained in the 
however, there may be small chemical and/or physical ocean, undiluted by great fresh-water additions, such as 
differences between samples from different sources or pro- occur in the neighbourhood of large estuaries or coastal 
duced by different techniques, a mere change of price, glaciers: 
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Analysis of Sea Water 

Element mg.jkg. 
Chlorine 18,980 
Sodium. 10,561 

Magnesium 1,272 

Sulphur. 884 
Calcium. 400 

Potassium. 380 

Bromine 65 
Carbon . 28 

Strontium. 13 

Boron 4.6 

Surprise is often expressed that with as little as 0.13 
per cent of magnesium in sea-water, it is feasible to use it 
on an industrial scale as the raw material for the produc
tion of either magnesia or of the metal. The recovery of 
such quantities is by no means beyond the capabilities of 
the chemical and/or metallurgical engineer. Not only is 
the magnesium obtained economically (initially in the 
form of magnesium hydroxide (Mg(OH,)) but, of late 
years, bromine, though only present to the extent of sixty
five parts per million, is also economically produced from 
sea-water, though of course by a different process. It is 
perhaps something of a digression (though it does em
phasize the practicability of separating what is present in 
small amount from that which forms the bulk) that ores 
with but 4 dwts. of gold per ton (or 0.0006 per cent) are 
successfully worked, as are gravels carrying but one part 
in 15 million of the precious metal. Naturally, all such 
processes require for their successful operation the most 
intense mechanization. The ideal industrial condition in 
which man does the planning and machines do the work, 
has been, in these instances, to a large extent realized. 

THE AMOUNT OF MAGNESIUM RECOVERABLE FRO:v! SEA

WATER 

It has been shown that what looks, at first sight, an in
significant amount of magnesium presents in one respect 
with regard to its recovery a less difficult problem than 
has been successfully solved in relation to some other 
processes. It is now worth while to put in proper perspec
tive the question of the availability of the metal from this 
source. On the basis of the analysis already given and on 
the assumption that the density of sea-water is 64.11 lb. 
per cubic foot, the magnesium content of a cubic mile of 
ocean water is approximately 5,400,000 long tons. This is 
known to be vastly in excess of the quantity of the metal 
which has been produced from all sources, since its dis
covery 141 years ago. This gives some idea of the avail
ability of the metal, but since the sea-water of the world 
is believed to amount to some 330 million cubic miles, the 
quantity of magnesium in it is at once both calculable and 
inconceivable, namely: 1,782,000,000 million long tons. 

THE NATURE OF THE INORGANIC COMPOUNDS IX SEA-WATER 

In the previous analysis, the figures given related merely 
to the amounts of the various chemical elements, but in the 
following table the respective quantities of the compounds 
in which they occur, are set out in grammes per litre: 

Analysis of Sea Water 

Element mg./kg. 
Sodium Chloride NaCl 27.319 

Magnesium Chloride . MgC12 4.176 

Magnesium Sulphate MgSO, 1.668 
Magnesium Bromide. MgBr2 0.076 
Calcium Sulphate . CaSO, 1.268 

Calcium Hydrogen Carbonate. Ca(HC03) 2 0.178 

Potassium Sulphate . K,so, 0.869 

Boron Trioxide . B,o. 0.029 

Silica Si02 0.008 

Iron and Alumina as R,o. 0.022 

Specific gravity at 68 degrees F 1.024 

OUTLINE OF THE MAGNESIA RECOVERY PROCESS 

The chemistry of the recovery of magnesia from sea
water is extremely simple in principle, though the techni
que of its application has involved physical-chemical pro
blems of great complexity, requiring both time and in
genuity for their solution. 

For economic reasons, the precipitant, which is in
variably used, is high purity slaked lime (Ca (OH),), or 
slaked calcined dolomite, which of course contains slaked 
lime. This reacts with vigour at a temperature of 60 to 
70 degrees F with the principal magnesium salts, as is 
shown in the following equations: 

MgCl, + Ca(OH), = Mg(OHh + CaCl, 
MgSO, + Ca(OH), = ~g(OH), + CaSO, 

One of the main features which contribute to the success 
of the process is the almost complete insolubility in sea
water of magnesium hydroxide (about 0.0034 per cent at 
59 degrees F for the alpha and 0.008 per cent for the beta 
varieties). Though the amount of hydroxide formed is 
small, it is nevertheless almost wholly recoverable, pro
vided suitable means are available for separating the 
precipitate from the liquid. 

Those with chemical knowledge will have appreciated 
that if the slaked lime were added in the quantity shown 
in the above equations, it would not have wholly reacted 
in the manner indicated. The calcium hydrogen carbo
nate (Ca(HC0 3) 2) of the sea-water and also the very small 
quantity of ferric salts would have been precipitated by 
some of it. As a consequence there would have been in
sufficient lime available to react with the whole of the 
magnesium salts present. Further, the magnesium hy
droxide precipitate would be contaminated with calcium 
and other salts. It is, therefore, really extremely fortunate 
that there is a preferential reaction between slaked lime 
and calcium hydrogen carbonate in the presence of magne
sium salts. This allows of the sea-water being treated in 
two stages. During the first, it has added to it just that 
quantity of slaked lime which would be necessary to pre
cipitate the calcium hydrogen carbonate and the trace 
of ferric salts, then after these have been settled out, aided 
by seeding with similar precipitate earlier obtained, the 
sea-water can be passed to another tank where the ad
dition of further slaked lime is made in such quantity as 
to secure the precipitation of nearly the whole of the 
magnesium salts. Thus, by this two stage treatment, a 
magnesium hydroxide purer than would otherwise have 
been the case is obtained. In this first stage, temperature 
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was found to be more important than in the second. In 
winter, steam had to be used to raise the temperature 
sufficiently to obtain an effective reaction. 

Raw sea-water, depending to some extent on the geo
logical nature of the coast and turbulence of the sea, al
ways contains suspensoids. These, if not removed prior to 
the final precipitation of the magnesia, would tend to con
taminate it, therefore, precautionary measures have to be 
taken. One British works was fortunate in having a 
natural lake into which the sea-water could be initially 
pumped. Here the matter in suspension was settled out. 
Other works, less favourably placed, had to employ filtra
tion. 

Subsequent to the pre-treatment for the elimination of 
the calcium hydrogen carbonate, ferric salts etc., the 
removal of the resulting precipitate was sometimes done 
by seeding, and settling, unaided by filtration. Here again 
practice differed; some plants filter prior to the final 
treatment. 

There was more variation in the practice at the different 
works in the techniques employed for final precipitation 
from the now purified sea-water of the magnesium hy
droxide. As in the United States, two different precipitants 
were used: slaked lime or slaked calcined dolomite. 

From the equation which has already been given, it will 
be seen that one part of slaked lime precipitates the 
equivalent of 0.54 parts of magnesia. Calcined dolomite 
has a chemical composition of the order of that given 
below: 

Magnesia, MgO, 40.5 per cent; Lime, CaO, 58.1 per 
cent; R 20 3 , 0.8 per cent; Insoluble, 0.6 per cent. 

Thus, since one part of lime (CaO) is equivalent to 1.3 
parts of slaked lime, it will be seen that if the sea-water is 
treated with slaked calcined dolomite instead of with 
slaked lime, for unit weight of added slaked lime contained 
in dolomite, the resulting precipitate in terms of magnesia 
will be: 

By action of slaked lime on sea-water . . .54 parts 
Due to magnesia in the calcined dolomite, 

40.5 1.07 parts 
58.1 x 1.3 .53 parts 

In view of the above figures, it can at once be asked 
how comes it that two different precipitants are in fact 
sometimes used, when one produces twice as much magne
sia as the other? The answer is that the better practice is 
determined not by technical but by economic consider
ations. 

LOCATION OF PLANT FOR THE PRODUCTION OF MAGNESIA 

FROM SEA-WATER 

Any such plant must of course be as close to the sea as is 
practicable. Further, in order to reduce pumping charges, 
the site selected should be as near sea-level as possible. 
Then, a high-grade limestone or dolomite is required for 
the preparation of the precipitant. Which is used will 
generally be determined by the relative cost of the calcined 
material on site. Any appreciable difference in favour of 
lime in this respect would probably determine the issue as 
pumping charges are a less serious item. The fact, how
ever, that about twice the volume of sea-water would have 
to be processed to secure the same yield as would be ob-
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tained were calcined dolomite employed, would of course 
have a marked influence on the capital cost of the in
stallation per unit of output. Britain is, however, fortunate 
in having good quality dolomite available both on the 
eastern and western seaboards, while in at least one locali
ty there is exceptionally high purity limestone contiguous 
to the sea-shore. Thus both precipitants have been used 
with advantage. The mean temperature of the sea-water 
is in general lower than the optimum. This, on occasion, 
as has already been mentioned, necessitated the use of 
steam heating prior to treatment. 

It is perhaps desirable to put this pumping question in 
more precise terms. On the basis of the analysis given in 
the first table, it can be calculated that if the whole of the 
available magnesium is obtained in the form of magnesia, 
by means of slaked lime, then per ton of the former re
covered, 457 long tons of sea-water would have to be 
treated. 

If it is assumed that this has to be raised twenty feet to 
the precipitation tanks and no potential energy is re
covered on the discharge, then: 457 x 2,240 x 20 ft./lb.= 
20,460,000 ft./lb. or 7.7 kw.-hours would be required per 
ton of magnesia theoretically recoverable. 

In practice, in order to keep down the lime content of 
the precipitated magnesium hydroxide, rather less than 
the stoichiometric quantity of slaked lime would be added. 
There would also be losses of actual precipitate and further 
ones during calcination. In consequence of this, the 
quantity of raw sea-water required per ton of high purity 
magnesia produced, would be of the order of 800 long 
tons. Thus, the figure for pumping per ton of magnesia 
produced, but making no allowance for motor and pump 
efficiencies and for pipe friction, would be: 

7.7 X 800 

457 
kw.-hours = 13.5 kw.-hours. 

TREATMENT OF PRECIPITATED MAGXESIUM HYDRATE 

Subsequent to the precipitation of the magnesium hy
droxide, as has already been indicated, this is separated by 
seeding, settling and filtration. Then it is washed with 
fresh water to remove all traces of salt. After the precipi
tate has been removed from the filters, it is calcined. Here, 
the purpose for which the resulting magnesia is to be em
ployed determines the temperature of calcination. In 
Great Britain, if the material is required for the produc
tion of magnesium by means of an electrolytic process in 
which, prior to electrolysis it is converted into anhydrous 
chloride by a technique on the lines of the following 
equation: MgO + C + Cl2 = MgC1 2 +CO, then calci
nation would be carried out at about 1650 degrees F. If, 
on the other hand, the resulting magnesia were intended 
for reduction to metal by thermal means, either by the 
use of calcium carbide (CaC2) or by aluminium powder, a 
temperature of about 2200 degrees F. would give the best 
results. Finally, if required for the manufacture of re
fractory bricks, calcination would be carried out at about 
3000 degrees F. This would give rise to stable material 
completely unacted upon by water. 

COMPOSITION OF MAGNESIA DERIVED FROM SEA-WATER 

The purity of magnesia derived from sea-water depends 
on a number of considerations. One is the effectiveness of 
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the removal, not only of the suspensoids in the raw sea
water, but also of its calcium and ferric salts prior to the 
precipitation of the magnesium hydroxide. The precipi
tant itself is a further source of impurities. Any non
water soluble constituent of the slaked lime or slaked 
calcined dolomite will of course be found in the precipitate. 
In particular, if the limestone or dolomite has not been 
carefully burnt, it will contain calcium carbonate (CaC03 ). 

This will ultimately be found in the precipitated magne
sium hydroxide. 

From the point of view of subsequently making pure 
metallic magnesium, the presence of the clacium salt is 
objectionable. In the electrolytic process, the calcium in 
the form of anhydrous calcium chloride (CaCl2) builds up 
in the electrolyte, increasing its electrical resistance and 
thus reducing the amount of metallic magnesium produced 
per electrical unit. In the thermal processes, the calcium 
largely finds its way into the magnesium from which it has 
to be removed by subsequent melting under a flux rich in 
anhydrous magnesium chloride. As a general rule non
water soluble impurities in the precipitant are thoroughly 
objectionable. One instance can, however, be cited when 
this was not definitely the case. Some magnesia derived 
from sea-water invariably contained a small quantity of 
manganese which was initially present in the precipitant. 
In the electrolytic process this in part passed into the 
metal, thus reducing the normal manganese addition 
which had to be made when producing the standard war
time casting alloys. 

The following may be regarded as representative ana
lyses of magnesia made from sea-water by the use of 
slaked lime or slaked calcined dolomite. In the slaked lime 
case, the material being required for metal making, par
ticular care was devoted to securing as high a magnesia 
content as possible. The dolomite one is representative of 
material produced for refractories: 

By use of slaked lime: 

Magnesia. 
Lime .. 
Alumina. 
Silica . . 
Ferric oxide 

By use of calcined slaked dolomite: 

Magnesia. MgO 
Lime CaO 
Alumina. Al20 3 

Silica Si02 

Ferric oxide Fe20 3 

96.0 
2.5 

1.5 

100.0 

92.4 
2.4 
1.6 
2.2 
1.4 

100.0 

From either of the above, there would be little difficulty 
in producing, by standard electrolytic methods, followed 
by manganese purification, metallic magnesium of ap
proximately the composition given below. Of course, the 
higher magnesia and lower lime and ferric oxide contents 
of the lime produced magnesia would make it the preferred 
material. 

Chemical composition of manganese purified electrolytic 
magnesium 

Element Per cent 

Aluminium . 0.003 
Manganese 0.20 
Zinc . . Nil 
Iron. . 0.002 
Silicon . 0.005 
Copper. 0.003 
Nickel . Nil 
Cobalt . Nil 
Boron . 0.00003 
Cadmium 
Magnesium. 

less than 0.0001 
99.787 

FUTURE OF SEA-WATER AS A SOURCE OF RAW MATERIALS 

No doubt some better qualified contributor will deal 
with the great importance of the sea as a source of bro
mine. The need for this, chiefly for making ethyl dibro
mide (C 2H 5Br 2) for use with tetra-ethyllead (Pb (C 2H 5) 4), as 
a suppressor of detonation with hydrocarbon fuels, is 
likely to continue to grow. 

The demand for magnesia from sea-water for making 
refractories for the steel and other metallurgical industries, 
justifies an optimistic view. There seems to be no reason 
to expect any curtailment of activity in this field for a very 
considerable period indeed. With regard to magnesium 
from sea-water or from any other source, the future is not 
correspondingly bright. During the late war by far the 
greater proportion of the metal produced was used in the 
manufacture of incendiary bombs. Peace and technical 
developments with regard to this type of weapon have 
virtually eliminated the demand for this purpose. Air
craft are of course no longer being made in the quantities 
of a few years ago; nevertheless, as the following table 
shows, in such large units as are now being manufactured, 
there is an appreciable proportion of magnesium alloy. 
This, by virtue of the better mechanical properties of the 
newer alloys containing zirconium may well increase. 

Magnesium alloys in current aircraft units 
l'ffagnesium 

Unit alloy 
per cent 

Airframe (without 
undercarriage) . 5 

Piston engine-air-
cooled radial . 9 

Piston engine-
watercooled 14 

Jet engine . . . 6 

The writer finds it impossible to indulge in precise 
figures as to production costs. Prices in Great Britain, of 
labour, materials and electric power are not as yet in a 
stable condition, but with regard to sea-water magnesia, 
there seems to be, at the time of writing, no doubt that 
such material here is substantially cheaper than imported 
calcined magnesite. As to magnesium made by the elec
trolytic process, electric power (about 18,000 to 19,000 
kwh. per long ton) is the most considerable item in its 
manufacture. This, depending as it does in Great Britain 
on coal fired steam plants, has increased in price and a 
further rise cannot yet be regarded as being improbable. 
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In conclusion, because of the limitations of necessity 
imposed on the length of these papers, the author does not 
give a bibliography, though a most extensive one could be 
compiled. The reader will, however, be able to find re
ferences to all the more important publications with 
regard to the production of magnesia from sea-water in 
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"Raw Materials from the Sea", E. F. Armstrong & L. M. 
Miall, (Constructive Publications Ltd.), while the writer 
has reviewed, at length, all the methods employed during 
the war years, for producing the metal, ("Anglo-American 
Magnesium Production", Bulletin, Institution of Mining 
and Metallurgy, July 1946). 

Use of Solar Energy in Evaporation of Dead Sea Brine 

M. R. BLOCH 

DESCRIPTIO:\ OF THE DEAD SEA 

The Dead Sea, covering a thousand square kilometres, 
is situated in the long fault trench which extends north
south from Asia Minor to the Red Sea. Together with the 
Jordan, the Galilaen lakes, the subsidiary wadis, brooks, 
sources, rivers and sub-surface wells, it constitutes a hy
drological system without any outlet. It gains and loses 
per year more than 2,500 million tons of water via the air, 
by rain, by dew and by evaporation. The level of the 
Dead Sea-itself 400 metres below the Mediterranean-is 
governed by a precarious equilibrium between these 
metereological factors. 

The metereological variations are small enough in 
relation to the size of this hydrological system, and obser
vation during a few years only gives the impression of 
stability. But looked at sub specie of the last 10,000 
years-the span of time during which man became literate 
in this part of the world and learned to record facts-this 
hydrological system appears to be not too stable. 

Other seas without outlet such as the Caspian, which 
are situated in flatter surroundings, regulate their equili
brium between evaporation and water influx by covering 
larger or smaller areas, thus increasing or restricting eva
poration in an area all around them. The Dead Sea valley 
is long and steep, and level changes of a few metres 
scarcely change east-west dimensions with varying 
weather. The Dead Sea changes its length only. 

The southern third of the Dead Sea is some 4 metres 
deep and one can see on a map that it is very flat. The 
larger northern part is a hundred times deeper and its 
shores are steep. The southern third of the Dead Sea acts 
today as a regulator for evaporation by surface change, 
becoming shorter in dry periods and longer under the in
fluence of rainy years. One can see on a comparative map 
that in the middle of the nineteenth century the south end 
of the Dead Sea was many square miles smaller than it is 
today. This was after many dry years. It is quite clear that 
the Dead Sea loses its evaporation regulator when through 
greater variation of weather the south end dries up com
pletely. Then catastrophic changes with comparatively 
small variations of climate may occur. 

At the beginning of recorded history it appears the 
south end was actually dry, and that it was separated 
from the northern end by a ridge, and inhabited for a time. 
It may be that Sodom and Gomorra looked somewhat like 
the date gardens of Tozeur situated on the western shores 
of Chott Djerid in Tunis. It may be that Sodom and 
Gomorra were flooded when, after a spell of rainier years, 
the ridge broke down, restoring equilibrium again between 
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water supply and evaporation. Whether the biblical des
cription of this catastrophe also contains the first hints of 
the use of the Dead Sea's mineral wealth by solar eva
poration is a matter of conjecture. 

I believe that chapters 14 to 21 of the first book of 
Moses should be reread in the light of modern experience. 
It is possible that the passage describes happenings in the 
vicinity of an important salt-supply centre for a Baby
lonian empire. The Dead Sea was at that time, as today, 
called in Hebrew "The Salt Sea" and the southern end 
still dry in Abraham's time, "The salt valley". ' 

This salt valley described as entirely flat must have 
looked like the North African Chott of today, a completely 
flat expanse of hundreds of square miles. covered with a 
few inches of brackish water in winter, snow-white in a 
coat of dry salt in summer, and bordered by green date 
gardens where perennial fresh-water springs enter the 
valley. At that time salt had become essential in the 
human and animal diet and played an important part in 
economy as well as being a medium of exchange, like 
money. 

After the catastrophe of Sodom and Gomorra very few 
original observations have been written about the Dead 
Sea. Hieronymus of Cardia, the historian, was charged in 
312 B.C. by King Antingonus with the exploitation of the 
wealth of the Dead Sea, obviously of the asphalt that 
floats on it from time to time, a substance needed for 
embalming mummies. The first and, up to the nineteenth 
century, the last person to give a really scientific descrip
tion of the Dead Sea was Galenus in A.D. 150. 

After Galenus, exact and exhausting knowledge about 
the nature of the Dead Sea was first collected and publish
ed by Lieutenant Lynch; his party travelled down the 
Jordan cataracts in small boats, cruising on the lake and 
exploring its shores in a daring expedition on behalf of the 
United States Navy in 1848. He and many scientists 
after him measured the changing dimensions of the sea: 
whereas Hieronymus in 312 B.C. found its length 88 km., 
Lynch in 1848 and Due de Lugnes in 1867 record only 
76 km. Today its length is 80 km. 

The analysis of the Dead Sea brine when taken from 
great depth was found to be: 

90 grammes per filter N aCl; 
155 grammes per filter MgC12 ; 

45 grammes per filter CaCl2 ; 

15 grammes per filter KCl; 
4 grammes per filter Br (0.066 gramme litres m 

ocean water). 
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It was thereby established that the Dead Sea contains 
some 2,000 million tons of potash and that it is a practical
ly inexhaustible source of salt, magnesium and bromine. 

EXPLOITATION OF THE BRINE 

The possibility of industrial exploitation of this wealth 
of brine--other than for salt's age-old use-was suggested 
by every scientist who has discussed the Dead Sea. 
Theodor Herzl prophesied a great industry there in his 
"Altneuland", which was perhaps, a more technical than 
political Utopia. The realization of Herzl's dream was 
brought about by Mr. Novomeysky, the founder of 
Palestine Potash Limited, by the creation of an extraction 
process based on the use of sun-energy for evaporation and 
on the leaching of the crude potash salts with fresh water. 
With this process a 96 per cent muriate of potash is made. 
His product is sought after on the world market for its 
high quality. He also started bromine and magnesium 
chloride production from the mother liquors. 

UTILIZATION OF SOLAR-ENERGY FOR EVAPORATION OF THE 

BRINE 

In cloudless and rainless summer weather, on many 
square kilometres of more or less natural pans, the Dead 
Sea brine is exposed to sunlight. There are two such 
systems, one at the north end of the Sea and one at the 
south end. Fractional crystallization takes place. In two
thirds of the pan area through which the brine is con
tinuously conducted, half of its volume, much more than 
10 million tons of water, is lost by evaporation, and about 
I million tons of NaCI are precipitated. At a well-defined 
concentration carnallite (KCl, MgC12 , 6H20) is deposited 
and is harvested from a set of specially constructed pans, 
and then washed in the refineries with cold water until it 
is free of MgCl2 and admixed common salt. 

The evaporation process in open pans, used all over the 
world for salt making from ocean water, is favoured at the 
Dead Sea by an average summer temperature of 30 degrees 
C. The Palestine Potash Company investigated more 
closely this ancient process of evaporation, since its 
efficiency is an important factor in efficient potash pro
duction from Dead Sea brines. It can be easily established 
that the energy supply for evaporation under Dead Sea 
conditions is entirely dependent on sun-radiation. 

In figure 1 is a diagram showing the diurnal temperature 
change in typical summer weather in a typical pan, where 
a normal Dead Sea brine, 16 centimetres deep of specific 
gravity 1.26, is evaporated on an average July day. There 
is not a single moment when this brine is colder than the 
air and only at night is the soil warmer than the brine. 
Since for this reason heat can only be lost to air and soil 
and not gained from them, solar energy remains as the 
only source of energy for evaporation to be reckoned with. 
It is actually used at the Dead Sea where it is equivalent 
to many hundred thousand tons of oil applied in Quatru
pal evaporators. 

Aerial photographs of the Dead Sea showed that the 
pans were snow-white from deposited common salt; it 
seemed that with the white flooring the evaporation of the 
brine was effected only by the infra-red part of the sun
light which is always absorbed by water, the visible part 
being reflected almost completely back into the sky and 
wasted. 

--~~~~--- ----------
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Figure l. 

Figure 2 shows that the energy spectrum of sunlight 
entering the brine contains some 35 per cent visible and 
ultra-violet light, the rest being infra-red. If one looks at 
the absorption spectrum of water, or better yet at Dead 
Sea brine, one realizes that almost no light up to 0.8 
microns but almost all infra-red light is absorbed by a 20 
centimetre layer of brine. 

Solar Energy~£_ecfrum. 

SPEEDING UP EVAPORATION WITH COLOURI"'G 

The author realized that by colouring the brine the 
visible and near visible part of sun-energy could be used 
for evaporation, instead of being lost as when the brine is 
without colour. 

Jointly with Dr. Martin, the writer found after testing 
some 300 dye-stuffs that naphtol-green meets the require
ment, not only because it is a good transformer of light 
into heat, but also because it is stable enough to stand up 
to intensive radiation. It is soluble in concentrated salt 
solutions-and last but not least-it is cheap. Naphtol
green is an iron complex of Nitroso Schaeffer-salt. 
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In figure 3 is shown the absorption spectrum of naphtol
green solution superimposed on that of pure Dead Sea 
brine. A 1: 300,000 naphtol-green solution, 20 centi
metres in depth, covering a diffused reflecting salt floor 
absorbs about 90 per cent of the visible and near infra-red 
part of sun radiation. Without naphtol-green the brine 
would use about 30 per cent less of the effective radiation 
of the sun and evaporate correspondingly more slowly. 
We first established these facts in small-scale experiments 
and afterwards found them verified in actual practice of 
ten years' operation. Potash production in systems where 
naphtol-green colouring was used went up considerably 
more than 30 per cent. 

The speed of evaporation in solar pans is of the highest 
importance for economical operation. Evaporation work 
is not done by sun-energy entirely without cost. Some 
pans have to be levelled, many need dams and canals. 
Machines need repair and people have to service the whole 
system. New ground is not always easily converted into 
pans and for years new pans often show considerable 
leakage. By speeding up evaporation, more output is 
achieved without more investment and without more 
operation. 

. .. 
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But speeding up evaporation also means more output 
per cub. metre of original brine pumped. There are few 
natural solar pans entirely without leakage of brine. 
Leakage is an important cause of loss and is directly pro
portioned to the area of the spans. Speeding up eva
poration by colouring does not affect leakage on a given 
area; it is for this reason that colouring increases output 
even more than one would expect from the increase of 
evaporation. The leaking brine is not the original brine; 
it is, in fact, partly concentrated brine which when lost 
down the drain, so to speak, spends solar energy. 

Another advantage of quick evaporation, which must be 
set against the cost of dye-stuff, is that more crude potash 
ore, i.e., more carnallite, is deposited on a given pan sur
face, forming a thicker layer. One can harvest much more 
easily a thick layer of carnallite than a thin one. A thick 
layer is also less contaminated by unavoidable dust from 
the air and by infiltration from the sub-soiL These conta
minations, too, are in direct relation to the surface of the 
carnallite-covered area and have nothing to do with the 
thickness of the carnallite layer itself. 

One difficulty with sun-evaporation pans increased 
when evaporation was speeded up by colouring. It be
came more difficult to get rid of common salt, which is 
precipitated, as was said before, in the salt pans. Before 
colouring was introduced, a yearly layer of some 10 
centimetres was formed. As there is no market for this 
huge quantity of salt, the Palestine Potash Limited washes 
it back into the Dead Sea every winter. For the northern 
factory the Jordan, and for the southern factory a small 
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brook supply the water for washing. The washing has to 
be done in a short time, so that the pans will again be 
ready for evaporation in the spring. The washing speed 
depends on the area exposed to the water and the few 
centimetres more salt on a given area caused by colouring 
requires weeks more of washing. 

The late Professor Farkas started to investigate the 
salt-washing problem with us and, after exhaustive 
theoretical and practical research, all difficulties were 
overcome. Instead of washing in series, we started to wash 
the pans parallel whenever abundant water was available. 
It was shown that although the common salt is not much 
more soluble in warm weather, it dissolves more quickly 
when it is warm. Washing was then started in autumn 
when climatic conditions still seemed to cause considerable 
evaporation of the washing water. It was proved that the 
increased diffusion through higher temperature outweighed 
the adverse effect of evaporation. The necessity of inter
mittent washing with little water for short p2riods and the 
complete emptying of the resulting liquor in the pans 
between the washing periods was successfully impressed 
on the operating staff. A new understanding of the basic 
facts underlying the dissolution of salt flats and the for
mation of salt deposits was achieved by Farkas' work at 
the Hebrew University in Jerusalem. This work, which 
will be published soon, is also of interest from a geological 
point of view. 

With Farkas and Spigler, we undertook a series of mea
surements to clear up the detailed mechanism of solar 
evaporation. We tried-and, I believe, succeeded-to 
imitate evaporation conditions in experimental pans of 
one square kilometre on the area o£ a few square metres. 

These small experimental pans have inside walls of 
mirrors so that optically they are of infinite size. Their 
walls are insulated with cork so that heat is not lost to, or 
supplied from, anywhere else but floor or surface. Level 
measurements are precise to -0.2 mm. when all correc
tions for temperature and volume change by crystalliza
tion are made. These experiments are not only important 
for the efficient running of our solar pans, teaching us 
things like the choice of optimal depth of brine and 
economic colouring, but we are confident that they are 
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giving valuable information about the evaporation of the 
Dead Sea as a whole. The Dead Sea behaves optically as 
if it were black. Figure 4 shows how sun radiation is 
absorbed in a great depth. Model experiments have, for 
this reason, to use deeply coloured brines. 

The Dead Sea loses some 2,000 million tons of water a 
year by evaporation, 40 per cent of this being supplied by 
the Jordan. The Lowdermilk scheme will use Jordan water 
for irrigation and replace it with ocean water. This 
scheme will raise some evaporation problems but will also 
offer great new possibilities in this field. 

CONCLUSION 

The Dead Sea should be able to supply a substantial 
part of the world's potash, bromine and magnesium needs 
at competitive costs even when these needs have risen far 
beyond the present demand. It might then sustain a con
siderable advance in the standard of life in the world. 

The evaporation system of the Dead Sea valley was, in 
the time of Abraham, too small for stability, yet too big 
for human control. Its catastrophes impressed themselves 
deeply on human conscience. Today-and I believe ulti
mately through the educating influence of the Bible-
human technique has reached a stage where it is possible 
to handle an evaporation system as grand as the Dead Sea 
valley. And in all humility we might now hope to create 
there a supply centre from which untold fertility will 
spread into a peaceful world. 
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CONSERVATION BY SUBSTITUTION 

Summary of Discussion 
The CHAIRMAN declared open the meeting and stated 

that the subject of the discussion was the conservation of 
mineral resources by substitution. The papers to be 
presented dealt with the future of light metals and 
minerals of marine origin. All substitutes for metals and 
minerals which were in short supply were of extreme in
terest. Light metals were among the best of such sub
stitutes. 

Mr. SuTTON presented his paper on 'The Future of 
Light Metals". He illustrated some of the salient points 
of his paper with slides. 

Slide 1 showed various materials used in production of 
raw aluminium and stages in the winning of aluminium. 
There was considerable consumption of coal, bauxite, 
cryolite and electric power. 

Slide 2 represented a map of the world showing the 
distribution of bauxite deposits and aluminium reduction 
plants. In his paper he had mentioned the wide distribu
tion of centres in which the metal was extracted. The 
map showed the coastal habits of the deposits, as the 
principal worked deposits were located along the coast. 
Mr. Sutton stressed the significance of geographical loca
tion in the winning of any metal. 

Slide 3 illustrated the use of aluminium in milk cans. 
Mr. Sutton had explained in his paper that aluminium 
was one of the metals most friendly to food. Food hand
ling benefited enormously, therefore, by the use of it; 
there was scope for extension in its application in that 
field. 

Slide 4 showerl the pasteurizing plant of a dairy, where 
a large part of the equipment was of aluminium. 

Slide 5 gave a few figures concerning the thickness of 
covering sheet necessary for equal resistance to bending 
when aluminium replaced steel. The figures proved that 
the use of aluminium made possible approximately 50 
per cent saving in weight over steel. 

Slide 6 showed that the use of aluminium in structural 
members saved approximately 60 to 64 per cent in weight 
over steel. That saving was recognized and fully utilized. 

Slides 7 and 8 showed the wide range of aluminium alloy 
castings. The structures represented were die castings. 
They could be made cheaply when made in considerable 
numbers. It was a useful way to bring aluminium alloys 
into service. 

Slides 9 and 10 showed houses built of aluminium to 
alleviate the housing shortage due to war damage. 
Aluminium alloys were used effectively in building con
struction. 

Slide 11 represented airplane hangars where aluminium 
alloy was used in the doors and elsewhere in the construc
tion. The frame was of steel. It was a large building, 
capable of housi11g the largest planes. The doors had to be 
moved and the advantage of using the light metal was 
attractive. 

Slide 12 showed one of the classrooms of a school built 
almost entirely of aluminium alloy. Much of the furniture 
was also made of the alloy. 

265 

SUMMARY OF DISCUSSION 

Slide 13 was a picture of the aluminium roof and tower 
of a bank building in Oklahoma City. Aluminium alloy 
made an attractive crown for modern buildings. 

Slide 14 presented the roof trusses of a cinema. They 
were over 60 feet in span and the engineers had estimated 
that by the use of light-alloy construction they were able 
to build them at a saving of 25 per cent in weight over 
steel. Moreover, they needed no paint. 

Slide 15 was a picture of the bascule bridge at Sunder
land which was mentioned in Mr. Sutton's paper. Fifty
one tons of aluminium alloy were used in the structure. 
If steel had been used in those parts, the weight would 
have been 130 tons. It had been of great interest in the 
engineering world. 

Slide 16 showed a 10-ton crane. If it had been made of 
steel, it would have weighed 22 1 / 2 tons. 

Slide 17 showed a dragline excavator with a 175-foot 
crane. 

Slide 18 showed a trainload of lifeboats made of alu
minium alloy. There was great interest in the use of light 
alloys in shipbuilding, especially for superstructures. It 
was very effective and reliable in lifeboats. They were 
water-tight even after long exposure to the sun. 

Slide 19 illustrated a 10-ton skip which was used in 
colliery equipment. The application of aluminium alloy 
in coal mining equipment was still in an early stage. 
Although there was great interest in it, development had 
not yet advanced far. 

Slide 21 represented part of a conveyor trough built 
of aluminium. Its light weight was a great advantage. 

Slide 22 presented several graphs showing the yearly 
average, up to 194 7, of non-ferrous metal prices. They 
showed how the prices of tin, lead and zinc had increased, 
as compared with prices a few years earlier. For alumi
nium, there was a slight increase for the past few months, 
but as compared with the past few years, the price was 
still low. Those who were engaged in the applications of 
aluminium were greatly encouraged, by such figures, to 
make use of that metal. 

Slide 23 gave the figures for world production of primary 
aluminium which were contained in Mr. Sutton's paper. 

Mr. Sutton stressed again the fact that one of the most 
important factors in the use of aluminium was that it 
could be used repeatedly. 

He pointed out that the use of magnesium was making 
progress, but its future as an engineering material depend
ed on the economics of metal and alloy production. 

Titanium would soon be made in considerable quanti
ties. If the price could be brought within the range of 
commoner metals, it would be extensively applied. 

Mr. RALSTON presented his paper on the "Future of 
Light Metals with Special Reference to Titanium". He 
explained that the data therein were already obsolete. 
For instance, the figure of 200 lb. mentioned in the first 
paragraph should be changed to 500 lb. In the United 
States, 200,000 lb. of titanium would soon be put into use 
in aircraft and marine structures. Plants had gone into 
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semi-production of titanium only a few years before. 
Within a year, there would be four or five producing 
companies, but production would be on a relatively small 
scale. The plants were not truly commercial, although 
they would be selling their products. About 10 million 
dollars had been spent on research and the development of 
titanium. 

The cost of the metal was a great factor in determining 
the use of titanium to replace other metals. One pound of 
titanium would do the work of 2 lb. of magnesium, 4 lb. 
of aluminium or 2 lb. of stainless steel. If 30 tons, or 
possibly 50 tons a day, were produced, a reduction in the 
cost to 50 cents per lb. could be realized. At such a price, 
titanium ranked with other metals; for the cost of 2 lb. of 
stainless steel at 25 cents per lb. equalled the cost of 1 lb. 
of the higher-priced titanium. The remarkable perfor
mance of titanium in resisting corrosive activity was of 
great importance. For marine uses it was the best of the 
commoner metals; it had been said to equal platinum. 
Tests on sheet titanium had been in progress for a year. 
Many other metals used in the tests showed serious signs 
of corrosion after a year; titanium was untouched. It 
was true that the tests had been made under favourable 
conditions. There were as yet no figures to show how it 
withstood corrosion and erosion at the same time. As a 
replacement for strategic metals, titanium was in the class 
of stainless steel. It was equal in strength. Its corrosive 
resistance, as compared with stainless steel, nickel, colum
bium or chromium, was outstanding. In the United 
States, the armed forces were very much interested in 
titanium because chromium, which was imported, was not 
available in the desired amount in war-time. 

The aluminium structures seen in the slides which 
Mr. Sutton had just presented could have been lightened 
in weight by the use of titanium. 

For the next five or ten years titanium could not be 
used in larger structures as supplies were still inadequate. 
For the time being, it was used to best advantage in air
plane and marine structures and sea-water pump-shafts. 

It had won a favoured place among light metals even 
before it had reached an appreciable scale of production. 

Mr. BLONDEL, in the absence of Mr. Matter, presented 
the latter's paper on the "Possibilities and Limitations in 
Substitution of Light Metals for Steel and Copper". He 
explained that the paper was not general in nature. It 
gave some precise examples of the savings that could be 
effected by replacement of metals by aluminium. The 
extra cost involved in the use of light metal for steel in 
railroad cars, for instance, was offset by the advantages 
gained in exploitation. Power was saved by lightening the 
car and machine parts. The life of the parts exposed to 
destructive influences, weather conditions or chemical 
agents was prolonged; that represented a substantial 
saving. The loads per car could be increased and the 
number of cars reduced; expenses of transportation were 
thus reduced. 

The same was true of road transport; the transportation 
of gasoline by lighter tank wagons, for instance, made 
possible a great saving of metals, tyres, gasoline or fuel oil. 

The use of aluminium to replace copper in electric 
cables permitted a saving of approximately 1 ton of copper 

per km. of line at 60,000 volts. 700 kg. of copper could be 
replaced by 350 or 400 kg. of aluminium. An aluminium
steel cable weighing 875 kg. per km. could replace a 
copper cable weighing 1,062 kg. 

The use of aluminium as a substitute for tinplate in 
dairy cans was also cited by Mr. Matter. Three hundred 
and fifty thousand cans produced in France represented a 
tin saving of 100 tons. In the case of 20-litre cans, 1 kg. of 
tin per can was saved, allowance being made for retinnings. 

The CHAIRMAK requested Mr. Sutton to read the paper 
on "Magnesia and Magnesium from Sea-water" prepared 
by Major Litherland Teed, in its author's absence. 

Mr. SUTTON presented that paper. The author had 
concluded that magnesia from sea-water for making re
fractories was likely to be in considerable demand in the 
future, but that magnesium from the same source was not 
commercially attractive. On the other hand, the amount 
of magnesium recoverable from sea-water was both calcul
able and inconceivable: 1, 782,000 thousand million long 
tons. 

Mr. BLOCH presented his experience paper on the "Use 
of Solar Energy in Evaporation of Dead Sea Brine". 
Dead Sea brine could not be used for winning magnesium 
because no adequate supplies of power were available and 
transport was unduly difficult. The production of potas
sium chlorate, however, had been undertaken on a large 
scale by the application of solar energy. He described 
methods which he had employed to accelerate evaporation 
by the use of naphtol-green colouring. When the Lowder
milk scheme came into operation, the inflow of one million 
additional tons of water after ocean water had been sub
stituted for fresh water in the Jordan might give rise to 
evaporation difficulties but would also make increased 
production of potash in the Dead Sea area feasible. 

The CHAIRMAN called for a general discussion on con
servation by substitution. 

Mr. BLONDEL said that Mr. Sutton and other speakers 
had concentrated on the application of the light minerals 
rather than upon the sources of supply. Mr. Sutton's map 
showing the distribution of bauxite deposits and the 
aluminium reducing plants was misleading. Economics 
rather than geology had determined the fact that the 
deposits were generally found along the coasts. As the 
bauxite was reduced at a considerable distance from the 
deposits, considerations of transport had guided explora
tion. Estimates of potential bauxite reserves were there
fore not available; extensive search for the mineral had 
not yet been undertaken. Very large deposits certainly 
existed in Africa and southeastern Asia and very probably 
in the tropical areas elsewhere. The problem had previous
ly been to exploit such deposits economically, but the vast 
water power resources available had hardly been touched 
for exploitation of these ores. The falls of the Congo near 
Leopoldville and Brazzaville had not been harnessed, 
although they could develop sufficient power to fill the 
requirements of the whole of Europe. There were other 
unexploited falls in Africa not far from the coast. No use 
had been made of the great falls in Indo-China. Far too 
little attention had been paid to developing new sources 
of power and seeking new bauxite deposits simultaneously. 
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It would be desirable to consider whether it might not be 
possible in the near future to find some agency through 
which the interests concerned might be urged to make full 
use of such unexploited resources with a view to limiting 
the consumption of metals for which aluminium could 
provide a desirable substitute. 

Mr. J. D. EDWARDS said that from the standpoint of 
availability the future of aluminium was optimistic since 
aluminium ores were in good supply. He was sure that its 
consumption would increase as its usefulness increased. 

Between 1910 and 1930 the annual per capita consump
tion of primary aluminium in the United States had 
trebled, and from 1930 to 1950 it was estimated it would 
increase fourfold. There was also a substantial volume of 
secondary metal supplementing the market for primary. 

Production and consumption of metals were affected by 
many factors-technologic, economic and political. Con
sumption had dropped during the depression period 
between 1930 and 1940, and had risen in the period which 
included the Second World War. Research and develop
ment were important factors and had gone far in in
creasing the usefulness, and hence the consumption, of 
aluminium. 

During the next few decades aluminium alloys of greater 
strength and with properties which adapted them for use 
at either high or low temperatures could be expected. 
Engineering research would bring about more efficient 
utilization of 'aluminium by improvements in design of 
structures and protection against corrosive environments. 

The CHAIRMAN asked whether titanium was likely to 
replace aluminium in airplane manufacture or whether it 
would merely be used for parts which were now made of 
steel or other such metals. 

Mr. RALSTO)[ said that titanium would first be used in 
the places subject to most strain in aircraft; it was already 
under test for compressors in jet planes. Titanium retain
ed its strength at higher temperatures than aluminium or 
magnesium and weighed considerably less. For aluminium 
parts not subject to stress only one-sixth of the weight of 
titanium was necessary. It would therefore probably be 
used to replace all other metals in aircraft manufacture. 

In answer to a question from Mr. Hubbert, concerning 
the relative abundance of titanium ores, he said that of 
the metals which could be used structurally, aluminium 
was the most abundant, then came iron, magnesium and 
titanium. Titanium was much more abundant than nickel 
or chromium but much of it was not usable because of the 
dilution of the deposits in which it occurred. At the 
present rate of use, there was probably a hundred years' 
supply of titanium known within the United States. 

He confirmed that titanium could be used as a sub
stitute for coppers and bronzes because of its resistance to 
marine conditions. 

Mr. MONTURE said the papers presented had been 
stimulating and encouraging since the world possessed a 
large supply of light metals. Processes were known for the 
extraction of aluminium from clays if bauxite ores should 
become exhausted, and magnesium could be obtained in 

SUMMARY OF DISCUSSION 

almost unlimited quantities from the sea. In Canada, 
magnesium of high purity had been manufactured from 
dolomitic limestones during the war, but that this method 
indirectly required a fairly high consumption of energy 
since ferrosilicon was the reducing agent. 

Referring to Mr. Sutton's remarks on the uses of 
aluminium, he indicated that metal mines in Canada had 
for years been using aluminium skips for hoisting ores, and 
that machinery for moving logs was made of aluminium. 
Aluminium was also used for high-tension transmission 
lines. 

There was much interest in titanium in Canada because 
of the discovery of a large body of ilmenite ore, of about 
100 million tons, which could be mined by open-cast 
methods. A company proposed to separate the iron and 
the titanium contained in the ilmenite. He had some 
doubts, however, concerning the cost of titanium, and 
asked whether any method of reducing titanium directly 
from its ores had been contemplated since the present 
process for its manufacture was very expensive. He also 
asked whether much work had been done on the fabri
cation and working of titanium, what heat treatment it 
required, and its behaviour in alloys with steel and other 
metals. 

During the war, when tin was in short supply, arsenic 
and cadmium had been substituted for it in certain uses. 
Conservation by substitution offered a large field for ex
periment and the possibility of producing substitutes 
which were better and stronger than the original. 

Mr. RALSTON said that direct reduction of titanium was 
not feasible at the present stage of scientific knowledge 
since the product obtained would be very inferior in 
quality. 

Mr. NIELSEX said that titanium could be fabricated 
quite readily and that its working characteristics were 
similar to those of stainless steel. Like aluminium and 
magnesium it also lent itself to the extrusion process. He 
could give no information about the heat treatment of 
titanium. Titanium would have no application in bearings 
since it was one of the worst metals which had been tried 
for that purpose. 

Mr. HEAD said the conception of the use of light metals 
as substitutes for ferrous and non-ferrous metals was out 
of date. Aluminium was not really a substitute since it 
was probably much better than the metal it replaced. 
Light metals had come to be regarded as dangerous com
petitors by the others. 

Mr. BLONDEL said beryllium had been little mentioned 
and asked why its use had so far been limited. 

Mr. SUTTON was surprised that beryllium had not made 
quicker progress as an industrial metal. Its main use so 
far had been as an alloy constituent in alloys with copper. 
The high elastic range and resistance to corrosion and 
corrosion fatigue of such alloys made them very suitable 
for springs and other components. Pure beryllium had 
special applications, for instance in windows for X-Ray 
tubes. More use was also being made of beryllium for 
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minute additions to magnesium alloys; it improved their 
resistance to burning in the molten condition. 

The lack of extensive application of beryllium was 
probably due to the fact that ductile beryllium had only 
recently been achieved, and to the limited occurrence of 
beryllium, suggesting that the annual maximum world 
production could only be about five thousand tons, which 
placed it outside the industrial range of metals. 

Mr. ZucKERMAN referred to the unequal distribution of 
resources throughout the world, and asked whether the 
present geographical pattern of production of light metals 
was likely to be changed by the development of titanium 
as an additional light metal. 

Mr. RALSTON said there would probably be little change 
since titanium required even more power to produce than 
magnesium and would have to be manufactured in the 
same areas where low cost power was available. 

Beryllium, he said, was even more plentiful than zinc in 
the earth's crust but the ores were so dilute that it was not 
available commercially and would not be of great interest 
unless more could be discovered. 

Mr. UHLIG said the strict limitation of the source of 
supply of beryllium explained its high price which was 
about $450 per ton of ore. Another factor which limited 
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its extensive use was its severe toxic properties during 
refinement and fabrication. 

Mr. FEiss agreed with what had been said concerning 
the scarcity of beryllium. Beryllium is found in the 
mineral beryl and the problem of separating it from the 
matrix is of considerable difficulty. Hand sorting has so 
far been the only effective method of concentrating the 
mineral which means small-scale and high-cost operations. 

Mr. NIELSEN said there were some indications that duc
tile beryllium could only be produced on a small scale 
since its fundamental properties do not favour ductility. 

Mr. MoNTURE, Mr. BLONDEL and Mr. FEiss thanked the 
Chairman for the tactful, courteous and orderly way in 
which he had conducted the meeting and for his excellent 
work as a programme officer which had contributed great
ly to the success of the work of the Minerals Section. It 
was hoped that if similar meetings were held in the future 
Mr. Lehmann would also participate in the same capacity. 

The CHAIRI\IAN thanked delegates for their appreciation 
and said that his work had been greatly facilitated by 
their co-operation. He announced that Mr. Monture 
would summarize the results of the Minerals Section 
meetings at the final plenary discussion. 
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Estimate of World Supplies of the Principal Plant Nutrients by 
Cost Rangel 

J. LE CORNEC 

ABSTRACT 

The author successively examines world resources and reserves in the production of phosphate, potash and nitrogen 
fertilizers. 

The problem of reserves of phosphate and potash fertilizers will not arise for several thousands of years. 

The position is less good, however, with regard to high-grade phosphates, which are particularly useful; the reserves 
of these will have to be husbanded. 

Moreover, the reserves of potassium salts are very unequally distributed. 

The world supply of nitrogen fertilizer depends mainly on synthetic industrial production which already consumes 
the equivalent in power of 20 million tons of coal annually in the form of electricity, coke, coke gas or natural gas. 

Similarly, if the world resources in sulphur were to become exhausted, the phosphate fertilizer industry would 
require about the same quantity of power. 

Apart from the elements which plants always find in 
abundance in the soil or the atmosphere, the three other 
elements essential to plant nutrition are: phosphorus, 
potassium and nitrogen. 

These three elements exist normally in cultivable soils; 
in addition, nitrogen can be taken directly from the 
atmosphere by certain plants. In modern methods of 
cultivation, however, the frequently inadequate natural 
reserves have to be supplemented and the plants' absorp
tion from these reserves has to be offset by the use of 
artificial fertilizers obtained from various raw materials. 

The present paper is concerned with examining world 
resources of the raw materials required for the manufac
ture of phosphate, potash and nitrogen fertilizers. 

No attempt will be made to deal with the other elements 
useful in plant growth which often have to be added to 
cultivated soil, because these are either so abundant that 
there would be little point in studying them (calcium, 
magnesium, etc., or else they are used exceptionally 
and in very small amounts (trace or minor elements 
such as boron and so forth). 

Nor will the present paper deal with world resources of 
sulphur, although the tonnage used in modern methods of 
producing phosphate fertilizers is considerable. On ac
count of its various uses, sulphur will be studied with the 
other raw materials used in the chemical industry; more
over, phosphate fertilizer production technique could 
dispense with sulphur if sufficient power were used (P/2 

tons to 2 tons of coal per ton of P20 5 or equivalent}. 

PHOSPHATIC FERTILIZERS 

Most of the phosphate fertilizers used in agriculture are 
obtained from natural phosphates of lime. An important 
exception to this is represented, however, by the slags 
resulting from dephosphorization, which are a by-product 
of the iron and steel industry; the phosphorus in these 
slags comes mainly from the phosphorous iron ore found 
in Sweden and France. In addition, a certain number of 

1 Original text: French. 

entirely or almost entirely unexploited deposits of iron and 
aluminium phosphates are known to exist. 

In the present paper the writer proposes to deal ex
clusively with the main source of phosphoric acid: the 
natural phosphates of lime. 

These phosphates are very common in nature, both in 
scattered quantities and in large deposits. They occur 
either in the state of apatite in combination with volcanic 
rocks, or in sedimentary deposits in the form of "phos
phorite", a generic term for a fairly large variety of 
chemicals and minerals, the main ones being fluocolo
phanite, dahlite and francolite. 

In any case, it is never a question of finding pure trical
cic phosphate of lime, but more complex substances con
taining numerous impurities, either as a constituent 
element or in very small amounts, the main ones usually 
being fluorite, carbonate of lime, oxides of iron and 
aluminium and silica. 

Consequently, the classic processes for the treatment of 
minerals (washing, flotation, electrostatic treatment etc.) 
are of no use for liberating tricalcic phosphate in a nearly 
pure state; at most, these methods serve to produce 
commercial products with a content ranging from a 
minimum of 55 to 58 per cent to a maximum of about 
84 per cent. In some cases, the natural rock already has 
an adequate content and can be sold or converted as it is, 
after a simple drying process; in other cases, the natural 
rock is of much poorer quality and must be concentrated, 
except for very local use. 

Whatever their degree of concentration, the use of these 
phosphates in their natural state, after simple grinding, is 
not yet very extensively developed, although it has often 
been recognized as very advantageous and is fast ex
panding (six to eight per cent of 1948 world production); 
phosphates are more usually converted into more quickly 
assimilable products, either· by acid treatments (super
phosphate, triple superphosphate, nitrophosphate}, heat 
treatment (defluorinated phosphate, Rhenania phosphate) 
or by the process of extracting the phosphorus by reduc
tion in an electric furnace. The choice between these 
different processes depends on local economic conditions. 
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The large deposits which at present supply almost the 
whole of world needs are, generally speaking, easy to ex
ploit, whether they be the extensive lodes (Kola Penin
sula), sedimentary rocks of average thickness which are 
relatively deep but regular and fairly rich (North Africa, 
\Vestern America), or surface layers, often fairly thin, 
which can be worked with open-cast methods (Florida, 
Tennessee, Pacific Islands). The general conditions of 
world markets are such that hardly any underground 
deposits are mined except those with a high content, 
whereas by open-cast mining it is possible profitably to 
exploit layers where the material is of poor quality but can 
easily be concentrated up to adequate strength. 

In any case, the cost of commercial ores at the mine is 
fairly low on the average, but the cost of handling and 
transport rises proportionately as the distance to the point 
of utilization increases; it is not unusual for the end price 
to be three times the cost ex-mine. Consequently, high
quality ores (over 75 per cent BPL) are in much greater 
demand than average ores (58 to 75 per cent BPL). 

The value of phosphate deposits thus depends not only 
on their mining characteristics, but also on the content of 
commercial ore which can be extracted from them, and 
still more on their geographical position in relation to the 
consumer areas. Nevertheless, economic conditions favour
able to the conversion of ores, on the spot, into highly
concentrated products (phosphorus, triple super) may 
appreciably offset an otherwise unfavourable geographic
al situation. 

Consequently, the idea of cost range in phosphates is 
entirely relative and has no significance except for a given 
consumer area. The writer had therefore had to renounce 
any idea of classification according to cost range and 
confine himself to distinguishing between reserves now 
being exploited or capable of being exploited and those 
whose utilization would at present be economically im
possible, an attempt being made to define the charac
teristics of the latter. 

I 

DEPOSITS ='lOW BEIXG EXPLOITED OR CAPABLE OF BEING 

EXPLOITED 

Of the deposits at present being worked those with 
the largest reserves are in the United States, the USSR 
and North Africa; the deposits in Tonkin, the Pacific 
Islands and the Antilles also have fairly large reserves of 
high-quality ores. 

Apart from these large deposits, there are others which 
are not being exploited or only slightly, but their known 
reserves are negligible as compared with those mentioned 
earlier. This study will only deal with the large deposits 
which are being worked. 

(1) United States of America 

In Florida, the total of the known reserves, probable 
and possible, has been estimated by George R. Mansfield 
at 5,150 million metric tons. This figure includes 500 
million tons of 40 to 65 per cent BPL in the hard-rock 
district, of which it is doubtful if they can be worked at 
the present time, and 665 million tons of 55 to 70 per cent 
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pebbles, probably only partially capable of being worked 
under present conditions. On the other hand, the progress 
made since 1942 in methods of exploitation and flotation 
would probably bring some of the estimated figures 
higher. Hence, the Florida reserves probably capable of 
being worked may be taken as 5,000 million tons, the total 
proved reserves in 1942 being 2,000 million tons. 

According to Mansfield, these figures only include 130 
million tons of plus 74 per cent pebble BPL. 

In Tennessee, the reserves in those qualities which are at 
present being mined are estimated at 194 million tons. 

In the Western States of A me rica, the official estimates 
are more difficult to interpret. 

The Idaho, Montana and Wyoming reserves were 
calculated only for phosphates of over 70 per cent BPL; 
they are given as 6,350 million tons. 

The Utah reserves in phosphate of over 40 per cent BPL 
are given as 1, 700 million tons. 

This latter figure should obviously be scaled down in 
order to take account of present possibilities of phosphate 
mining, and the writer estimates the present reserves 
capable of being worked in the Western States of America 
at about 7,000 million tons. One unfavourable factor is 
their unfavourable geographical position from the point of 
view of world trade, though this is compensated by ex
ceptional advantages as regards ore conversion and the 
relative proximity of very large consumer areas. 

The same applies to known deposits of the same geo
logical age in British Columbia, where there are probably 
large reserves for which there are, however, no official 
figures. 

(2) USSR 

The vast territories of the USSR contain considerable 
phosphate deposits: a remarkable apatite deposit at 
Khibini on the Kola Peninsula and a number of sedimen
tary deposits less well-placed from the point of view of 
international trade. 

The Kola deposit consists of a series of lodes of nephe
linic apatite, from which almost pure apatite (83 per cent 
BPL) can be extracted by flotation. 

Jacob estimates the reserves of this deposit at 2,000 
million tons. This figure seems, however, to apply to the 
crude ore on the spot which, though it contains up to 
SO per cent of apatite in the upper part of'the deposit, is 
of much poorer quality lower down (7 to 22 per cent P 20 5). 

The gross figure of 2,000 million tons ought therefore to be 
considerably reduced, but from the published information 
at present available it is i!llpossible to give exact data. 

The sedimentary deposits in Central and South Russia 
and Siberia are less well-placed both for content and for 
position, except, of course, in so far as the needs of Soviet 
agriculture itself are concerned. Their reserves capable of 
being worked under present economic conditions have 
been estimated by Jacob at 5,500 million tons. Since that 
estimate new and apparently significant discoveries have 
been made in Kazakhistan (KaraTau) but no details have 
been supplied. Jacob's figure should therefore be taken as 
am1mmum. 
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(3) North Africa 

The sedimentary formations in these territories are 
considerable but their reserves are difficult to estimate on 
account of the varying conditions of exploitation. 

In Morocco, the area of the two main deposits is over 
6,000 square kilometres and the depth of the stratum is at 
least two metres over practically the whole area, with a 
content of over 65 per cent in the natural state (68 to 72 
per cent in the Ganntour deposit; 73 to 77 per cent in the 
Ouled Abdoun deposit). The tonnage definitely capable 
of being worked must therefore be in excess of 15,000 
millions, several hundred million tons of which is probably 
high-grade phosphate (75 to 77 per cent). 

In addition to this main stratum there are secondary 
strata often exceeding 58 per cent in the natural state, 
which could be exploited if necessary; they constitute an 
additional possible reserve of about 6,000 million tons. 

In Algeria, the deposits capable of being worked are 
more concentrated and consequently easier to estimate. 
The total reserves of the M'Zaita, Kouif, Djebel Onk and 
Bled el Hamda deposits may be estimated at altogether 
1,000 million tons. 

In Tunisia, estimates are again more difficult; certain 
strata are border line cases from the point of view of 
present possibilities of working, so that extrapolation in 
unworked areas is very risky. The figure of 12,000 million 
tons indicated by Berthon at the 1926 International Geo
logical Congress is the extreme limit of possibilities. The 
known reserves are not more than 2,000 million tons of 
low-grade phosphate (58 to 68 per cent), but suitable for 
concentration. 

As regards Egypt (Kosseir and Safaga), the writer 
accepts Jacob's probably cautious estimate of a known 
reserve of 169 million tons. 

( 4) Deposits in the Pacific area 

Jacob's estimate of reserves in the main island deposits 
(Nauru, Ocean, Makatea, Angaur etc.) is 170 million tons 
of high-grade phosphate. 

This figure should now be increased to include the 
recently discovered apatite deposit at Lao-Kay (Tonkin), 
the reserves of which, though as yet imperfectly prospect
ed, might exceed 100 million tons of high-grade phosphate. 

Lastly, in spite of its geographical position, the writer 
proposes to include with the above the deposit on the 
island of Cura<;ao (Antilles) ; no official information has 
been issued concerning the reserves there but they must 
amount to about 20 to 30 million tons of high-grade 
phosphate. 

II 

DEPOSITS NOT AT PRESENT CAPABLE OF BEING WORKED 

resources, although they can only be very approximately 
estimated. 

In Florida the areas of poor pebbles (less than 58 per 
cent) and above all the Hawthorn formation reconcentra
tion of which gave rise to the strata only now being ex
ploited, probably contain something like 30,000 million 
tons. In Tennessee the phosphatic limestone of the Or
dovician might add up to at least 5,000 million tons. 
Lastly, the poor strata of the Rocky Mountains contain 
some 10,000 million tons. 

In the USSR published estimates indicate an additional 
poor quality reserve of about 10,000 million tons. 

In Morocco the total thickness of poor quality layers 
over the whole extent of the two main deposits is about 
three to four metres, and in places, as much as twelve 
metres; these layers represent some thirty thousand 
million tons of 30 to 40 per cent phosphate which, in most 
cases, could be concentrated up to a 68 to 70 per cent 
level by flotation. 

In Tunisia the area and average thickness of the poor 
quality layers led Berthon to give his estimate of about 
100,000 million tons. 

All these figures should of course be considerably 
reduced on account of the low content of the ores and the 
fairly complex treatment they would require. 

CONCLUSIONS REGARDING PHOSPHATE FERTILIZERS 

The world reserves of phosphate rock potentially usable 
under present economic conditions are about 40,000 
million tons. 

Present annual consumption being about 18 to 20 
million tons, it can be met for over 2,000 years and the 
deposits which would be difficult to work are only of 
remote interest, however much consumption were to 
expand. 

Nevertheless, one point should be noted regarding high 
grade phosphates (75 per cent and above), the consump
tion of which tends to increase steadily: disregarding the 
Kola deposit, on which no sufficiently precise information 
is available, the certain tonnage is relatively limited: 
130 million tons in Florida, according to Mansfield-150 to 
200 million tons in Morocco-200 million in the Pacific 
group and Cura<;ao, making a total of 500 million or 
twenty five years of world consumption. 

There is no doubt that the reserves of the Kola deposit 
would considerably raise this figure and that the possible 
tonnages in Florida and Morocco might bring it very much 
higher still. 

Nevertheless the total tonnage remains very limited by 
comparison with the vast potential supplies of average 
grade phosphates and the wise course would seem to be to 
make no further restrictions on the use of these in the 

The study made on the occasion of the fourteenth Inter- world supply. 
national Geological Congress contains interesting in- There is little to be said on the subject of production 
formation on these poor or difficult deposits. capacity. 

It discloses that the practically virgin deposits such as Disregarding the USSR, it may be said that the present 
those in Spain, Poland, Mexico and Brazil represent an total production capacity is slightly higher than the con
addition of about 1,000 million tons to the world reserves. sumption, it being understood that the surplus comes from 

Nevertheless, the United States, the USSR, Morocco the low-grade ore mines (Tunisia and Egypt), whereas the 
and Tunisia are still the countries with the most extensive production from high-grade ore mines remains inadequate. 

272 



INORGANIC FERTILIZERS IN CONSERVATION 

The new investments now contemplated or being made 
will shortly remedy this situation (establishment of two 
new headquarters in Morocco and concentrating plants in 
Tunisia, final restoration of mines in Oceania and so forth). 

As regards the more distant future, in view of the size of 
the deposits, it will be easy by working new sites to meet a 
considerable increase in the world consumption of average
grade phosphate. 

A more cautious view must be taken as regards high
grade phosphates. 

POTASH FERTILIZERS 

Potash fertilizers are obtained from a certain number of 
soluble salts in which potassium is generally associated 
with sodium and magnesium. The salts most frequent, 
in order of importance, are sylvite, langbeinite, kainite, 
carnallite and polyhalite. The use of certain non-soluble 
minerals such as leucite, potassic feldspar and glauconite 
has also been considered, but so far the results have 
remained without practical influence. 

Soluble salts form large subterranean deposits generally 
belonging to the saline formations of the Permian and 
Oligocene: they are also recovered in the dissolved state in 
a number of large land-locked lakes where evaporation is 
intense (Dead Sea, Searles Lake etc.). 

Whatever the method of extraction, the natural salts 
have to be concentrated and an increasingly high content 
is being achieved, the current result being 60 to 62 per cent 
K 20, which corresponds to 96 to 98 per cent purity in 
relation to pure potassium chloride. In the case of ores 
extracted in the solid state the classic process of dissolu
tion and recrystallization is giving way to more modern 
processes such as flotation, the heavy media process etc. 
These operations are always carried out near the mines. 

Once they have been sufficiently concentrated, the salts 
are generally used direct in agriculture, without any other 
conversion process; for some purposes, however, it is 
preferred to transform them into sulphate and even ni
trate of potassium. 

As the mines are often difficult to work, (being very 
deep) and the cost of concentration is high, the price of the 
commercial salts at the mines is relatively high (20 to 22 
dollars per ton for the 60 to 62 per cent K 20 quality). 
Again, the situation of certain mines is such that transport 
greatly increases the price, which may reach 40 dollars 
per ton (60 to 62 per cent quality) in non-producing coun
tries. 

The only deposits mined are in the United States, 
Germany, Spain, Palestine and Russia, that, as far as is 
calculable, being the order of the probable cost, except in 
the case of Russia where working conditions are in
sufficiently known to permit of classification. 

In the United States, the most extensive working is at 
Carlsbad (New Mexico) where the mining conditions are 
very favourable but are counterbalanced by the consider
able remoteness from consumer areas other than the 
Middle West (1;100 km., as the crow flies, to New Orleans, 
the nearest seaport). 

In these New Mexican mines, a group of strata are 
mined, the lowest part of which has a grading of 25 to 30 
per cent over a layer 3 metres thick. 

LE CORNEC 

The reserves are estimated at 80 million tons of K 20. 
The salt lakes at Searles Lake (California) and Bonne

ville (Utah) in the United States are also worked. 
The economic position of these workings is fairly favour

able owing to their situation. 
The available reserves may be estimated at 20 million 

tons of K 20. 
In France the only actively-worked deposit is the 

Oligocene deposit at ."A.fulhouse (Alsace). 
It consists of two layers of sylvite of average thick

ness with contents of 17 and 22 per cent of K 20 respec
tively, unfortunately at fairly great depth. 

The economic situation of the deposit is on the whole 
very favourable on account of its proximity to the Rhine, 
an important international communication route. 

The reserves may be estimated at 200 million tons of 
K 20 down to a depth limit of 1,100 metres, that being 
considered the lowest depth at which the deposits can be 
worked on account of the high geothermic temperature. 

The German deposit is at Stassfurt and covers several 
thousand sq. km. in Central and South Germany, (Han
over, Thuringia, Mansfeld and Hesse). 

A large number of strata with an average content of 
12 to 14 per cent are worked. 

The situation of this deposit is very favourable for the 
domestic market and fairly favourable for export (250 to 
300 km. from Hamburg). 

The reserves are considerable, about 20,000 million tons 
of KP. 

In Spain, the Oligocene deposit in Catalonia is in a 
favourable economic situation, near the large seaport of 
Barcelona (70 kms). 

The main working is on a 1 metre bed of sylvite 
(37 per cent K20} but there are other layers, including one 
of 2.9 metres with 20 per cent K 20. The deposit is un
fortunately affected by violent diapyr folds which com
plicate work. 

The reserves may be estimated at 300 million tons of 
K 20. 

In Palestine, the Dead Sea brine deposit which contains 
about 10 grammes per litre of KCl (at the surface) and 
from which carnallite is extracted, is fairly actively 
worked. 

The reserves of this deposit are about 1,200 million tons 
of K 20. 

Lastly, in the USSR, the Permian deposit at Solikamsk
Berezniki and the Miocene deposits at Kalusz-Holyn and 
Stebnik are worked. 

The first of these deposits, situated 350 km. from 
Molotov (Perm) on the Trans-Siberian route and over 
2,000 km. from Leningrad, has reserves of about 15 
thousand million tons of K 20 dispersed in numerous deep 
layers of sylvite with a 16 to 23 per cent K 20 content. 

The Miocene deposits are better placed, being 700 km. 
from Dantzig. 

Unfortunately the layers are poor (10 per cent) and 
their tectonics complicated (lenticular and sharply in
clined). The reserves appear to be about 20 million tons. 

Apart from these worked deposits, a number of others 
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are known, but sufficient information about them is not 
available to enable their reserves to be estimated. They 
are the Navarre (Spain) deposits, the Ozinka deposits 
(USSR), and recently-discovered formations at great 
depth in Saskatchewan (Canada). 

The present total of the proved reserves in worked 
deposits may be estimated at about 36,000 million tons of 
K 20, 56 per cent of which are in Germany and 42 per cent 
in the \}SSR (Siberia). 

As against these resources, present world requirements 
(excluding the USSR, for lack of adequate data) may be 
estimated at 3,500,000 tons of K20 annually. 

Thus, allowing for loss, and not counting Siberia, the 
proved deposits are sufficient to cover present consump
tion for about 4,500 years, and new discoveries are pos
sible. This means that from a world point of view the 
problem of reserves is not immediate. 

Nevertheless the extreme inequality of distribution of 
this raw material must be acknowledged. 

As regards production capacities the 1948 figure, i.e., 
3,260,000 tons of K 20, is probably the maximum possible 
with the present equipment (USSR excluded); this means 
that the equipment is inadequate, but current investment 
programmes, planned to yield about 5 million tons an
nually, should restore the balance for a period of some 
years. Considerable new expansion is possible in most 
deposits if the progressive increase in consumption justi
fies it. 

NITROGE::l' FERTILIZERS 

\Vorld consumption of nitrogen fertilizers is at present 
supplied by four types of nitrogen fertilizers of entirely 
different origins: 

Organic fertilizers (a very small amount); 

Natural nitrate of sodium (320,000 tons of nitrogen a 
year); 

Ammoniac fertilizers recovered in the coke and coal gas 
industry (400,000 tons of nitrogen a year); 

Synthetic fertilizers obtained from atmospheric m
trogen ( 4 million tons of nitrogen a year). 

The organic fertilizers are outside the scope of the 
present paper; so also are the ammonia fertilizers re
covered from coke and coal, their production being closely 
allied to the development of the iron and gas industries. 

The only mined deposit of natural sodium nitrate is in 
Chile; its reserves are considerable and in 1924 were 
estimated by the Chilean Bureau of Statistics at 160 
million tons of nitrogen, or sufficient to maintain the 
present production rate in Chile for more than five cen
turies. 

Chilean production is not enough, however, and the 
world demand relies mainly on the synthetic industry. 
This industry uses only common raw materials (atmos
pheric nitrogen, limestone etc.) but consumes large quan
tities of power: 15,000 to 18,000 kw.-hours per ton of 
nitrogen in the electrolytic process; the thermal equiva
lent of 4 to 5 tons of coal in processes using water-gas, 
coke gas or natural gas. The problem of synthetic ni
trogen fertilizers is thus essentially a matter of equipment 
and power, hence outside the scope of the present paper. 
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World Resources of Principal Inorganic Plant Nutrients 

K. D. JACOB 

ABSTRACT 

Nitrogen, phosphorus, and potassium are the principal elements that are generally of major concern as regards 
supplies for crop production. 

The chief sources of nitrogen are the atmosphere, coal, and deposits of mineral nitrates. The world reserve of 
coal is a potential source of some 8,700 million metric tons of nitrogen, and the Chilean nitrate deposits probably contain 
more than 1,000 million tons of nitrogen. 

Atmospheric nitrogen is the sole fertilizer raw material of which every country has an inexhaustible supply. Chemic
al fixation of this nitrogen, requiring supplies of fuel or electricity, is the only means whereby the world can meet fully 
its requirements of fertilizer nitrogen. 

Phosphorus is derived chiefly from mineral phosphate, the world reserve of which is conservatively estimated at 
26,191 million tons. There is a huge additional quantity in deposits for which little or no data are available. 

Lake brines and soluble minerals supply most of the world's potassium. The known reserve in these sources is 
more than 5,000 million tons of potash (K20). Potash-bearing rocks, little utilized at present, contain enormous quanti
ties of potassium, and the ocean is a potential inexhaustible source of this element. 

At least fourteen chemical elements are known to be research in recent years has shown the need for applica
essential for plant nutrition, of which three-nitrogen, tions to certain soils and crops of an increasing number of 
phosphorus and potassium-are generally of major con- the other nutrient elements-notably, calcium, magne
cern as regards supplies for crop production. Although sium, sulphur, boron, manganese, copper, and zinc-the 
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following discussion is limited necessarily to nitrogen, 
phosphorus, and potassium. 

Each of the major sub-divisions of the earth-atmos
phere, lithosphere, and hydrosphere-is an economic 
source of one or more of these three elements. Thus the 
atmosphere is the principal source of nitrogen, phosphorus 
comes almost entirely from the lithosphere, and the hy
drosphere supplies important quantities of potassium. 

In the order of abundance among the ninety-odd 
chemical elements nitrogen ranks seventeenth, phos
phorus twelfth, and potassium seventh. All terrestrial 
matter contains, however, an average of only 0.03 per cent 
of nitrogen (i'J), 0.11 per cent of phosphorus (P), and 2.40 
per cent of potassium (K). 

Practically all soil contains nitrogen, phosphorus and 
potassium but the quantities and forms are often such 
that crops in most of the world's agricultural areas cannot 
obtain fully their requirements for optimum yields from 
this source alone. Consequently, the soil supplies of these 
elements must be supplemented in various ways, including 
additions of manures, crop residues, and commercial fer
tilizers. The latter, derived mostly from inorganic sources, 
are already a major factor in crop production in many 
parts of the world, and provision of adequate supplies of 
food for all peoples will necessitate not only continued but 
greatly expanded use of such fertilizers. The nature and 
extent of the world resources of plant-nutrient elements, 
especially nitrogen, phosphorus, and potassium, is, there
fore, a matter of primary importance. 

NITROGEN 

The air over each hectare of the world's surface contains 
approximately 78,000 metric tons of nitrogen1-the only 
fertilizer raw material native to the atmosphere. This 
nitrogen is present, however, in the elemental form and 
cannot be utilized directly by plants but first must be 
combined with other elements by chemical or biological 
means. It is the basis of the great chemical nitrogen
fixation industry and is by far the most important ni
trogen resource. Furthermore, atmospheric nitrogen is the 
only fertilizer raw material of which every country, regard
less of size or location, has an inexhaustible supply. 

Fixation of atmospheric nitrogen by the root-nodule 
bacteria of leguminous plants is a highly important way 
of furnishing nitrogen to the soil. To supply all the ni
trogen requirement of a cultivated crop in this manner is 
generally, however, uneconomic and impracticable. Resort 
must usually be had, therefore, to additional means of 
supplementing the soil resources of nitrogen. 

Next to the atmosphere the most important source of 
fertilizer nitrogen is bituminous coal, for which it is ob
tained as a by-product-principally in the manufacture of 
coke. Each ton of this coking coal contains 15 to 20 kg. of 
nitrogen, of which an average of about 2.3 kg. is recovered 
as ammonia in modern by-product plants. It is estimated 
that at least 85 per cent of the world output of coke is 
made in by-product ovens, but only about 15 per cent of 
the world consumption of coal is coked. The world's 
bituminous coal deposits are estimated to contain about 
68,300 million tons of nitrogen. On the basis of current 

1 The metric ton is used throughout this paper. 
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coal usage and nitrogen recovery, these deposits are a 
potential source of some 8, 700 million tons of fertilizer 
nitrogen. 

As the use of coke is mostly in the blast-furnace in
dustry, its production, as well as that of coke-oven ni
trogen, is governed chiefly by the output of pig-iron. 
Consequently, there is little opportunity for increasing 
the supply of such nitrogen independently of the demand 
for iron. 

Chile, the world's largest net exporter of nitrogen, is the 
only country having large commercial deposits of mineral 
nitrates, the third most important source of commercial 
fertilizer nitrogen. The Chilean deposits are said to con
tain more than 1,000 million tons of nitrogen. The nitrogen 
occurs chiefly as sodium nitrate mixed with other salts, 
sand, and clay, from which it is recovered by leaching, 
evaporation, and crystallization. More efficient and eco
nomic recovery of the nitrogen with the aid of a solar eva
poration process is under investigation. 

Although sodium nitrate contains only 16 per cent of 
nitrogen and must compete in transportation costs with 
more concentrated forms of the element, this compound is 
a preferred form of nitrogen in a number of crop producing 
areas. 

Animal by-products and plant residues are important 
sources of commercial fertilizer nitrogen in some coun
tries. These low-nitrogen materials are, however, general
ly more valuable as animal feeds than as fertilizers. The 
nitrogen is expensive, unit transportation costs are high, 
and the supply is quite limited. 

Fixation of atmospheric nitrogen by chemical methods 
is the only means whereby the world can meet fully its 
requirements of fertilizer nitrogen. In the increasing order 
of importance the three commercial methods of nitrogen 
fixation are the arc, calcium cyanamide, and synthetic 
ammonia processes. The economy of these processes and 
the choice among them depend chiefly on the availability 
and relative costs of raw materials, electric power and fuel. 

The arc process for direct union of atmospheric nitrogen 
and oxygen, now little, if any, used, requires some 64,000 
to 67,000 kw.-hours of electricity per ton of nitrogen 
fixed, and its operation has been economic only at lo
cations close to very cheap hydroelectric power-in Nor
way, for example. A recently developed process-not yet 
in large-scale operation-which effects the union of ni
trogen and oxygen by means of fuel, is said to have com
mercial promise. 

The cyanamide process also calls for a high expenditure 
of electric power-9,000 to 14,000 kw.-hours per ton of 
nitrogen fixed-and considerable coal and lime. 

The synthetic ammonia process is generally the cheapest 
and most desirable method of chemically fixing nitrogen. 
As hydrogen, the principal raw material expense, is pro
duced readily with coal, coke, charcoal, or natural gas, the 
process is adapted to use in any country having low-cost 
supplies of these materials. With such sources of hydrogen 
the electric power requirement of the process is small. 
Hydrogen can also be produced by electrolysis of water 
but this requires about 16,000 kw.-hours of electricity per 
ton of nitrogen fixed and is presently economic in only a 
few countries. 
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Excluding the Soviet Union and the Soviet occupation 
zone of Germany, the world productive capacity, pro
duction, and stated requirement for crops of all types of 
commercial fertilizer nitrogen in the years ending 30 June 
1939, 1948 and 1951, as reported by governments to the 
Committee on Fertilizers of the International Emergency 
Food Committee in 1948, are as follows: 

Productive capacity . . . . 
Production . . . . . . . . 
Stated requirement for crops . 

1,000 tons of nitrogen 
1938/39 1947/48 1950/51 

2,691" 3,379 4,162 
1,985 2,731 3,957 

b 3,570 4,813 
a Includes the writer's estimates of 560,000 tons for the Bizone 

and French zone of Germany. 
b Data not available. 

The requirement indicated for 1950-51 apparently con
templates fertilization of an increased area at heavier rates 
per unit of land. 

PHOSPHORUS 

The phosphorus content of sea-water is so low, probably 
averaging less than 100 milligrammes of phosphoric oxide 
(P20,) per cubic metre, that expectation of its direct re
covery for fertilizer use is hardly justified. The ocean con
stitutes, nevertheless, a most important renewable reser
voir of this element, from which many of the world's 
largest phosphate deposits were formed by direct pre
cipitation or through the inediums of bird guano and 
phosphorus-accumulating marine life. Formation of phos
phate deposits in such ways is a continuing but exceeding
ly slow process. 

In the increasing order of importance the principal 
sources of phosphorus for fertilizer, all in the lithosphere, 
are bone, iron ore, and deposits of mineral phosphates 
(phosphate rock or phosphorite, and apatite). Although 
bone is no longer a world major source of fertilizer phos
phorus it is still an important fertilizer in many countries 
that lack deposits of mineral phosphates or do not have 
well-developed chemical industries. 

Phosphatic slags, obtained as by-products of the manu
facture of steel from high-phosphorus iron ore, supply large 
quantities of fertilizer phosphorus in some parts of the 
world, notably Europe. Production of such slag is, how
ever, inseparably geared to the steel industry, and there 
are no large areas where the output is sufficient to meet 
fully and economically the phosphate fertilizer require
ments thereof. Although information is lacking on the 
total reserve of phosphorus in iron ore the quantity is 
certainly very large. 

Mineral calcium phosphate is by far the most important 
source of fertilizer phosphorus. Also, there are large oc
currences of iron and especially aluminum phosphates 
which are not easily convertible into fertilizer. The econ
omy of utilizing a particular deposit depends, among other 
things, on its size, geology, and accessibility to markets 
and on the chemical and physical characteristics and 
susceptibility of the ore to beneficiation and processing. 
Although much raw mineral phosphate is used directly as 
fertilizer in some countries, notably France, Great Britain, 
Soviet Union and United States, the greater portion is 
converted by chemical means into forms that are more 
readily available to plants. 

• 
The known world reserve of phosphate rock and apatite 

is conservatively estimated at approximately 26,191 
million tons, probably containing some 6,400 million tons 
of phosphoric oxide, distributed as follows: 

United States. . . . . . . . . . 
Union of Soviet Socialist Republics 
Tunisia .... 
Algeria 
French Morocco. 
Brazil .. 
Islands of the Pacific and Indian 

Oceans .. 
Egypt ... 
23 countries 

Total 

Millions 
of tons 

13,504 
7,568 
1,500 
1,016 
1,000 

572 

182 
179 
670 

26,191 

The estimates do not include additional large quantities 
of phosphate known to occur in many of these countries 
but for which reasonably accurate data are not available 
to the writer. For example, the deposits in western United 
States alone may contain more than 19,000 million tons of 
potentially usable material, and the total possible reserve 
of phosphate in North Africa and Egypt has been estimat
ed as high as 451,000 million tons of material containing 
some 61,000 million tons of phosphoric oxide. 

Other countries known to contain phosphate deposits
in some cases quite extensive--for which quantity esti
mates are incomplete or unavailable, include Chile, China, 
Eire, French West Africa, Indo-China, Korea, Nigeria, 
Rhodesia, Sweden, Uganda, Union of South Africa, and 
Venezuela. Relatively little search has been made for 
phosphate in large areas of the world, notably South 
America, Asia except parts of the Soviet Union, and Africa 
other than the coastal areas of North Africa and Egypt. 
Furthermore, there is evidence of large submarine deposits 
of phosphate, for example, off the oast of southern Cali
fornia and on the Ranger Bank, Mexico. 

The world production of raw phosphate in the year 
ended 30 June, 1949, estimated at some 19,195,000 tons 
containing about 6,022,000 tons of phosphoric oxide, was 
sufficient to meet most demands and was approximately 
60 per cent greater than the production in 1939. Further 
expansion of mining and concentrating facilities is in pro
gress, and there is every indication that the supply will 
generally keep pace with the demand. The favourable 
position of the North American, North African, and Pacific 
deposits with respect to size, mining costs, transport, and 
markets justifies the opinion that these areas will continue 
to furnish the major portion of the world's mineral phos
phate needs for a considerable time. 

The picture as to world capacity for chemically pro
cessing mineral phosphate into fertilizers is obscured by 
lack of information on some of the eastern European 
countries. While it appears that the over-all capacity in 
western Europe, North America, and Australia is now at 
or above the current level of demand for soluble phos
phates in these regions, there are local areas where the 
capacity is not sufficient. Although the Japanese capacity 
for making phosphate fertilizer has been largely reha
bilitated, production is still at a low level because of 
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shortage of sulphuric acid and other difficulties. Manu
facturing facilities are quite limited in Africa and South 
America and are woefully deficient in vast areas of con
tinental Asia. In general, there is need of considerably 
increased capacity for making highly concentrated phos
phates, which can be shipped and handled more cheaply 
per unit of phosphorus than the customary low-analysis 
products. 

POTASSIUM 

The ocean, constituting as it does a potential inex
haustible source of potassium, averages about 0.05 per 
cent of potash (K20) and contains some 6 times 1014 tons 
of this plant nutrient. Although oceanic potassium is 
currently utilized as fertilizer in only very limited quantity 
and usually at relatively high cost, there is good prospect 
of the eventual development of economic processes for its 
selective precipitation from sea-water. One such process, 
not yet carried beyond the pilot-plant scale, makes use of 
a regenerable organic precipitant. 

Notable quantities of potassium are recovered from 
lake brines and small amounts are produced from sub
terranean brines. Economic recovery of this potash often 
depends on the simultaneous production of other chemi
cals. 

Among the potential but at present generally unecono
mic sources of potassium-little used as yet-are the large 
and widely distributed deposits of potash-bearing rocks, 
such as alunite, leucite, feldspar, mica, glauconite, and 
some kinds of shales. Utilization of these rocks has the 
disadvantage that the potash content, which rarely ex
ceeds 12 per cent, is seldom amenable to concentration by 
physical means. There is the further serious handicap 
that recovery of the potassium usually requires expensive 
chemical treatment and, with the exception of alunite, 
offers little opportunity for production of marketable co
products. 

Little is known of the world resources of potassium in 
potash-bearing rocks, but the total reserve is certainly 
enormous. For example, the glauconitic sand, Georgia 
shale, and wyomingite (leucite-phlogopite-sanidine) de
posits in the United States alone are estimated to contain 

~ some 778 million tons of potash. Other occurrences, some 
very large, include the leucite deposits of Italy and the 
alunite deposits of China, Korea, Transcarpathian 
Ukraine, and Australia. 

Minor, though often locally important, commercial 
sources of fertilizer potassium include plant ash, fume and 
dust from cement kilns and blast furnaces, distillery waste 
from fermentation of sugarcane molasses, and Steffen's 
waste from the beet-sugar industry. 

Subterranean deposits of water-soluble minerals have 
supplied the greater portion of the world's fertilizer 
potassium for nearly a hundred years. Utilization of 
these deposits is favoured by their large extent, low 
mining costs, the ease with which the ore can be processed 
with little or no use of chemical reagents into highly con
centrated directly usable salts which can be shipped 
economically for long distances, and the recovery of 
marketable co-products. 

Estimates of the world reserves of potassium have 
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generally been made only for lake brines and deposits of 
water-soluble minerals. Even so, the data are often at 
variance and are certainly far from complete. The most 
conservative estimates place the total reserve of potash in 
these sources at approximately 5,003 million tons, 
distributed as follows: 

Germany ........... . 
Palestine, Dead Sea . . . . . . . 
Union of Soviet Socialist Republics. 
France ... . 
Spain .... . 
United States . . 

Total 

kl ill ions tons 
of potash 

(K20) 

2,495 
1,143 

709 
300 
272 

84 
5,003 

Estimates of the German reserve range as high as 
482,700 million tons of water-soluble potash. The figure 
for the Union of Soviet Socialist Republics relates solely 
to the deposits in the Solikamsk-Berezniki district and the 
former south-eastern Poland, but large deposits, believed 
to be of equal importance are known in other areas. 

The estimate for the United States includes only the 
western lake brines and the high-grade deposits of sylvite, 
carnallite, and langbeinite in the small portion of the New 
Mexico field that is presently under development. This 
portion of the New Mexico deposits is estimated to con
tain an additional 228 million tons of potash in the form 
of polyhalite and other soluble salts, not economically 
recoverable at present. Also, large areas in other parts of 
New Mexico and in Texas and Utah are underlain by 
extensive potash deposits that can undoubtedly be 
utilized as further progress is made in mining and pro
cessing techniques. 

Occurrences of soluble potash in subterranean brines 
and deposits are known in England, Denmark, western 
Poland, India, and Saskatchewan Province, Canada. 
Although such occurrences appear to be unreported in 
Africa, Australia, South America, and most of Asia, 
further exploration can be expected to reveal large re
serves in some, if not all, of these vast areas. 

The world capacity for production of potash from water
soluble sources is estimated at approximately 4.2 million 
tons annually. Germany has the largest capacity, followed 
in order by the United States and France. Presently, the 
world supply of potash is somewhat below the demand, 
but this situation is expected to be fully remedied in the 
near future. 

In conclusion, the world has very large resources of 
nitrogen, phosphorus, and potassium that are economical
ly usable by present methods of recovery. Utilization of 
additional huge resources of these ele~ents awaits the 
development of improved and new processes and tech
niques which will undoubtedly be forthcoming. 

Bibliography 

E. FRANKLAND ARMSTRONG and L. MACKENZIE MIALL, Raw 
l•f aterials from the Sea, Chemical Publishing Co., Brooklyn, 1946, 
196 pages. 

Bureau dtt XIV•, Con.gres Geologique International Espagne, 1926, 
Les reserves mondiales en phosphates, Gnificas Reunidas, Madrid, 
1928, 2 vols., 900 pages. 

277 



UNSCCUR PROCEEDINGS: MINERAL RESOURCES 

FRANK 'vVIGGLESWORTH CLARKE, The data of geochemistry, l!nited 
States Dept. Interior, Geol. Bull. 770, 1924, 841 pages. 

HARRY A. CURTIS, (Editor). Fixed Chemical Catalog Co., 
Kew York 1932, 517 pages. 

R. S. DIETZ, K. 0. EMERY and F. P. SHEPARD, "Phosphorite 
deposits on the sea floor off Southern California", B!tll, Geol, 
Soc. Amer., vol. 53 1942), pages 815-848. 

F. A. ERNST and l\L S. "The world's inorganic nitrogen 
industry", Indus. and Engin. Chem., vol. 19, no. 2 (Feb. 1927), 

196-204. 
A. GRAY, Phosphates and Superphosphate, 2nd ed. rev., H. K 

Lewis, London 1944-, 416 pages (1st ed. 1930). 
BERTRAND L. JoHNSON, Potash, United States Dept. Commerce, 

Bur. l\Iines, Economic Paper 16, 1933, 78 pages. 
GEORGE R. MANSFIELD, "Phosphate deposits of the world with 

special reference to those of the United States", Indus. and 
Engin. Chem., vol. 34, no. 1 (Jan. 1942), pages 9-12. 

F. C. )!aYES, "Phosphate rock industry of foreign countries", 

Mining and M.etallurgy, vol. 25, no. 454 (Oct. 1944), pages 495-506. 
FRANK 'vV. PARKER and others, Fertilizers and lime in the United 

States: reso!trces, production, marketing and use, United States 
Dept. Agr., ]iJisc. Pub. No. {)86, 1946, 94 pages. 

P. PARRISH and A. OGILVIE, Calcium superphosphate and compound 
fertilizers: their chemistry and manufacture, 2nd cd., rev., 
Hutchinson, London, 1946, 279 (1st ed. 1939). 

JOHN E. TEEPLE, The industrial of Searles Lake brines, 
with equilibrium data, Chemical Catalog Co., New York, 1929, 
182 pages. 

J. vV. TuRRENTINE, Potash: a retiew, estimate and forecast, \Viley, 
Xew York, 1926, 188 pages. 

J, W. TuRRENTI:<rE, Potash in North America, Heinhold, Xew York, 
1943, 186 pages. 

Cnited States Tariff Commission, Chemical Nitrogen, vVashington, 
Report No. 114, 2nd ser., 1937, 300 pages. 

\V. F. 'vVATKINS, "'vVorld nitrogen needs", Agric. Chemicals, vol. 3, 
no. 3, (March 1948), pages 24-27, 77 and 79. 

Resources of Minerals Containing Phosphorus and Potassium in 

Sweden and their Utilization in the Fertilizer Industry 

SVEN NORDENGREN 

ABSTRACT 

The soils of Sweden are to a large extent acid in reaction and show a deficit in phosphorus. There are three fairly 
large deposits of phosphatic minerals in the country, all, however, of a low phosphorus content: apatite in the iron ore 
in the extreme north of Sweden (Kiruna), phosphorite in Cambrian sandstone and apatite in a limestone deposit. 
During World War II the iron-ore apatites were concentrated by a flotation process, the yearly output brought as high 
as 160,000 tons. This quantity was received by the Swedish Superphosphate factories, which produced 300,000 tons 
15 per cent superphosphate per year using this raw material. Concentration costs and freights being high, phosphate 
rock was again imported after the end of the war. 

An increased fertilizing effect has been attained by the use of granular superphosphate, which is now produced 
on a large scale. 

Potassium-containing fertilizers are produced only on a very small scale in Sweden, being precipitated as dust 
from the waste gases of a cement factory. The national resources of potassium are considerable but low-grade and 
in a plant-insoluble state. During the last fifty years a considerable amount of work has been done in order to find 
technical possibilities to utilize these mineral resources. The ways of working these methods economically have not 
yet been found. 

Technical methods to granulate potash fertilizers have been found and trials are being made with such products. 

The three elements most commonly used for fertilizing 
purposes are nitrogen, phosphorus and potassium. Raw 
materials for the production of nitrogen fertilizers are un
limited in all countries. Because national resources of 
these elements are either lacking or of too low a grade to 
permit industrial use, most countries are forced either to 
import raw materials for the production of fertilizers con
taining the other two elements, or to import such fer
tilizers. Such is the case in Sweden. Phosphorus and 
potassium are in fact abundant in Swedish mineral 
deposits but are mostly very low-grade. Especially during 
the Second World ~War, when the country was unable to 
import, efforts were made to find industrial methods by 
which these low-grade deposits could be utilized, and in 
one case these efforts met with some success. At the same 
time, investigations have been carried out and are still con
tinuing, with the purpose of finding means of increasing 
the fertilizing effect of phosphorus-containing and potas
sium-containing fertilizers. In this respect, a fruitful co
operation has been initiated between the manufacturers, 
on the one hand, and the Agricultural Experimental In
stitute (] ordbruksforsoksanstalten), on the other. 

PHOSPHORUS 

The soils of Sweden are to a large extent acid in reaction 
and show a deficit in phosphorus. A constant use of # 
phosphatic fertilizers is needed to maintain the production 
of food-stuffs at a level which, at least in years of good 
harvests, will satisfy the national demand. Prior to the 
Second World War, Sweden was using 290,000 tons of 20 per 
cent P 20, superphosphate yearly, mostly manufactured 
within the country from imported phosphates, and 20,000 
tons of basic slag. The demand has increased considerably 
since 1939; the consumption of superphosphate in 1948 
was about 370,000 tons and will probably reach 400,000 
tons next year. The basic slag consumption has been 
more or less constant. 

The national resources of phosphatic minerals were 
examined by the author in 1941 (2, 3, 4) 1 • There are three 
fairly large deposits in the country, all, however, of a low 
phosphorus content. They are: ( l) apatite in iron ores, 
mainly in the extreme north of Sweden (Kiruna), but also 

1 Numbers within parentheses refer to items in the bibliography. 
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to some extent in the iron ore districts in the south 
(Grangesberg); (2) phosphorite in cambrian glauconite 
sandstone in the vicinity of Orebro; and (3) apatite in a 
limestone deposit on Alno island outside Sundsvall. 

The quantity of apatite-containing iron ores with a 
phosphorus content of 0.95 to 6.0 per cent Pis calculated 
to be about 924 million metric tons, holding 15 million 
tons of phosphorus. This is a fairly large quantity; the 
phosphorus content of Florida Pebble and Hard Rock 
deposits rich enough to be mined were (about ten years 
ago) estimated to contain about 35 million tons (1). 

Sweden's difficulties, in trying to use this phosphatic 
mineral for the production of superphosphate lay mainly 
in its low content of phosphorus, but also in the iron con
tent. Iron and aluminium have been regarded as un
desirable elements in the superphosphate process. As the 
superphosphate is sold on a citrate-soluble basis, this 
latter difficulty was of minor consequence, as a high con
tent of iron in the raw material, though greatly reducing 
the of water-soluble phosphorus compounds in the 
product, would not lower the citrate-soluble content to 
any great extent. 

The second deposit is the phosphorite in glauconite 
sandstone found to the south and south-east of Orebro. 
This deposit belongs to the Cambrian period and is situat
ed under almost horizontal layers of lime-stone, alum
slate and clay-slate. The sandstone deposit has a thick
ness of 1.4 to 2.4 metres. The analysis showed varying 
figures between 2.25 and 5.14 per cent P 20 5 and 96.8 to 
231.4 kg. of P 20 5 were found per square metre in the 
horizontal plane. As the surface of these deposits is very 
large the total phosphorus content will probably be as 
large as in the phosphatic iron ore. The mining would 
have to be made under ground and if a quantity of phos
phate equal to 1 ton with 30 per cent P 20 5 was to be ob
tained, not less than 8 tons would have to be mined. 
The usual methods of concentration through a flotation 
process were tried, but it was difficult to reach a con
centrated product (4). 

The third large deposit situated on Alno island is proba
bly much smaller than the two others. Its phosphorus
content is also low, about 2 per cent ( = 4.6 per cent 
P 20 5). Flotation processes were tried, but the results 
were not encouraging (4). 

Under the compelling necessity of producing phosphatic 
fertilizers for agriculture, which was of the utmost im
portance, as the country was practically cut off from 
supplies, it was decided to concentrate the iron ore 
apatites. A concentration plant was built at Hvitafors, 
Malmberget, in the North of Sweden and started working 
in 1940. The production was then 20,000 tons yearly, the 
product having about 27 per cent P 20 5 and 7 per cent iron. 
Iron ore with a high-grade of phosphorus was mined at 
Kiruna and brought to Malmberget, where it was crushed 

• and pulverized in the ordinary way. The iron ore was 
concentrated, the magnetite by magnetic separators, and 
the smaller quantity of hematite by gravity. The residue 
was pulverized to a still finer state and a concentrated 
apatite was received by flotation, oleine and pine-oil being 
used in the process (4). 

During the following years the concentration plant at 
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Malmberget was rapidly enlarged, so that in the two last 
years of The Second World War the production had risen 
to about 160,000 tons of 30 per cent P 20 5 concentrate per 
year. This quantity was received by the Swedish super
phosphate factories, which manufactured a superphos
phate holding about 15 per cent water-soluble and citrate
soluble P 20 5, but only about 7 per cent water-soluble, 
owing to the high iron content. The quantity produced 
yearly was about 300,000 tons, holding 45,000 tons of 
P 20 5 in an available form whereas the consumption in 
1939 was 60,000 tons. In those difficult times agriculture 
was receiving at least the main part of its requirements of 
phosphatic fertilizers from national mineral resources. 

The process, however, was expensive, although the iron 
ore paid for part of the concentration costs. The freights 
for the comparatively low-grade apatite and also for the 
product were especially high, and so were the flotation 
costs. Since imports of phosphates from other countries
Morocco, Florida and Russia-were free in 1946, the 
superphosphate factories returned to the use of these 
phosphates and the plant at Hvitafors was held in reserve 
for coming times of need. 

It should be remarked that the correct method of 
utilizing this phosphatic resource from a technical view
point would be to make basic slag. The basic slag pro
duction in Sweden will consequently be increased. 

While these activities were carried on, investigations were 
made in order to find the main reasons for the unexpectedly 
low fertilizing effect of superphosphate on many Swedish 
soils. When phosphatic fertilizers are scarce, this scarcity 
should be countered by an increase of their effectivity. A 
new method of determining the plant-available phosphorus 
content of soils was found (Egner), and maps showing the 
phosphorous state of the soils were drawn and compared 
with the results of fieldt ests. Frequently a soil, which 
according to the analysis ought to have been in need of 
phosphorus, did not show any increase of harvest when 
given superphosphate in (as it seemed) sufficient quan
tities. Sometimes, however, a large quantity of super
phosphate would produce a considerable effect. 

Agricultural scientists are of the opinion that in Swedish 
soils, which are acid and rich in iron, the water-soluble 
phosphatic compounds of the superphosphate will rapidly 
or instantly be fixed as complex iron salts. These will be 
plant-soluble at first, but after a time and especially in 
periods of drought, they >vill become more or less trans
formed into plant-insoluble compounds, the final stage 
being the plant-insoluble FeP04 (6). 

The effect of superphosphate may be considerably im
proved on such soils, either by increasing the pH-value, or 
by adding such quantities of phosphorus that the iron 
present would be satiated. The result would be, in both 
cases, that phosphorus-containing ions would be movable 
in the soil liquid, and that the plant roots could get the 
necessary nutrition. 

When granular superphosphate was being used it was 
found unnecessary to increase the pH-value or the amount 
of superphosphate given per hectare. A fertilizing effect 
could be obtained by normal quantities if the superphos
phate was given in a granular state (5, 6). The explanation 
seems to be that in the vicinity of a superphosphate 
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granule the soil will be satiated with phosphoric acid and 
that the roots of the plants may enter into the sphere of 
satiation thus formed around each granule where the ions 
of phosphoric acids are moving freely (0. Franck). 

An increased effect was attained, even on neutral or 
alkaline soils, if the granules were drill-sown. The result 
of a five-year trial with spring cereals in the proportions 
grown in Sweden will be seen from the following table: 

Year of trial Average 
Fertilizer 1939 1940 1941 1942 1943 yield 

kilos per hectare in 5 years 

Yield without super- (kilos) 

phosphate . 2,124 2,175 1,773 2,926 2,420 2,296 
Increase in yield with 

40 Kilos of P 20 5 per 
hectare. 
Pulverized super-

phosphate broad-
cast . . +224 +125 + 25 +183 +140 +145 

Granular super-
phosphate broad-
cast . . +298 +127 + 99 +241 +380 +217 

Granular super-
phosphate sown 
by drill . +344 +285 +250 +342 +440 +337 

Owing to this experience, we have started producing 
granular superphosphate on a large scale. In 1948, the 
superphosphate produced in a granular state was about 
25 per cent of the total quantity but the production will 
be considerably increased in 1949. The demand is rising, 
although a higher price is put on the granulated product, 
and we believe that the future consumption of granular 
superphosphate will be at least one half of the total 
demand. 

The mixing of superphosphate with manure has been 
tried with good results (0. Franck) but details are as yet 
unpublished. 

POTASSIUM 

Potassium-containing fertilizers are produced only on a 
very small scale in Sweden, being precipitated as dust 
from the waste gases of a cement factory. The main bulk 
is imported from Germany, France, Poland, Russia and 
Spain. The consumption was 90,000 tons as 40 per cent 
KP in 1939; the demand has increased considerably, and 
if potash fertilizers had not been rationed the consumption 
would no doubt have risen to 135,000 tons or more in 1948. 

The national resources of potassium-containing minerals 
are considerable, but of a low-grade and in a plant-in
soluble state. It has been shown by diamond borings that 
there is little or no chance of discovering potash-rich salt
layers. Of feldspar as such the resources are too small to 
permit of industrial use, but leptite containing potash
feldspar, with about 10 per cent K 20, can be found even in 
large deposits easy to mine. In places, the potash-content 
will be about 12 per cent. Other minerals with potassium 
are nefeline-syenite, containing, however, more sodium 
than potassium, biotite with 3 per cent K 20 (in iron ore) 
and glauconite with 7 per cent (7). 

The alum slate to be found in very large deposits in 
Narke, Vastergotland and Skane contains 4 to 5 per cent 
K 20. These resources are of great interest as the bitu
minous slate is being used on a large scale for the pro
duction of oil (at Kvarntorp). After the oil-distilling pro
cess a residue is left as slate ash or slate coke. These waste 

products or the slate itself could eventually be used for the 
production of potassium-containing fertilizers. 

During the last fifty years a considerable amount of 
work has been done in order to find technical possibilities 
to utilize these mineral resources, but no definite solution 
has hitherto been found. Finely ground feldspar was tried 
in field tests but gave no fertilizing effect. Potash-con
taining minerals were used in the cement industry and 
dust precipitated from the waste gases (E. W. Jungner). 
Leptite was mixed with coal and scrap iron and fused in 
an electric furnace (A. Lindblad). Feldspar was mixed 
with limestone and gypsum and heated to 1150 degrees C 
(P. Radmann) (7). 

During the Second World War this experimental work 
was continued by J. A. Hedvall and the author (8). We 
found that if equal quantities of crushed leptite and lime
stone were fused in an electric furnace a glass was formed 
with about 7 per cent K 20 in a citric-acid-soluble state. 
The ground product was easily dissolved in soil liquids 
even of very slight acid reaction. The calcium content of 
the product had a neutralizing effect equal to calcium in 
limestone. Had the potassium content been higher the 
process might have been the practical solution of the pro
blem; during normal times the potassium content is un
doubtedly too low. 

We have further studied the possibility of using the 
alum slate, slate coke or slate ash as raw materials for the 
production of fertilizers. Technically this can be done in 
several ways. Slate ash mixed with limestone and a 
quantity of sodium chloride is heated to a temperature 
below the fusing point. Potassium chloride is either driven 
off or washed out of the reaction mass. Slate and lime
stone are heated together to about 800 degrees C. The 
sulphur content of the slate will form calcium sulphate, 
and, if the product received is pulverized and heated again 
to about 1150 degrees C. potassium sulphate will be 
formed and may be washed out (8). 

The ways of working these methods economically have 
not yet been found because the main difficulty is the low 
potassium content of the raw material. 

It should be added that trials are being made with 
granular potash, since technical methods have been found 
to granulate ordinary 40 per cent potash without addition 
of other material. It is expected that these trials will 
show the increased effect of the granulated product as it 
will prevent potassium being easily fixed in the soil. 
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The Economics of World Supply of Fertilizer Materials and Their Use· 

H. A. CURTIS 

ABSTRACT 

Fertile soil is the greatest of the world's mineral resources. It is vastly more important to use fertilizers to induce 
growth of those types of plants that contribute to soil erosion control than it is to use fertilizers merely as a means to 
increase the quantity and quality of crops. Unfortunately, the use of fertilizers in combating soil erosion can be prac
tised only to the extent that such use can be geared to the exceedingly complex economics of quickly profitable farming. 

The economics of the utilization of fertilizers is not simple, even when dealing with the short-range objective of the 
average farmer. In this short-range plan, the results to be obtained are rated as follows, in decreasing order of import
ance: 

I. Increase in the quantity and quality of crops. 
2. More advantageous use of farm lands. 
3. Maintenance of the supply of mineral nutrients in the soil. 
4. Decrease in soil erosion. 
From a national or world viewpoint, and long-range economics, the order of importance is reversed, but for whatever 

purpose fertilizers are to be used, it is desirable that they be produced and delivered as economically as possible. Costs 
which derive from items other than manufacturing, such as freight, bags, handling etc., decrease with increasing con
centration of products. Progress has been made in recent decades in the production of more and more highly con
centrated fertilizers. 

Although a considerable quantity of phosphatic fertilizer containing about 48 per cent of plant nutrient (expressed 
as P 20 5 ) is now produced, and a small quantity containing about 62 per cent of plant nutrient is used, the main supply 
of agricultural phosphate the world over is still the ordinary superphosphate carrying 16 to 20 per cent of P 20 5 equivalent. 
None of the processes for the manufacture of more concentrated phosphate has as yet succeeded in producing a phos
phatic fertilizer cheaper than ordinary superphosphate at the manufacturing plant. The concentrated products can 
compete only where long freight hauls and other factors favouring the concentrated products more than offset their 
higher cost of production. 

Nitrogenous fertilizers are now used in far greater quantities than ever before throughout the world. The Chilean 
nitrate industry's part in supplying these fertilizers has, however, become of less and less importance as the production 
of synthetic nitrogenous fertilizers has increased rapidly. The change in the situation has resulted in lowering the 
cost of agricultural nitrogen. The synthetic products carry a considerably higher concentration of plant nutrient than 
does Chilean nitrate. 

The German potash industry long had a monopoly on the world supply of potash. In recent decades the develop
ment of potash mines and refineries in the United States has made this country independent of the European source. 

The general topic under discussion at this Conference is of mineral nutrients through crop removal can be offset 
the conservation and utilization of resources, including through the use of fertilizers, but those agricultural prac
the deposits of the mineral raw materials used in the pro- tices that bring about rapid soil erosion lead inevitably to 
duction of certain inorganic fertilizers. Estimates of the disaster and render futile efforts to maintain soil fertility 
world's reserves of such deposits, and of the fertilizer pro- solely through the use of fertilizers. In the conservation of 
duction capacity of the world, are to be covered in other the greatest of mineral resources, i.e., the soil, it is vastly 
papers presented at this Conference. The present paper is more important to use fertilizers to induce growth of those 
delimited to a discussion of the economics of the pro- types of plants that contribute to the combating of soil 
cessing, transportation, and utilization of inorganic fer- erosion than it is to use them as a means to increase 
tilizers. quantity and quality of crops. Cnfortunately, the use of 

Plants require some twenty chemical elements for nor- fertilizers in combating soil erosion usually is practised 
mal growth and reproduction. Four of these elements are only to the extent that such use can be geared to the ex
derived from water and air, and the others come from the ceedingly complex economics of quickly profitable 
soil. An inadequacy of any element will affect adversely farming. 
either crop quantity or quality or both. For example a Agricultural experiment stations have demonstrated 
lack of potash causes pithy citric fruit, and a lack of boron that, under the conditions of their tests, a dollar spent for 
will diminish seed development in a good growth of al- fertilizers will return a profit by reason of the increased 
falfa. quantity and quality of the resultant crops. Naturally, 

The fact is too often overlooked that the soil is the the fertilizer industry does not overlook the results re
largest reservoir of mineral plant nutrients. Fertile soil is ported by agricultural experiment stations, and sees that 
the greatest of the world's mineral resources, and in terms its customers do not. The farmer may suspect that there 
of conservation, no problem can be more imperative than is something wrong about the figures, but he is well aware 
the conservation of soil fertility. The idea that the use of of the probability that the use of fertilizers will increase 
fertilizers somehow can compensate for the loss of fertile the quantity and quality of his crops. That this is true is 
soil has been called the "flattery of science". The depletion shown, in the Cnited States at least, by the fact that the 
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quantity of fertilizers purchased in any year will reflect 
the net farm income of the previous year. It seems ob
vious that the quantity of fertilizers needed yearly to 
maintain an adequate supply of mineral plant nutrients 
on a given farm or to control soil erosion bears only a 
remote and casual relation to the farmer's net annual 
mcome. 

prevailing from week to week, the care given the crop, etc., 
which are not within the purview of economics. When the 
crop is harvested, and its cost is known, then comes the 
matter of its value. Economic factors, such as supply and 
demand, might determine the sale value of the crop, yet 
government may intervene with legislation that nullifies 
economics, or with legislation, such as the Marshall Plan, 

The most readily observable effect from the use of which gives economic forces quite a different direction. 
fertilizers is an increase in crop yield. The money value of All things considered, it appears that the economics of 
this increase is governed by multiple factors, many of the utilization of fertilizers is not simple, even when 
which would be beyond the control of the individual dealing with the short-range objective of the average 
farmer. Less readily observed is the bettered quality of farmer. In this short-range plan, the results to be ob
the crop, although the improvement in quality may con- tained through the use of fertilizers are rated as follows, 
tribute to the money value of the crop. The gamble the in decreasing order of importance: 
farmer takes is that the increase in value of the crop may 1. Increase in quantity and quality of crops. 
more than equal the cost of the fertilizers used. In general, 2. More advantageous use of farm lands. 
the chance to win the gamble is favourable, and the odds to 3. Maintenance of the supply of mineral nutrients in the 
win are better the more intelligently the fertilizers are soil. 
used. Obviously, the chance to win the gamble improves 
as the cost of fertilizers decreases in relation to the value 
of the crop. This is one reason for seeking to improve 
fertilizer manufacturing techniques and to conserve re
sources of fertilizer materials. 

The immediate incentive to the use of fertilizers springs 
from the farmer's natural expectation of financial return. 
Usually, he is aware of the fact that in using fertilizers he 
is retarding the depletion of the mineral nutrients in the 
soil. He may have found that the judicious use of fer
tilizers enables him to utilize his croplands to better ad
vantage. And, if he is an unusually skilled farmer, he tnay 
even have found ways of combining his immediate and 
necessary objective of early financial benefit with the 
longer-range advantage of checking soil erosion. But the 
average farmer operates within narrow economic limits 
and must attain his immediate, short-range objective year 
by year. The advantages of better land use, conservation 
of soil fertility, and control of soil erosion are of very great 
importance in the national, long-range economy. Ne
cessarily, however, such factors take second place in the 

4. Decrease in soil erosion. 
From a national or world viewpoint, and long-range 

economics, the order of importance is reversed. Some 
recognition of this fact is to be found in certain phases of 
farm-aid legislation in the United States where the use of 
fertilizers on soil-conserving crops is subsidized. 

For whatever purpose fertilizers are to be used, it is 
desirable that they be produced as economically as pos
sible, and that the natural deposits of fertilizer material be 
controlled through careful and intelligent conservation. 

Although some twenty chemical elements are known to 
be essential to normal growth and reproduction in plants, 
and a deficiency may occur with respect to any one or 
several of them, those most likely to be lacking in the soil 
in adequate proportions are calcium, phosphorus, potas
sium, and nitrogen. Calcium deficiency, while probably 
the most widespread, will be disregarded in the present 
discussion, inasmuch as enormous quantities of limestone 
are available in nearly all agricultural areas of the world. 

practical operation of the farm and can be attained only PROCESSING OF MINERAL PHOSPHATES 

in so far as the farmer can reach his short-range objective, Although rock phosphate occurs widely in small 
and then only when the farmer has the knowledge, desire, deposits, only those in the United States, North Africa, 
and skill necessary to combine the winning of his short- and a few Pacific islands are exploited extensively. The 
range objective with longer-range objectives of greater largest deposits in the United States are those of Idaho, 
national import. Wyoming, Utah, and Montana, where the main beds are 

Although the foregoing discussion may seem somewhat primary deposits comprised of commercially usable grade, 
remote from the topic selected for consideration in the as mined. Accompanying these high-grade beds are much 
present paper, i.e., the economics of the processing, trans- larger deposits of highly phosphatic shale which some day 
portation, and utilization of inorganic fertilizers, such is may become an important source of phosphorus. Because 
not the case. The economics of the processing and trans- of their remoteness from the main agricultural areas of the 
portation of fertilizers deals with results obtained through United States, the western deposits have been exploited 
improved techniques that permit better fertilizers to be to a limited extent. 
delivered to the farm at lower vost. This is important The phosphate 'beds of Florida and those of Tennessee 
enough. Yet, when the economics of fertilizer use has are secondary deposits. In both cases, the mined material 
been discussed in the past, far too much emphasis has must be beneficiated before it is suitable for manufacturing 
been placed on the results of experiment station tests and processes. The early methods of beneficiation were by
focused on the fact that, even under farm conditions, the drometallurgical and exceedingly wasteful. Within the 
use of fertilizers usually will bring increase in yield and last few decades, however, beneficiation by flotation has 
quality of crops. How much the enhancement in quanti- been combined with the older methods and the percentage 
ty and the improvement in quality may be in a given year recovery of phosphate from the mined material has been 
is governed by factors such as the soil, the kind of crop, greatly increased. The flotation method for the benefi
the seed, the rainfall and its distribution, the temperatures ciation of raw phosphate ore is the most noteworthy im-
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provement made in the conservation of phosphate re
sources, those of Florida in particular. 

Most of the phosphorus used in agriculture is provided 
as superphosphate, which is produced through reaction 
between sulphuric acid and ground rock phosphate. 
Superphosphate contains from 16 to 20 per cent of "avail
able P 20 5", to use the term by which the fertilizer in
dustry designates the grade of phosphatic fertilizer. Aside 
from improvements in mechanical equipment, few changes 
have been made in this process in the hundred years that 
it has been used. 

Through the addition of a few steps in the process by 
which ordinary superphosphate is produced it is possible 
to manufacture a fertilizer, sometimes called "triple" 
superphosphate, that contains about 48 per cent of avail
able P 20 5• Inasmuch as the available P 20 5 of the con
centrated product costs more per pound than that of 
ordinary superphosphate, the more concentrated material 
can compete with ordinary superphosphate only by virtue 
of savings in freight, bags, handling costs, and other items 
that are based on weight, regardless of grade. Obviously, 
the greater the distance from factory to farm the greater 
the saving in freight, and the more concentrated the 
fertilizer the greater the saving in all costs which arise 
between factory and farm. Through the use of an electric 
furnace, the Tennessee Valley Authority is now producing 
a calcium metaphosphate fertilizer that contains about 
62 per cent available P 20 5, which permits still greater 
savings in freight, bags, and so forth. 

The manufacture of ordinary superphosphate is a 
relatively cheap process and none cheaper has been 
devised. As noted, the more concentrated phosphatic 
fertilizers have only the advantage of savings in costs 
other than those incident to manufacture. If identical 
costs for bags, freight, etc. are assumed, it is possible to 
compute how much more the production of a concentrated 
superphosphate may cost, as compared with such cost for 
ordinary superphosphate, and thus determine whether the 
more concentrated product can compete in a market at a 
selected distance from the factory. 

In the table below, the unit is a ton of available P 20 5• 

In one case, the P 20 5 is in the form of ordinary 18 per cent 
superphosphate, and in the other case in the form of 
calcium metaphosphate containing 62 per cent of avail
able P 20 5• In each case the fertilizer is assumed to be in 
stockpiles at the factory. 

Items of cost 

1. Recovery from stock 

Unit 
costs 

assumed 

and grinding . . 20efton 
2. Bags and bagging $3/ton 
3. Freight $4/ton 
4. State tax . . . . 24efton 
5. Dealers' charge . $3/ton 
6. Trucking to farm $1/ton 

Total . 

Cost per ton of P 20 5 in 
the fertilizer, as delivered 

at the farm 
In super- In meta
phosphate phosphate 

$ 1.11 
16.67 
22.22 

1.33 
16.67 
5.56 

$63.56 

$0.32 
4.83 
6.45 
0.38 
4.83 
1.61 

$18.42 

The table above indicates that per ton of P 20 5, the 
charges which accumulate against superphosphate (18 
per cent P 20 5) between factory and farm amount to 

CURTIS 

$63.56, and those against metaphosphate (62 per cent 
P 20 5) are $18.42. The difference is $45.14, \Vhich means 
the cost of manufacture of the metaphosphate might 
exceed that of superphosphate by $45.14 per ton of con
tained P20 5, and yet the two products would cost the 
same per ton of P 20 5 when the two were delivered at the 
farm. The unit costs in the second column above are as
sumed costs. Whatever these mav be to accord with some 
given market, it is obvious that ai'!y charge based on a ton 

of fertilizer regardless of concentration will be ~! times 

greater for superphosphate than for metaphosphate, 
when expressed as cost per unit weight of the contained 
P 20s. 

Because of the savings in various items, such as those 
listed, the more concentrated forms of superphosphate 
have been cheaper per unit of P 20 5 at times in various 
fertilizer-consuming areas of the United States. Farmers 
have been slow to take advantage of this fact, however, 
partly because of a lack of understanding and partly 
because most of the superphosphate used in the United 
States is mixed with other fertilizers and the cost of the 
individual components of the mixture cannot be identified 
in the lump price. 

Several new forms of phosphatic fertilizers have been 
placed on the market in the last few decades. In every 
case the manufacturing cost per unit weight of l\05 is 
greater than it is in the ordinary superphosphate. Hence, 
the more concentrated materials must find markets where 
the advantages listed in the table more than offset the 
greater cost of production. 

PROCESSING OF POTASH ORES 

The production of potassium salts was very limited 
until shortly after the middle of the nineteenth century. 
The chief demand had been for potassium nitrate, which 
was used in the manufacture of gunpowder. Potassium 
salts were too costly for use on a large scale as a fertilizer 
until the mines near Stassfurt, Germany were opened soon 
after 1850. The potassium in the Stassfurt mines is mostly 
in the form of the chloride, and is associated with several 
other soluble salts. The potassium chloride may be re
covered from the mixture of salts in any of purity 
desired. 

The natural deposits of sodium nitrate in Chile had been 
discovered a few decades before the Stassfurt potash mines 
were opened, and Chilean nitrate had come into use as a 
fertilizer. With sodium nitrate and potassium chloride 
available from large natural deposits, it was easy to pro
duce potassium nitrate at a cost much lower than that 
possible theretofore. The market for potassium nitrate as 
a component of gunpowder was at best a relatively small 
one, but the potassium chloride from the Stassfurt mines 
found ready use as a fertilizer. For this purpose a crude 
salt mixture carrying about 20 per cent of potash (K20) 
was marketed at first, but it soon became more profitable 
to manufacture and market a 79 per cent chloride product 
containing about 50 per cent of potash (K20). This 50 
per cent potash became a standard in the fertilizer in
dustrv, and the Stassfurt mines became the source of 
potash for the world, a monopoly that continued for many 
decades. Deposits similar to those of the Stassfurt area 
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were discovered later at other places in Europe and, after 
1920, in the United States. 

At present nearly all the potash used in the United 
States comes from two sources-the underground deposits 
in the neighborhood of Carlsbad, New Mexico, and the 
saline deposits of Searles Lake, California and Wendover, 
Utah. Potassium chloride is recovered from the salines 
though solution and re-crystallization, and this method is 
also in use at one of the refineries in the Carlsbad area. The 
flotation method of refining the potash is also in use at 
Carlsbad. Both methods are technically satisfactory in 
giving a high recovery of mined potash, and yield a pro
duct that contains more than 60 per cent potash (K20). 
Inasmuch as pure potassium chloride contains only 63.2 
per cent potash equivalent, the purity of the commercial 
product is more than 93 per cent, and no appreciable 
saving in freight, bags, etc. can be made by further refining. 

Unfortunately, the potash mines and saline deposits in 
the United States are in desert regions far removed from 
large agricultural areas, and hence, the delivered cost of 
potash from domestic sources has not been lessened much 
under the cost of that coming from Europe. Nevertheless, 
the development of a large potash industry in the United 
States has freed this country from the European monopo
ly, and assures a domestic supply when European sources 
are cut off. 

At many places in the world there are some relatively 
large deposits of ores from which the potash can be re
covered only by means of relatively costly processes. The 
wyomingite in the Leucite Hills of Wyoming, the alunite 
that is found near Maryvale, Utah, and the potash-bearing 
shales of Georgia are examples of such ores. Many at
tempts have been made to develop economically feasible 
processes for the extraction of potash from these ores. It 
is probable that no such process will be found soon, and 
that potash from soluble salt deposits will continue to be 
the source of the world's supply for many decades to come. 

From the standpoint of the conservation of natural re
sources, it is unfortunate that economic factors preclude 
the use of low-grade Carlsbad ore in supplying potash to 
agriculture in the United States. The low-grade potash 
ore now is left in the mines and will be difficult to recover 
after the high-grade ore has been removed and the mines 
long abandoned. 

Farmers in the United States would benefit in the use of 
potash if the material did not get into the mixed fertilizers 
concocted by the fertilizer industry. The present paper 
may not be a suitable medium in which to discuss the 
millions of dollars of unnecessary fertilizer cost that result 
from the practice of using mixed fertilizers. Yet, so far as 
potash is concerned, there is a greater chance for a lower
ing of the cost at the farm through better methods of 
distribution than there is through improvements in the 
minging and processing of ores. 

FERTILIZERS CARRYING FIXED NITROGEN 

No large natural deposit of nitrates has been found 
anywhere in the world except on the highlands between 
the Andes and the coastal range of what is now northern 
Chile. Explotation of these deposits began about 1830, 
although the value of natural nitrate as a fertilizer had 
been observed early in the nineteenth century, and a rapid 

development of the Chilean nitrate industry did not come 
until after 1880. Small quantities of guano are found on 
some of the Pacific islands. The only competitor of Chi
lean nitrate as a fertilizer was for a long time the ammonia 
sulphate that was collected as a by-product in the coking 
of coal. The quantity of the by-product was relatively 
small, however, and was limited by the amount of coke 
produced. The world price of nitrate was fixed without 
regard to production costs and the Chilean Government, 
which did not own the production facilities, contented it
self with the imposition of a heavy export tax. 

The methods used for the recovery of the sodium nitrate 
from the crude ore, known as caliche, were at first ex
ceedingly crude and wasteful. Lack of competition and 
the artificially maintained pricing system discouraged im
provements until, finally, the growing competition of syn
thetic nitrogenous products forced the introduction of 
better technology. Even with the new refineries, however, 
the Chilean industry no longer could control world prices, 
and as the quantity of synthetic nitrogenous products 
coming on the market increased by leaps and bounds, the 
relative importance of the Chilean source diminished. 
Today, the synthetic ammonia plants of the world furnish 
by far the greatest proportion of the nitrogenous com
pounds used in agriculture and in industry. 

After the advent of large quantities of synthetic ni
trogenous products in the world markets, the Chilean ni
trate industry was saved from complete collapse only 
through a drastic reduction in the export tax and the 
elimination of the obsolete refineries. The Chilean nitrate 
industry has survived and still holds a place in the ni
trogen market. It is not likely that improvements in 
technology will bring production costs to a much lowered 
level, although there is some promise in the solar eva
poration schemes that have been proposed lately. 

In the last three decades, the technique for the produc
tion of fixed nitrogen has been developed to a high state 
of effectiveness, and the process for the fixation of atmo
spheric nitrogen as ammonia has rendered all other fixation 
processes and plants obsolete. 

Nitrogenous fertilizers now are used in far greater 
quantities than ever before throughout the world. Al
though this situation is a fortunate one during the present 
period of food shortages as an aftermath of war, the situ
ation is by no means a happy one from the long-range 
viewpoint of soil conservation. The liberal use of ni
trogenous fertilizers does not build up a reserve of mineral 
nutrients in the soil; rather it stimulates crop growth and 
effects a "mining of the soil", a process which already has 
made deserts of great areas of once rich agricultural land 
and which goes on apace. Obviously, there will always be 
the need for additive nitrogen in the growing of some 
crops, but the chief dependence for soil nitrogen in the 
production of general crops and pastures should rest upon 
the nitrogen-fixing bacteria in the soil. 

From the standpoint of conservation of natural re
sources, the production of cheap nitrogenous fertilizers is 
primarily a temporary blessing, one that might eventuate 
into a menace to the maintenance of soil fertility which is 
the greatest of natural resources. This possible menace 
lends emphasis to the importance of phosphate and potash 
and the need for their wise use and conservation. 
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The Economics of World Availability and Use of Fertilizer Materials 

R. E. R. GRIMMETT and I. L. ELLIOTT 

ABSTRACT 

New Zealand is dependent upon overseas sources of rock phosphate for the manufacture of superphosphate, the 
most commonly used phosphatic fertilizer. Most soils are phosphate-deficient and the efficient use of phosphates is 
of utmost importance to New Zealand. War-time shortages of rock phosphate supplies and the evidence given by 
preliminary field trials led to a decision to revert part of the superphosphate manufactured with serpentine. Three 
parts of superphosphate were mixed with one part serpentine, to manufacture serpentine superphosphate. 

Serpentine superphosphate was introduced because: 
1. On a weight-for-weight basis it gave results equivalent to superphosphate, with a potential saving of 25 per cent 

of phosphate. 
2. It did not rot bags or injure germination when sown in contact with seed; it stored well and ran freely through 

farmers' drills. 
Observational trials on pastures and yield trials with annual crops have given a consistent indication that, weight

for-weight, serpentine superphosphate is equivalent to superphosphate. The evidence from pasture mowing trials 
is as yet inadequate to form a clear picture of the efficiency of the Pz06 content of serpentine superphosphate as com
pared with that of superphosphate. 

Where soil and climatic conditions are similar to those in New Zealand, serpentine superphosphate should be 
worthy of trial. 

THE ROLE OF PHOSPHATE IN NEW ZEALAND AGRICULTURE 

Of the major plant foods which are added to the soil the 
most important under New Zealand conditions is phos
phate. This does not imply that there is any lack of areas 
where potash or other materials may be even more im
portant than phosphate. Such areas are, however, of 
limited occurrence, whereas lack of phosphate is almost 
universal in New Zealand soils. Phosphatic fertilizers are 
applied mainly to pastures, but their role in crop and fruit 
production is equally important, although a much less 
total quantity is expended on these items. Of the phos
phatic fertilizers the most important is superphosphate 
and materials derived from superphosphate by reversion 
with either serpentine or lime. There is a limited scope for 
the more insoluble forms of phosphatic fertilizers such as 
finely-ground rock phosphates from various sources and 
basic slag. These materials achieve their best results and 
are most popular in areas of high rainfall; that is, over 
45 inches per annum, and where soil conditions tend to be 
acid. 

SOURCES OF SUPPLY OF ROCK PHOSPHATE 

Following the conclusion of the First World War New 
Zealand was fortunate in obtaining sources of supply of 
high-grade rock phosphate for superphosphate manu
facture by the setting up of the British Phosphate Com
mission, which, on behalf of three member countries, 
Great Britain, Australia and New Zealand, controlled the 
output of phosphate rock from Nauru and Ocean Islands. 
This organization has served New Zealand well both in 
peace and war. 

New Zealand is almost entirely without native sources 
of phosphate rock, although the very minor deposits 
which do occur are chiefly associated with the limestones 
in the Clarendon district south of Dunedin. These deposits 
were fully described by Macpherson (1) 1 • Here there are 

1 Numbers within parentheses refer to items in the bibliography. 
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two types of deposit; one is a medium-grade phosphate 
rock which was used early in the history of superphosphate 
manufacture in New Zealand. The importation of phos
phate rock from overseas at considerably lower cost led to 
the abandonment of quarrying operations. The other 
deposit is a low-grade material containing some 10 to 12 
per cent P 20 5• As will be shown later, an attempt was 
made to utilize these materials to offset the shortage of 
fertilizers which resulted from the entry of Japan into the 
War. 

WAR-TIME SHORTAGES 

Prior to World War II New Zealand was using annually 
over 600,000 tons of phosphatic fertilizers comprised of 
about 500,000 tons of superphosphate and superphosphate 
derivatives, 100,000 tons of basic slag and other finely
ground phosphates from a variety of sources such as 
North Africa and Seychelles and Walpole Islands. The 
southward advance of the Japanese into the Pacific, in 
which vital supply lines were cut, and the over-all short
age of shipping which resulted from hostilities led early in 
the War to a shortage of rock phosphate. From an annual 
importation of some 400,000 tons of rock phosphate, 
supplies were quickly reduced to some 120,000 tons. At 
the same time )l' ew Zealand became a base for a large 
number of American troops. New Zealand had sent over
seas large numbers of its male population and was asked by 
the Combined Food Board to produce food to its maximum 
capacity. All these circumstances combined to render 
necessary the optimum utilization of supplies of fertilizer 
received from overseas and also the exploitation of what
ever sources of plant food material existed within the 
country. 

METHOD BY WHICH OPTIMUM UTILIZATION OF RESOURCES 

WAS ATTEMPTED 

Just prior to the War and during its early stages a con
siderable amount of work had been carried out on the 
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possibility of reverting superphosphate with serpentine 
rock-a step first suggested by some work carried out by 
Druschnin (2). The suggestion was advanced and backed 
up with a certain amount of experimental evidence 
(A. G. Elliott (3)) that this procedure would result in 
producing a more effective type of fertilizer and would 
consequently assist in conserving supplies. The procedure 
which was adopted was to mix one part of finely-ground 
serpentine rock with three parts of superphosphate as it 
came hot from the den. The resulting stock-pile was then 
allowed to mature when reversion took place. 

The experimental evidence upon which the decision to 
revert all superphosphate manufactured in New Zealand 
was taken was reviewed by A. G. Elliott and P. B. Lynch 
(4) and by A. G. Elliott (5) and was as follows: 

(1) Evidence from mowing trials on pastures which 
showed that 4 cwt. of serpentine superphosphate was 
equally as efficient as 4 cwt. of ordinary superphosphate. 

(2) Evidence from a large number of observational 
trials on pasture which indicated that equal quantities of 
serpentine superphosphate and superphosphate gave equal 
responses. 

(3) Evidence from a large number of field trials with 
crops, which indicated that serpentine superphosphate 
was equal on a weight-to-weight basis with superphos
phate. There was also a certain amount of confirmatory 
evidence from pot trials. 

grade rock phosphate were used for superphosphate 
manufacture, but the low-grade deposit was ground and 
incorporated in fertilizer mixtures for turnip and swede 
crops in Otago and Southland. Altogether some 20,000 
tons were used in this way. The development of these 
deposits was described by I. L. Elliott and A. G. Elliott (6). 

MANUFACTURE AND EXPERIMENTAL RESULTS 

The chemistry of the process which is undergone when 
superphosphate is reverted with serpentine was in
vestigated by Askew (7), who interpreted his results as 
indicating the formation of a mixture of dimagnesic and 
tricalcic phosphate, with the former in considerable ex
cess. In practice the reversion was relatively easy to 
achieve and involved very little modification to existing 
machinery in fertilizer works, while such modifications as 
actually were made were principally along the lines of 
supplying additional storage space for stock piles of ser
pentine, together with the necessary drying and grinding 
plant. Some fertilizer works failed to install machinery 
for drying, and consequently the commercial material sent 
out to farmers was, in the initial stages, far from ideal. 
Typical analyses of commercial serpentine superphosphate 
and superphosphate are set out below: 

Serpentine 
Super- super-

phosphate phosphate 

In view of the evidence as it was then available, the p f 1 p 0 ercentage o tota 2 5 . . . . 23.8 16.4 
National Council of Primary Production recommended the Percentage of citric-soluble P 20 5 . Minister of Agriculture to enforce the manufacture of 
superphosphate into serpentine superphosphate. The Percentage of water-soluble P205 
main difficulty which then arose was to supply adequate 
quantities of serpentine to allow this to be done, as sources 
of supply were distant from the site of manufacturing 
works and there was shortage of railway trucks. As a 
result, the output of fertilizer works was never completely 
reverted to serpentine superphosphate. Quite apart from 
the fact that serpentine superphosphate at this stage ap
peared to be giving good results in the field, there were 
other circumstances which influenced the decision of the 
National Council. There were the better physical quali
ties of the product which made it easier to store and easier 
to deliver through farm machinery; further, it caused no 
appreciable germination injury when sown in contact with 
seeds. There was also its important attribute of having 
very little effect on bags. This factor was important in 
view of the possible shortage of jute goods which was 
likely to arise as the result of Japanese penetration to
wards India and the disruption of shipping in the Indian 
Ocean. 

19.9 
13.5 

2.6 

Askew (loc. cit.) considers the possible constituents in 
commercial serpentine superphosphate to be as follows: 

Compound 

Ca2(H 2P04) 22H 20 
CaH.P042H 20 

Caa(P04)2 .. · 
CaS04 .... 
MgHP047H 20. 
Unreacted serpentine. 
F 20 3& Al20 3 from reacted serpentine 
Si02 from reacted serpentine . . 
Hygroscopic moisture . . . . . 

Per cent 

1.9 
3.6 

17.7 
36.7 
29.1a 

7.0 
0.5 
4.7 
1.9 

Total . 103.1 

a Almost certainly not fully hydrated. 

The second major method which was adopted to eke out As phosphate rock from Nauru and Ocean Islands 
the scanty supplies of available fertilizer was by the in- became used up, lower-grade phosphates were imported 
traduction of fertilizer rationing. This was done for from Kosseir, Safaga, and Florida, with a consequent 
pasture land by means of allocating a certain percentage reduction of the P

2
0 5 content in the fertilizers manu

of the fertilizer used during the two-year period ended factured from these rocks. In order to achieve some 
May, 1941. Each annual crop was allocated a specific uniformity of product it became necessary for the De
quantity per acre. partment of Agriculture to introduce a serpentine 

The third attempt to increase available supplies was superphosphate control order, which set out certain 
made by reopening up the deposits at Clarendon, which specifications both for the serpentine to be used and the 
have already been referred to. Some 7,000 tons of medium- finished product. These specifications were as follows: 

286 



INORGANIC FERTILIZERS IN CONSERVATION 

Prescribed standards 

Serpentine Superphosphate: 
(l) Phosphoric anhydride (P20 5) content: 

(a) Soluble or insoluble; not less than 
15 per cent by weight: 

(b) Soluble in water; not more than 4 per 
cent by weight: 

(c) Soluble in citric acid of the strength pre
scribed by Regulation 14 of the Fertil
izer Regulations, 1928 (including the 
percentage soluble in water); not less 
than 13 per cent by weight. 

(2) Maximum size of particles in any sack: 
(a) All particles to be capable of being 

passed through a No. 6 British Standard 
wire-mesh sieve. 

(b) No less than 60 per cent by weight of the 
particles to be capable of being passed 
through a No. 16 British Standard wire
mesh sieve. 

Serpentine Rock: 
(1) Magnesium oxide (MGO) content not less 

than 25 per cent by weight. 

(2) Fineness of grinding: 

(a) All the rock to be ground so as to be 
capable of being passed through a No. 18 
British Standard wire-mesh sieve. 

(b) No less than 50 per cent by weight of the 
rock to be ground so as to be capable of 
being passed through a No. 100 British 
Standard wire-mesh sieve. 

Margin of 
tolerance 

0.5 per cent 
by weight 

0.5 per cent 
by weight 

0.5 per cent 
by weight 

No margin of 
tolerance 

2.5 per cent 
by weight 

0.5 per cent 
by weight 

No margin of 
tolerance 

2.5 per cent 
by weight 

Later observations on the manufacture of serpentine 
superphosphate have suggested that the product would be 
equally effective if the reversion were carried out by 1 part 
of serpentine to 4 parts of superphosphate. This would 
lead to a higher total P 20 5 content and probably also to a 
slightly higher water-soluble P 20 5 content. To carry out 
this suggestion effectively, careful selection of the ser
pentine rock will be necessary, together with drying and 
fine grinding to ensure that the serpentine reacts fully 
with the superphosphate. 

PRESENT AND POSSIBLE FUTURE POSITION OF SERPENTINE 

SUPERPHOSPHATE 

GRIMMETT AND ELLIOTT 

per unit of phosphoric acid. The evidence for this state
ment is to be found from unpublished material dealing 
with trials at the Marton Experimental area and at the 
Soil Fertility Research Station, Hamilton. In at least one 
of these trials the results are only preliminary. On the 
other hand, one trial for which 8 years' pasture production 
records are available suggests that serpentine super
phosphate has a greater efficiency per unit of P 20 5 than 
superphosphate. No yield trials have yet been conducted 
in those areas where from observational evidence ser
pentine superphosphate has given greater pasture sward 
improvement than superphosphate. 

At the present time many farmers in the North Island 
have become accustomed to using serpentine super
phosphate and are satisfied with the results. The mani
fest advantages which it possesses in its ease of handling 
and storage and its failure to cause damage to sacks and 
germinating seed have no doubt had a lot to do with its 
popularity. It appears likely that serpentine superphos
phate has come to stay in New Zealand and that the 
demand for this material will steadily increase, even 
though it appears unlikely that the whole of New Zea
land's output of superphosphate will be reverted with 
serpentine. Limiting factors are likely to be the inadequate 
supplies of serpentine rock from sources readily available. 
Although there are abundant sources of supply, many of 
these are far removed from existing transport facilities. 

Following on New Zealand's experiences with this 
material a certain number of overseas requests have been 
received for experimental quantities of this fertilizer. For 
instance, a considerable number of trials were carried out 
in Australia, but there the results generally were un
favourable. It appears most probable that the climatic 
differences and soil differences between the two countries 
explain its failure in Australia. Trial work was also carried 
out in Great Britain and some satisfactory results were 
obtained. It therefore appears likely that serpentine 
superphosphate may have a place in countries outside 
New Zealand where soil and climatic factors are relatively 
similar. 

Although there is in general no evidence as yet of a 
magnesium deficiency appearing in the pasture lands of 

Since the summary of experimental evidence was made New Zealand, such deficiencies have been observed by 
in 1941 by Elliott and Lynch (loc. cit.) and the decision workers at Cawthron Institute on fruit trees, and there is 
was made by the National Council of Primary Production reason to believe that magnesium deficiency of fruit trees 
to revert all superphosphate manufactured into serpentine and various horticultural crops is fairly widespread. There 
superphosphate, experimental work with this product has is also evidence to show that the losses of magnesium from 
been continued. some soils are high; measurements on one Waikato soil 

Observational trials on pasture show no change in the indicate a very high annual loss. Part of the value of 
position since it was previously reviewed; viz., most of the serpentine superphosphate in the future may be shown to 
trials indicate that, weight for weight, serpentine super- result from the ability of this material to replace losses of 
phosphate gives a response equivalent to that given by magnesium from the soil. 
superphosphate. In certain districts, however, e.g., North In New Zealand, as elsewhere in the world, there has 
Taranaki and Waihi, serpentine superphosphate has given been a continuous search for a phosphatic fertilizer whose 
responses superior to those given by superphosphate when efficiency is higher than those at present in use. It has 
these fertilizers were applied at the same rates per acre. been estimated that of the phosphorus applied as fertilizer 

There are, however, a number of somewhat more critical only some 12 to 30 per cent is recovered by the plant. In 
trials on pastures where yields have been measured by many New Zealand soils fixation severely limits the effec
mowing and where applications have been made on the tiveness of water-soluble phosphates. Serpentine super
basis of equivalent amounts of P 20 5 • In some trials there phosphate may therefore be regarded as an attempt to 
is little evidence to support the theory of serpentine super- find for this country a more efficient phosphatic fertilizer 
phosphate being any more effective than superphosphate than superphosphate. 
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Economics of World Availability and Use of Fertilizer Materials 
J. N. RAY 

ABSTRACT 

The density of population per square mile in India is among the highest in the world. The birth rate in India is 
32.0 per 1,000 inhabitants and the death rate is 22.2. India's present production of food shows a shortage of about 500 
to 550 calories per person per day. 

The net area sown with crops is 232 million acres of which about 56 million acres are irrigated. 

The basic difficulty of India's economy is the low output which India gets from the soil. The average yield of rice 
per acre is about one-third the yield in Japan and about one-half that of China. 

Increased production can be achieved by: (a) improved seeds; (b) greater water supply, and (c) manures. 

The yield of rice can be increased to the extent of 10 to 15 per cent by the use of improved seed. The additional 
yield obtainable with the use of improved seed is about 0.93 million ton. Rice yields can be pushed up very much higher 
by suitable manuring, provided water is available. By using 3.86 million tons of oil cake, 38.6 million tons of compost 
and 27.6 million tons of green manure, an additional yield of 3.7 million tons could be obtained. 

Experiments have been conducted to ascertain the average increase in yield by applying sulphate of ammonia. 
These are recorded in Table II of this paper. Table III gives the present value of the fertilizers and the market value 
of the increased crop. This shows that sugar cane and potatoes would give a very good return if adequate amounts of 
manure were applied to these cultivations. India at present consumes only 1.3 per cent of the world's nitrogen supply. 
The difficulty in increasing the use of fertilizers is its high price at present. Long hauls are involved in transporting 
the fertilizers from the ports to centres of cultivation. This adds to the cost. 

Next to China, India has the largest population in the 
world. In proportion to the area of the country and es
pecially the area available for producing food supplies and 
industrial raw materials, the density of population per 
square mile is among the highest in the world. The at
tached table is significant in that regard: 

The birth rate in India is 32.0 per 1,000 inhabitants and 
the death rate is 22.2. One consequence of the high birth 
rate as well as the death rate is the predominance of what 
may be called unproductive sections of the population, 
namely, children and aged people. More than 4 7 per cent 
of the population are under the age of 20, and 27 per cent 

Table I. Density of Population in Different Countries 
(population per square mile) 

Countries Population Year of the 
per sq. mile latest census 

1. England and Wales 685 1931 
2. France. 197 1936 
3. Germany. 382 1939 
4. Belgium . 708 1944 
5. Spain 138.3 1945 
6. Denmark. 224 1940 
7. Italy. 381 1943 
8. USSR 20.8 1939 
9. India 246 1941 

10. China 102 1936 
11. Empire of Japan 426 1935 
12. Union of South Africa . 20 1936 
13. Egypt . 45 1943 
14. Australia. 2.23 1933 
15. New Zealand . 15 1936 
16. Argentine Republic 13 1945 
17. Brazil . 12.6 1940 
18. USA. 40.8 1940 
19. Canada 3 1941 
20. Mexico. 25 1940 

are aged 10 or under. If the truly productive age period is 
taken to be between 20 and 50, only about two-fifths of the 
population is adult and really able to do productive work. 
Of this population, nearly 70 per cent are employed in 
agriculture. On the basis of 2,600 calories required per 
capita per day, India's present production of food shows a 
shortage of about 500 to 550 calories per person per day. 
This deficiency can be made good, provided a liberal use 
of chemical fertilizers is made for food production. The 
present estimate of fallow land is about 48 million acres 
and that of "cultivable waste other than fallow", 154 
million acres. Net area sown with crops is 232 million 
acres (34 per cent of total area) of which about 56 million 
acres are irrigated. 

Of the total area in the country of some 512 million 
acres (excluding States), a total of 160 million acres is not 
available for cultivation at all, as it is covered by forests, 
rivers, roads and towns. A total of 154 million acres 
consists of current fallows or other uncultivated land. The 
net area under cultivation is thus about 232 million acres. 

The basic difficulty of our economy is the low output 
we get from the soil. The average yield of rice per acre is 
about one-third the yield in Japan and about one-half 
that of China. Even within the country, the yield varies 
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very considerably from place to place and from province 
to province. In the irrigated areas, the average yield per 
acre in "Madras is 1,120 lb. against 800 lb. in the Central 
Provinces and Berar, 720 lb. in the United Provinces and 
848 lb. in the Punjab, while in the unirrigated areas the 
yield is 759lb. in Madras, 600 lb. in C.P. and Berar, 567 in 
U.P. and 3921b. in the Punjab. 

Increased production can be achieved by: (a) improved 
seeds; (b) greater water supply, and (c) manures. 

It has been found that the yield of certain crops in
cluding rice can be increased to the extent of 10 to 15 
per cent by the use of improved seed. The aggregate area 
under improved varieties of rice in 1945 and 1946 was 
estimated to be 14 per cent of the total area under rice. 
The additional yield obtainable with the use of improved 
seed is about 0.13 million tons. If the remaining 86 per 
cent of the area under rice can be sown with improved 
varieties of seed, the additional yield can be expected to 
be 0.8 million tons. 

Rice yields can be pushed up very much higher by suit
able manuring, provided water is available. Rice needs 
both phosphorus and nitrogen, principally the latter. One 
ton of an average oil-cake is considered adequate to supply 
manure for 5 acres of rice land. For 50 million acres of 
rice, the following quantities of the three nitrogenous 
fertilizers would be required: oil cake 3.86 million tons; 
compost 38.60 million tons; green manure 27.60 million 
tons. 

If we had the manures mentioned above available in the 
quantities stated, we could expect a 20 per cent increase 
in the yield of rice per acre giving us a total increase in the 
yield by 3.7 million tons. Therefore, by improving our 
seeds and supplying proper manures, we can expect an 
increased yield of 4.5 million tons of rice against our 
present production of 18.5 million tons. 

As in the case of rice, India's wheat production per acre 
also compares unfavourably with that of other wheat 
producing countries. India's lower yield has been at
tributed mainly to the inadequate irrigation facilities. 
Where the crop is dependent on rainfall, the yield is low. 
In the Punjab, irrigated lands give an average of 960 to 
1,280 lb. per acre while the yield in the unirrigated lands 
generally varies from 560 to 800 lb. per acre. Recently, 
improved varieties of seeds have been introduced. In the 
Punjab, 81.4 per cent of the total acreage is under im
proved varieties of seeds, while in U.P. it is 65 per cent, 
Bihar 33 per cent and in C.P. and Berar 9.5 per cent. The 
country's total average under improved varieties of wheat 
comes to about 35 per cent. The additional yield on ac
count of this was 0.2 million tons. If the improved 
varieties had been utilized over the entire country, we 
could have expected an additional,yield of 0.4 million tons. 

RAY 
--------····---

average yield per acre in unirrigated tracts to 600 lb. per 
acre and in irrigated areas to about 1,200 lb. per acre. This 
would give us an additional yield of 2 million tons an
nually. 

Experiments have been conducted to ascertain the 
average increase in yield by applying 80 lb. (equal to 
1 maund) of sulphate of ammonia or the I.C.I. Nicifos 
(17.5 per cent nitrogen + 17.5 per cent water soluble 
P 2 0 5) for the crops mentioned in the table below. For 
convencience, this may be referred to as "maund for 
maund increase''. 

Table 2 

Sulphate 
Ammonia Nicifos 22(18 

Crop Maund for Maund for 
maund maund 

increase increase 
Sugar-cane (cane) . 52.01 42.76 
Sugar-cane (sugar) 4.94 4.06 
Paddy (grain) 3.40 4.90 
Paddy (straw) 7.23 6.94 
Wheat (grain) 2.68 3.14 
'Wheat (straw) 5.45 5.81 
Onions. 17.98 26.50 
Potatoes. 11.63 7.90 

(1 maund = 80 lbs. Rs. 3.3 1 dollar). 

In 1941-42, the area of various crops under different 
systems of irrigation was over 56 million acres as follows: 

By canals By tanks By wells By other Total 
means acres 

29,902,360 5,808,127 14,182,759 6,827,160 56,750,406 

The large scale public irrigation works had cost over 
Rs.1520 millions and helped to raise crops valued at about 
Rs.1,000 millions. By 1955, we would spend another 
Rs.2,000 millions on account of various river training 
schemes and we expect that another 3 million acres or so 
would come under irrigation, the annual charge for which 
would be about Rs.25 millions after allowing for expenses 
on other account. 

Sixty million acres of irrigated land would require the 
following quantities of sulphate of ammonia per acre. 

Table 3 

I II III IV v 
Crop Amount of Present Increase Present 

ammonium value of yield of market 
sulphate fertilizer crop valuo of 
per acre crop 

Rice 2 mds. (.07 tons) Rs. 25/- 6.8 mds. Rs. 100/-
Wheat 2 mds. ( 

" 
) Rs. 25/- 5.4 mds. Rs. 90/-

Sugar- 4 mds. (.14 tons) Rs. 50/- 10.0 mds. Rs. 270/-
cane (sugar) 

Potatoes, 6 mds. (.21 tons) Rs. 75/- 30.0 mds. Rs. 300/-
onions etc. (average) 

As in the case of rice, the supply of nitrogen is also im- The irrigated land on an average would need about 
portant for wheat. Experiments on the manuring of 3 maunds of ammonium sulphate per acre or 180 million 
wheat producing land carried on in different parts of India maunds of ammonium sulphate or about 6.5 million tons 
reveal that farm-yard manure is most suitable for wheat of ammonium sulphate. The above table shows that the 
cultivation when grown under unirrigated conditions. use of fertilizers at the present market value of various 
Compost also has given excellent results. In U.P., it has crops is a paying proposition but we are aiming at bringing 
been found that the use of compost adds as much as 25 down the agricultural price to 50 per cent of present prices 
percenttotheyield. Wevisualizethattheuseofadequate (the present cost of liv-ing index is 270 per cent). The 
quantities of manure of the right type would raise the present high cost of agricultural produce has resulted in 
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an abnormal rise in the cost of living which has reacted un
favourably in raising the general cost of industrial pro
duction. 

Therefore, the realizable value of the crop in the fore
going table (column V) will have to be multiplied by 0.5 to 
get an idea of the future stabilized price. It will be seen 
that after allowing for other inevitable expenses, it will 
not be an attractive proposition to use fertilizers ex
tensively unless the cost of fertilizer is considerably 
lowered. 

The National Planning Committee of India reported a 
steady fall in the food supply available for consumption as 
the following table will show: 

Table 4 

Population average of 1910-1915 = 100 weights are 
assigned according to pyotein values. Food supply 

available for consumption is computed after deducting 
exports and adding imparts 

Food Food supply Excess or 
production available for deficiency 

Year Population (weighted) consumption 

1934-35 
1935-36 
1936-37 
1937-38 

index index 
120 
121 
123 
125 

125 
ll5 
123 
llO 

123 
122 
128 
118 

+3 
+1 
+5 

7 

India shows not only a deficit in the quantity of food 
produced but also a continuous increase in the production 
of inferior food grains. From the trend of the population 
increase, our deficit would be about 25 by 1951. 

From the above analysis, it would seem that the crying 
need of Indian agriculture today is the provision of more 
fertilizers. A beginning has already been made by the 
inauguration of a project for the manufacture of ammo
nium sulphate at Sindhri where a production of 350,000 
tons per annum is the target. This factory will be in pro
duction in about two years' time. In the meantime, two 
smaller plants have c~me into operation, one at Mysore 
and the other at Travancore. The aggregate production 
of ammonium sulphate from all these sources would only 
be a fraction of our estimated requirements and if to the 
existing requirements is added the need to supply such 
fertilizers for new land to be brought under cultivation 
from waste land, the quantity of such manure would have 
to be more than doubled. 

Extensive lignite deposits have been reported from 

Madras. If these deposits prove satisfactory, it should be 
possible to locate a factory for the production of ammo
nium sulphate in that area. There are no suitable gypsum 
deposits in the Madras presidency. Therefore, production 
will have to be planned from sulphuric acid. Experiments 
are also being conducted on the "keeping" quality of am
monium nitrate under Indian conditions. If this proves 
satisfactory, it may not be necessary to produce am
monium sulphate at all. 

The continued use of ammonium sulphates alone results 
in the ratio of nitrogen and phosphorus in the soil being 
deranged. To rectify that, it may be necessary to produce 
a million tons of phosphatic fertilizers. At present, the 
Indian production of superphosphate is hardly 100,000 
tons. Phosphatic ores occur in two places in India but un
fortunately these ores are mixed with a very high pro
portion of calcium carbonate. The purification of these 
ores by beneficiation has not been successful. Therefore, 
India will have to depend on imported rock phosphate 
from outside for the production of her phosphatic manures. 

The world production of nitrogen fertilizers was 2.45 
million metric tons in 1946-194 7, of which India's demand 
from the International Emergency Food Council was only 
0.048 million tons. India was only able to get 0.033 
million tons (1946-4 7 figures) or, in other words, we 
received only 1.3 per cent of the world's nitrogen supply. 
As regards phosphates, the world production is 4.2 million 
tons (P20 5). We did not import any soluble phosphate. 

The other difficulty of India's using more fertilizers 
apart from availability is the high freight rate for the 
transport of manures. At present, the average landed cost 
of ammonium sulphate is about Rs.300j-per ton (Rs.3.3 = 
1 dollar). The freight charge for a haul of 500 miles is 
about Rs.25/- per ton. Therefore, the advantage of extra 
production is to a certain extent nullified by the cost of 
the fertilizer used (vide table III). It has been calculated 
that unless ammonium sulphate is delivered to the farmer 
at Rs.180/- per ton, it would not be attractive to him to 
use fertilizers more liberally. Therefore the problem in 
India is to produce cheaper fertilizers. Unless we can do 
this, we will be unable to provide the necessary 2,600 
calories per person per day. India has now fallen short of 
food and nearly 48 million of her "average men" are not 
provided with food. 

The foregoing picture gives an account of India's 
struggle for food; unless we get full international co
operation our future is rather dark. 
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Economics of World Availability and Use of Fertilizer Materials 1 

CARLOS DIAZ VIAL 

ABSTRACT 

Of the state of Chilean mineral resources for agricultural use it may be said that the reserves of nitrogen, potassium 
and calcium are ample and are sufficient to meet all the needs of the country for a considerable time to come. 

Nitrogen offers the best prospects, for its deposits will permit exportation for more than a century if present world 
economic conditions can be maintained. 

On the other hand, the outlook for phosphorus is doubtful, because deposits are not very plentiful in relation to 
the amounts that should be used as fertilizer in agriculture. It is thus probable that home reserves will soon be ex
hausted and that Chile will be obliged to import phosphorus. 

Experiments have shown that in the central part of the country, between 33 and 42 degrees south latitude, the 
most suitable fertilizer formulas are those containing nitrogen and potassium-elements which are rarely found in 
the soluble state in farm lands. 

The present cost per unit of fertilizer is much higher than the cost of wheat, and if the price of fertilizer continues 
to rise, the farmers will be seriously hindered from using fertilizer efficiently according to the needs of the soil. This 
in turn will make changes in the present methods of mining urgently necessary. 

A study of the production and use of fertilizer in Chile 
reveals a complex situation full of questions for the future, 
which depends not only on the mineral reserves within the 
country but also on economic conditions in industry and 
their effects on farming costs. 

It is interesting to note that Chile, although a leading 
exporter of fertilizer material, will within ten years be 
unable to supply herself with all the fertilizer needed by 
her land if consumption during this period is at the rate 
recommended by experts. 

An idea of the present state of agriculturally-useful 
mineral resources in Chile is provided by the following 
data: 

NITRATES 

Nitrates are found principally in the form of sodium 
nitrate, in a discontinuous line of deposits between 0.5 and 
10 km. wide extending through the desert region of 
Northern Chile for about 740 km. from Pisagua (19° 11' S.) 
to Chanaral (27° S.) (7)2. 

Present reserves are estimated at 3,000 million tons of 
mechanically-exploitable crude ore with an average 
content of 8 per cent of NaN03 • 

PHOSPHATES 

There are two kinds of phosphatic fertilizer deposits: 
organic and inorganic. The organic deposits are the partly 
mineralized guano beds of seabirds; the inorganic de
posits consist of apatites and lazulites. 

The guano in the beds comprises the remains of seabirds 
and of their nests and excrement. Some of the beds are very 
old and the others are more recent (2). They are situated 
close to the sea in the extreme northern part of the coun
try, on rocks and on small islands near the coast. Their 
composition varies greatly. 

The composition of red guano is given in the following 
complete analysis made in 1945 by the chemist Konstan
tin Jacoby: 

1 Original text: Spanish. 
2 K urn bers within parentheses refer to items in the bibliography. 

Complete Analysis of Red Guano 

Guanillos Paquica Pta. de Lobos 
Per cent Per cent Per cent 

Total phosphoric oxide. 21.58 19.33 21.8.') 
Moisture . 4.64 3.47 5.61 
Silica and insoluble matter . 29.48 39.63 27.80 
Organic matter, combined water 

and carbon dioxide 5.36 5.11 11.98 
Sulphur dioxide . • . . . . 10.15 11.10 9.75 
Iron and aluminium oxides. 2.10 0.88 0.73 
Magnesium oxide 1.94 1.35 0.69 
Alkalis. 1.8 0.9 1.2 
Calcium oxide 22.42 18.05 20.18 
Chlorides (as NaCI) 0.70 0.05 0.20 
Nitrates (as NaN03). 0.35 0.10 0.10 

Some deposits which originally contained between 35 
and 40 per cent of phosphoric oxide now contain scarcely 
20 per cent. Deposits where the percentage of phosphoric 
oxide varies between 5 and 15 per cent are also worked, 
but the product must be concentrated to comply with the 
law, which requires 18 per cent of fertilizer elements. 

Two types of seabird guano are handled commercially: 
a red ammoniacal guano guaranteed to contain 4 per cent 
nitrogen and 10 per cent P 20 5, and another red guano 
with 18 per cent of fertilizer elements, which in addition 
to phosphoric oxide also include nitrogen and potassium, 
the percentages varying in all cases. 

It is estimated that the reserves consist of 520,000 tons 
of commercially-valuable red guano and 150,000 tons of 
poor guano. There is also the possibility that by pro
tecting the seabirds these reserves may be maintained to a 
certain extent. 

APATITES 

These constitute one of the main sources of phosphatic 
fertilizer and are composed of a chlor-apatite mineral with 
the formula Ca4 (CaCl)(P04)a and a theoretical composi
tion of 41 per cent P20 6, 53.8 per cent CaO, and 6.8 per 
cent Cl. 

The most important deposits are situated in the 
northern part of the country, particularly in the pro
vinces of Atacama and Coquimbo (1, 7). 
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The extent of the various deposits has not yet been 
completely determined. A detailed study has been made 
of only those ores which offer sure commercial prospects. 
It is estimated that there are about 800,000 tons of this 
ore with a content of 28 per cent. This figure is not con
firmed but may be safely accepted for purposes of econo
mic exploitation. There are many low-grade deposits with 
a content of about 10 per estimated to constitute a 
reserve of 2 million tons. Apatites are sold with a mini
mum content of 16 per cent of soluble P 20 5 (Joulie). 

LAZULITES 

These consist of 0-hydrous aluminium phosphate with 
variable quantities of magnesium and iron, of formula 
(FeMg) O.Al20 3P 20 5H 20, and are found in deposits near 
Copiap6. Since, however, their phosphoric-oxide content 
has proved to be only 7.5 per cent, they are little used as a 
fertilizer, and their minerals are of very little value (7). 

POTASSIU:\I 

Potassium resources in Chile suitable for agricultural 
use are quite extensive. In the northern part of the coun
try this mineral is found mixed with sodium nitrate as 
potassium nitrate, with a content of 2 to 5 per cent 
potassium. The reserves of commercial potassium nitrate 
in plants now operating is about 300,000 tons. If, how
ever, we also consider plants that are not operating, there 
is much more. In Pampa Tana, for example, though no 
precise surveys have been made, the reserves of potassium 
nitrate are estimated at about 2 million tons. The caliches 
(or crude ore) have a KN03 content of more than 3 per 
cent. Potassium nitrates mixed with sodium nitrate are 
sold commercially under the label "Nitrato Potdsico" 
(nitrate of potash) containing 15 per cent nitrogen and 
10 per cent potassium. 

Apart from what is found in conjunction with sodium 
nitrate, very large reserves of potassium chloride and 
potassium sulphate exist in extensive deposits in the salt 
beds that are so common in the northern regions. AI-

Tons of fertilizer 1941 1942 
Phosphates. 79,400 64,700 
Nitrogenous fertilizers . 13,100 29,300 
Potassic fertilizers. 4,700 1,700 
Calcium fertilizers. 65,300 67,400 
Nitrogenous-potassic fertilizers 13,400 13,100 
Complete fertilizers . 3,700 9,400 

though no complete survey has been made, present esti
mates give a figure of about 25 million tons of raw mat
erial with a potassium content ranging from 3.5 to 4.19 
per cent. This represents approximately 1 milllion tons of 
potassium (7). Potassium chloride is sold commercially 
with a minimum K 20 content of 48 per cent. 

CALCIGM 

The most usual forms of this element are limestone and 
gypsum. Limestone is a more or less pure form of calcium 
carbonate (CaC03) in which the impurities consist prin
cipally of silica, alumina, iron, gypsum, alkalis and car
bonaceous matter. Dolomitic limestone, sometimes con
taining more than 20 per cent of MgO, is also found, and is 
used for soil improvement as well as for fertilizer. 

No complete survey of national limestone resources 
but even the incomplete data available show 140 

million tons of reserves, which is undoubtedly a very low 
figure. Existing data are far from complete, for the reason 
that only those mines offering the greatest commercial 
advantage have been surveyed. The strata being worked 
vary in richness and have a CaC03 content ranging from 
60 to 85 per cent. 

GYPSUM 

This is dihydrate calcium sulphate (CaS042H20). Pure 
gypsum is 79.1 per cent calcium sulphate and 20.9 per cent 
water of crystallization. The total amount of reserves has 
not yet been reliably estimated; one mine alone near San
tiago, known as El Y acimiento El Volcan, contains ap
proximately 50 million tons (7). 

No definite estimate has been made of the extent of 
calcium deposits, because existing supplies are sufficient to 
meet the agricultural and industrial needs of the country 
both now and in the near future, and in consequence no 
new prospecting has been necessary. 

Calcium carbonate is sold commercially with a minimum 
CaC03 content of 82 to 85 per cent, oxides and hydroxides 
of calcium with CaO contents between 42 and 60 per cent, 
and gypsum with a CaS04 • 2H20 content of 80 per cent. 

Others. In addition to these fertilizers, bone meal with a 
minimum content of 18 per cent of total P 20 5 is also sold 
in the country. Other sources are stable, sheep, chicken 
and other manure of variable richness, potassic ash with a 
P 20 5 content of 3 to 4 per cent and a K 20 content of 8 to 
10 per cent, and cotton-seed ash with a P 20 5 content of 
22 per cent and a K 20 content of 6 per cent. Various com
panies also sell mixed fertilizers with varying percentages 
of nitrogen, phosphorus and potassium. 

HOME CONSUMPTIO~ 

According to the Direcci6n General de Agricultura (3), 
the consumption of agricultural fertilizers during the past 
eight years has been: 

1943 1944 1945 1946 1947 1948 
93,300 89,000 89,400 88,200 99,800 120,900 

6,800 8,700 8,400 13,000 18,300 24,100 
1,600 2,000 1,700 1,960 3,600 3,900 

84,700 82,400 83,300 84,000 80,400 80,000 
15,500 14,700 ll,900 18,500 25,600 45,700 
15,100 10,700 11,800 17,900 23,400 38,000 

These figures are very low for 1,700,000 hectares of 
farmland from a total of 6,300,000 hectares. 

One of the problems connected with fertilizer is the 
necessity of spending many thousands of pesos on trans
port from the agriculturally-poor northern zone, where 
most of the minerals are situated, to the central zone, 
which is the most favourable for agriculture and cattle
raising. The consumption of fertilizer in the southern 
zone, which is of approximately the same size as the other 
two, is very low because the important industries there 
are sheep-raising and forestry, and agriculture has not yet 
been highly developed. 

Unit costs and ore reserves are perhaps the most serious 
problems. 
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With respect to nitrogen, the reserves of natural ni
trates are very large and may last for a century or more; 
they are capable not only of supplying the Chilean market 
but also of leaving ample margin for export. From 1938 
to 1948 the average yearly production was 1,400,000 tons 
of sodium nitrate, and the average yearly consumption 
in agriculture and industry in Chile during the same period 
was 25,500 tons (4). 

With respect to phosphates, the low state of reserves 
makes it possible that the home supply will be exhausted 
within ten to twenty years, after which time it will be 
necessary to import. This estimate assumes the present 
low rate of consumption; if this rate were adjusted to the 
actual needs of the land, the reserves would be exhausted 
within a much shorter time. 

The reserves of potassium and lime are very abundant, 
and it is not expected that either of these substances will 
become scarce within the country in the near or distant 
future. 

It consequently appears that a replacement policy is 
necessary to ensure a supply of the phosphatic fertilizer 
which is vitally needed by our agriculture and which will 
very soon begin to be scarce. 

RESULTS OF EXPERINIENTS 

The Ministry of Agriculture, through its Department of 
Agricultural Research (formerly Genetic Research), has 
been engaged in research on fertilizer in the 11 experi
mental stations, in the central part of Chile, which, as has 
been mentioned, is the agricultural section of the coun
try (5). 

Fertilizer studies have been carried on since 1940 and 
the most modern methods of research have been used. 
Fertilizer tests have ranged from simple elements to com
plete formulas, with or without calcium, and have dealt 
with the time, quantity and method of application, the 
residual effects, and the like, in respect of both cereals and 
legumes and of garden and industrial crops. 

An analysis of the large amount of available data in
dicates that there were no appreciable differences in the 
soil when the various kinds of fertilizer were used at ex
perimental stations situated between 30° and 33° S. 
Between 33° and 42° S., on the other hand, there were 
considerable differences. Thus, despite the increase of 
organic matter in the soil as one proceeds south, as
similable nitrogen is the element which is scarce and 
which always produces a favourable and economic 
response. Phosphorus is another element absolutely neces
sary for a good yield, and in several provinces its use 
cannot be dispensed with. The nitrogen-phosphorus for
mulas have in general been the most economical and 
effective. Potassium produced no great effect in single 
formulas, but its value could be observed in complete 
nitrogen, potash and phosphorus formulas. Calcium gave 
good results, but varied considerably over the different 
regions. 

CONSUMPTION 

At the present time only a relatively small amount of 
fertilizer is used in Chile. In 1946 the figures for areas 
under cereals, miscellaneous crops, fruits and vines were: 

Kgs. 
per hectare 

Phosphatic fertilizer 65 (unit kilos) (4) 
Nitrates (sodium and 

potassium). . . . 22.8 
Potassic fertilizer. . 1.4 
Lime and carbonates 57.2 
Compound fertilizers 13 

VIAL 

Agricultural yields in Chile are low and tend constantly 
but slowly downwards. Experiments made by the Ministry 
of Agriculture have been valuable in showing that present 
average yields of wheat, for example, which are about 12 
metric quintals per hectare, could be doubled by a system 
under which the appropriate fertilizers were used for the 
various soils, which do not contain any physical impedi
ment to the growing of better crops. 

MAXIMUM FIGURES AND 

ESTIMATED PROBABLE CONSUMPTION 

Tests made on wheat permit the conclusion that this 
crop can economically support an increase in fertilizer 
up to: 
Phosphates: 70 kg. per hectare with a marked increase 

and up to 140 but without such a marked increase 
(per kilogramme) (5). 

Nitrates: 64 kg. per hectare. 
With potatoes the results may be as high as: 

Phosphates: 100 kg. per hectare. 
Potassic fertilizers: 90 kg. per hectare. 

The figures given by the General Directorate of Agri
culture ( 4) for fertilizer consumption in 1946 are as 
follows: 

Nitrogen. 
Phosphoric oxide 
Potassium oxide 
Calcium oxide . 

Tons 

6,785 
19,699 

8,338 
30,000 

The last figure may be increased to 45,000 if apatite 
calcium is included. 

Estimates of needs based on fertilizer tests made bv the 
former Department of Genetic Research are: · 

Nitrogen .... 
Phosphoric oxide 
Potassium oxide 
Calcium oxide . 

Tons 

45,793 
70,237 
20,168 

247,042 

A comparison of the figures in the above two tables 
shows that the country is far from consuming an amount 
of fertilizer even approximate to the real needs of its soil. 
Prices 

The present cost (3.4) of single fertilizers is: 

Nitrogen .. 
Phosphorus 
Potassium . 
Calcium .. 

Chilean pesos 

$12.50 
18.00 
13.10 

1.33 

It is difficult to compare these with the costs of agri
cultural products, because the costs of fertilizers are con-
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stantly rising and those of products are subject to sharp 
fluctuations owing to the lack of a well-defined policy. 

If, however, we compare the price of wheat, which is the 
most stable crop, with the prices of fertilizers in 1948, we 
have the following figures: 

Apatites: Melon phosphate . 
Pelicano phosphate 

Nitrates (sodium) . . 
Potassium (chloride) . 
Lime and carbonates . 
\Vheat . . . . . . . 

$16 (pesos) per kg. of P 20 5 

19.20 per kg. of P 20 5 

10.06 per kg. of nitrogen 
13.00 per kg. of K 20 
1.25 per kg. of CaO 
3.73 per kg. of wheat. 

This table shows that the various fertilizers (6) other 
than calcium are 3 to 4.5 times more costly than wheat. 
Tpis relationship is disproportionate if we consider that 
in the United States in 1948 wheat was quoted at $ U.S. 
2.04 per bushel, or 7.5 cents a kilogramme, and phosphoric 
oxide cost 8.5 cents a kilogramme. 

It is thus evident that the prices of Chilean fertilizer are 
excessive and that new ways must be found to reduce the 
cost of its manufacture. If the prices continue to rise, the 

Summary of Discussion 

The CHAIRMAN said that the importance in food pro
duction of the fertilizer industry, the foundations of which 
had been laid in 1842 by John Bennet Lawes, could not be 
overemphasized. It was therefore important to examine 
the world's fertilizer resources. 

Mr. LEHMANN said that the Fertilizer Committee of the 
Food and Agriculture Organization had, before its dis
solution on 30 June 1949, prepared very detailed statistical 
tables of the production and consumption of fertilizers 
country by country throughout the world, copies of which 
he would distribute. Having participated in its prepa
ration, he would gladly answer questions on it. 

In the absence of its author, Mr. Lehmann presented 
Mr. Le Cornec's paper on the "Estimate of World Supplies 
of the Principal Plant Nutrients by Cost Range". 

Mr. Le Cornec examined world resources in the pro
duction of phosphate, potash and nitrogen fertilizers. The 
problem of reserves of phosphate and potash fertilizers 
would not arise in the near future but reserves of high
grade phosphates, which were particularly useful, would 
have to be husbanded. 

Reserves of potassium salts were very unequally 
distributed. 

The world supply of nitrogen fertilizer depended mainly 
on synthetic industrial production which already consum
ed the equivalent in power of twenty million tons of coal 
annually. 

If world sulphur resources became exhausted, the phos
phate fertilizer industry would require about the same 
quantity of power. 

Mr. Lehmann drew attention to the figures given for 
world reserves of raw phosphate, potassium salts and 
nitrogen. He regretted that Chile had been unable to sub
mit a paper to the Conference but thought the figure given 

country will be unable to supply its land with the fertilizer 
necessary to increase the yield of crops. Despite the im
proved yields obtained experimentally, it will be hard to 
convince the farmer that his biggest operating expense 
should be for fertilizer, seeing that outside factors can 
nullify good crops and threaten rural economy. 
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for Chilean nitrate by Mr. Le Cornec was in accordance 
with Chilean estimates. 

Although phosphate and potassium reserves were 
practically unlimited, only a small proportion of them 
could be economically exploited because of difficulties of 
transport and distribution. Immediately after the war, 
great efforts had been made by the IEFC Fertilizer Com
mittee to distribute fertilizer reserves as equitably as 
possible. 

Mr. Lehmann also drew attention to a United Nations 
report shortly to be published on an F AO Mission to Latin 
America which had studied the question of fertilizers. 

Mr. JACOB presented his paper on the "World Resources 
of Principal Inorganic Plant Nutrients". 

Although his paper was limited to nitrogen, phosphorus 
and potassium, recent research had shown the need for 
applying to certain soils and crops an increasing number 
of the other nutrient elements-notably, calcium, magne
sium, sulphur, boron, manganese, copper and zinc. 

Each of the major sub-divisions of the earth-atmos
phere, lithosphere and hydrosphere-was an economic 
source of one or more of those three elements. 

He was interested to note that the figure given by 
:Mr. Le Cornec for reserves of phosphate rock was higher 
than his own. The chief difference lay in the estimate for 
French Morocco for which his own figures were probably 
much too low. 

In the figures of potash reserves he had quoted the 
lowest figure given for Germany. 

.:V1r. VELAKDER, in the absence of its author, presented 
Mr. Nordengren's paper on "Resources of Minerals Con
taining Phosphorus and Potassium in Sweden and their 
Utilization in the Fertilizer Industry", which dealt with 
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conditions that had arisen and researches that had been 
undertaken during the war. 

Mr. Velander emphasized particularly the question of 
apatite-containing iron ores. The chief difficulties in their 
utilization lay in their low phosphorus content. 

The process of mining, crushing and separating the ore 
was expensive and when it again became possible to im
port phosphates from other countries, the super-phos
phate factories would use those again and the apatite ores 
were held in reserve in case of future need. 

He also drew attention to the granulation of super
phosphate and emphasized the great conservation which 
might be effected by Franck's method. 

Mr. S. T. JENSEN said that Mr. Jacob had referred in his 
paper to subterranean deposits of soluble potash in Den
mark. Mr. Jensen himself had no knowledge of such 
deposits, and wondered what the possibilities were of 
potassium production in that country and whether they 
would be sufficient to meet future consumption. 

Mr. JACOB said his information was drawn merely from 
recent notices in trade journals on reported discoveries. 

Mr. RATINEAU said nitrogenous fertilizers were of con
siderable importance to western Europe, and that syn
thetic production had recently been increased in France as 
well as other forms of "complete" fertilizers. 

Fertilizers were incorporated in the soil rather than used 
as a top-dressing. There was a tendency to develop 
granulation in France in order to facilitate sowing of the 
fertilizer. 

Referring to the question of potassium in Denmark, 
Mr. VELANDER explained that extensive borings had been 
made in southern Sweden and Denmark in an attempt to 
find oil. Ten per cent brine had been discovered in its 
place, but Mr. Nordengren saw little hope of obtaining 
potassium from it. 

Mr. ELLIOTT said he had been particularly interested in 
Mr. Nordengren's paper since similar conditions existed in 
New Zealand, particularly in the matter of high fixation. 
He wondered how effective granulation could be in over
coming it. 

Mr. JACOB said that experience in that matter had been 
conflicting but that in the United States, in general, no 
great difference in crop yield had been found between 
powdered and granulated super-phosphate. 

Mr. BLONDEL commented on the new phosphate deposit 
in Indo-China mentioned in Mr. Le Cornec's paper. Since 
phosphate was relatively cheap, the cost of transport was 
very important. There was no real world market for phos
phorus, merely regional markets. Since the Pacific area 
was not nearly so well provided with phosphorus as the 
Atlantic, the development of that deposit in the Pacific 
area was important. Moreover, although reserves of low
grade phosphate rock were plentiful, reserves with a high 
phosphorus content were small, and this deposit had the 
advantage of being of very high content apatite. During 
the war it had been exploited by the Japanese who had 
extracted 300,000 tons from it. The 100 million tons 
which Mr. Le Cornec gave as its possible reserves were un
doubtedly an underestimate. 

SUMMARY OF DISCUSSION 

Referring to the question of granulated super-phos
phate, Mr. DuLEY said that it had been found that the 
application of pulverized super-phosphate in the row gave 
as good results as the use of granulated super-phosphate. 

Mr. VELANDER stated that it had been observed that 
the roots of plants searched for granules even if they were 
not in the same row. 

Mr. JACOB could not give any information on the sup
posed discovery mentioned by Mr. Erselcuk of phosphate 
in the Shantung Peninsula by the Japanese during the 
war. He indicated, however, that a deposit not of apatite 
but of phosphate rock had been discovered in the Yunnan 
Lake area of China which probably contained some 50 to 
75 million tons; it appeared similar to deposits of phos
phate rock in the Asian portion of the USSR and the 
Rocky Mountains area of the United States. 

In the absence of its author, Mr. LEHMANN presented 
Mr. Curtis' paper on the "Economics of World Supply of 
Fertilizer Materials and their Use". 

The Tennessee Valley Authority had achieved important 
results in production of fertilizers of all sorts and had, for 
some years, participated in a programme for the export of 
nitrogen. 

Mr. Curtis said that it was more important to use fer
tilizers to induce growth of the types of plants that con
tributed to soil erosion control than to use them merely to 
increase the quantity and quality of crops. Unfortunately 
such a use could be practised only so far as it could be 
geared to the complex economics of quickly profitable 
farming. 

In the short range objective of the average farmer the 
order of importance of results was: an increase in the 
quantity and quality of crops; the more advantageous use 
of farm lands; the maintenance of the supply of mineral 
nutrients in the soil; and the decrease in soil erosion in 
that order. 

On the other hand, from a universal point of view, the 
order of importance was reversed. For whatever purpose 
fertilizers were to be used, however, it was desirable that 
they should be produced and delivered as economically as 
possible. Costs deriving from items other than manu
facturing, such as freight, bags and handling, decreased 
with increasing concentration of products. 

Although some high-content phosphatic fertilizer had 
been produced, the main supply of agricultural phosphate 
was still ordinary superphosphate with a P 20 5 equivalent 
of 16 to 20 per cent. More concentrated phosphate pro
ducts could compete with superphosphates only where 
long freight hauls or other factors favouring the con
centrated products more than offset their higher cost of 
production. 

Although nitrogenous fertilizers were currently used in 
greater quantities than ever before, the Chilean nitrate 
industry's part in supplying them had decreased as the 
production of synthetic nitrogenous fertilizers had in
creased. The change in the situation had resulted in 
lowering the cost of agricultural nitrogen. The synthetic 
products carried a considerably higher concentration of 
plant nutrient than did Chilean nitrate. 

The German potash industry had once had the monopo
ly of world supply, but in recent decades the development 
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of potash mines and refineries in the United States had 
made the latter independent of European sources. 

The CHAIRMAN said that it was strange that the fertilizer 
industry had changed so little since its initiation by John 
Bennet Lawes in 1842. He wondered whether farmers 
were obliged to use what the fertilizer industry found it 
most convenient to supply to them, or whether they really 
got those fertilizers which were most suited to their needs. 
The subject was a difficult one on which to carry out 
research, and the work of the TV A was therefore very 
important. 

Mr. ELLIOTT presented the paper by Mr. Grimmett and 
Mr. Elliott on the "Economics of World Availability and 
Use of Fertilizer Materials". He explained that in New 
Zealand, agriculture was organized to make the raising of 
pastures for dairy farming one of the most important 
branches of farming. Most of the soil was phosphate
deficient and the use of phosphates was of great im
portance. Under conditions of high rainfall, water-soluble 
phosphates appeared not to be the solution to New Zea
land's problem. Imported rock phosphate was used for 
the manufacture of superphosphates. Due to a shortage 
of the former during the war, it had been decided to have 
recourse to superphosphates reverted with serpentine. 
Three parts of superphosphate were mixed with one part 
serpentine. On a weight-to-weight basis, it gave results 
equivalent to superphosphates, with a potential phosphate 
saving of 25 per ceiJ.t. Many observational and yield trials 
had been made on pastures and the resulting evidence 
was inconclusive. It had some advantages over ordinary 
superphosphate; it did not rot bags; it did not injure 
germinating seeds; it stored well, and it ran freely through 
fertilizer distributors. 

Where soil and climatic conditions were similar to those 
in New Zealand, serpentine superphosphates should be 
given a trial. New Zealand was very much interested in 
the efforts of manufacturers to conserve raw material and 
was therefore watching TVA's work very closely. 

Mr. MuKHERJEE presented the paper by Mr. Ray on 
"Economics of World Availability and Use of Fertilizer 
Materials". From the estimates made there of India's 
probable requirements and its probable .supply, it was 
obvious that the greatest need of the agnculture of that 
country was the provision of more fertilizers. A project 
had been begun for the manufacture of ammonium sul
phate at Sindhri; the factory was expected to produce 
350,000 tons per year. Production would begin in about two 
years. Two smaller plants were in operation, one in 
Mysore and the other in Travancore. The aggregate pro
duction of all three plants, however, would be only a 
fraction of the estimated requirements. 

Continued use of ammonium sulphates alone upset the 
ratio of nitrogen and phosphorus in the soil. Phosphatic 
fertilizers would probably have to be produced to rectify 
that. Phosphatic ore deposits were poor in India. Purifi
cation of such ore by beneficiation had not been success
ful. Rock phosphate would therefore have to be imported. 
In 1946-1947 India had received only 1.3 per cent of the 
world's nitrogen supply. It had requested from the Inter
national Emergency Food Council 48 thousand tons of 

nitrogen fertilizers, but had obtained only 33 thousand 
tons. 

To the problem of availability of fertilizers was added 
that of the high transport costs. Unless ammonium sul
phate could be delivered to the farmer at lower cost, it 
would not be attractive to him to use fertilizers more 
liberally. Therefore India's problem was to produce 
cheaper fertilizers. Unless that could be accomplished and 
unless the country received full international co-operation, 
the people would not be provided with an adequate food 
supply. 

Mr. jACOB explained that ground phosphate might play 
an important role in the agricultural systems of many 
countries. In 1948, 800,000 tons or 10 per cent of the total 
production had been used in the United States with good 
returns. It could be used to advantage in many countries 
which did not have the facilities for making soluble phos
phates. 

The CHAIRMAN added that it had been used on acid soils 
in his country, especially for crops of turnips and grass. 
In drier areas in which the soil was not acid, the results 
were not as good; it was too slow to be attractive for use 
by farmers in such areas. 

He remarked that serpentine mixtures had been tested 
in Rothamsted Experimental Station. It was thought 
that they had no advantage from a crop-growing point of 
view. English legislation concerning fertilizers required 
that phosphates in compound fertilizers be declared in 
terms of water solubility, and that this had deterred 
manufacturers from undertaking the development of 
new types of phosphate fertilizers. 

In reply to a question from Mr. DuLEY concerning the 
use of serpentine fertilizers, Mr. ELLIOTT explained that 
in New Zealand it was believed to give good results; at 
least the data obtained in the trials had been interpreted 
to mean that. One suggested reason for that was that in 
fairly acid soil, with high rainfall, water-soluble phos
phates became fixed. Another suggestion was that 
magnesium phosphates were more effective as a carrier 
than calcium phosphates. 

Initial trials had indicated that it gave good results, but 
some doubt persisted regarding its effectiveness. Tech
niques for measuring the actual results in the field were 
extremely difficult to work out. 

Mr. F. HARDY stated that the use of silica-phosphates 
made by fusing Uganda raw phosphate with sodium car
bonate from salt lakes in East Africa was very promising. 
He asked the opinion of the Chairman on the subject. 

The CHAIRMAN explained that some field trials had been 
carried out in Africa, but that the work had not progressed 
far. 

Mr. GREENE, referring to Mr. Jacob's remarks on the 
use of ground phosphate, stated that he considered that it 
might be used to advantage in some tropical areas, es
pecially in humid tropical regions. He had heard in Suri
nam that it produced good results in Indonesia. 

He had noted in Brazil that the soil which had been 
ruined by coffee-growing could be restored by the ad
dition of ground phosphate and some organic matter. 
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Mr. jACOB, in reply to Mr. Hardy's question concerning 
silica-phosphates, said the process was probably used in 
East Africa because of the high iron and aluminum content 
of the phosphate rock, which did not lend itself to treat
ment by addition of acids. 

Silica-phosphates had been used to a small extent in the 
United States. In general, his experience had been that 
the de-fluorinated phosphate rock produced by TVA gave 
good results on farms where the soil was non-alkaline. But 
in alkaline soils they were not as effective as water-soluble 
phosphates. 

He explained that granulated superphosphate had 
certain superior qualities. It probably produced no greater 
yield than the powdered form, but it had the advantage of 
being easy to distribute and it did not cake. It had been 
widely used in dairy barns where it was sprinkled on the 
floors to conserve the nitrogen in manure. 

The CHAIRMAN added that although it ought to be 
expected to be advantageous in soils in which phosphates 
were easily fixed, fwld trials had not shown that it made 
any appreciable difference. 

Mr. l\h.:KHERJEE stated that in India superphosphates 
had not always proved superior to bone meal and rock phos
phates. Superphosphate did better in alkaline soil than 
the others. India was experimenting with different forms 
of phosphates and with nitrogen types of fertilizers. The 
country could not obtain adequate supplies of fertilizers 
from abroad. 

Mr. GuiLLAUME stated that experiments in the French 
territories of Africa had shown that finely ground phos
phate gave good results in tropical areas. 

Mr. GREENE called attention to table 5 in the paper of 
the International Emergency Food Council. It showed 
consumption of phosphates in terms of P Ps to be 2 
million tons in Europe and 2 million tons in the United 
States and Canada; it was very low in South America and 
Asia. He had been in South America on behalf of F AO to 
estimate the needs of Latin American countries for the 
following few years. He considered that their most urgent 
need would be for rock phosphates. They would not be 
economically able to import enough for their needs. He 
hoped that a conference of Latin American countries 
would be held to discuss their common problem and find a 
solution for it through co-operation and importation. 
Importation, however, was not the ultimate solution. It 
was necessary to make arrangements for distribution of 
fertilizers throughout the countries and for field experi
ments and demonstrations. He hoped that commercial 
fertilizer companies would help to solve the problem. 

A similar situation existed in Asia where larger supplies 
and wider distribution of fertilizers were necessary. 

Mr. KELLOGG wished to emphasize that world supplies 
of manufactured fertilizers were far below real needs for 
economical farming and production of adequate food 
supplies. This did not mean that the raw source materials 
were in short supply. The shortage was due to lack of 
research facilities in new countries, especially tropical 
countries; lack of advisory services to make recommen
dations to farmers-a lack which was felt even in the 

SUMMARY OF DISCUSSION 

more advanced countries; and existing economic facilities 
and arrangements, which were not favourable for the 
manufacture of fertilizers. 

Persons interested in the food supply of the world felt 
great concern about the necessity for enabling farmers to 
make a good living. 

The economic situation should be studied. Plants 
should be built to manufacture fertilizers, and arrange
ments should be made to distribute them wisely. 

The CHAIRMAN agreed that lime and fertilizers could do 
more than anything else to develop the food supply. In 
under-developed countries, there would always be the 
problem of the cost of transportation over great distances. 
Possibly increased demands would bring about a solution 
of the problem. 

Mr. JENSEN agreed with Mr. Kellogg that action must 
be taken to furnish the under-developed countries with 
fertilizers. In reading Mr. Ray's paper, he had been 
shocked to learn of conditions in India. They were due to 
the unreasonable lack of grains, which were in turn due to 
unreasonable lack of fertilizers. If during a period of war 
millions of tons of combined nitrogen could be produced 
for manufacturing explosives, adequate supplies of ni
trogenous fertilizers could certainly be produced in peace
time. 

The CHAIRMAN drew the meeting's attention to Mr. 
Vial's paper which had been distributed among the parti
cipants and would be considered as read. 

Before declaring the general discussion open, he also 
drew attention to a recent and relevant publication by the 
Tennessee Valley Authority entitled "Soil, People and 
Fertilizer Technology". 

Mr. ZucKER:>.fAN said that he had been greatly impressed 
by the statements on the maldistribution of fertilizers 
made by Mr. Kellogg and Mr. Jensen and also those con
tained in Mr. Ray's paper. Although the figures quoted 
appeared reasonable and encouraging, no estimates had 
been given of the rate at which fertilizer could be made 
available in relation to the urgency of needs which were 
being expressed in the course of the discussions. In that 
connexion, it would be pertinent to know whether the 
preliminary figures for consumption in 1948/1949 given in 
the tables drawn up by the IEFC Committee on Fertilizers 
(IEFC/Fert(49)79) had been fulfilled in practice and 
whether it would be possible to draw up similar pre
liminary estimates for 1950/1951 and 1951/1952, especially 
in view of the operation of the Marshall Plan. 

Manufacturers appeared to be reluctant to increase pro
duction too rapidly. Mr. Ray's paper had shown clearly 
that production fell very far short of filling estimated 
requirements in India alone. He agreed with the Chair
man that there might be grave doubts whether the farmer 
was obtaining the fertilizer he really needed or merely 
what the manufacturer thought fit to supply. He agreed, 
moreover, that it might well be necessary to standardize 
compound fertilizers. A preliminary study of fertilizer 
habits would have to be made, since prejudice appeared to 
militate against the use of certain types of fertilizer in 
various regions. It would have to be ascertained whether 
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such traditional prejudices were based upon scientific 
knowledge or upon defective sales organization and con
sequent lack of availability. He was unable to understand 
the Chairman's contention that the laboratory was not the 
place in which the relative cost of different fertilizers per 
unit could be studied. 

Mr. Zuckerman thought that the real use of fertilizer 
was not just to increase the productivity of areas already 
producing but also to diversify agricultural crops and thus 
obtain a more balanced agricultural economy. 

The CHAIRMAN, replying to Mr. Zuckerman, explained 
that he had meant that the laboratory was not the ap
propriate agency for developing new types of fertilizer 
because as a rule it had not the proper facilities for doing 
so. The laboratory could produce only small supplies of 
a new fertilizer with which to experiment and could there
fore judge neither its commercial possibilities nor produce 
sufficient amounts for tests in the field on an adequate 
scale. Only a considerable commercial undertaking or a 
research station operating a pilot plant could carry out 
that work. 

Mr. FATHY said that an agricultural college in Cairo had 
experimented for ten years with Chilean sodium nitrate 
over a small area. Slight changes in soil composition had 
been noted, but the crop had decreased. In another area, 
calcium nitrate had been used, but had shown no decrease. 
The reason might have been that the soil became alkaline. 
Rock phosphate was useless in Egypt. Calcium diphos
phate or superphosphate was the only type of phosphorus 
which had yielded good results. 

Mr. BRADFIELD said that he entertained little doubt 
that the use of fertilizer would increase in the United 
States; in the preceding ten years it had in fact been 
doubled. Much, however, remained to be done. The use 
of fertilizer appeared to be misdirected, badly distributed 
and extravagant in many cases. Frequently only from 
five to ten per cent of phosphatic fertilizer was taken up 
by the crop, whereas about ninety per cent seemed to 
revert to less available forms. In many areas in USA, 
several times as much phosphate was being applied each 
year as the crops removed. In the potato-growing areas 
of Long Island, for example, two or three hundred per 
cent as much fertilizer existed in the ground as had been 
there when the fields had been originally put into culti
vation. From the point of view of conservation it might 
be wondered whether such practices were not extravagant, 
partie ularly when in other areas in New York State very 
inadequate amounts of phosphoric acids are being used. 

The problem, therefore, was to discover methods to make 
more efficient use of fertilizers and especially to see that 
they are distributed to those areas where they ·will bring 
the greatest possible returns. Experience had shown that, 
when a shortage of fertilizer existed, the tendency had 
been to distribute the supplies to areas which had pre
viously used large quantities, although areas with heavy 
fertilizer dressings in fact gave the smallest returns for the 
additional new supplies. The results in such cases had 
been precisely the reserve of what had been intended, 
minimum instead of maximum returns from the limited 
amount of fertilizer available. 

The CHAIRMAN said that a similar problem had arisen in 
Europe during the war. The object should have been the 
increase of the yields of areas which had previously been 
less fertile than others; but the rationing system, although 
it had worked reasonably well, had not always achieved 
this purpose. 

Mr. GREENE observed that it was incorrect to suppose 
that fertilizer yielded the same results in tropical and 
temperate climates. It was also not true to say that the 
disadvantage of providing fertilizer to farmers in under
developed regions was that the farmer, who was under
nourished, would simply consume his increased yields and 
so fail to pay for the fertilizer or for future fertilizer re
quirements. Such problems were not in fact insoluble. In 
tropical areas, the law of diminishing returns undoubtedly 
operated in the use of fertilizer in many cases. In others, 
however, it had been found that the first and even the 
second and subsequent applications of fertilizer yielded no 
response, but that there was a threshold period after 
which responses became satisfactory. An experiment 
along such lines had recently been successfully concluded 
in Trinidad. That process was the more encouraging ap
proach to the problems of the under-developed countries. 
It involved initial economic difficulties but permitted far 
more satisfactory responses once the threshold period had 
been passed. 

Mr. WELCH observed that another approach to the 
problem was the use of fertilizer for the diversification of 
crops. The object of the use of fertilizer should be the 
raising of different crops, not the intensification of existing 
ones. 

Mr. VELANDER said that the Netherlands was planning 
to increase the production of fertilizer although it already 
used more fertilizer per acre than any other country. 

With regard to the idea that immense tracts of tropical 
country could be brought into cultivation by the use of 
fertilizer, it could be expected that large crops could be 
raised from virgin soil at least in the earlier years until the 
minerals in it had been seriously depleted. Tropical land, 
however, suffered enormous leaching, so that very much 
more fertilizer per unit would be required than elsewhere. 
Studies of trace elements had been undertaken in Sweden 
and it had been found that an increase in major elements 
might not be advantageous. 

Mr. Velander raised the question of the fertilizer desirable 
in the case of depleted forests. As thousands of tons of 
timber were being taken out of forests annually, fertilizer 
must be used either for the replacement of the trees or for 
converting the land into crop-bearing soil. 

With reference to the suggested use of granulated phos
phates used with manure on the floors of dairy barns, he 
thought that that might provide an interesting compound 
but wondered in what country that practice was em
ployed. 

Mr. ERSELCUK said that the tables drawn up by the 
IEFC Fertilizer Committee showed that certain parts of 
the world did not produce or consume any considerable 
quantity of potash. Mr. Jacobs and Mr. Le Comec had 
stated that the distribution of potash supplies was very 
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defective and the cost of transport excessive. The reserves 
of.alunite might be studied. Alunite had been exploited 
by the Japanese during the war, by the United States 
since 1934 and by the Union of Soviet Socialist Republics 
since 1938. There might be possibilities of producing from 
it both potash and aluminium, especially in view of the 
shortage and bad distribution of bauxite. 

lVIr. jACOB said that such double production was tech
nically possible and had been carried out in Australia. If, 
however, it was possible to derive potash and aluminium 
from less costly sources, it was not very probable that 
alunite would be used extensively. 

Mr. KELLOGG referring to the productivity of v1rgrn 
soils, said that humid soils gave good yield only in the 
early years of cultivation. Fertilizer was required for the 
raising of productivity very considerably higher than that 
of the virgin soiL The requisite level of fertility frequently 
bore no relation to the productivity of the virgin land. He 
agreed with Mr. Welch that fertilizer should be employed 
for the promotion of the crops which otherwise might not 
be grown at all rather than for the intensification of 
existing crops. It was not a general truth, as was generally 
believed, that fertilizer usually improved the quality of 
crops. Many soils had a low phosphate content and there
fore produced crops equally deficient in that element; the 
chemical reason was not known. Fertilizer therefore did 
not usually have a great direct influence upon nutrition. 
Often it had a very great indirect effect by stimulating the 
growth of new nutritious crops such as legumes. 

Mr. DEHAAN suggested that more attention should be 
paid to the use of legumes and to terracing. Terracing had 
produced useful results in Java. Although the process was 
laborious-requiring 500 man-days per hectare-the 
value of the soil had increased three times. Organic 
manure could be used after terracing, which implied that 
mixed farming could be initiated. Mixed farming would 
lead to the planning of commercial farming and thus to the 
introduction of a desirable money economy. 

Mr. LEHMANN, replying to Mr. Zuckerman, said that the 
IEFC tables for 1948/1949 (IEFCJFert (49)79) had been 
found to bequiteaccurate. Todrawuptablesforsubsequent 
years, however, would be more difficult. Distribution was 
the main problem. The problem was also economic: the 
manufacturers would not produce fertilizer unless they 
were assured of a market for it. There could be no doubt 
that the need for fertilizer was very great; the problem 
was how to supply it. The question of transport costs 
required exhaustive study. With regard to Mr. Ratineau's 
observations on synthetic nitrogen, that element could be 
manufactured anywhere where adequate supplies of power 
and fuel existed. Many countries had recently either in
creased or developed an industry of that kind. The cost 
factor, however, was still the overriding consideration. Ex
haustive studies should therefore be made of the question 
in what cases it would be preferable to (a) build an in
dustry, (b) to increase production or (c) to concentrate on 
importing the material. If all countries became self
sufficient in synthetic nitrogen a surplus would soon 
develop and that would hurt the traditional exporting 

SUMMARY OF DISCUSSION 

countries such as Chile, Canada, Norway, Belgium, etc. 
The problem was a serious one and worth thorough con
sideration at a very high level and preferably through 
international discussion. 

Mr. JENSEK asked whether it was true that the ap
plication of anhydrous ammonia in the United States had 
resulted in a 50 per cent reduction in cost of combined 
nitrogen and whether its use could be adapted to countries 
with small farm units. 

Mr. jACOB replied that that compound was used in 
Arizona and California, where it had been employed in 
conjunction with irrigation for direct application to the 
soil. During the war work on similar lines had been begun 
in the Mississippi delta area and a great deal of money had 
been invested in storage and transport for direct appli
cation to non-irrigated farms. Approximately 35,000 
short tons of nitrogen had been used in that compound in 
1948. It was hard to forecast how far the use of that com
pound would be extended since it had previously been 
employed mostly on land requiring nitrogen, but not 
potassium or phosphate. It seemed unlikely that it could 
be used on small farms or more hilly terrain with any 
economic advantage. 

Mr. HARDY asked Mr. Jacob his opinion on the use of 
urea as a nitrogenous fertilizer. It had been used in 
tropical areas in spray form on bananas, thus saving waste 
from the washing out of the soil. 

Mr. JACOB replied that the use of urea in spray form had 
been confined mostly to the treatment of apples in the 
United States. In Hawaii it had been used on pineapples. 
Urea was very concentrated, containing as it did 42 per 
cent of nitrogen, it was also non-explosive and non-in
flammable. Its production cost, however, was higher than 
that of ammonium nitrate and its physical properties were 
not entirely satisfactory. Nevertheless, it had consider
able possibilities for spray application in tropical regions. 

Mr. FATHY said that a plant for the production of 
calcium nitrate was being built in Egypt which would 
cover fifty per cent of that country's requirements. As 
soon as the electrical power plant at Aswan had been 
completed, a plant for the production of ammonium ni
trate would be built and would produce in quantities 
sufficiently high to permit export. Superphosphates from 
naturalrockphosphate were produced inadequatequantity 
and it was hoped that exports to the )1iddle East would 
be possible. 

Mr. ERSELCUK said that Mr. Lehmann had suggested 
that commercial firms were likely to use the cheapest 
possible raw materials in producing fertilizer and that 
transport costs were very considerable. It seemed likely, 
therefore, that countries producing fertilizers would not 
spend any considerable sums on research into low-grade 
materials because their advantages would be offset by the 
high cost of transportation. It might, however, be pos
sible for the highly-developed countries to conduct re
search on the low-grade materials and transmit their 
findings to the under-developed countries, which otherwise 
could obtain fertilizer either at unduly high prices or not 
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at all. The IEFC tables showed that millions of people 
were obtaining no fertilizer at all. 

The CHAIRMAN said that the discussion had brought out 
clearly that although the world reserves of phosphate and 
potash were very great they were not unlimited, particu
larly the high grade materials. Consumption would, no 
doubt, rise steeply so efforts should be made not to use the 
existing abundant reserves wastefully. The fertilizer in
dustry should try to produce fertilizers which would be 
more efficiently utilized by crops. Dr. Bradfield had 
mentioned the low percentage of the phosphate applied 
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which was taken up by crops, much of it becoming bound 
up in the soil in forms which were only very slowly avail
able to plants. Intensified efforts should be made to over
come this. Even the recovery of nitrogen and potash in 
the crops was not particularly high. There were unlimited 
supplies of nitrogen in the air and in the case of potash 
there were now possibilities of recovery from the sea but 
it was highly important to produce the most effective types 
of fertilizers and to apply them in such a way that they 
would be efficiently utilized by crops. There was also a 
pressing need to provide adequate supplies of fertilizers to 
the under-developed regions. 
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