GENERAL _——

UNITED NATIONS : E/CN,12/293
ECONOMIC WS v
AND 57
SOCIAL COUNCIL

ECONOMIC COMMISSION FOR LATIN AMERICA
Fifth Session

Rio de Janeiro, Brazil

6 April 1953

STUDY O& IRON AND STEEL INDUSTRY AND REPCRT ON MEETING
OF EXPERTS HELD IN BOGOTA AND SPONSORED BY THE
ECONOMIC COMMISSION FOR LATIN AMERICA
AND
TECHNICAL ASSISTANCE ADMINISTRATION

VOLUME I

This document by the ECLA Secretariat will be incorporated
into the final repart on the "Expert Working Group
on Iron and Steel Industry in Latin America",
to be published jointly by TAA and ECLA,
The final repart will contain, in
addition, the background
papers presented by
‘the experts and
summariés of the discussions

. y N “ad A~ fgenied Nt
% This document has heen revroduced in MNew York from the ori~inal iscued ot
_ Santiaco, )



CAPT.R 1.

CHAPTLR IT.

CIPTER ITIY.

Paze 1

RPN
Coceiits

;’ROK TaD
2L LTS SPCLUSCR. ‘JD B Thes

STuUDY O" ST L THDHSTRY LD RelCRT ON

MR : LCOICHIC
CO. .} I‘SSLO‘ SOR LATTT ‘_IJ*LIQ oo heD TilCHITCA

}“LS LDq.u‘ \J.Ll M,I]LT1 FC),LH.. ”T .

LUWRODUCYTON ...

c e e s e e

Prelirinary Resulls of the Survel ooveeee...,
L. ""uelPro“lf‘s e e eae e reeeee
2. Techricesl Pro .d vy tre Cemposition
of the e e e
3. Transvorts e et
4 Tachdeal Provlets Lrisine fror the Loos
cr St;el O L e
EXFORT VORKING CRCUF O IR0 LND S”J}L"L [IDUISTRY

meoTy
‘)1; B

I LITTX oo 1952

S ORYCL, HNLD 1IN 0%G
PoPARS /0D D‘ C”l SSTOP‘S RELATUG TO THe wXPauRT
VORKING CHOUP ON TION LD STl TLDUSIRY 1

LLTTIH “LICJ'. saiD Tics COLCLUSIONS [PPLICS LI

TO LTIV Ji ERICAK COULTRINS:

o
‘e e

Conclucions
Conclusions

of o Cuncral Chavecter oo.....
Referving to i eotd

. - ® e » @ D>
. Conclusions Referring to Tranil e

. Covclusions hef 01’:1_C to Chilc ter e
.. Conclusions Roferring to Colorie L.ou...

T.v; rrivg o Laxien Ceenese
KeJerriug to Feru ceeeaas
Refurr’_ag to Venoouala oo

. Conclun
s Conclug]
. Corclus

;Ol'it)
jons

.

05~ Gy £ W0 N

CONCLUS : 155 RALLIIUG T0 T4
COFC/INTHA TUILS

NI N T TN e
CevICnD TLCRLm'S

1. L.L,rodi’.cti.on e e baaie
2. Con) Hescrves in Lot
2. Co=t U':SHiHK_.............................
Ao Suitahiliiv of Coalz for Producins Moed )

e Jeetaldurmieol CoKe i e

Coad.
osdoition of
Trocae

Cokkiiz of Coonl and Dlends of
. Liprevements in Ceoine Thre
of Jnthracite or Cok

“ s e b e

1
07

3

o oo of Thteh, Lsupalis :1"”1 I'cLroleur
Dervatives in Coke lareifacle et e

i U ol watuenl Gos o in ;_il",& .'="urzz.'ic\'.-:s e

Yoo Infivipce of Nuelity- of Colte on the Operating

Costy of ‘Lo Cloet Murmace

® 6 8 s 8 4 s e e .

JCRPTIR TV.

.12/293

rarcc

AU}

i

O

10

11

12

}._.I
~~

LU\ W NN
s O DO



" E/CN,12/293
Page 2

CHAPTER IV,

CJAPTER. V.,

CONCLUSIONS RELATING TO PROGRESS IN IRON
AN® STEEL MFTALLURGY APPLICABLE TO LATIN
AJJERICAN COUNTRES @R 080 06000000 NessagRsea

I. FOR-EWORD P9 G0 S P OO 88 POV HSEI BN OHLES OO RN ISIRS
II. GENERAL SUMMARY OF FINDINGS sevececncene

1. Reductlon of Iron OT€S eeeeeecsccacccsncs
2, Traasformation of Pig Iron into Steel ..
3. Th2 Shaping of Steel ,iececeserservensne

ITI. DiTALLSD EXAMINATIONTOF IRON ORE REDUZCTION
Iﬁzl'}{om .I.....I...;..I.....'....l‘.",ﬂﬁ.

1, The Standard Blast Furnace and the Lcw-Shaft
Fm‘nace ...'.....li..".'.i..".'O..‘..

2. The Electric FumaCé R R I Y

3. Other Heduction Processes .eescesecessns

L. Desulphurization ceieeeseescescsceccscss

IV. DETAILED EXAHINATION OF STEELMAXING
PROCESSES ...l'....;.l.....'...I........

1. Basic Open-Hearth FUurnace ..ceceecescscee
2, Basic Electric FUrn2ce ,ceeecsecccsscses
3. Acid Open-Hearth and Electric Furnaces .
Lo Comverter ProCesSS€S .ce.ccceescscsscssos
5. Treatment of Medium Phosphorus Ores ,...
6. Utilization of O)Wgen 0secssnsvsccssess

ECONOMIC FACTORS AFFECTING THE CONSUMPTION AND
PRODUCTION OF IRON AND STHEEL IN LATIN AMERICA

l. Intrw.uction [N RN N NNE N XN NENENENNERNENNINNNY NS ]
2, National Income ard Steel Consumption .,

3. The Requirements, Availabilities and
Shortages of Steel in Latin America ....

L. Characteristics of Steelmzking Processes
a) Characteristics of the classical steelmaking
mocesaes (A RN ERENNENRNERENNNNENNENNENENIREMNNRENREHN ]
. b) Altermative processes for steel production

5. Analysis of Some Important Factors Relevant
to the Economics of Steelmaking in Certain
Latin American Locations esevecsccossssne

The degree of scarcity of resources and
the balance. of payments situation ...cee

66
66

67

69
71

73

73
78

85

85
86
86
86
87
89

91
91
92

'100

103

105

105

/Comparison of



5/CN.12/273

Tane 5

Conpnricon of Sticl Production Cos%s in Leotin
dgrerica rnd in the itod States L.l 107
L. Iiethod, eswptionsand Bxaipl s Soleeted 107
2. Resuito of /nalrsing the caxomples Sulectod 11z
The Effcect of Stedl Productlon on the Salance
ORI R0 A o vF S 119
Percentnge of Capitnl Coulficiorts in Stueld
Treasforring: Industrics in Relation to Cagital
Co.fficiont  din Stecliiiiing, the licspective
Value of the Latver Lolap 100 oo iienas, 12

)

é, Other Factors Affecting the Economics of
Steelmaking in Latin America . ocv.cnc.niiinn. o2

}._J
N
o

1. Specialization of Yroruchinti sovveeveen.
2. Foctors SfT pting ihe Cost of Tuported

=
N
AP

° L)L:(;‘(f’l e el s as voossevossoroectrserronans
3. TFactors not Dircctly link.d to Relative
Cesve of Produvction, nor o lrpurts ..

[
2]
-3

.

CHAPTER VI. COUCLUSIONS, X 'uj TING TO QuLLIT
FCIFICATIONS FOR STl PRODUCH

AlTD

A
cesenceone i<y

O )8 S N 3 1293

Genurel Clessificrtion of Sncciiicntions ond
Their Usag )

a) Specificutions Tased on licchanical

Fropurtiecs seevisnriineinnsoansooironas 131
b) Specifications Jascd on Chutend

Commositions Only .o it eiiiennenns 122
¢} Specificotions Brood on lioth f.echanical

Propertics and Chemicnl Composition ... 133

Ciescatceseren et enen st 130 .

f,‘

-

Basces Tor Standardization ond Soocifications
In Lalin /inoriCl et etecreere e taatcacnasas 134

ANHEXES

I.L. LIST OF LTI AiﬂRICAH FXPRTS PLRIICIPATING
TH THE 5B TTiE  eenense e et e 137

I.B. LIST OF BUROPELN LD HORTH .1 IWT00I ALTIRTS
PARTICIPLTTIC T9 THE 00T veveevnevnneens 144

LIST OF DOCUFINTS ..iD TECHNIC.L PAPIRS PRESINTED

T0 TiH LXPFRT VORKING GROUP ON TROH ,.ND STEIL

TEDUSTRY TN LATIH AZHICL  vveeemmnnvasesnnnes 149

<._<

=

III. AGEIDA v evieereeararescnnnnrasnennnsencannns 155



E/CN,12/293
Page 5

CHAPTER I, STUDY ON IRON AND STEEL INDUSTRY AND REPORT ON M:ETING OF
EXPERTS SPONSORED BY 'rm: ECONOMIC COWMTESTON FOP s TIN
AMERICA AND TRCHNICHL ASSISTANGE ATMINISTRATION

INTRODUGTION

The first industry systematically -studied by the Econondc: Commission
for Latin America, has Yeen lron -amd steelmakinggkl

The following considerations have influenced this Ureference

a) The importsnce of iron‘and~stqelmpk1ng for the economic
development of the countriésj o

b) The interest in the-industry shcwn_by several Letin American
governments, which hes resyited in.the férmulation of seversl
projects during the lasy h:w I cenvury, and o

¢) The frequency of discussions w1th0ut unlform criteria regarding
the advantege or disadvantage of instrlling such an industry in
specific countries,

Jn order not o unduly extend the scoperof thié survéy, the analysis
has been restrictad to seven conntries of the reg-on, in which either an
integrated steelmaking industry exists or which possess, accord1ng to a
preliminary investigrtion, the best oossibilities for the .es u1ulishment of
such an industry. These countries~ arve nrgentina Brazil, Chlle Colpmbia
Mexico, Peru and Venezuela.

The investigetion hrs been directed towards, five main objectives

a) Anslysis of the evolution of COHSmetlun.“nd supply of iron and
steel products,g/

b) Study of the hypothetical ccsts of steel productlon in selected
Latin Americen count:ies. These would ke compared with
hypothetical producticn costs in indust "1allzed countries and
with prices of impcried steel as dellve ed to dpoin American

markets;

_/ The study on productivity «f labour in the textilé 1ndustry of five
countries of Lotin America, unde-teken in 1531, refe"s only ‘to some
specirl aspectc of textiie industry.

g/ For the purpcse of this paper, and all documeitt:s relrted to the
Meeting in Bogotn, tne expression "steel products" refers to products
of the rolling mill and the orimary transforming industries. It
excludes, therefore, the steel cotained in manufactured goods,
eoulpment etc,

/c¢) Approximations of
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¢) Approxim-tions of the irrvestments. necesséry for establishing
Integratec steel plants, zpprcpriste to the size of the respective
markets, in the locetions mentioned in p~ragraph b); Y

d) Technicel problems hindering the development of ‘he steelmaking
industry in the region; and '

e) Structure of the existing metallurgical industry, and its
relation %o manufasturing activity in gere~l,

Prelimincry Resultis of the Survey

For the analysis of the points covered by parag:=vhs 2) and &), official
statistics of the different countries have been used. For studies on
questions relating to paragrachs b), ¢) and d), il became recessary to
investigate the relative impoi-sace of various 1loczl factory: reserves of
raw materials, their grades and locations, wage rates, sizes of markets,
ete, , ' '

The preliminary investigation indicated that some problems faced 211
seven countries; other problems apnlied only to several of ther; and
finally that there were certain difficulties applying exclusively to the
irdustry of some specific courtry.

Desuite the fact that several problems uncovered by the annlysis are
of a definite economic character (for exaxﬁple, production costs and
investments in steel plants) all of them x:are related to technical matters,
since the steelmaking process af'fects the; structure of costs, The choice
of the process is determined by severzl factors of which the most important
are, on one hand, the available raw materials, and on the other, the market,
the typs of products, their sizes the resnective total amounts, and the
erd use which will be given to them by the customers.

It is evident that similarities in market structure are much greater
between the seven Latin American counbrieis, than between the markets of
any one of them ard those of an industrieiized country. Concerning rew

_/ A steel plant which produces st least n part. of the necessary raw -
materlals, and manufactures pig iron, steel ingots and steel products,
"is called "integrated".

/materials, there
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materisls, there are many special problems in the region, a few .
applying exclusively to Latin America while_ ot.hers are also frequently ,
found in ot-her countries. The variety of cases is 8o large that, in
order -to encomo:'ss them all, it is necesgary to fgsort to the knowladgs .
and exnerience acmzmulated in those courrt.riea which h,ave a well—developod
steel industry.

The main conclusions of the study can be summarized es fcllows:
1. Analysis of consumotion in Afgentina, Brazil, Colombia, Cuba, Chne
and Mexico, shows thet during most of ﬁ'ﬁ'e"y'fﬁét!‘ﬁﬁemy-five years, almost all
of them have been unable to obtain the ‘stéel produéts which they needed.
Instead, they secured only such amounts as-their capacity to import would
permit them to buy abroad, .supplemented -by- existing local steel production, |
‘The majority of the countries whos.e,marketb lmvie‘rb'een investigated show -
deficits in their supply of steel productsi

2, The size of the plent is the single 'most important besring on costs,
If the scale of operstion is smnll, the custs and the investment ver unlt
of production are. high and oroductivity is low, ..

3. The consumption retes of even those Lat.in American countries using
the largest amount of steel, sre too” small’ to Justify the 1n8tallation of
modern specialized plants cepzble’ of‘tak:!.ng advantage of all the '
improvements which increase nroductiﬁty.

A Regarding costs, @ detailed analysis of the influence of the most
important factors affecting Latin pmerican steel industry, has been _
prepared, For that purpose, plants have been hypothet cally assumed, of
sizes appropriate to the respective markets. in different Latin American
countries, and their costs compared with plants of the ssme sizes but
located in Soarrows Point, United States. In this comoarison,, results
have generally been favourable for Latin America. ) R

In reality, the steelmakmg olants in the industrialized couubriea,
and especially in the United States. are mich larger and their costs,”
therefore, are analler than those whj.ch ‘heve, been calculatad for the
Latin American pla.nts. Neve*t.heless, with the exceotion of Peru and
Venezuela, thése differences are comnensated by ‘the higher tranaport
cost of steel from the industrislized countries to the Latin American

- /markets, .




B/CN.12/293

Pagse 8
HATLD L,

nioned exgspblons of Peru ewd Venezuela ocoue with

hppotheioal plents of 150 and 300 thousamd tens respechively of anmal
capashty.  The dleadveritzges of these eountries cen probably be eliminated
and the wvoel wost reduced L0, #5 an alterustive, production of pig iron

on @ bigosy sonle, (o euport, ls envisaged,

6,  fu all cases wnloh nove been snalysed, even in ihose which would
result iu high costs local producticn of steel lu Lalin America, would
resudt . o suisbontial ssving of forelgn exclhisuge ver unit of steel

manufactared. -

7. Steelmaking 13 & heavy iadustry and requires large irr:eztments.‘ The
capival dntensity is such tha'i; four or five uni“s of il.nveatmeht are required
to obtain one unit of production.]-'/ This relation generally prevails whether
the plant mines its own raw materials, or purchases them..

8. Ag 1s well known, since iron and steelmrking is a3 basic Irncdustry, it
reqlires a high investment per product or, ia other words, has a relativély
tow prodnet per unit of capital, Objections against establishing such
1ndustrdes in Latin fuerica have generall& been based on this fact, However,
it must oo remembered that iron and stee;@aking are activities which are
basic te uany other transforming irxiustri;ée, in which the product per umt
of investment is much higher, It is, the_}-efore, necessary to appralse the
Joint vroblem., Moreover, the establishment of the steelmaking industry

in Latin America has generally been the gesult of the need to substitute'
jmports by local production, in order to.permit a faster increase of the.
ma+donal income than the cavacity to import would permit. Consequemtly, it has .

29 wmmm

1/ The scarcity of steel, whicn has beeh a consequence of developments
after July 1950, has resulted in a considerable incresse in steel
prices, which has not been followed, in the same degree, by & rise
In capital good vrices. Therefore, if these price relations are
calculated for any period after 1950, the investment coefficient
will show lower figures than those presented here, It is possible
that once the new steelmaking facilities, which are being constructed
in many countries, start operation, the relative position of the prices
of steel products and of capital goods will come back to the position
of 1948, The data of this paper have, therefore, not been altered
but it should be emphasized that they seem to depict the most )
unfavourable situation which can arlse from the capitalization of
the steel Industry.

/to be admitted
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to be admitted thot in ordsr to sec-uic?-tiz caviaii-suwstibubtioos of {apoiris,

investments may have to be made, with & lower product o2y wmt of cacibal

than the averags of the invesimsits prevellling in the sconomy.

1. FPuel Problems

a)

b)
c)

In most Latin American countrisb, with vrobavly Lhs sole exgephlon
of Colombia, known cosl reserves ars searcs;
Few of the known deposits contéin ¢coklng coals;

Several of the gocd coking ccal’s of Latin America are difficult

This means an increase in the cost of washing, or, alternativelsy,

. of high transportation costs of the coal, and t)perablon costs of

o t.he blast fumace.

e)

£).

g)

The raw materials which exist in Latin Americe and can be used
for blending to improve the coking property of coals , Or a8

_substitutes for coks making, aré little known in general, Theiv

properties and possible apnlications have not been sufficiently
investigated,

The distences between coal mines and steelblants,ﬂ are generally
excessive and produce an increase in the cost of pig ‘ron, although
the 1influence of this loss varies as between the diffe.vént
countries,

Quality limitations in the coke which can be menufactured with

“local raw materials without increasing fuel cost excessively,

in seversl of the countries of the region, has resulted in some
instences in the limitations of the height qf the blast furnaces,
which in tum, reduces, their productivity. - |

Some of the coals , blending meterisls or substitutes for coal

~kncmn irn La{t;].n, America, have such a high sulphur content, that

either the possibility of their utilization has been excluded

‘z‘altogether, or the operatir\g costs of the blast furnsce have
_ been subbtantially Increased,

2. Technical Problems-Caused by *he Composition nf the Iron Ores

Problems .posed by the auality or aveilsbility of iron ores, are
considerably less importaftt -thon those resulting from fuels., Latin

/America in
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America in general, is rich in high-grade ore, and is at present one of
the most important exporters., Nevertheless, the following difficulties
can be menti»ned, which originate from the composition of scme ores.
a) In at least four countries {Argentinz, Brazil, Chile ard Mexico)
steel plants have te use iron ores with phosphorus content
which do not correspond exactly te the limits customary in the
steel reiining precesses of mére industrislized countries, The
phosphorous contermt 1s too high for the basic cpen<~hearth précess,
which is used for the production of 95 per cent of the steel of
the United States, amd too low for the basic converter process
(Thomas), widely used in the European continent. In such cases
it then becomes necessary to incur addsvicnal expeises, be they
for eliminating the excessive phosphorcus content, or recovering
it fer agricultural fertilizers,
b) In two of the countries rather unusual percentages of certain
impurities appear: arsenic in Mexico and titanium i~ Chile.
¢) Since each of t!@ integrated plants has few alteimaiive sources
of iron ore suppiies, the possibility is eliminated cf blending
various ores, ac :s frequently practised in industrialized
countries, This complicates the design ana operation of Latin
American steel plants, which in any event have to produce a
wider assortment of different steel qualities, in order to
cover as substantial a part &s possible of the country's steel
necessities,

3. Transportation Problems

The production of one ton of pig»‘_',_f.jx'on requires four to six tons of
raw materials, depending on the grado'fa_f the latter. Transportation of
raw materials therefore becomes an i’m'gértant part of total production
coste, and jointly with the transportéfion of the finished products to
the markets, determines the location ef the plant., In some of the
countries especlally in Brazil, Colmbi:ig and Mexico, distances are large,
transportation difficult, and steel coﬁ:_l%‘!umption is relatively scattered,
This explains why Brazil and Mexico ha'vé_ bullt more than one steel plant,
in spite of the fact that the resul’ciné reductien in scale of operatiens

/increases costs.
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increases costs. As hes been stated, not eventhei'!.'”t-bt'al'market.would, :
be sufficiert to Justify large-scale modern plamts which als.ic ensure.the
maximum productivity found in industrialized countries. S

A special technical problem seems to exist, therefore, in Latin 3

America, which consists in finding iron and steelmaking processes, which
could attain a higher productivity with small scale operations. Such
processes would find suitable application in isolated regicns in some of
the aforementioned countries. In addition they would permit the
- establishment of small steelmeking industries in other countries of the
region, which have not been included in this survey since the small size
of their markets would result in excessive cost of steel produced under
-classical processes.

"B. Technicsl Problems rising from the Uses of Steel

A

In countries where the steel transfoming industries have not been
developed, the largest proportion of the metal is used in the building
industry. In such a case,.the mein quality requirements which steel has

to satisfy are resistance and ductility. Chemical composition becomes

of almost mo importance, The requests made by some consumers that such
building materials should conform to narrow variations of chemical
compositions, umnecessarily increase production costs, and resalt in

a higher cost of steel for all consumers., It may also induce unnecessarily
high investments in additional plant facilities.

In view of the rapld growth of steelniaking in Latin America in recent
years, it seems advani;age_oﬁs to éstablish, ag soon as possible, standards
and specifications for such steels as are being produced. When preparing
these sfandards, consideration should be given to the use to which the
steel will be applied, the existing rew materials and facilitiés, and
the avoidance of unnecessary increases in p*&dﬁb’tion’costs. S

- The conclusiona ‘of ECLA's preliminary studles, especially concerning
the considerable rurker of technical problems which tend to {ncrease the
- costs of Latin American rteel production, suggested that great advantage
could be derived from a meeting of experts. An agenda could be submitted
/to them,
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Craomixie had feben a0 consideration the resalis of the

cucoe o chay offaved thaie co-operatien for the meeting ¢f the

snoU et gty Gvnop on Lren and Steel Industyry in Letin Americel,

Ir Orhober 1952, The meeting convened under the

Joind acspliees of BCl:e and The: tie OGoverrment of Colombia acted as host

arel gensrovsly provided for the materisl success of the meeting,

Tne meeting was operned on 13 Octover by His Excaillency +he President

of Colomhia, Dr. Roberto Urdaneta and adjourned ¢n 2% October ty the
Chairmen, Dr. Robertc Joramillo Ferro, Gereral Mernager of the Paz de Rie
company of Colembia,

One hundred end seventeen exmerts participated in the meethgl/and

elghty-two background pepers were conxributed 2/ o The partieipanis and the

authors of the papers w:rs chngen from nineteen aifferent countries,

In the opening session Dr. Rubefpp Jaramille Ferro was elected

Chairman. Sewven Vice-Presidernts werq’nominated, ene corresponding to
each of the Latin American countriesfwhich participcted in the meeting.z/

1/
2/
3/

Annex I contains the list of participants,
The names of the autho»s and the titles of the vapers appesr as Annex II,
Argentina: Engineer fugusto Legrand, Sociedad Mixta Sidémirgica Argentina,
Brazil: Enganheiro Eduerdo Pylos Lozano, Companhia Mineragais do
ﬂr: 513 .
Chile: ‘ngineer Danils Vucetieh, Compafifa d¢ Acero del Pacffico, S.A.
Colombia: fr Joaguin Frieto Isuza, Empresa Siderrgica Naclonal de
Paz de Ric 3.4,
w3zl Englneer Alfredo Gonzdlez Brllesteros, Compafifa Fundidora
de Hierro y Acero Montéerrey S.A. :
YT Engineer, Alfonso Bzlldn, Denartamento de Siderurgiza,
Corporacidén Perusna del Samta
“apgzuelas Briglneer frgenis Gembo2, Ministerio de Minas e Hidrocarburos,

/The substantive
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The subsgtantive matters desit with have baen suymmarissd in o8 ntene
Jeosnd VI ef inde gapo oo 0 miudeds
a) Fuel problems:

b)

c)

d)

Weahlng ©f cosl, o provener, of eskliong o

poorly cokiry cwals. subetitubes of o
mangl=oetues o0 et 2 e 138l coke;
Iron ore redusi.en paobiens.

Comparativs adeviteg. of the use of biober cown in b

furnices contr:ated with ineressed wosts of ool wr

.econumic prob.iems of ths charee . blast furnace; red.s*ion
of iron ore by rrocesses o_;bhex- than the blast furnace,
Steelmaking problems:
Comparative costs of differemt steelmzking vprocesses;
alternrtive processes to ffhe rolling mill which combine
higher productivity with lew-scale operations; range of
application of steels made by different kinds of steel
- used in various countries,.
Economi¢ problems: '
A specizl section of the meeting was devoted to the study
of four working papers preaented by the Economic Commission
for Latin America: _
Document L,86: "Factors Ir;f]:ueming Iron and Steel Consumption
. in Latix; America'; _ )
Document L,87: "Influence of Local Factors on the Iron and
Steel Industry in Latin America';
Documenb L.88 nStructure of the Steel Transforming Industry
in Latin America"; .
Document L.0 : "Brief Outline of Steel Industries in Some
' Latin American Countries",

The dates at which the various items of the substantive mat.ter were
discussed, appear in the agenda attached as Amex ITII, All discussions
took place in plencry x;teetings. Only three problems which had not been
included in the nmgranmed list of substantive matter were prescented by

/non-Latin American
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nor=Latin Ameriean experts in committee meetings 2/ Seme of the Latin
American experts remained in Bogota during the entire meeting. These were
called "Genernl Experts", and since they were primarily technicizns with
managerisl positions in their respective industries, they had an over-all
knowledge of the problems of the steel industry in their countries, The
majority of other participants had specialized kmwledéé on specific problems,
Their attendance was thus primarily for such sessions which discussed the
probleme of their particular speciality, The presence of the general experts
throughout the meetings provided continuity to the deﬁabés, especlally by
mainteining the focus of attention towards the analysis of specific Latin
Americah bréblems,

The above arrezngemsnts, initiafly intended to set the pattern ofor
the meeting, wore not strictly earried out in proctice, A considerable
mmber of specialists extended their attendance to many sessions in which
problems ocutside their own speciality were discussed. Most of the time ’
therefore, in addition to experts who had been invited to deal with certain
specific problems of the agenda, an additionnl group of varticipants were
present, who were technicians of high standing in other specialities, In
this way, a series of interesting discussions arose, ‘Experts of the latter
type irtervened to tell the experiences they had obtrined while searching
for solutions to similar problems in other fields, and they made suggestions
showing ways which were open to new fielde of investig~tion,

As a result, the sessions facilitated the exchange of experlence and
knowledga, both between participanta from different Latin American
countries, and between them and experbs from other regions.

The conclusion was almost unanimous that the meeting proved of
great benefit to the participint mémbers. ECLA and Tih had submitted
to the meeting a series of specifici_ '_éuestions related to the common
objective of finding processes whigh would permit lower costs of steel
production in the region, Within ti’}is framework the knowledge of the

1/ Dr, Raymond Cherademe, France: M"inalysis of Cosl Washing Methods
Based on Coefficient of Imperfettion"; Prof. Dr. Durrer, Switzerlard:
"Notes on the Ruture Evolution of Iron Production"; and Prof, Bo
Kalling, Sweden: "New Process for the Desulphurization of Liquid
Pig Iron, Based on the Use of Lima",

/aifferent specialists
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coptiaipents, naw el cspers wresented, the

Teox preat sxierelt this was due %o the

exeellont Co-apiration oitsines fron wpdversities, recearch centres,

professionsl sssocistiong and mony privets steel plonts. Through '
consultation with inmtermmtlicpaliy “oown vrofessicons) cssoclatiens, names
of the mest representative equipmert wanufecturing firms and consulting
engineers were obtained, The co-cperrtic: ¢f a2 considersble mumber of
these equipment manufacturing »nd englrwering firms wes then requested
and obtained, some of them contributing in the form of working papers,
scme through actuel participatiorn of thelr officiels, cr both, This
‘group of private firms, it might be sdded, provided the meeting with
some excellent working meterinl,

The Empress Siderirgica Nacional de Paz de Rfo, of Colombiz,
contributed with a series »f papers prepared by either its own staff,
or by the firms that provide i% with equipment 2nd technical advice,

It also comtributed ~ substentisl amourt of m~terial help.

. Not every problem of interest to the L2tin Americen steel industry -
was. included in the zgenda. The restrictions that were impovsed resulted
from two main factors, For one thing, there was the limitatien of time,
and the desire that the moterisl under discussion should receive an
exhaustive trestment. Secondly, the desire to presenmt the largest
possible number of divergent opluions on each topic necessitated the
elimination of some agenda items which were considered insufficiently
covered by the contributions which were obtained. Such a coverage
seemed especially indisperisable in those cases in which the analysis
was prepared by private commercial sources, . e

. Inview of the composition amd the organization of the Bogota -
Meeting, the basic objective was not one of reaching specific agreements
nor recommerdations, Rather, the primary purpose was to discuss the
different problems thoroughly, covering as many angles as possible, but
always with the focus directed towards the Latin American industry.

/CHAPTER II.
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CHAPTER II.  PAPERS AND DISCUSSIONS RELATING TO TE EXFERT WORKING
‘ - CROUF ON TRON AND STEFT, INDUSTRY IN LATIN AMBRICA AND
THE CLNCTJSIONSG AFFLICABLE TO LATIN AMBRICAN COUNTRIES

There are many conclusions which Latin American countries can derive
from the papers presented to the Expert'Working Group on Iron and Steel
Industry in Latin America, and the discussions thereof. 1In order to avoid

" a detailed examination of the abundant material, some conclusions have been
extracted in the presént report, The following is a discussion of certain
problems often facing the Latin American steel industries.

This analysis focusses on two main points of view. The first relates
to some emnomic factors arnd the cost structure of the industry, without
considering the specific problems confronting the different countries.

The second deals with definite problemé related to some countries or
existing plants, and presents a reviewiof the information and discussions

contributed by the meecting in connection with these particular cases.

1. Conclusions of & General Character

" There appears to be a close link between the consumption of steel
products and economic. development. Dhcument L.86, analyses the factors
influehcing iron and steel consumption{in six countries of the region.

I¥ concludes that the majerity of -them have not been able to obtain the
amounts of steel which they have requi?ed during most of the past twenty.
five years, but rather only the amounig which their capacity of import has
permitted, o

' The knowledge of the size of the market appears essential before
deciding on the installation of a new ;teel industry, because of the
considerable influence which the scale%of operations has on steel costs,

It has been common practice in Latin America to base market studies on data
of the immediatély preceding years. ihis procedure tends to underestimate
the market, in case an unsatisfied demand exists because of limitations in
the capacity to import. The consequence of such mistakes may ‘be.either -
the abandonment of the project, due to the high production costs resulting
from the small size of plant, or it may result in the fnstallation of units
g0 small that they will again result.in high steel costs and make plant

expansion almost immediately necessary.
o /Document L.86
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Document L.86 presents a methodology which hhrows zuww 7:nb on the
size of the potential market of the Latin American wouuryres ik
economic data are necessary for any country: neticwsl Ing on, awuoris of
capital goods, consumption of cement, ete. - If the resui~. zhos that the

availability of steel products is-smaller than the estimailcd poizatial
demand, efforts to increase the supply become very signdficant.

In document L.87 hypothetical steel production rosts have been caleulated
for one plant located in each of the following seven countries: ‘Arééﬁ{ina,

- Brazil, Chilé, Colombia, Mexico, Peru and Venezuela. The locations which
have been chosen usually cdrrespond to sites at which plants are eith:- i
operating, or ;here it is contemplated they-will be =rected. This |
selection has simplified the amassing of neccesary datz.  The faét”that
plants have been hypothetically placed in their respective locations dcus
not imply judgment on the com@arétive advantages of the place, in raisbtion
to others which might exist ih the country. The analysis of the paper
corresponds to plants of equal size and overall design, 250 thousand tons

of finished stesl per year, amd in addition, all of them are assumed to have
an equal degree of mechanizétion. The figwres have either been expressed
in values at 1948 prices or in physical units. Following the zame procedurs
and with a minimm of signifidant data, it is easy to construct for
comparative purposes the hyﬁcﬁhetical costs correzsgonding to any other site
or project. In addition,itﬁg respective annexes explain in detail the
methodology which has been;iqilowed. o

The appreciable number%Of cases tabulated enables some preliminary
eomparisons concerning certaln factors which influence costs.  fuwong thows
of major importance may be mentloned the composition of raw materials;
distance of their sources té the projected plant; its distance %o the
local markets, aad so forth,. .

In document L.91, hypothetical costs of other plants located in ths
same sites have been tabulated. In this paper their size has been adjusted
to the dimensions of the respective market, The paper also justifies the
choice of size in each particular case. 1t should be noted that in each
of three couatries (COLombla, feru and Venezuela) two plants. o: dlxz%rﬁﬂt
size have been included. The resulting assortment of eleven steel works
(including Sparrows foint) have capacites which vary betwsen 50 thousand
| Jard Lmiliioa
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and 1 million tons per year.

The main conclu31on of this paper is that the size of:plant bas an
extraordinary influence on costs. It is undoubtedly the single individual
factor with the largest bear;ng on cost formation. .

If identical plants to those describad for Latin American countries were
built on the Atlantic seaboard of the United States, the former group, with
few exceptions, would have lower production costs, This comparison, of
~course, is not realistic because the plants actually existing in the United
.States are of a larger size and are more speciallzed. They produce, thérefore,
at even lower costs than the 1argest plants which can be justified by markets
in Latin American countries. But, if to the cost in the United States, the
difference between traﬁsportatioﬁ costs from the United States and from Latin
American steel plants to the Latin American markets is added, this addition
represents a margin of protéction permitting the cost of many Latin American
plants to be lower than the V“_delivared cost "-]‘/fof the United States plant in their markets.
, The above general conclusion does not apply in the particular cases
of Feru and Venezuela. For the other countries it applies only insofar as
the general assumptions, ohvwhich the calculation is based; are fulfilled.

In fact, it can be established that for each location there exists a

minimum size of the plant, wherein delivered costs would be higher than

the delivered cost of imported épeel.. The size of operation at this -
limit, depends on the quality of iéw ﬁaterials, haulage disiance,fwage-*“
rates, etc. In general, plants with lower assembly costs g/and wage rates,
are in a more favourable position to face competition, that.is, their R
operation will still be profitable at a smaller scale,

1/ In order to provide a unlform ba51s of comparison throughout this
analysis, reference will be made to an arbltrary figure which will be |
called "delivered cost" of imported steel. It corresponds to the
hyrothetical cost of proquction of 2 1 million ton per year plant,
located in Sparrows roint, karyland, plus the transport cost differentials
of finished steel from this plant and from imaginary Latin american plants, -
to the marketg of the latter countries. The justification of this
choice, and its comparison with average United States, European or
Japanese steel costs and prices, appears in Chdpter V.

2/ Mining cost of raw materials plus baulage costs to the plant.

yAmong the
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Among the examples selected in ddcument L.91, two plants are close to
the coast and have relatively low assembly costs and wage rates: Chile-
and Feru. The first has been scheduled for a production of 230 thousand
tons and the second for 150 thousand tons per year. The latter appears
with a higher hypothetical cost than the delivered price of imported steel;
the Chilean plant produces at lower costs. - It can, therefore, be assumed
that for Latin American steel plants iocated close to the seaboard, and
with reasonably low assembly costs, the "critical" size of the plant
fluctuates between 150 and 230 thousand tons of finisheq steel per year.

The bearing of certain cost factors on the value of this 1imit, can
be appreciated by the case of a 300 thousand ton plant, which has been
imagined in Barcelona, Venezuela. The wage rate there is ahout five times
the rate prevailing in Peru and Chile L/ and combined with lower transportation
costs from the United States, the critical size of plant falls above 300
thousand tons per year.

On the other hand, in some special cases the critical size of the
plant may be reduced. This happens, for instance, where considerable
haulage costs in the interior of the country are added to the usual maritime
transportation. Such internal haplage costs increase the margin of
protection above the figures granted in the cases of Chile ard Perﬁ by
maritime transportation. Situations of this type seem to exist in various
steel consuming centres of Argentina, Brazil, Colombia and Mexico.

A concrete example of this situation is the Belencito plant in Colombia.
Assembly costs there are very low,‘in fact, the relative gosition of raw
materials makes it one of the most favourable locations in the waorld.

On the other hand, one of the main;consumption centres, bogota, is located
in such a way that transportation cost of the imported material constitutes
a formidable protection. As a résult of the combined action of these
two factors, the critical size of the plant falls under 100 thousand toﬁé
of steel per year.

Document L.91 shows, in addition, approximate values of the necessary
investment, at 1948 prices. Investment requirements are high. They vary

1/ The average wages pald by the petroleum refineries have been used das a
basis for this calculation. :

/between h91



between L7101 aollars per ton per year in the 50 thousand ton plant in
Chuimbote, 0255 dollars in the 850 thbusand’ton plant which has been
Iraagioed da San Nicolds.

It can be zavhered from this data that steelmaking is an activity
.where capital intensity is high, and aince capital is a scarce production
i factor in Latin america, a careful study is indicated before deciding to
install z new industry.

Capital is not the only scarce féétor in the region. In many -
countriss the availability of foreign exchange to pay for imports represents
a similar or even worse problem. The findings of document L.91, are that
the hypothetical plants under study would result in an éverage foreign
exchange saving of 54 per cent, compared with the delivered cost of imported
steel in the markets of the region. A special mention in the case of
Argentina seems justified, since here the calculations are based on the
supposition that 100 per cent of the coking coal will be imported. Despite
this, however, the saving in foreign exchange would be 52 per cent of the
delivered cost of imported steel. Similar results are shown in Peru.

Even the swall.and high cost plant of 50 thousand tons a year would save 60
per cent of exchange.

It can be generalized, therefore, that in countries with some raw
materials for steel production, at least iron ore, even the installation of
a small plant as in the case of Peru (which is unprofitable if costs are
considered) represents a substantial saving of foreign exchange.

The present analysis began by quoting the market investigations of

document L.86, which show that in Latin America a shortage of steel frequently

exists in relation to potential demand.  Such shortages generally result
from limitations in the capacity to import. As pointed out in document
L.91, however, local production, c¢ven on a very small scale, could result
in a saving of at least 50 per cent of the foreign exchange to cover the
delivered cost of imported steel.

On the other hand, it can be deduced from the same document, as has
been done here, that production under a certain scale will result in an
increase of cost above the delivered cost of imported steel. Under
favourable conditions, this size limit lies about 200 thousand tons per .
year. Ignoring non~économic motivations for efeéting a steel plant, which

/may be
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may be of considerable importance in some cases, the decision as to whether
it is advantageous to install a steel plant or not in a country with a
smaller potential market than 200 thousand, should therefore depend on the
relative importance of conserving roreign exchange.

The aforementioned data and conclusions refer exclusively to steel
plants based on classical production processes. No consideration has been
given thus far to the many methods of iron ore reduction cther than ths
blast furnace, Among these, the following are the most important ones:
electric blast furnaces, low shaft furnaces, and the numerous so-called
direct reduction methods, which produce in some instances a substitute of
scrap and in others some variety of pig iron with special characteristics.
In the meeting of Bogota, considerable importance was attachea to these
methods since in general they require smaller investments and ﬁse a larger
proportion of manpower.

At first sight they would, therefore, appear to be better adjusted for
an adequate utilization of the production factorswexiétiﬁg in the region,
especially in the case of émaller countries, T2 begin with, the
influence of scale of opération is not as large uader these systems as in
plants where classical processes are employed. B

The cost analyses tabulated in the technical papers have been prepared
either on the basis of values or of physical units, but always in comparison
with data corfesponding to a classiqal plant. 1In this way, they can be
linked tb the rest of the analysis. ,

. It seems necessary, nevertheless, to call attention to two facts in
relation with these alternative methods: 1) the use of reduction
processes does not eliminate the necessity of a steel plant and rolling
mill, and it is precisely the latter which has the greatest influence on
variations in cost due to scale of Opefation; and 2) that in the course
of the discussions, doubts were expressed regarding the convénience of
installing such methods in countrie§ which are short of capital., Few of
these processes have been tested on a comirercial scale in the industrialized
countries. | ‘

Another point seems to flow from these stuaies, although it cannot be
fully substantiated. In countries where there are limitations on the
capacity to import, even in those which have a long steelmaking tradition.

- /like Brazil
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per cent of the steel used by the :iegal trarsforming industries in Mexico
consists of flat products. Huachicalo in Chile has included the making of
flat rroducts since initial operations, and its influence on the nmarket has
been remarkable,
A detailed analysis of markets im those countries contemplating a new
" steel industry, would be useful to clérify the abovementioned relation
- between steel consumption and local production of flat products, To
that effect an analysis of the possibilites of growth of the steel
transforming industry would have to be prepared in each case, Such a
study has not fallen within the scope of this work.

2. Conclusions Referring to Argentina

Argentina has the highest per capita consumgtion of steel prgducté in
Latin America, 57 kilos per person in 1947-1949. If Argentina's steel
éonsumption is compared with the national income, the steel Consumption
per 100 dollars of national income is lower than that of Chile, Brazil and
Mextco. On the other hand, the correlation prepared in document L.56 with
various indicators of economic growth shows that steel consumption has been
compressed for several years by limitations in the capacity to import.

The Argentina iron and steel making plan envisages, as a first step,
the annual production of from 700 to 750 thousand tons. This figure is
slightly lower than the actual consumption, during the latter years, of the
products included in the programme. S

There have been many discussions as to wiether it is jusvified to
install an integrated steel industry in Argentina. The adverse opinions
have not been based so much on the disadvantage of‘inveétihg large amounts
of cagital, but rather on the assumptiqﬁ thatAa;country devoid of coking

coals would produce expensive steel, ¥/ .

l/ Fortunately, the discovery of the rich iron ore deposit of Sierra Grande
will eliminate the necessity of also importing iron ore, or, as an
alternative, avoid the long railway haulage necessary to transport ore
from Zapla to thie steelmaking centres.

/The figures
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The figures of document 1.91 show that a plant of 850 thousand ton
capacity in San Nicolas, would have almost exactly the same delivered costs
in the Argentine market as imported steels. Y This would be true even if
all the coal necessary for coke production had to be imported, either from
the United States or the United Kingdom. According to. the same calculations
the San Nicolas plant would save between 43 and 55 per cent of the exchange
necessary to cover delivered costs of imported steel. ‘

As has been noted, the previous analysis has been based on the
asaumption that coking coal will be imported. The only important coal
formation found so far in Argentina is Rio Turbio, in Patagonia, and
corresponds to some highly bituminous non ccking variety, Lespite the fact
that this fuel may be as expensive‘as imported coal at Rio ae la Flata ports,
Argentina will probably be interested in utilizing as much of it as possible
in order to save'foreign exchange. some pépers presented at the Bogota
meeting may suggest investigations which can be coinducted in order to
ascertain how to make metallurgical coke of this coal. Among such
documents L.9, L.10 and L.1l4, refer to a new coal cleaning process called
phase separation™, 2/ This procéss blends oil into the coal which serves
as a binder during carbonization, §nd simultaneously ensures a high grade of
purity of the coal. According to?paper L.14, metallurgical coke is at
present being produced from black iignites in Yugoslavia.

1/ A comparison of the data regarding the size of plant in dceument L.91,
and those of the plan show that the latter contemplates only the
production of 500 thousand tons in San Nicolds, whereas the former
is based on a capacity of 850 thousand. The conclusions are not
affected in this particular case, since the steel plant contemplated
in the plan has a certain degree of specialization which reduces costs.

2/ This consists in finely grinding the coal in the presence of water and
a small percentage of oil. The oil binds the coal particles together,
whereas the ashes remain in suspension in the water. Subsequent
centrifugation separates the water from the coal oil pulp.

/Document L.11
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cxe Froe gy Bltuemdnons Lovraine ooals. Several processes are
cesocrdits whicn produce soke on & comusyclzl scale, using up to 60 per cent
of such non woking cuals.
Socuments L.12, L.13, L.15 and L.17 describe various processes to
improve the coxing groperiies of coals. For example, blends with low
volatile coals: chars {low temperature coke) made of non coking coals;

asphaltites; asphalts and petroleum residues, appear among the processes

which have heer “udied or applied in other countries. Investigation of
such processe= .uld be justified in relation to the Rio Turbio coal.
Finally, documz . wefers to the manufacture of coke exclusively from

asphalts - » . ~aleun residues, as practised in Argentina in the zinc refinery

of Comr.ui o Livanevia,  These several alternatives justify the assumption
that it wiil be pussible to find the way to utilize a substantial proportion
of Rio Turbic ceoal in the San Nicolas plant.

Shiould it be unavoidable to resort to imports, part of the coal might
re imported from Cerrejdén, Colombia, which alternative would result in
zzaller haulage,  Conversely the metallurgical centre which has been ‘
envisaged for the south of the country, not far from the 3ierra Grande
deposit, ti:e relative closeness of the Rio Turbio formation, the Comodoro
kivadavia oil fields and the sub-Andean asphaltites (if there are still
substantial deposits available), q}l‘justify a much closer investigation of
the possibility of using kio Turbio ;oal, since it will be considerably
cheaper than imported fuel. | ,‘

In relation to new metéllﬁrgical jprocesses, two were discussed in
Bogota which may be applied to Argentina. They refer to the most common
impurities contained in the iron ore and fuels: phosphorus and sulphur.

In regard to phosphorus the European, and many of the United States experts
insisted in the advantage of enriching the air of the.basic converter with
oxygen, as a means: a) of obtaining conVerier steeis of greater purity,
equivalent, according to the latest investigations, to those made by the
basic open hearth; b) of reducing investment and prodﬁction costs of the
plant; and c) of prdviding a way to re-melt scrap in the converter, at
least in the proportion in which this material is at present being used in
Latin America, in open hearth furnaces. In regard to sulphur, which may

/become a
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used for mwaing coke, o neu proces: was wiscusued, e A

Sweden, explained a new method of exviactin, stdy ve v o0 e 3 5id
iron, in the pressrce of liue, in a closed deposit which is rotated at
considerable speed. This deprosit receives the taps direch:s ivem ohe biist
furnace, and is being used at present on ¢ commercial basgis in ouws 110 0 n
Sweden and being installed in severzl others.

fven ir there should not be a considerzbie increass in sulphur cenbtent
of the coke, such a {roceas deserves gtudy, This woul.« be specially true
for countries where fuel is expensive or scarce; sinee olie opsration of
blast furnaces with an acid resction which miynt becowe possible with its
application, would fermit the use of lower temperatures and result in a

substantial saving of coke.

3. Conclusions heferring to Brazil

Brazil has the largest steel industry in Latin america. froduacti s
of finished steel in 1951 was around 30U thousand tons and projects are
under way to increase it up to 1.5 million tons ky 1955. Despite these
substantial totals, per capita consumption is relatively low, sueller than
in Argentina, Chile or kexico.

‘Brazil has a lohg metallurgical traditiou, since the rich cres of the
'Sta;e of Minas Gerais have teen exploited for many years. Numerous charcoal.
blast furnaces are in operafion, with capacities varying between 100 and
200 tons a day. ‘“The latter is probably the largest blast furnace of its
ty;e in the world. Since the twenties, steel has also been prodhced based
on charéoal rig iron.b ‘ Volta'Hedonda has been operating since 1946, as
the only integzrated plant using coke blast furnaces; it producés rails and
flat products almost exclusively. " Among the projecté for hew industries,
or expan51on of existing works, the Volta hedonda plant may be nenfloned
In 1951 it jroauced 342 thousand tons of fLﬂlbhed steel with one blast
furnace of one thousand tons per oay capa01ty. As the first oLep of its
expansion, a second tlast furnace is being 1nstalled and it will be
followed by a thlrd one arr1v1ng finally at a capacity of a million tons
of steel ingots per year. ’ '

The Companhia Siderurgica Nacional, owner of Volta Hedonda, has been

organized by the Government. In addition, there is also a strong goveriment
- | ‘ /influence in
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influence in the Compannii agos mspegiais Itabira, which is gradually
raising its capacity to reach a production of akout 60 to 70 thousand tons
of special steels. The remaining production, mainly bars, light structures
and tubes, is furnished by private eﬂterprises.' Of them, Companhia Belgo
Mineira is the most important. belgo-nineira, as well as many other firms
of the frivate sector of the industry, are planning expansions which will
jointly yield a consideraktle tonnage. In addition to existing plants, the
erection of several new plants with cagacities ranging from 200 to 500
thousand tons has been contemplated.

In view of the considerable growth of consumption in recent years, it
is probable that all these new facilitieé will find a ready market as soon
as they are ready for operation. Furthermore, in view of the specialization
of Volta Hedonda, the overall productio:n seems fairly well balanced.

Of all the projects which have been mentioned, for the time being only
Volta Hedonda will really take advantaze of cost reduction through large-
scale operations. The smaller plants will inevitably result as higher cost
producers, but transportation advantages and the manufacture of special
products will add to their wrofitability.

The only important coking coal rormation known in Erazil is Barro
Branco, in Santa Catarina.. It presents many mining and washing difficulties.
Documents L.2 and L.5 explain in cetail how these problems have been faced,
so far. The ash content of hand-picked coal ranges from 32 and 34 per cent,
and is reduced by washing to 15 or 16 per cent,. As a by-product, a low
quality coal is obtained with an ash content ranging from 45 to 50 per cent.
The cleaner coal is used for metallurgical purposes and the dirtier fraction .
for boilers and furnaces. 1In order to reduce the cost of the cleaner coal
for the steel industry, it is necessary to find a market for the other
fraction.

Documents L.9 and L.14 which refer to coal cleaning through phase
separation, may be applied to both fractions of Barro Branco coal. | The
possibilities of reducing costs of coal transportation, and blast furnace
operation, through better washing of the cleaner fraction should be
investigated. Studies regardirng the dirtief part of the coal should aim
at increasing £he rroportion of total which can be economically employed in

the blast furnace. -
, /Barro Branco
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- Barro Branco coal, has special sulphur jroblems, which are m@robably
unique in the world. In the veins the percentage of sulphur is around 14
and it‘drops to about 1.5 in. the washed coal, still containing
16 per cent ashes. Thé sulphur appears in the coal mainly in tne form of
pyrites and these are contained in the higher specific gravity fractions.

If through the phase separation method the sulpyhur cannot be eliminated.to.
the extent desired, the desulphurization method suggested by krofessor
Kalling in the meeting should be ;considered. i

It is dlso necessary to bear in mind that the Barro Branco ceal is.
highly expansive and is a good binder during carbonization. _Volta Redonda
is at present using blends contalnlng 30 to 37 per, cent of Brazilian coal,
the remainder bheing imported hlgh and wedium volatile coals. This
selection has been necessary to prevent damage to coke ovens which might
arisethrough excessive expansion of the coal. Document L.25 states that
the Cerrejon coals in Colombia, on the Atiantic coast, are high volatile
fuels which in all probabiliity will be suitable for these blends. = The use
of Cerrején coals would alSo reduce the disﬁanbe from source t¢ plant.

An analysis of problems of the Prazilian steel 1naustry, n°cessarily
has to include the act1v1ty of charcoal blast furnaces. This 1ndustry ;
takes advantage of the high grade ores and natural forests of the Sta;e ;f
Minas Gerais. The ores are'built up by different types‘of oxides with
varying phosphorus contents., The orés‘aléo vary as to physical pfoperties
and reactivity. These two reasons - explaln why many of the ylants practise
selective mining of the ores, although it reduces product1v1t3. This
happens mainly in those steel plants which blow their steel in a01d converters.

In addltlon, a substantlal part of. tne indigenous trees of the forests
of Minas Gerais, as well as several varieties of eucalyptus which hdve )
recently been planted, contain pnothorus in such a proportion that the
average of the charcoal comes up to 0.06 per cent. Since all this phosphorus
goes into the pig iron, and is aﬁdifive to that contained in the ores, the
aforementioned difficulties increase. In some instancés the phoéphdfus
content may become so large that the pig iron would creaté difficultieé
even in an open—hedrtﬁ furnace.

Both in charcoal blast furnaces and in coke blast furnaces where
phosphorus content might ge high, it wquld seem justified to investigate

' | /the possibility
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reserves for mapy gererations. But, the elimination of difficul:.
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the soluticn ¢f a problem related to the present steel costs, but also tc
the consérvabion of reserves, Pocunent 1L.33, which describes the A
sinterization of iron ores for use in the honlevade charcoal-blast furnaces,
jointly with the processes mentioned for eliudanation of phosghorus, can
probably sujgly the answer to all technical probiems which might arise in

this connection.

L. Ccnclusions Referring to Chile |

The influence which operations ofjthé Huachipato plant has had on
Chilean steel consumnption, has been trulyfremarxable. If this fact is
weighed jointly with the firdings of ddcument L.86, namely that Chile has

long faced a scarcity of steel because of its limited zapacity to import,

it becomes easy to understand the difficulties of forecasting what the
potential market will be in any :iven situation. It may be said, however,
that when the present exjpansion of the Huachipato plant has been finished,
its capacity will probably be suited to tie size of the market for several
years, and occasionally permit the export of small quantities. ‘
The main fuel problem that Chile faces is tihe necessity of importing
low volatile coals to improve the coking grogertics of its own fuel. The
*ter dces not present, at first sight, complicated washing problems, but
= of the documents submitted to the meeting, L.27 discusses the petrographic
mposition of the Chilean coal and aasalyses the injurious effects of some
* the constituents on the coking properties. If the conclusions of the
aforerentioned document are accepted as correct, it becomes necessary to
sepaxrate the coal in three fractions, as aone in Brazil, for which
separation there isAno equipment available in Chile,
The author of the paper states that the exclusion of certain petrographic
elements through grinding and selective screening, followed b); washing to

/eliminate fractions
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The considerable amount of impor:ed «ucl whi-n the Chile s
using at present in its blends, is - conseguence = Llimitations 1. the

country's mining capacity. According to tests which have been conduvcted,
the minimum percentage of imported coal (low volatile), used to produce

good coke thus far, has been 20 per cent. On the bther hand, documents
L.13 and L,15, refer to the substitution of low volatile by char: in the
coking blends. Both papers agree that the maximum favourable ad.ition of
char corresponds to 15 per cent and that after having reached that
proporticn, the gains produced by char drop off fairly rapidiy. In addition,
paper L.13 states that the influence of char on improving the coking
prorerties of the coal is a little smaller than that of selected low volatile
coal. The small gap which sejparates the minimum percentage of 15w volatile
coals obtained so far in Huachipato, from the 15 per cent which constitutes
the maximum acceptable iddition of char, gives rise to the hope that if the
quality of the coal is simultaneously improved through the suggestions made
in paper L.27, imports of coal for improvement of thne coke may sventually be
completely eliminated.

Should the corresponding experiments not be»completely successful, it
should be bornein mind that aécord;ng to the document L.2, in the Cauca
Valley in Colombia, a variety of ldw volatile coals is available. The
substitution of Colowmbian for Unitéd States coal would again decrease
transportation distances.

Chile faces two difrerent metallurgical problems. Ores presently used
at Huachipato come from E1 Tofo and have a slightly higher phosphorus content
than would be convenient for the bésic open-hearth operation. The steel
company at present destroys the phdsphorus in the slags. Docunent L.54
presents information regarding a similar problem in Italy, where phosphatic
ores (apatites) are added to the burden of the blast furnace, in order to
produce a pig iron rich in phosphorus, which can be used for the basic
converter process.

several apatite reserves are known in Chile, and the general scarcity
of phosphorus in the soil and of phosphoric fertilizers, seemsto justify the
study of this method. The resulting phosphoric slag would represent a

/by-product of
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by-product of the steel plant, and reduce its costs. In the course of the
discussions it was mentioned that kuropean countries, periicularly Sweden,
usually phosphorize the pig iron through sddition of slags %o the blus:
furnace..

Basic converter steels have a smaller range of application than basic
open hearth steels. 1In order that steels made with phosphorized pig iron
might have similar ranges of application, it would become necessary to
enrich the air of the basic converter with oXygen.

.Another problem. which faces the .Chilean steel plant is due to a somewhat
excessive titanium content in the iron ore. The Chilean teclhnicians
attending the meeting studied this problem, with the co;operation of several
non-Latin-American metallurgists, in committee meetings outside the regular

sessions.

5. Conclusions Referriﬁgﬁto Colombia

Although steel consumption has grown considerably in Colombia, its
correlation with indicators such as national income, cement consumption and
import of capital goods, following the methodology which has been explained
in document L.86, suggests that there'is a potential unsatisfied demand in
the country of about 50 to 60 per cent of the volume of the steel imports
of recent years, The plant being built in Belencito, slightly smaller in
capacity than the country's Lresent consumption, seems, therefore, of
insufficient size. The negative influence which this may have on future
production costs will be partly compensatea by a favourable combination of
raw materials and thelr locations, whlch will make Belencito one of the
lowest assembly cost plants in the world.

The initial plan of the plant does not include the manufacturé of flat
products for whiéh there is a market of some 50 thousand tons a yeaf; In
agreement with the general conclusions at the end of the first section of
this chapter, it might eventually be advantageous to add prodﬁction of flat
products as soon as possible., For certain applications of such rroducts,
limitations often im osed by the use of Thomas steel, may be imporfant.
Here again, it would be justified to study the advantage of oxygen enrichmemnt.

For the production of some bars, problems arising from the Quality of
Thomas steel have been solved in Belencito through the addition of an »,
electric steel furnace which also takes care Sf re-melting scrap. "ShoﬁLi

/the plant
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nmown in the region,
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s owaryviag chewmical compositions ana coking
Froperiy. The coke for Baleunito will be wannfacturea from a nearby mine

of mediun volatile cout« vroduies goot coke without any blending.

o obhey covndries. exports of coal from
Colombia have been mentioned:  This country could be of real assistance to .

the steel industry of other Latip®ammerican countries, by preparing an

exhaustive study of metallurgical coals which it could deliver. The
special necessities of Volia Hedonda, San wieclas, Huachipato, Barcelona

. and probably also the Facific coast of vexico, should be investigated, and
at a later stage, the abundant coal deposits of the country searched for
adequate types of fuel.,

6. Conclusions Reierring to Mexico -

Of all the countries whose markets were investigated ir. accument L.86,
Mexico has experienced the fastest rate of inecrease in steel consunption.
On the other hand, among the various correlations uscd to approximate the
potential demand, the only one indicating the possible existence of a steel
shortage was cement consumption. -It is possible however that technological
changes have reduced the consumptién ratio of steel to cement. If any
unsatisfied steel demand exists in Mexdco, therefore, it should not be
significant.

The increase in the availability of steel for consumption, has been
due both to increased imports and go the growth of lécal production. . In
other words, there is still a sizeable market avalilable for an expansion of
the lccal industry. Mexico's steél industry should, bherefors, hasically
aim to eliminate imports and to saﬁisfy the normal increase ¢f crnsumption.

In past years, development offthe steel industry has been greatly
influenced by two factors: first, transportation difficulties in the
country, and second; the almost chronic shortage of coking coals The
combination of these two f{actors has resulted in the two integrated piants
working below full capacity. The shortage of coking coal has indirectly
glven rise to 2 scray smelting and steel rolling industry, based on imports

Jof scrap



of scrap from the United St.ites. The matr plant is Jocuisd ciose o the
buider, In audition, a roiies of swall plants which generally smelt and
ruil local serap, are located in différent“parts of the courtry.

fach one of the existing integrated steel plants has a capacity close
to 20C vnovusand tons of crude steel, : If they are profitable in spite of
such a snall size, it may well be due to their specialization on-different
lines in such a way that their rolling mills correspond jointly to a larger
tyre of plant and, therefore, each oné shows a higher productivity. In
addition, for different reasons both have had lower investment costs than
those calculated in documents L.87 and L.91. Y

Mexico is very rich in iron ore deposits and has coal formations of
varying coking properties scattered iu difi'erent regions. Under such
conditions, the possibility should b. examined of overcoming iransportation
difficulties and tiie overload of the railway net which at jiresent serves
the integrated plants, by creating new steelmaking centres in other regions.
The data contained in document L.91, will proecbably be useful to appreciate
the relative merits of such a decentralization. They supply a ﬁethodology
to determine possible cost reductions by expanding the existing industry,
and conversely cost increases resulting from the installation of several
new small plants. It must be borne in mind that total Mexican consum,tion
is still far from the optimum capacity for one large modern plint.

Regarding fuel problems, it can be stated that coking coals of Sabina's
formation are amonz the few in Latin America which can be coked directly
without blending. They contain a considerable anount of ash, aprroximately
32 per cent as mined, and are subsequently washed to bring them down to
some 15 tc 16 per cent. The resulting coke, therefore, contains about 20 ,
per cernt. This figure is high, especially for a country whose transportatiOn
systen. is overloaded. On-tne other hand, the hexican iron ores are of a
very high grade and it therefore becomes necessary for the coke to contain
a certain minimum of ash in order to ensure the aecessary slag production.
In addition, laboratory tests prove that Sabinas coals develop high

expansion pressures during the carbonization process, to such an extent that

1/ See document L.&k, which gives some details regarding the Monclova plant
of S.A. Altos Hornos de México.

/according to
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ash content absorbs the excessive ressure. |

All factors considered, it would be iuteresting for the Mexican
industry to investipgate the possible advenbage of applying the desulphurization
method, to which refereace has been made in the sectiuvn related to irgentina,
and try to operate tieir blast furniaces with an acid reaction. For this
purpose it would be indispensable that the coal be delivered with less ash.
Here again, among wany others, the wishing methods suggested by document
L.S and L.10, could pe iiwvestipated.

¥ith reference to new yrojects in other regions of the ¢ mtry, document
L.24 describes a process being developed in Feru, to manutacture metallurgical
coke based on anthracite. It might well be that the same wrocess could be
applied to Sonora .nthracites, shoula there be any interest in establishing
a new metallurgic:l cenitre in this State.

Of the work related to metallurgical problems in nexico, as in Chile,
the addition of apatite to the ores of (erro ue Mercaao should be considered.
Here also, the basic converter blowiig of the steel might cause inconveniences
regarding quality. However, this problem could jrobably be solved through
oxygen enrichment, Before making any investment in this direction, new
specifications for this special typesof Thomas steel should be studied and
accepted in the country.

It was mentioned several tines during the meeting that the banss de
Mexico is studying the establishment of small metallurgical centres in
different parts of the country. It has been contempliazeu to substicvat:
the blast furnace by ary other ore reduction process in the correswerding

rlants, in the hope of finding a method better adapted to local raw natesrials,

wad 7oos sensitive to reduziiong in the ceale of oporatl o CTOEYS
referring %o nine of these unorthodex nethinds were pr-s.i.ise . .. & o2l
many of them containing data on their cost struchors, = o NS o
in physical uunits., The asseubled int: . @roys Tae o .. b-g the
faay of the comparstive advactage of fage 22 oas W o theire

~ompaprison it the classic hiost furnaces.
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Information regarding a plant producing i< thousand tens a ysar of
sponge iron, as a substitute of scrap, was of considerable interest to the
meeting. The process used is the tunnel kiln, as developed in Canada, and
results have been such that the cipacity of the plant is being increaéed to
36 thousand tons a year. This apparently is the first plant in the world
to use this process, and also the first ore in latin America 1o produce

steel on a commercial scale by a process.different from the biast furnace.

7. Conclusions Referring to Peru

The project of a 53 thousand~ton steel plant being installed in
Chimbote using electric ore reduction furnaces, originated during the last
war, The use of an electric reduction system was motivated by the fact that
the steel plant constituted one of the elements in the large Santa hydro-
electric project. Originally the intention was to devote to it a small
percentage of the total power and, given the flexibility of this type of
reduction furnace it was expected that jt could use surplus power whereby
the unit cost of electric current would be very low.

For a series of reasons the constrection of the hydro-electric plant
has been delayed in such a way that the first unit which will start
operations, will correspond approximately to the total requirements of the
steel plant. Under these conditions, power will not be as cheap as originally
envisaged, On the other hand, there is a very good possibility of
exporting pig iron to Argentina, teking advantage of regular return freights
created by wheat imports. Thus, a project is being studied to erect a 180
thousand ton regular blast furnace in Peru. 53 thousand tons of steel
would be produced for local consumption, and the remaining pig iron exported,

If the method for estimating potential markets presented in paper L.86
is applied to Peru, the conclusion arises that this country would require a
plant of 150 thousand tons annual capacity of rolled steel. As one
concrete example of the form this new demand might take, barbed wire for
utilization in the Sierra may be mentioned: Its installation would
encourage a substantial incerease in the number of sheep. -

These data indicate that once the new plant starts production, a -
certain increase of the market will result, and in order to satisfy local
demand, plant expansion will become necessary... This means that it would be

‘ /indispensable to
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indispensable to start fairly soon on the sccond step of the new project,
namely the installation of 4 new blagt furnace of the same size, close to
the iron ore deposits.” In this way, shiiping capacity could be fully
utilized in both directivns.

This aualysis is of significance since it takes considerable time to
develop coal mining and, therefore a more exact evaluation of the potential
steel market seems tu be justified.

At this stage it seems premature to apply any conclusions from the
»i téchnical discussions of the meeting to the Feruvian case. The possibility
of making good metallurgical coke with the Santa Valleyanthracite, is
presently being investigated. For this purpose, the smallest amcunt of
petroleum derivatives should be adued to tne coal, since the petroleum
producticn of the country has no excess production of asphalts beyond
supplying the necessities for road building rlans. The process which is
being investigated is new and has been explained in documents L.10 and L.24;
a semi-commercial plant is being built in Peru at a cost of about 250
thousand dollars. During the discussions in Bogota, no doubts were
expressed regarding the possibility of manufacturing coke using this sgystem.,
Howéver, in agreement with the Feruvian technicians, it was considered
necessary to conduct full scale tests of the new coke before designing an
adequate blast furnace. This is due to the fact that many characteristics
of the new fuel are unknown and no indicator has been developed which would
permit a c0mpléte clarification, except direct experimentation.  Therefore,
until these tests have been finished, it will not be possible to decide which
of the two possible solutions is more favourable: the 50 thousand ton
electric furnace plant or the anthracite coke blast furnace. Should coke
blast furnaces be used, the quality of the ore would suggest acid converters,
and in order to make the steel usaple in most applications, oxygen enrichment
could be considered. This would ?educe the amount of nitrogen dissolved in
the Bessemer steel. '

8. Conclusions Referring to Venezuela : : o

In many ways Venezuela occupies a unique position in Latin Ameérica.
In relation to its availability of steel, and the installation-of a stesl
plant, the most outstanding differences compared to other latin.American
. ' o : /couﬁtries are



“eountries are the following:
-.a) Nc final project exists for the construction of a steel industry;
i.b) Vage rates rank among the highest in the world. = They are, of
course, the highest in Latin America, and surpdss even those of

.. the United States by approximately 27 per cent. ¥ -

c). Venezuela has no foreign ethange problems. .

Points b) and c¢) will certainly-be valid so long as a high level of
industrial activity prevails in the world, and no limitations are established
on international trade in petroleum.: This analysis refers exclusively to
such a situation, since consideratichs involving variations in world
activity are beyond the scope of theée documents.’

In order to simplify the analysis, steel consumption in Venezuela can
be divided into two almost equal groups: a) - the petroleum industry, which
uses about 250 thousand tons of steei a year, primarily tubes, plates for
the working platforms of the Maracaibo lake, structufés; bars, etc.; amd
b) the rest of the economy, which consumes some additional 250 thousand a
year. The latter; with an assortment similar to that found in most Latin
American countries, contains a high jercentage of steel for the building
industry. To these amounts, it would be necessary to add a considerable
quantity of steel contained in durable consumer goods, capital goods, etc.,
which is not included in the present analysis, and has not been considered
in any one cf the other countries.

Consumption is concentrated .in three main markets at close range from
the coast. The region around Maracaibo Lake accounts for most of the steel
consumption originating from the petroleum industry. A smaller proportion
of this industry's total requirements accrues from the Oriente oil fields,
in the State of Monagas and Anzuategui. Finally, the cities of Caracas and
Ia Guaira, and the surrounding zone, use most of the steel butsidé the
petroleum sector.

As already stated, Venezuela does not face the serious exchange problems
which 1limit the capacity to import of other countries. heverthglcss, the
correlation used for them, if applied to Venezuela, shows that there is an '

1/ By comparing the average wages for petroleum refining in Venezuela, with
the average wages of the primary steel industry of the United States,

/unsatisfied demand
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unsatisfied demand in the non petroleum sector of consumptica which could
reach some 310 thousand tons instead of the present 250 thousand tons of
real consumption, if the unsatisfied potential demand is added.

Among the natural resources available for steel production in Venezuel

the following are worthy of mention:

a) Very large reserves of the hi.ne:. grade ore, mainly hematites,
which are located at the south and east of the Orinoco river close to
its confluence to the Caroni. Two of them have been granted in

. concession to large steelmaking companies from the United States..
Forts, mining faciliti.es » ships and eveniually the dredglng of the
Orinoco’are being organized. The ore which the country might
need for local produétion of steel, can be obtained from these
sources in a way similar to that by which Chile obtains ores from
El Tofo. v )

b) Some coal deposits now being exploited on a small scale are located
close to Barcelona on the Atlantic coast, between la Guaira and the
mouth of the Orinoco. Naricual is the most important of them and
although they are reputed:to be non coking, they may be interesting
in view of their vicinity to the asphalt and petroleum fields of
Oriente (where the heaviest Venezuelan oil is found), since both
these substances may be ugsed as a binder to improve the coking
properties of coal, as explained in documents L.11, L.1lk, L.15,
L.17 and L.18. It might not be impossible, therefore, to base
something like 80 per cent of the fuel supply of thc Venezuelan steel
plant on this coal. i
Another interesting possiﬁility results from information presented
by the Colombian participants mmely that the Boyaca formation
continues in all its width right to the Venezuelan border. It
can, therefore, be expéctéd that it continues also in the latter
country on the south-west.side of Maracaibo Lake towards the city
of Cucuta. An investigation of this formation by Venezuela would
seem especially justified if it is considered that .the directly

1/ These findings motivated the inclusion of two plants for Verezuela in
doaument L.91: one of 200 thousand and one of 300 thousand tons.

/coking coal
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been made for a large [

kilowatts. It is evident that this projech will not materialize

if other applications for powér, 1n addition ko possible
consumption of the steel pianf; are nob developed. In order to =
evaluate such possibilities, some of the discussions arnd documents _
presentéd to the meeting way be useful. These refer to the
comparative advantagé of ;okefand power;'ﬁased on the relative
prices of coke. As a first approximation, it was stated that an
electric reduction furnace shquld only be considered where the price
per kilowatt~hour is equivalent or smaller than one sixth of the
price of one kilogramme of coke.

Venezuela obtains from both of its main petroleum districts
substantial amounts of natural and petroleum gas, the majority of
which is presently lost to the atmosphere. Consideration has been
given to the installation of a small plant using this ratural gas
for some system of direct reduction. Ancther methed of utilizing
it, to which reference wvas made during the meeting, would be to
design a special blast furnace into which pétroleum gas would be
pressed, The theory was for this gas to perform a substantial’
part of the heating of the raw material, as electric power does in
the electric reduction furnace, and that it should also assist in
the irdirect reduction of the are in the upper part of the blast
furnace. No blast furnace of this type is known to be working on
a commercial scale, ‘but if it'were possible to construct it in
Venezuela, the saving in coke woild be roticeable,

Of course, the best possible lotition of any steel imdustry using
gas would be close to the Orinoco; not far froin the iron ore
deposits and a little more than 100 kilometres from the eastern oil
fields,

/e) As a



&) As a possible substitute for ceal in "ne wodustion of acke, or

ag a binder to improve the gualiity of the eoks, Venezvels possesses

several important asphalt lakes on the laft border of the Orinoco.

In this region there ares alsc some pesroleun wells procusliag wery
high density crudes, whose prices in world markets are lower than

- those for normal oils, Document L.18 describes an oven being
used in Argentina to make metallurgical coks {for the zinc industry),
using petroleum residues as raw material, During the discussion
of this document, the Venezuslan participants stated that
exploitation of the asphalt lake is very difficult on account of
the viscosity of the material at the temperatures prevailing.
Furthermore, in regard to utilizing the heavy crude petroleum,
they estimated that if the carbonization costs were added to the
price which can be obtained fur its export, the cost of the
resulting coke would be higher than that of a coke manufactured
from imported coals.,

. Tt should be remembered that the possible utilization of natural
asphalt depends maiﬁiy on the development of a suitable method for
its extraction. Such a solution would offer many advantages.
During the discussion of differemt problems of carbonization, it
was stated that at é?esent there are coke ovens avaiiable with
either vertical or ﬁbrizontal retorts, which permit the mamufacture
of coke from coal, ér liquid petroleum residues alone, or from
blends of both in apy desired proportion.

Another technical problem resulting from the utilization of these
petroleum derivativéa is their higher sulyhur content. In the.
sections referring ﬁb individual countrieé, such as aArgentina,
mention was made ofjé new desulphurizing process, in which the
liquid pig iron is tapped from the blast furnace into a deposit
containing lime, ana rotated at high speed. It is possible that
this process could solve any sulphur problem which might arise in
connexion w~ith asphalts and petroleum products.
It was «lso mentioned during the meeting that since coal -and
petroleum products can supplement or substitute each other in the
manufacture of metallurgical coke, as much research as possible
/should be



B/CN.12/293
~Page 4O

should be wiertaken in co-operation wibh the petrolews industry.
- Initially the countries benefit most frow such co-operation
would seem to be Argentina and Venezuela.

f) Although they cannot be called a natural resource, mention should
be made ir thiz list of return freights from the United States to
Venezuela, ~visinuting from exports of iron ore. The possibility
exists of :.. . uLhese return freights to taks coking coal to

Venezuela ¢ = low freight rate, Utilization of this possibility

would, of .. iz, influence the location of the plant.
Although the clz=+" o process received almost no attention in the

different studies undeitaken in Venezuela for the solution of the steel
problem, they will he cxaamized here. This process wes the only one used

in documents 1..87 and (.91 Tuy duvestirating the cost structures. Of the

two poasibile sources of . oie whr o were s'ydied in document L.87 for Venezuela,
only the use of imporiaa - 1 oo s gconcined, since the manufacture of
petroleun coke deperss oo v-ooo L Luich still remains to be done.

In these studies, the ;rice of imported coal delivered to plant in
Yenezuela was; estimared at 1745 dollars (at 1948 prices) per metric ton,
of which 9.8 doliars corresgand to handling in the country. If local
fuel is uced insteaa of imported coal, its cost on cars at the washery
should be around 10 dollars per tcn to equal the above price. Y This
means that only aréupdjé dollars could be paid for extraction and washing
salaries, o ,:‘ ,;;

If the wgge:raté of fwo dollars per hour applied throughout this study
to Venezuela, is_app;iéd'to the mining operation, it becomes evident that
coal can be obtainednéﬁlthis price only if the mine is sufficiently
mechanized to permit a»pfdadéfion'per mn and per day, of 8 x 2 : 6 = 2.666
metric tons.  These bﬁoduct{on'rates are easily obtained in the United
States, but LatinAAmérida@ miﬁéé;usually present :d¥fficult geological
conditions and are‘;e§§;@ééhénized. In Mexico; the production per man
per day is around 0;9;£qﬁs§'iip Chile 0.6 and ewen: lower figures prevail in

Brazil.

1/ The difference, compéféd wi th the-price of - imported coal, has been
reserved for transportation, handling, etc,

/Such requirements,
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Such requirements, which seem hard Lo aeel, ouggest thal .. oz
Veneznelan coal deposit is being lnvestigsted will the producticg o

coal in mind, the study should include minin- “aziiities and custoci-o, in
addition to properties of the coal. This knosizdge 1s indispenseiie tor a
better judgment of the comparative advantages of local production of coal;
saving of foreign exchange; employment of local manpuwer; and certainty
of a regular provision of fuel as measured against any possible lnoresse io
the cost. of the raw materials for the blast furiace.

In documents L.87 and L.91 an imaginary piant located in =7 ovovan. b

on the Atlantic seaboard of the United States was used as a basi: for

comparison with plants hypothetically placed in different locaticas of Lalixn

America. From Table 8 of paper L.91 it can be seen that the assemby on.t,

including scrap, amounts in Barcelona to 27.30 dollars per ton of steal

compared with 27 dollars in Sparrows loint. Y Therefore, if the nasi: -
assumptions being used in this paper are sustained, a plant in Veneuw ia
appears to have almost exactly the same assembly costs as one in Spaviows
Poimt .

On the other hand, Venezuela has the advantagé of smaller transport
costs to its local markets. The value of this advantage has been estimated
in péper L.91 as equivalent to 10 dollars per ton, the latter amount
constithting a form of protection:for the Veriezuelan industry. Froduction
in the United Statés, conversely, has the advantage of lower wage rates,
and the bearing of this factor increases with each successive step in steel
making, from the raw materials to steel products. In adaition, it has the
édvantage of a larger scale of operations, which results in higher
productivity of labour and lower investment costs., Finally, the large
markets permit a considerable degree of specialization in United States
steel plants. S '

At the beginning of this chapter, reference was made to an arbitrary
' basis of comparison called "delivered steel costs". Since selling prices
in the United States in the base year 1948 were considerably higher than

hypothetical production costsin Sparrows FPoint, the comparison of Latin

';/ Sparrows Point with Venezuelan ore; Barcelona with United States coal.

/American costs
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_Table A, Compar
’ in Variou

Y

(13

L2 doll

Capacity of Wages in  Caplital &ncrﬂaﬁp over Sparvows Joinh Piang

Plant Barcelona Chargzs in %ag83 Capital
(thousand af Barcslona ~of Chargea
toms per year) ... Bl O AT
50 76,60 hdyo 20 £3.30  2L.%0 84,80
150 51.40 42,20 38 10 19.50 57.60
200 42,80 40.60 25,50 17.90 - 47.4D
230 39.40 37.40 26,10 14.70 40.80
300 32,00 34.70 18.70 12.00 30.70
430 27.80  33.20 14.50 10,60  25.10
716 24,20 30.80 10.90 - 8.10 19.00
850 . 24.00 31.90 10 10 9.20 }9 .30 .

a/ Obtained by multlplylng the man-hours per %on shown in Table 119
document L.91, by the Venezuelan wage rates.

Q/ Obtained by applying 9 per cent for interest plus amortization, to the
investment figures per ton per year, shown in Table 12 of document L.91.

¢/ Difference between the data of columns a/and b/, minus the respective
costs in a one million ton plant in Sparrows Point.

Table A shows that even the largest plants, 700 to 800 thousand tons
per year (which therefore exceed the size of the Venezuelan market), would
produce at a cost higher than the delivered cost of imported steel, In
other words the disadvantages arising in Venezuela from wages and capital
charges in plants of such a size, are toco lafge to be compensated by the
lower differential in transport costs. B ’

If instead of basing the comparison on delivered costs it is based on
the selling price in the United States in 1948, plué the transport'cost
differential, the situation seems to change con31derably . In thls case,

profits in the United States have been included, and they ralse the marg:n

1/ This margin seems xndlspensable, because, under certain c1rcumstances,
steel industries of exporting countries might face the situation’ whetreby
it would be more advantageous for them to export at cost mrice, than to

stop operations or reduce production .
P op p ’ /of difference
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L0y m&rgin of safety., & egqual the

wxcessive cogt of a smalleyr 300 and 400 thousand

tong a year.

Heturning teo Table A, i% can+be seen that while the sost dilfferences
originating from capital crarges in the amaller plert only duplicate the
figures of the larger once, the cost increases duc (v wages are avproximately
seven-fold. An analys is of the papers shows that the rolling mill is
responsible for most of the variations in productivity. That is, rolling
operations cause most of the incrcase in wages per ton that occurs in
small-scale plants.

This would seem to indicate that if Venezuela wants to operate a
plant smaller than 300 to 400 thousand tons per year, without undue
increase of cost, alternative processes to the rolling mill should be
carefully considered. Documents L.66 and L,68 refer to equipment and
processes of this type already being used on an industrial scale in the
United States, France, and the United Kingdom. For the time being there
seem to be two difficulties: <first, they are not yet sufficicntly developed
to permit their installation in a country where mechanical resources are
inadequate; and, sccond, that there are still many limitations to the type
and weight of the profiles which they can producc. .

Unorthodox methods of iron ore reducticn have, in general, the
disadvantage for Venezuela that they use more labour per ton of production
than the classical ones. 1If installed in Venszucla, they would produce
at cven higher costs than those tabulated in Table A, A possible exception
to this general rule might come from the process described in document
L.67. This is still being studied and the inventor stated in Bogota that
its devslopment would take one more year, prier to which no new information
could be disclosed.

There are two other alternatives for Venezusla which should also be
explored. The first consists in producing pig iron for export on a large
scala, This could eventually be used to cover part of the shortage of ferrous
material which is developing in Europe, especially in Italy. If such a
possibility is taken advantage of, the cost of pig iron used for Venezucla's
industry could be reduccd considerably, The second alternative, also aiming

/towards the
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problems,
The relative mcarcity of coking coal hag keen reflected in the
- existing and projected iron and steel industry in latin America, Very
seriovs thought had to be given tc the selection of plant locations,
due to the important bearing on assembly cosi: <~f long heulages for
fuel, Document L.87 by the Secretariat of the Economic Commission
for Latin America analysed the influence of transport on assembly costs
in selected examples of plant locations in seven Latin American countries,
Table 1 shows the fuel haulage required per ton of finished steel,
Loading and unloading operations, transfers, maritime and river
transport, have been converted to the number of kilometre~tons at
which a ton of coal could be transported at equivalent cost, The table
also shows, in percentages, the'ofigin of the coal,

1/ The Report on World Iron Ore Reserves and their Utilization in
Underdeveloped Areas, prepared by the Secretariat of the United
Nations in 1950, makes the following statement on the subject:
"Latin America is particularly’'deficient in coal resources, Mexico
alone is known to possess coal of good coking quality. According
to the published information, some of the Chilean and Colombian

- coals, although of a relatively poor quality, are cokeable; those
of Brazil are even poorer, The coking properties of coal from Peru

- have recently been established., The rest of Latin America appears
to lack coking coal entirely., The large-scale use of ores for the
production of pig iron thus depends on imports of large gquantities
of coking coals, or, alternatively, on the employment cf technigue
for reducing iron ore which does not involve the use of coal in any
form",

/Teble 1
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Leble 1 1~f,in of Loai Hegulred L_ Produce Cme Ton of Steel and
sulage Invoived. Expressed in Railvay Kilometres ner tom
Plant Haulage . Origin of coad
S S ' Yomestie | Imported
San Nicolss 2,185 100 #
Volta Redonda 1,599 30 A A
Huachipato 352 .85 Y
Belencito 39 100 cae
Monclova 126 100  ues
Chimbote 219 g5%/ 159/
Venezuela 585 coo 100

&/ Anthracites from the Santa Valley
b/ Asphalt pitch
Except in Colombia, fuel haulage for all plants is excessively
long, compared with the usual figures in: Belgium, Luxembourg, the
United Kingdom, the north of Franée, the Ruhr Basin, Pennsylvania,
ete,~ Moreover, in only two of ﬁhe seven countries was 1t possible to
base supply on 100 per cent of domestic coal, although most of them
encounter serious difficulties 1n;obtain1ng foreign eschange.
There were thus two concrete objectives gt the Bogota meéting in
connexion with fuel problems:
a) To provide information to enable the existing or projected
Iatin American industry ta reduce its fuel transportation
costs, and T
b) to direct studies and research towards replacement of imported
fuels by domestic fuels,
To serve these purposes, a number of widely-differing solutions may
be adopted. They rangs from better coal washing to prevent unnecessary
haulage of inert matter, to total or partial replacement of coal by
other fuels. Through blends the coking propertles of coals can be
suostantially improved, thus permlttlng the use of some ‘coals which are -

1/ It should be recalled that these centres were usually formed close to
cosl producing sources, so that it has beceme axiomatic toconsider -
that in this lndustry iron ore is transportea to the fuel productidn
centre,

g et
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at present rarely employed (if at all) for metallurgical purposes, on
account of their poor coking properties.

_ During the meeting, the contributions of Latin American participants
were mainly confined to descriptidns of fuel resources and the coking
properties of some coals of the region. The participants from other
countries, however, usually explained the methods adopted and the research
being conducted in thelf respective countries, Frequently these were
related to specific conditions in Latin Awerica, or to coals similar to -
those found in‘the region, )

One of the exceptions to the preceding génefal rule, which should be
mentioned, is document L.2, presented by Mr. Thomas Fraser, of the United
States Bureau of Mines, In the course of several technical assistance
missions to the region, he has probably become one of the persons best
acquainted with Latin American coal protlems,

2., Coal Reserves in Latin Amrerica

According to document L.,2, the practice of European geologists, who
first explored the coal reserves of the region, of classifying coals
according to their geo}bgical age, relegated those of Asia-and the Western
Hemisphere to a low category. More intensive study of these formations
has shown considerable variations in the coals; their characteristics
range from lignites to anthracites, depending on the extent to which local
tectonic action has influenced the rate of carbonization, The ample
extent of coal bearing formations throughout the Andean region, can leave
no doubt of the presence of considerable reserves in the region as a
whole, The wide variety of coals found in the few areas so far investigated,
indicates that within Latin Ameriea sufficient coking coal will be found
to supply the modest requirements}of its infant iron and steel industries,

Latin American experts presehted rapers describing some deposits and
mining methods; in other cases information on washing and washability of
coals of the region was submitted, These papers were: L,5, Brazil; L,6,
Chile; L.7, Paz de Rio zone, Colombie; L.8, Mexico; L,10, Washing of Santa
anthracites, Peru; L,23, Cauca Valley, Colombia; L.25, Cerrején, Atlantic
coast of Colombia, With the exception of Colombia, this information was
confined almost exclusively to coals for use in the respective iron and

steel industcisz, In the case of Célombia, reference was made to coals

/which could
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item on the agenda, onlv trn:w 1uiii
be discussed at this stagz, .«aving other problems to be sxamined = ey,
Document L,5 mentiras scme 20 miilien tons of coking coais in the
State of Parana, Brazil, "his coad L5 net beliw uted dve o a high
'sulphur content, which bLsing in organic form canooht be eliminated.lﬂ
The Santa Catarina region supplies all metallurgical coal worked in
Brazil, This deposit consists of narrow seams, separated by rock
intrusions of varying thickness and is therefore expensive to work,
The hand-picked coal averages a content of 3/ per cent ash and 10
to> 14 per cent of sulphur, but although ash is reduced through washing
to 18 per cent and sulphur to 1.75 per cent, the elimination of these
impurities increases costs, Reserves of this type of coal are estimated
at 500 million tons, and in view of their exceptional coking properties
can be used as a blending material to improve fuels having poéfér c§king
properties, This explains why, in spite:  of the fact tha® the feaiures
of the deposit and the washing problems are exceedingly difficult,
Mr, Fraser ctates in paper L,2:
"Notwithstanding all these technical difficulties, the exceptionally
strong coking quality of this coal, its adequate reserves and its
strategic location with respect to the tremendous deposit of high-
grade iron ore of Brazil, may well place the Barro Branco coal
among the most important coking coal reserves of the world in the
years to come,” ‘_ . ,
Paper L.6 describes the metallurgical coal in the Gulf of Arauco,
ir» Chile, This fuel has a lgw sqlphur and ash content and is easy to
wash. It has two drawbacks: fi:qt, its coking power is :: 3nd needs to
be improved with 20 or more per cent of low volatile coal (which has not
yet been found in Chile), anﬂ,second, the mines are located under the sea,

so that operating costs are fairly high.

1/ The reference to desulphurization made later in this paper changes this
situation entirely, so that this coal might, possibly be added to TP
potential reserves for steelmaking, S

/Present workings .
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Present workings are from 4 to 6 kilometres off the coast. Total
reserves have been very conservatively estimated at some 260 million
metric tons, of which 55 per cent is composed of the coking coals
described, and the remaining 45 per cent is non-coking. There are
also extensive coal deposits of poorer quality in the country, ranging
from sub—bituminous to lignites,= which are quite unsuited for use in
the iron and steel industry. These reserves actording to some estimates,
raise total figures to nearly 4,000 millien tons.

Paper L,8 refers to the coal found in Mexico, It describes deposits
of the Sabinas and Saltillito formations in Coahuila, which at present
supply the entire consumption of Monterrey and Monclova, Reserves are
estimated at between 1,250 and 2,000 million tons, almost all of which
is good coking coal, The ash content of run~ef-mine coal ranges between
22 and 32 per cent, and is washed to 15-16 per cent, while the sulphur
content is low,ranging from 1,1 to 1,3 per cent., This coal produces
excellent coke without blending.g/ Reference is made to the Oaxaca
deposit, situated some 350 kilometres south of Mexico City, and
relatively close to iron ore deposits, Reserves are here estimated at
some 100 million tons of coal, of varying volatile matter content: some
of these coals have good coking properties, This fuel has a high content
of finely dispersed ash, which poses serious problems to the conventional
washing processes,~ Finally, this paper describes deposits of anthracite
coals in the State of Sonora; which are estimated to contain not less
than 22 million tons, with ébout 10 per cent of ash, As there are also

1/ According to the classificatlon of the United States Association for
Testing Materials,

_/ According to current laboratory experiments, this coal should expand
so much during coking that it has been classified as dangerous to the
oven walls, In practice no accidents have occurred, so far, and the
theory has been advanced that this might be due to the remaining ash
which may abserb the pressure,

3/ It is likely that the method of washing coal by phase separation,
described in paper L.9, could be used successfully.here, whether or not
in combination with the manufacture of coke briquettes using the
Convertol process described in document L,24,

/high—grade iron
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high—grade iron ores in this State cénsideration has been given to the
- installation of a new steelmaking centre, ﬁéiﬂg theée anthracites for the
blast furnace, either directly in lumps, or pfessed into briquettes.l
| Paper L.7 estimates Colombia's total coal reserves at 40,00C
million tons, of whieh 1,900 million have been found within a radius
‘ of 4O kilometres frow the steel plant at Belencito, Due to differences
in tectonic action in various. parts of this formation, coals are found
with widely varying properties, They range from high bituminous non—-coking
coals to low and medium volatile, strongly coking coals which could be
used as blending materials to improve other coals, A mine having a
reserve of some 200 million tons of directly coking coal has been
opened close to the iron ore at Paz de Rio. This fuel caﬁlbe easily
washed to obtain 8 to 9 per cent of ash coal, with sulphur under 1 per
cent and with 85 per cent recovery, Due to its geographical location and
high transportation costs, this fuel can for the time being only be used
in Colombia, It should be noted that in the Cucuta region, these
formations seem to extend into the State of Zulia, close to Lake
Maracaibo in Venezuela, As the formation contains a large variety of
coals, it would not be surprising if Venezuela also finds good coking
- coal deposits in that region, ,

Document L.24 describes Colombian coals from the Cauca Valley, in
the region close to Cali, with reserves estimated at some LOO million
tons of recoverable coal, This fuel normally has a fairly high ash
content, so that it would need washing, Otherwise, it contains widely
varying types of coal with different quantities of volatile matter;
Incidentally, the samples from some mines correspond closely to the
famous Pocahontas No. 3 coal in the United States, while others are
sub-bituminous non-coking coals, v ’

It was revealed during the discussions that Colombia is taking
steps to develop mining and preparation of these coals to export them,
Chile's iron and steel industry might be one of the purchasers of fuel
of the high coking type., Again, if Mexico should build an iron and steel

1/ The convertol system, referred to in document L,24 could also '
probably be applied successfully in this case,

/centre to



centre to the southwest of the Federal District, based on Oaxace coals,
a market might be established there for some varieties of coal from the
Cauca Valley, ' '

Document L.25 describes Colombian coals from Cerrejon, in the
Guajiras peninsula on the Atlantic seaboard, These are high bituminous
non-coking coals with a low ash content, from 2 to 6 per cent and very
low sulphur content, Reserves.developed so far, are estimated at some
36 million tons, It was mentioned during the discussions that Brazil
might gain by substituting up to 50 per cent of the coals which it
imports, for Cerrejon coal, thus reducing the ‘distance from mine to plant.
Simllarly, if Venezuela should be unsuccessful in its search for coking
coals, it might cover part of its requirements with this Colombian coal,
coking of which might be achieved through blending. |

On the basis of this informztion it appears that Latin America's
coal reserves are not entirely negligible, Colombia is undoubtedly -the
most richly endowed country in this sense, and could well supply several
Latin American countries with the appropriate coals for their blends.
Naturally the various possibilities mentioned here should be submitted
to that essential research which alone can determine the real possibilities.
The potential objectives, should all the tests prove successful, would
be those indicated in Table 2,

Table 2, Modifications in Coal Supplies Permitting a Greater Use of
Latin American Fuel

Plant Haulage distance New element in fuel

According to  Acdording to

Table 1 conclusions of

this discussion
San Nicolas 2,185 1,940 LO% Cerrejen  60% Pocahontas
Volta Redonda 1,599 1,300 30% Barro Branco70% Cerrejon
Huachipato 352 ‘ - 258 15% Cauca 85% Gulf of Arauco
Belencito 39 39 100% Colombian
Monclova 126 126 100% Mexican
Chimbote 219 219 85% Anthracite 15% Venezuelan
: ’ asphalt
Barcelona 586 632 100% Zulia
Barcelona 586 _%;2 70% Cerrejon 30% Asphalt
Average 729 i 14

Apart from reductions in the haulage distances indicated in Table 2,
fulfillment of the programme outlined above would provide a greater

/assurance of
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assurance of supply and would increase 1nter—regional trade by some
twelve million dollars in terms of 1948 prices.
3. Coal Washing
This section reviewed present or planned coal washlng practices

in the iron and steel industry of the region, discussion being based mainly
on information provided by Latin American partlclpants. Some participants
from outside the region, generally those oonnected with engineering: -
firms which construct or design washing equipment, described some of this
équipment, almost all of which is already in industrial operation, and
referred to its possible application to Létin American coals, There
were two exceptions to this general rule:?firstly, the description givén in
document L.1 of the methods of calculation known as the "coefficient of -
imperfection® used in France to select thé type of machine best suited
for obtaining certain results when washiné coals, The problems thus
posed may consist in separating various ffactions of different specific
gravities and for different sizes; secondIY, documents L,9 and L, lO
refer to a new washing process known as phase—separatlon.

The discovery of the so—called "coefficient of imperfection" was
first divulged at the Congress on Coal Preparation in Paris, 1950.
Subsequent studies and practical corroboration thereof, have led to
confirmation of the theory's validity., This consists, briefly, in the
statement that each washing process can be characterized by a certain
coefficient, independent of the type of coal and the density adopted for
the separation, In other words, for every type of apparatus working under
good conditions there is very little difference in the deviation of
particles on either side of the desired line of separation.;/ Based on
‘the average results which formed the basis for establishing the coefficients
for each type of apparatus, calculations can be made which are of undoubted
industrial value; first in determining the sizes which provide the .
maximum yield, and secondly to compare the yields in each of the varlous
possible processes, in relation to the washing cost,

1/ The lower the deviation of the coal particles which pass to the ash
fraction, the higher the yield; and inversely, the lower the deviation of
particles rich in ash whlch fall within the coal fractlon, the cleaner the

_product,
/These calculatlons
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These calculations were evolved in Europe in view of the fuel
shortage, i:e to which seams are mined which would not ke werked in
countries with a better supply. This makes it essential to clean coals
both easy and difficult to wash, the separetion not being confined
to two fractions only {coal and waste), but to two or more coal fractions
with di fferent ash contents, in addition to waste,

The way in which the ash is dispersed determined the gase with
which coal can be washed., In some cages eeams consist of two clearly
different fractions, one of combustible matter with very little ashy
ard the other with & high ash content and with little coal. Such coals
are éasy to wash, and they are most frequently mined in the United
States, Germany and the United Kingdom. "Integral" washers can be
advantageously used for them; they treat run--of-mine coal, that is
without separeting the various sizes, yielding only two products: coal
and tailings, .

In other coals, the ash is finely and unevenly dispersed, so that
there is a whole range of intermediate products between clean coal and
waste, In these cases, in order to-obtain a suitable fuel it is necessary:
a) to separate two or more fractions having different ash contents (and
therefore different specific gravities), and seek suitable applications.for
each fraction, or b) to crush the larger fragments, which have an
excessive amount of ash, to sizes in which a reasonable proportion of
acceptable coal particles appear. A combination of these two processes
is a common feature in Europé. In Latin America a typical example is
Brazil where coal is separated into metallurgical and steam fuels, and
tailings (see documentsL.2 and L,5)

Only the metallurgical coals found in Chile, Colombia and Peru are
easy to wash and can efficie@ﬁly be prepared into two fractions, Those
in Argentina, Brazil and, in;a smaller degree, Mexico, are difficult to wash,
Washing here may include the acquisition of more than one type of coal
and a substantive amount of érushing.

Document L[,27 analyses the influence of coke ash constituents on
the blast furnace operation cost and yield, Theoretical considerations,
supported by operational staﬁistics for the Huachipato blast furnace,

demonstrate that the small amount of ash which appears in coal fractions

/with a specific
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witb'a specific gravity over 1.35,-fé&ﬁées the éokinqunality of the
coalé Similar petrographic studies if carried out among other
mefallurgical coals in Latin America, might well prove the advantagé
of extracting certain compopénts of £ﬁe ashy Thus it may become
indispensable that even coals classified as '"easy to wash" should be
separated into more than two fractions, '

Papers L.l and L.3 point out that there is more precise separation
of the fractions when coals over 8 mi;limeters are washed by heavy media
apparatus, Document L.4 describes-one of the latest designs which can
be adapted for producing éither two or three fractions,

For grains between 0,5 and ‘10 millimeters, documents L,1 and L.3
recommend jigs with filter beds as the best solution, If separaﬁibn at
high density should be required, then a feldspar bed is recommended
(specific gravity 2,7), while for separation at lower densities ceramie
cubes (specific gravity 2.2) are sufficient. For grains under 0.5
millimeters either froth flotation or cyclones canbe used. The latter
up to specific gravities of 1,75. ,

Two different tendencies appear to exist in Europe dealing with
the treatment of fines, The first,. which prevails in the United Kingdom
and the Netherlands, seeks to find ways of floating ever-~larger grains,
The second, predominating in France and Germany, tends to improve
mechanical washing in order to achieve efficient separation with ‘
ever-finer grains, .

DocumentsL,9 and L,lo refer to a new coal preparation process,
called "phase separation". It consists of grinding the coal finely in
water and some 3 to 4 per cent of oil, The oil adheres to the clean
coal surfaces, thereby resulting in the formation of pulp, The
water tends to desintegrate the ashes (usually clays) and to detach them
from thé coal, Centrifugal force separates water with the ash in |
suspension from the oil-coal pulp; If it is inténded to coke the ¢lean

/céai; the
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coal, the oll can be so selected as to improve the coking properties.
Doeument L,2 describes Latin American coal formations as well as

washing capac1ty and processes best suited to some of the metallurgical

coala. It analyses particularly the sulphur problem of the Brazilian

. Barro Branco coal, which is probably unique in the world., The hand-picked

coal has a very high sulphur content (10 per cent) and about 32 per cent

ash, Washing of the coal to 15 per cent ash fortunately reduces the

sulphur, mainly made up of pyrites, to about 1,5 per cent, As regards

the sulphur, attention should be directed to a new desulphurization

process of liquid pig iron, described in another section of this paper,

If the economics of this new process: are satisfactory, many of the limitations

imposed by the sulphur content on the adaptability of fueis tb the blast

furnace, may be set aside., This would apply, poseibly to the Parana

coals in Bragil and also to some petroleum derivatives which can be used

to improve the coking propertics of coals,

Lo Suitability of Coals for Producing Good Metallurgical Coke

Document L.11 states that despite all the research on the subject,
the process by which coal is transformed into coke is Yet unknown, There
is still no definite answer to this question in spite of all the work done
by the large number of research workers, Numerous indices and measurements
of arbitrarily selected factors have been compiled, but they have proven
insufficient to provide a comprehensive cxplanation, Meanwhile it is
impossible to state why a coal or a blend swells, nor why a coke cracks,
Much less can there be any a priori conclusion as to whether or not a
coal or a blend will produce a satisfactory coke, |

Knowledge regarding the properties of a certain coal can only be
attained in'an‘empirical'way. The only way to know the type.of coke
which can be produced by a given coal or blend, is actually to make the
coke, Furthermore, before reachihé a decision concerning the utility of
a certain fuel for a steel industr%, or even as regards the coking

/plant, it
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plant, it is necessary to obtain & éonﬁiﬁ h}@ amount of daba and
indices concerning aome propertles of tha ces hl*<ﬁg coke. These are

hardness, physical resistance to preasius Aind ;axa¢leA§ and in many

cases, the facility with which the coke dman ore,

A large number of indices and messuvencats conesrned with fusle
have been laid dewn with the object q?zﬂﬁﬂswfnb avuadvénw.aﬂiﬁea

of their behaviour in the blast furnace, They have besn drawn B
through experience and may pre~determ$ne Lhe resulis which may be‘
expected from treating other coals, o ' o

Paper L,11 describes the etperimgnts made in Franﬂe 1n ;hij
connexion, L.16 analyses similar work in the United States pslng a
small 200 kilogramme test oven, and refers to the correlatibn'of the
data obtained from such experimental ovens to large-scale operatiﬁh;

Paper L,11 also draws attention to the excepticnally hlghngradev‘
ores in some of the Letin AmePbican cauntrles - especially when
compered with those usually found in France = which justify lower
stendards for coke quality. _

DocumentsL.¥, L.19 and L.91 outline the search for coking coals
bot - in Colnmbia and Chile, the process described in paper L.16
he: i.ug been ased for this purpose, Discussions of these papers
referred to the conditions which a good sample must fulfil, The
doubt arose whether the samples of Naricual coal (Venezuela), fulfil
these conditions. éhe conclusions concerning the coking properties of
Naricual coals are therefore also doubtful,.

The difficulty aris;ng from a-selection of different indices and
reasurements in various countries, also became evident in the course
of dizcissions. For instance, it was pointed out that French research
workers encountered difficulty in interpreting the results of .

meezsurements using the Gieseler plastometer,

“¢/Dotument -L,27 -
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‘ \Document L.27 relétes vetrogiapiaic analysis made with Chileén-éoals
describing the unfavourable influence on coking properties of some of the
components, such as fusinite, and carbonaceous schist, The latter is
contained in certain rractions of the ashes, Hundreds of tests, conduvcted
at Huachipato, have proved that the elimination of these petrographic
elements through grinding and selective screenings and of the portion of the
ashes containing‘most of the carbonaceous schist, considerabl& improvés>the
. coking properties of Chileah cp§l‘ The above information can probably -
be considered.as a beginning towards clarification,éf the mechanics of
the coking process. . ) B ) . . . |

A method based on 31mllar con31derat10ns is descrlbed in paper L, ll.
The Sovaco-Burstlein process consists of grindlng the coal followed by
screening, to eliminate certain petrographic fractions. The remainder 1is
crushed to adequate sizes. _ |

Document L,12 states that if difficulties exist for obtaining the
proper blending materials to improve the guality of coke made from certain
coals, the following alterations may be tried in the coking process:

a) washing the coal, b) changing the size of the grain, ¢) altering
carbonization temperature or d) changlng loadlng methods and the bulk density
of the charge. Paper L,16 adds tp this list the acceleration of heating

of the charge in the oven as partiéularly beneficial for poorly cocking

coals with high volatile and oiygen.content. For such coals, paper L,11
described the process used at Thiﬁnville, in France;‘where 67 per cent of
low coking High-volatile coal (Lorraine) is used. Results here improve
when crushing to 7 to 15 mm. is effected at the precise moment the coal is

used, so as to reduce oxidization.

/5. _Coking of Coal
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5. Coklng of Coal and Blends of Coal

There are very few metallurgicdl coke plants which produce coke from
one. single type of coal‘without resortihg to blends. Document L 12 points
out that only 10.5 per cent of the 86 important coking plants operatlng
in the United States in 1949 were using only one type of coal. 5.8 per
cent of the total were using high volatile, the remainder employed medium-
volatile coal. Document L.15 defines the purpose of such blends, The
properties sought are usually strength and size of the coke, although 1n
a few cases the blends are made to reduce the content of certain sgitableA
component.s (sée also docuyment L.;Z). The most notable phases which;ﬁake
place during the coking process are swelling and fluidity. The first,
when excessive, may endanger the.oven walls, while the secoﬂﬂ largely,l
_determines the strength and size of the coke. |

Low and medium volatile coals are usually considered to be good for
-coking, with higher volatile coals at the other end of the scale.___:,“

N evertheless, high volatile coals are often blended into the former in
order to improve fluldlty. In some cases suitable compression within thc
) ,oven may offset certain deficiencies of fluidity.

It is not surprising, therefore, that in lLatin Amsrica, only Mexico
and Colombi; are able to use a single type of coal,’ The nec3331ty for
blending in the other countries creates a serious problem since thq.cgqls
for this purpose have to be imported. As stated elsewhere, the greﬁt.}
variety of coals which exist in Colombia, may justify the expectation
that the steel industries of most of the region can be supplied from
this source with fuel suited for specific blending purposes, thus
obviating imports from outside Latin America.

Blends are thus being used in the regions as follows. in Brazll, .
where the Barro Branco coal is too expansive, high volatile coals are ;
added; in Chile, the local high volatile coal is blended with low volatile
and good coklng imported fuel; in Peru, the addition of asphalt or
petroleum derivatives to anthracites is planned. The extent to which
Argentina's Hio Turbio coals will be used has not yet been made public,
Composition of the coal suggests the following possibilities of blends;
a) low volatile good coking coals with char made of Rio Turbio coal,

b) with asphaltite with petroleum derivatives, or c¢) combinations of some
of these coal additions. {

/6. Improvements in
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6+ Improvements in Coking Through Addition of Char, of Anthracite or
Coke Breeze ’

According to document L.16, the addition of around 5 per cent of fine
anthracite coke (below O.4 mm) hinders the shrinking of coke during the
contraction stage in the oven. Coke of larger dimensions can thus be
obtained if the coal has good coking properties. The same addition can
produce a satisfactory coke from poorly coking coals, given sufficient
fluidity. According to this paper, coke granules in larger sizes, such as
5 mm., are always harmful, |

- In France, on the authority of document L.11, very good coke is being
made by the "Carling" method, using a large proportion of poorly coking
Lorraine coal. Thus a well known coking coal and fine coke breeze are
" being added. Alternatively, document L,12 states that the addition of coke
or anthracite breeze to hign volatile coals has not given good results in
'lﬁhe western United States. Sawdust has also been used to reduce contraction,
© with similar results to those obtained when using anthracite or coke dust.

According to papers 1l.12 and L.15, some high volatile coals found in the
western United States have great fluidity, in this case the addition of 15
to 20 per cent of low temperature coal (char) produces a much stronger and
larger coke. L,12 compares the beneficial action of char and low volatile
coals, providing charts in which the effect of these additions on the
properties of the resulting coke ére shown, It is thus possible to determine
which are the respebtivg amounts necessary to- obtain certain results.

It is assumed that the action of char, completely devoid of fluidity,
consists in providing surfaces fof the plastic adherence of the coal,

This enables a strong weld to be éffected in contrast to what occurs when
using coke or anthracite breeze. Tin the later stages of the process, the
char hampers contraction, thus contributing towards the formation of a
1arger'coke.

In papers L.l1l1l and L.14, it is explained that the chars are also used
as blending elements together with other components, both with Lorraine
coals and with the black lignites of Yugoslavia., The manufacture of coke
from the latter involves a complicated procedure, to be discussed later,

Up to 65 per cent of Lorraine (high volatile, poorly coking) coals are blended with
/ 25 per cent
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25 per cent of -high :volatile:. goed.csklng coal of great fluldlty and 15 per
sent of fine char (of which betweesn 45 and 75 per cent is ‘below O, 5 mm.)
The reSHLting product, though {nferisr to other blends used in France, has
given fairly good results in the Blast furnaces. -

Paper L,13 enters into a brief history and description of the progress
achieved during half a ceﬁtufy\of research on char production for blending
purposes. The statement that char does not need to be made of the same.
coal uced as a basis for the manufacture of coke, aroused much interest.
Conversely, it seems that high volatile{non-coking coal is more advantageous
due to its lack of adherence during the“plaetic period of its carbonization.

This statement is of interest toTChile, which might probably reduce,
or even eliminate, imports of low volatile coals by adding wp to 15 per
cent of char, preferably made with non-coking high volatile coals, to its
non-coking coals, Such fuels constitite one of the veins in its deposits
and have to be mined simultaneously.;/ Similarly, if the research on the

‘Rio Turbio coals should fail to find a way of using them for the manufacture
of metallurgical coke, Argentina would: always be able to add te improved
blends of imported coals, up to 15 per cent of Rio Turbio char, after
suitably washing the coal. This possibility might be extended to other
high volatile poorly coking coals, such as Colombia's Cerrején coal. It is
almost certain, judging from French experience with inferior coals, that a
‘blend of about 60 pef cent of such poorly coking coal, with 15 per -cent of
char from the same source, plus 25 per‘cent of some coal with greater
fluidity from another sowsce, could be used., Venezuela provides one
Instance, .

Finally, y®per L.12 also mentions the good results obtained in the
western United States by adding up to 20 per cent of petroleum coke breeze
taining 8 per'cent residusl volatile matter. The resultant coke is -

-ightly less porous than if made from straight coal, but it. gains -
onsiderably in size and strength,'while improvements are discernible even

ith very small'additions of petroleum coke.

7. Use of Pitch, Asphalts and Petroleum Derivatives in Coke Manufacture
Document L.12 presents some of the results obtained in ‘the western

Unitad States through addition of coal tars and pltches to the coke “blend.

Size, strength and stability of the coke increase until the addition of

1/ They are used as steam coals at present
. /these binders



these hinders reaches a certain limit, ranging between 10 and 15 per cent,
Paper L.15 stabes - and this was covnfirmed during the disenssions -~ thas
the coke plant itself seldow produces more than 2 to 3 per cent of suitable
coa! pitches and tars, sc that this method of improving the coke usually
has vevry limited applications in Latin America, According to paper L.15,
the effect of these coal tar or petrolewm products consisis of increasing
fluidity during the plastic phase. A lack of fluidity is the main
obstacle to producing good quality coke with high oxygen content coals.
This theory agrees with document L,12 that the beneficial effwect of these
semi-solid additions culminates at around 15 per cent and declines
rapidly thereafter.

Paper L.17 describes a number of tests connected with blends of'70
per cent Chilean high volatile coking coals and 30 per cent Argentine
asphaltite, By incfeaSing the fiuidity of the Chilean coal in this way,
the coking properties of the blend are clearly improved.- A second series
of experiments with asphaltite blends was conducted with strongly coking
North American coals. In every case a larger sized coke was obtained;
this took the form of blocks having a fairly hard structure and appeared
to be well fused during coking. In one of these‘tests, low volatile
coal was used which had a high carbonization pressure. The addition of
asphaltite reduced the carboﬁization pressure to a point where there was
little dénger of damage to thé coke ovens, Here again the product
) 1qproved in quality compared with coke made with unblended coal,

Papers L.14 and L.24 rnfer to coal briquettes made w1tn binders
' derived from coal or petroleum These briquettes can then be carbonized
directly to produce coke, or’transformed into sem1~coke (char) which is
fully carbonlzed in a second stage. The two coals referred to in
these two documents, each fall into one extreme classification, both from
the point of view of volatile content matter and of geological age. The
flrst paper deals with brown and black Yugoslav lignites, blended with
-tar og petroleum pitch, while the second refers to a blend of Peruvian
meta-anthracites with the same binders. The processes usually entail
the washing of the coal by means of the phase separation syvstem, the
bzlquettlng of the blend and 1ts subsequent carbonization. OSpecizl ovens
/with retorts
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with retorts, in which hot gas c1rculates to step up heatlng of the charge,
are described. The oil, used 1n the phase separatlon to help in binding
the briquettes, may be transformed 1n the oven into aromatic hydrocarbldes
of enhanced value. The briquettes fofﬁva hard coke, of uniform sxze, flne
grain and a satisfactory porosityy 1f judged by the relationship between
the size of the pore and thickness of the d1v1d1ng walls, As mentioned
in paper L.24, this process has been used ~successfully in 1ugoslav1a to
produce lignite briquettes for metallurgloal coke. The same process 1s
being developed in Peru in connection with meta-anthracites. The coke
briquettes obtained in the laboratory are of satisfactory appearance,
although their suitability for the blast furnace is not y»ct known. For
this reason a plant on a semi~commercial ecale is under construction at
Chimbote, with a view to producing enough briq.\ett es conduct full scale
blast furnace tests.

Paper L.18 describes the manufacture of metallufgical coke from
petroleum derivatives, as practised in Argentina for zinc smelting. Betwsen
23 and 25 pef‘cent of the petroleum is converted into good metallurgical
coke, while the.remainder‘is recuperated either as liquid or gaseous
by-products, | ,

During the discussion on this paper, the following statements were
made:. a) that blends of coal with certain petroleum derivatives produce
good cokes in almost any proportion; b) that there is no danger of liquid
fractions leaking of £ vertical coking ovens, so long as the proportion of
. petroleum derivatives is kept below 30 per cent, Wwhere hlgher percentages
.0f petroleum derlvatives are employed, it would be advantageous to use
horizontal ovens, such as those described in paper L.18. There are thus
.. installations available which can be adapted to any proportion of the
- basic raw materials for coke manufacture; c) that these conclusions
open up a broad field for regional cooperatlon between the petroleum and
iren and steel industries. Some delegates suggested that a close future
cooperation be established between the petroleun and steel industries for
coke research.

.o Within a relatively short perlod, industrial centres should groﬁ'“P
around Latin Amerlcan iron and steel plants. Thay will require fuel,

J

/therefore by-products



therefore by-products of a plant based on peivocleum derivatives would soon
find useful applications, and the possibilities of partially or enlively
basing output on petroleum derivatives shovid not be rejectad without
careful study., Many local facters will have to be considsred in each
case, among which transport plays an important role,

Since petroleum production and refining, in Latin America, does not
occur near coal producing centres, the possibility aricses for reducing
assembly costs and, in additioh, improving the quality of ccke by basing
the supply of the coke plant on hoth fuels, For instahce, in Argentina
the possibility of‘utilizing Rio Turbio coals for coke would be worth
examining. The following possibilities should be studied in the same.
connection: a) blends with char; b) blends with asphaltites (deposits
of which are found at the foot of the Cordillera de los Andes), and
¢) blends with petroleum residues from Comodoro itivadavia. As the iron
ore deposits of Sierra Grande are relatively close to Rio Turbio, it
should be quite feasible to establish an iron and steel industry with
low sssembly costs in gouthern Argentinz - nroviding the experiments
for producing a good coke with products in that region were successful.
Something similar might be attempted in Venezuela, which has high
volatile non-coking coal beds at Naricual. The addition of petroleum
residues, heavy crude oil and asphalts from the many deposits of this
product might almost certainly léad to ‘the production of satisfactory
- metallurgical coke with low assefibly costs. '

8. Use of Natural Gas in Blast Furnaces

Venezuela, with its great wealth of iron are and a relatively iarge
market for steel products (alreaéy exceeding 500 thousand tons a yeaf;
including tubing for the petroleﬁm industry) has a serious problem to
supply fuel for a steel plant. In addition to the previoué solutions,
it might be worth while to consider a blast furnace, similar to the
classical type, using coke as fuel and as reducing agent, but )
supplemented by the injection of petroleum or natural gés undef preséure.

- The gas might be regulated to perform the bulk heating and the indirect
-reduction. Perhaps a blast furnace of this type could 6pefatevat‘the

low coke rate customary in electric reduction furnaceé. Tbis possibility
is worth invesbigating, as no coking coal deposits have so far beén‘found

/in Venezuela, whereas
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in Venezuela, whereas large quantlties of natural gas from the petroleum
wells are being wasted only a hundred kllomutres from the 1ron ore. deposits.

’9. Influence of Quality of,Coke»on-the Operating Costs of the Blast Furnace
Papers 1.26 and L.27, study the effect of the ash content of coke on
the operation costs of-the blast furnace. B
Paper L.26 starts:from the hypothesis that the composition of all the
coal and ash ie uniform, and analyses the effect on cost ber ton of pig
iron as a result of the following factors, which have opposite effects:
on the one hand, the additional cost of reducing the ash content of the
coke through better washing of the ¢oal and, on the other, the reduction
in operating costs of the blast furnace due to the use of cleaner coke.
Paper L,27 refers to the special case of Chilean coking coals and its-
conclusions might apply to other Latin American coals, although the author
has not so far reached this stage. L.27 establishes first that the -
combustible matter and the ash are not of uniform composition.and that certain

fractions of these coals and ashes contain components adversely affecting
the quality of the coke. A comparison of the cost involved in extracting
these elements, is presented, with the economy in blast furnace operating
costs which might ensue from using the resultant better quality cokes-
Paper L.26, described the more usual process and the calculation
presented therein, if applied to a hypothetical example, should be .-
effected for each plant and for each blend of coal, before deciding upon
a policy regarding the ash content to be tolerated in the coal. Reasoning
is advanced, and formulae proposcd, for establishing thz degrec to which
a lower ash content in the coks results in its cost increase. Factors are
listed witich 1nf1uence the ope“atlng cost of the blast furnace and vary
with the purlty of the coke. Ihe degree to which these costs decrease in
relation to the progress¢vel* lower ash contents in the coke is establlshed
and three fundamental ycasons for this reduction are underllned' a) coke
consumptlon per ton of plg iron is reduced in view of the greater content
of combustible»matter, b) limestone consumption is reduced- c) dally
output of the blast furnace increases without a disproportionate plse,;n
operating costs. This is because a blast furnace can répei§é §}h§if§:m
amount, of coke daily, no matter what its ash cortent. T ‘
/The algebralc
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The algebraic addition of the two groups of resulting figures, shows
the over-all sconomic effecct oﬁtééélﬁﬁgshing, compared with obarating costs
of the blast furnace for diffefeht>dégrees of coke purity. If this addition
is expressad graphically, it rcsembles a parabola, with the apex at the
point marking the moét favourable.ash content in the coke. Once this is
known, it is easy to determine the‘percentage of ash which can be tolerated
in the coal, -

Paper L,27 begins, as stated eafliur, by determining the pernicious
effects of cervain petrographic components and ash fractions. It first
establishes that by screcning the -grains below 1.5 millimetres, a large
part of the harmful petrographic elémenté can be eliminated. Reflercnce is
then made to some of the fractions of intermodiate density which should be
eliminated becausc they contain an excessive amount of & cert.in type of ash,
adverse petrographic elements, and sulphur. Apvarently the effcect of the
two former clements consists in impudine perf .ot irzpregnation and welding
of the surface of the coal particles with the bindiin: bitumens. Using
statistics for tests made at huachipato, a corrclsticn is established
between tho ash contunt of the coke, its struncth and size, This relationship,
in turn, is changed into a coefficicnt which expresses the ratio betweeh
the ash content in the coke and the proportion of low volatilc imported
coal ‘essential to produce coke of a certain quality. .

Paper L,27 then analyses th: cost increasc of the remaining coking .
coal, after separation of the harmful fractions. 3Such an increass, even
in tﬁe extreme case where the fractions eliminatcd from the coke have no
commercial value at all, is compared with the substantial economies |
which would fesult in blast furnace operation. This paper 2nds by
'éstablishing that thc reduction in ash and sulphur, within tﬁe prqposedii
degree, would not create any difficulty of insufficient slag in the b1a$ﬁ

furnace.,
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PHAPTER Iy, CONCLUS.LONS RELATING TO PROGRESS IN IRON AND STEEL
e METALLURGY APPLICABLE TO LATIN AMERICAN COUNTRIES -
"I, FOREWORD

Notwithstanding the shart period available to the organizers and
participants for the preparation of fthis meeting, a considerable number
"of ideas were exchanged. ) ‘

North American and European part1c1pants provided the necessary. ’
experimental data regarding either installations in currenmt operation,
or the different experiments with new processes which are now being,1.  ‘
carried out, The Latin American countries drew the attention of the wérig
%o their first efforts in the field of metallurgical production, with the
aim of developing iron and steel products as a basis for industrial '
development, an indispensable factor in social and human progress.,

The discussions focussed interest on technical problems, which stem
from the nature of raw materials, as well as from prevailing economic  '
conditions, both by reésén of the frequent transport difficulties and bf
the varied needs of transfonnlng industries from the standpoint of | ;,.
'quantlty and quallty. Fmphasis was likewise laid on the fact that slnce .
the Latin American countries, cannot now equip their iron and steel 1ndustr1es
with domestic capltal goods, for the time being they must resort to imports,
paid for in foreign exchange, to provide the main part of their new
equipment If advantage is to be taken of the very latest details of
technical progress, such expenditure may involve very high sums for a ‘
great deal of mass production equipment. Foar instance, at present, it.
is difficult to imagine any one of the Latin American countries purchasing
equipment for blast furnaces with a daily production capacity of 1 500 tons,
in addition to all the latest iwprovements, such as, for example, hlgh- .
pressure eoulpment- nor simi"erly, is it conceivable that the 1ndustry of _
the region could acquire large continuous strip mills, requiring considerable
supplies of metal and a substantial volume of demand, with an annual
production aroun one illion tons of finished products,

These cmsiderations make it necessary for the Latin American countries
to stagger their purchases insofar as possible, adapting them to a general
plan that can be developed in-~ successive stages. However, since they are
not at nresent in a position to take advantage of the appreciable drop in
costs ~ which has occurred in other countries through the inmtroduction of

/the mass
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the mass proeduction methods referred to above -~ the Latin American -
countries tend to view with preference all modern methods which might
prove suitable for adaption to their raw materials ana wnich would allow
them to obtain low costs by introducing technical innovations. However,
broadly speaking, the opportunities for experiments in Latin America are
limited, so that the countries -of the region must resart tc the older iron
and steel producers for assistance, and study, together with steel expérts
from the United States and Burope, the results which can be obtained in
factories or pilot plants outside Latin America,
‘ It is undoubtedly true that the new problems thus raised, will awaken
the attention of the older countries, leading research into new fields,
with results which should prove beneficial to the entire world,

II. GENERAL SUMMARY OF FINDINGS

1, Reduction of Iron Ores
The first problem for any patential iron and steel producer,particularly

in view of the general shortage of scrap iron for resmelting, is to obtain
iron from the different ores available, This is the fundamental task of an
iron and steel industry even wheﬁ the product thus obﬁained is associated
with other useless or harmful materials (Carbon, Sulphur, Phosphorus)
requiring subsequent refining.;‘Professor Robert Durrer, in an outstanding
~ paper (document L.45), to which ?requent reference will be made, mentions
"the Catalan Hearth. It is in#eiesting to cbserve that the present method
for mass production of iron frbmfores_- the blast furnace, with all its '
latest improvements -~ is no more than the logical outcome of a routine,
experimertally acquired as a r;éult of the fortuitous. discovery of iron
production by methods such as'thé Catalan Hearth. The Chinese had certainly
‘gone further in analysing thenproblem, as Professor Durrer points out; many
centuries ago they had already reduced iron oxide by using coal and had
adopted a system of reductionfin externally heated containers, thus .
splitting up the operation mare efficiently than it is done by the b}gét
furnace. The Hoganas process and the Tunnel-kiln (Ontario - Cavanagh)

are simple variations of this mrocess, Because the_systematic‘analysis,
thus begun, was not continued, and because the results obtained by the
blast furnace'prcved economically profitable, this latter_gethod, iﬁvqlving

/a complex
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a complex series of difi:é_rént 'vopAér"af."fo’rié‘,‘ has prevailed antil now, However,
although it is often felt that iﬁ-ﬁﬁﬁidﬁﬂéﬁé’béen preferable to spend.
money directly on blast furnace research rather -than on dispersed -
experiments of many klnds, in our oplnlon the study of methods such as .
Electric Reduction, Krupp-Renn, Wiberg-deerfors, Aveésta=Domnarvet and .
Basset, and so on, (which actually involves a breakdown of the. blast
furnace processes into some of its components) has served perhaps _
unwittingly, but most usefully, to increase knowledge in this field. .

Despite the progrgsé‘df research; the experts are far from unraveirling
the complexity of these ppei'at_.ions and from determining the reciprocal
influences of the differert factors at play between the outlet and the
tap~hole of the blast furnace,'equipment which siﬁuitaneously performs the
following operations:

~-Drying and possibly decarbonization of the load-
~Partial indirect reduction of the oxides by gases;-
~Direct. reduction by contact with coal; B

<Fusion of the iron and the gangue;

~Desulphurization; and lastly,

-Production of molten iron at an adequate temperature.

Analytic comtrols of the materials and of the gases at different heights,
cortrols of temperature by thermo-couples likewise at différeﬁt'heights,
and the study of-pressures, also at different stages,'have‘all been completed
and yet no sensational results were obtained, New and recent methods of
research, such as those involving the utilization of isotopes, may perhaps
increase our knowledge to a small extent, particularly in the case of sulphur;
but it still remains true that we are as yet unable to split up the operations
of the blast furnace into their primary elements, It is therefare’felt
that any new inethod,.involving some of the reactionsroccdrring'in'the blast
furnace, should be carefully observed since it may provide a new el¥ment
for the study of the blast furnace itself. This is why it is intended to
consider all these msthods, taking into accountvfhét_one of the essential
principlés, emphasized during the meetings, was that good quality mineral
coal (or even chapcoal) is a valuable material of considerable use in
- reducing iron are; therefore, it should not be used merely for the productlon
of heat by combustlon (as is partly the case in the blast furnaces); This

/principle is



principle is valid in most Latin American countries and also in many other
parts of the world, particularly Rurope.

2. TIransformation of Pig Iron into Steel

At the present time, since liquid pig iron is the principal source of
iron = scrap is in short supply and intermediary preducts, such as sponge
iron, have not yet bsen developed on a practical basis - it may be assumed
that the differemt techniques for the production of steel are all vainly
based on the utilization of liguid big iron,

The main refining problems arise from the sulphur and phosphorus
content, If it is felt that it is too costly to remove the sulphur in the
blast furnace by appropriate prep:sration of the slag, there are other:
satisfactory desulphurization processes such as those utilizing soda or
lime (Kalling). lioreover, every basic steel furnace can be used for
desulphurization, -

As far as phosphorus is concerned, it is practieally impossible to
avoid in the pig iron furnaces the incorporation of almost all the
phosphorus contained in the burden. At present; moreover, n6 really
practical method of dephosphorizing is known other than the use of basic
slag, generally in steel furnaces, It would appear that the minerals
called pure hematite, a low phosphorus ore, are becoming increasingly
rare; hence, the methods for steel refining with basic slags have been
highly developed in the course of the past few years, leaving acid
processes well behind., These latter, however, would still appear
applicable in certain Latin American countries, where there are ores with
a low phosphorus content.

Broadly speaking, the refining processes can be divided into three main

categories: ,
~Refining in a basic or acid open-hearth furnace;
-Refining in a basic or acid converter;
-Refining in a basic or acid electric furnace,

However, there is one factar to which attention should be drawn,
which is the marked interest shown during the meeting for comverter research
studies, and particularly for basic‘(Thomas) converters, This would appear
to stem fundamentally, in view of recent experiments from the use of “oxygen-
enriched air, which would seem to permit the elimination of difficulties

/generally acknowledged
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'”jgenéfally acknowledged in the Bessemer and>Thdmasvprocesses, namelys
~fExcessively high nitrogen conténtﬁéfrfhé steel;
~The impossibility of re.smelting largé quantities of scrap; and
-1 the basic process, the need for a minimum phosphorus comtent
in the ore, .

This renewed interest in converter methods, and particularly for the
basic ores, has even been observed in‘the United States. The cost of
the dephosphorization operation (document L,77) in the large basic open-
hearths, is by no means negligible, particularly when the phosphorus

- content is somewhat high. ) E _
Thus, after a brilliant start with converter processes ( Bessemer and
‘Thomas) in the nineteenth century, and later an eclipse of these in favour
of the open~hearth furnaces for mass production, there is now a.tendency
to return to the earlier processes, this new attitude being prevalent
throughout the whole world. In fact, it often occurs in industry that
technical innovations or economic improvements (in this case, cheap
oxygen), enable a return to processes which were formerly popular but
~which were tempararily replaced by cthers while awaiting certain technical
progress, In handling liquid pig iron, the converter process is obviously
extremely simple, Similarly, and for the same reasons, there may later be
a return to the hearth smelting furnaces (Martin or electric), if new
processes for the extraction of iron from ore, producing solid secrap (sponge
iron, for instance), come into industrial use.

There would also appear to be anotner tendency, namely, a certain
opposition to the extension of the Duplex process, although the Bessemer,
acid converter is still the largest producer of scrap for open-hearth
furnaces. This trend probably arose as a result of actual achievemerts
or fronm hopes.based on the use of new processes, especially of oxygen. This
would include, for instance, pricr desilication of the pig iron before it
is placed in the furnace, and decarbonization in the furnace, In addition,
the more usual Duplex - the Bessemer converter and open-hearth furnace - is
costly, both from thé standpoint of installation and operation, requiring
the construction of two steel mills and involving iron losses in both:
procedures, Methods based on a single steel mill thus seem to be far more
attractive, ‘ e

3. The Shaping of Steel
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3. The Shaping of Steel
The essential purpose of the meeting was the production of pig iron

and crude steel, so that less attention was given to the transformation
of the metal into marketable products. However, the more interesting
data assembled on finishing will be found summarized below,

Rolling techniques for steel transformation are well known and their
choice depends on the purpose in view, Unfortunately, for medium or
small sized plants, such as are required for supplying the Latin American
markets, the rolling mills - which embody the latest improvements and lead.
to the lowest costs ~ are generally too large.

It is nevertheless hecessary to econcmize in labour as
far as possible, since wage levels in under-industrialized countries tend
towards higher or more normal levels once a plant is installed, and moreover
skilled rolling-mill labour is always difficult to find,

Logically, optimum yield should involve the use of favourable local
~ conditions for certain products and the specialization of individual
“factories in the manufacture of one particular product at a low cost price,
Such logical principles, however, can only be apnlied whén transport
facilities are sufficiently improved to allow an easy exchange of goods
between countries or within the limits of the same country. In ‘this
connexion, it seems that transport by water should be more widely employed
than at present, : )

For the time being each Latin American factory is seeking, whenever
possible, to combine the préduction of a series of goods which are necessary
for the development of basie industries, o

The rolling mills are essentially dependent on the quentity of metal
available to them, and on the range.of'products which it is proposed to
manufacture, as well as their respective annual output.

Attention should be dréwn to the difference between heavy products
manufactured directly from hot ingots, thus saving a substantial amount
in calories and lighter products, rolled on small mills requiring B
- intermediary re~heating for the semi~finished products. A new factovy

" should, in the first place, equip itself ideally for the manufacture of
larger sized products, and also for semi-finished products which can be

/used, for instance,
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used, for instance, by re-rolling mills, Later2 when ’urther developments

take place in the mill, a larger. degree of finlshlng can be

envisaged, including vertical concentratlons and even the productlon of
finished goods, thus avo;dlng unnecessary transpori chavges. , .

Reference will be made, incidentally, to the advantages offered to the
rolling mills of medium size factories by the converter process, which
allows for quasi-:contir;uous oper'ations‘and therefore provides the rolling
mills with a reguiar supply of hot ingots, as compared with too large\e
bulk of material from open-hearth operations.

Interesting data on all these subjects were submitted to the meetlng
in documents L,53, L.57, L.61, 1.74, and also in the reparts regardlng the
plants being erected at Paz de Rfo and a2t Chimbote, _

Documert L,66 provides up-to-date information relatlng to contlnuous
steel casting by the Rossi-Junghaus method, It would appear that this very
interesting experiment cannot as yet be considered for industrial operation.

Hourly output of steel by this method is limited, and precise data on costs

[

‘ave still lacking. However,.this possibility should be studied carefully,

particularly in connexicn with plants equipped with electric steel furnaces
ef the bascule type which allow the pouring out of smell quantities of
steel, . | . . :t
Document L. 67, commnted by its author, Mr, Cavanagh, outlmes .a.unique
process (already described in an earlier publication) involving the,gee of

;& tunnel=-kiln for the direct manufacture - starting from iron powder - of

.variable density ferrous products, This would appear to offer an.

interesting means for produclng special steels, but not as yet for mass
production, . The process should be envisaged in a plant where the nature
of the raw material allows economic use of the tunnel-kiln reducing. system.

Lastly, document L,68 describes the new Ugine-Sejournet "extrugion”
processs  As theﬁprocess mentioned above - although it is intepded for a
different. field .~ this method can be adapted for the manufacture of high
quality steel products by extrusion rather than by .rolling, It hag the
advantage of lending itself economically , with small cepite;.;nyespments,
to the shaping .of:small guentities of metal,’and_isjtherefpieiof,igpegest
to small mills, »

/The question of
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The question of ore reduction (Chapter I) broadly outlined above, will
now be considered in detail.

III. DETAILSD EXAIINATION OF IRON ORY REDUCTION MITHODS

1. The Standard Blast Furnace and the Low-Shaft Furnace

The classical blast furnace and its derivatives, the charcoal blast

furnace and the oxigen enriched lows8haft furnace, together with the
electric furhace, appear to be the only methods which can be used ih
integrated plants requiring a total annual production of some 100,000 tons
or more of metal. These methods will be examined below,

The other reduction methods considered Ly the meeting, may, in some
cases, be of genuine interest either in view of the utilization of raw
materials with unusual characteristics, or in view of the production of
metals with certain specific features, or, lastly, in order to ensure
supplementary production of mstal for a given mill, These other methods
will likewise be considered below,

The dlassical blast furnace appears to provide the best solution for
the reduction of ores, provided good coking coals are available,

~ In some cases, ‘where iron ore is being exported, it would appeasr more
profitable to obtain coking coals abroad and use the classical blast
furnace technique rather than resort to untested ad hoc solutions.

However, an extremely hngh productlon capacity needed for the quota
in optimum conditions - 1, 500 tons OJ. pig iron per day - is hardly
attainable in Latin America, It is therefors necessary to produce about
800 to 1,000 tons per day, the lowest limit which may be adopted at
present for new coke blast gimnaces. This calls for a plant with an
annual ingot production of 300,000 to 40C,000 tons in the first stage,
followed later by an expansipn programre likely to raise it to 602,000 to
800,000 tons,

For the combined reasons of inadequate coke supplies and excessively
high production in such a urut the installation of blast furnaces of th:.s
type, even if possible, can be envisaged only in a limited number of
locations,

consequently, while maint.aumng the blast furnace principle, it is
necessary to study, separately or simultaneously, the following points:

/ i) Modifications in the
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i) Modifications in the blast furnace, té allow the use of a

fuel manufactured from non-coking: or pooply-caking coal; or

ii) The preparation of the raw materials for the blast furnace ,
burden, in order to adapt them to low value fuels; or

iil) Research directed to discovering techniques.which will facilitate
the manufacture of fuels replacing coke in the blast furnace,
obtained from raw materials which, thus far, have not re&lly
been considered as coking materials,

These questions will be considered in the light of the document -
submitted (L.52),

a) As it is essentially the large - dimensions of the blast ‘furnace
which make it necessary to use metallurgical coke, it is natural:that =
smaller-size furnaces be used when the quality of the fuel differs widely
from that of coke. Thus, if charcoal ié employed, any apvaratus with '@
daily production capacity of over 150 tons is practically out of the dquéstion,
If prevailing conditions make charcoal necessary (documents L.31, L.32,L,74),
it would be advisable to attempt to group the manpower serviecing the furnaces
adequately, so that they may attend several units simultaneously and ‘so take
advantage of devices for labour saving. :

“Attention should likewise be drawn to the principle of 2 furnace with
a low shaft which may be adapted to the usé of fuels other than ordinary
coke (documents L.36, L.40, L.45). " However, since these are ornly normal
furnaces divided in the middle, top gases of an extremely high temperature
would be obtained, unless special measures were taken as.a precautioch) such
as emriching the blast with oxygen, thus concermtrating the high temperature
zone in the lower part of the furnace and allowing the gas to escape at:
an adequate temperature, Certain experts fear that indirect reductidn’
by CO-is less developed in the low-shaft apparatus than in the conventional,
atmospheric blast furnace. This would lower the rate of utilization“of
carbon for the reduction of the ores within the furnace.’ Wvén were that
true, this excess energy would reappear finally in'the’form: 'v'::I‘-'“a"1"’]‘.&:’1*‘1’?2’:"i
blast-furnace gas, and this inconvenience might be aécepted, since dt.would
represent the price paid for using IOngrade fuel; A better-use could be
found for the escaping gases than mere heating; for instarice, they could be
transformed by synthesis in chemical plants, since their composition would

/be very different
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be very different from that of the gas escaping from ordinary furnaces,
However, this technique of low-shaft furraces is as yet in its earlier
stages. There is only one ‘fact which seems to have been definitely
recognized: accarding to the experience at Oberhausen (Germany), low-shaft
furnaces can operate satisfactorily with fine ore and coke of about one inch
size, l
It is generally assumed that in this type of furnace, char which camot
be used in the classical blast furnace, would be satisfactorily utilized,
It is also believed that anthracite fines could be used, since, although
admittedly with poor results, they have already been used in certain
.furnaces for the manufacture of pig iron. Some Latin, American countries
‘ would thus be able to use these opportunities, especially countries having
coal vhich may be transformed into char or anthracite coke. It will
shortly be possible to test these fuels in an experimental lowe-shaft furnace
at Liege, built by the "Comité International du Bas Fourneau" (document
L.AO), which is expected to begin operations early in 1953, It is even
hoped to go further, certain nembers of the Comité being eager to experiment
with coals which différ even more widely from coke, A German fimm
(Klockner-Humboldt) (document L,36) has also experimented in this field,
and advocates the utilization of, low-grade coals agglomerated with fine
ores, At Liege, in addition,"éxperimmts were made with a hot-air cupola
(document L.L.O), and very poor qua.llty coal, with a 35 per cent ash content,
-‘The Llege low=-shaft furnace progra.mme is also scheduled to carry out’ '
systematlc research in the use of very low-grade fuels and fine ores,

T It would be unwise at the present time to base an industry on low~
shai‘t furnaces of this type, Partlcularly because they involve the building
ol' an oxygen plant. However, t}ns technique has brought forward such

‘ irtéresting possibilities that it. would perhaps be advisable to wait a'ifew
. months f?)r the results of the qrst experiments at Liege before takmg any
decision one way ar another. . : v ;

The importance for Latin-America of the research possibilities conriecued
nth the installation of pilot plants in the older industrialized countries
shou.‘u be stressed here. The international low-shaft: furnace undertaking,
result:mg from the :Lnltiatlve of the Organization for :Zuropean-Economic -
Co-operation (OEEC), ia open to all Latin American countries wiahing to join

it. - L e
/ .Lt hould in
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It would 45 any cage bg.wiss Lo point cut that in the-event.of

cbuilding nev blast furnecss opsdonesshafh furnaces, the possibility of
adapting high prezsurs should be taken into account, Several plants in

the United States and in furope siww a Lendency towards this technique.

The reduction processes can only ke mads easier by it, and the decline in

the volume ond consequently in ths speed of the gas, lowers the amount

of dust, while at the same time there iz a definite trend towaris production

increases,

b) Throughout the world, what !+ known as the "preparation of the
blast furnace burden'” that is the crus ‘ng, enriching and agglomeration
- of fines, has besn carefully studis -1 appreciable progress made.  However,
" broadly speaking, enriching is not indispensable in Latin America where
rich ores are available,

’ One of the most striking examples of success in this field of
‘premration is that of the symterizaticn process adopted in Brazil, the
products obtained being loaded into charcoal blast furnaces (document L,33).
By this means, optimum conditions for the use of the charcoal blast-furnace
techniélue seem to have bee¢n attained, resulting in the maximum possible
saving of this fuel. Fairly accurate knowledge has thus been obtained

of the limits of the economic use of charcoal, -

In order to simplify the operation-of the ‘blast- furnace, and-thiis to
save fuel’ s the use in the burden of the aforementioned technique should
be considered. It consists in loading the low-shaft fufnaces with sSome
type of previously prepared are, like sinter or agglomerates of fuel'and

fine ores, - Previous coking of the agglomerates in the form of

briquetteé'.is vaisaged. This simultaneously increases their hardness,
avoids the need for the furnace to act as a dehydrating and possibly -
jecarbonazing agent, and may actually bring about a partial reduction of
the ore, It is.certain that the shorter the furnace, that is to say, the
shorter the time available for the passage of the burden, the greater: is
4he need to introduce materials which can easily and rapidly react. The
intimate contact in these briquettes between the materials to be rediiced and
the reducing agent, can oniy favour the reaction. There is no'need to
enter into additienal details regarding the advantages and faciliti'es of
the preparation of the blast furnace charges, particularly ‘as’regdrds 'the

passage of gases, .
/c) The different
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¢) The different expcriments to menufacture coke substitutes were
detailed in the first pdrt of the mseting's report. For the present, it
should be sufficient to indicate, as above, that in many cases the adoption
of low temperature char, differing appreciably from ordinary coke may be
made acceptable by the utilization of a low-shaft furnace. Crushing of
the low-grade coke is thus avoided, owing to the fact that the burden is
lower, : .

A few comments remain to be made before the end of this chapter,
Frequently and’ justlfiably, attention is df-awn (document, L.h5) to the
fyseless ballast" in the blast furnace; consisting of the considerable
amount of nitrogén blown in with the oxygen. It should however be noted
that this is not as detrimental as it would appear on first sight, since
it seems to have been noted that with oxygen-enriched air, indirect
reduction is less active, and since the temperature of the escaping gases
at the outlet of a normal furnace 1s low. The latter fact -implies that
the nitrogen ballast carries littie heat to the outlet of the furnace. The
poor quality of the gas escaping at the outlet, due to a high nitrogen
content, is perhaps a hindrance; ﬁowever, though these gases a-e too poor
to be carried any distance, they can nevertheless be used for differart
purpdses in the iron and steel mills themselves (document .L,58). It
should be remembered that the thermic yield of the blast furnace improves
in step with the reductibility of the ores, The richness of the ore is
not the ohly’factor to be taken into account (document L.52)s Thus, .
properly prepared sinters of the Brazilian "canga'" and the Lorraine "minette",
| are particularly well adapted to use in blast furnaces. Moreover, the basic
burden, particularly when using sélf-fluxing ores, requires less cooling of
the blast furnace, and so improves its thermic yield.  >”

If the choice remains open, it may be more advantageous to treat -the
hard silica (ares, which are difficult to reduce, in electric furnaces,
providing the cost of energy is adequately low;

It should also be recalled that the low shaft furnace is an interestlng
attempt to <eperate the different factors used in the blsst furnace. gince
actua’ly 6hly the lower part of the blast furnace is retained. ’bﬂo eéver,
since the apparatus is small, the experiments should be less expenswve than
1n a blast furnace, and high pressure may be more easily apnlied in

/conjunc»ion wlth
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conjunction with the use of. _oxygen, Experments consisting in injecting
gases and gaseous hydro-ca.rbgnates af. dlfferent. heights into the blast
fumaces might also be att,empted nor would it be unreallstlc t.o consmer
the eventual appl catlon of ultra-sounds, with a view to speedlng up. the
reactions. The behaviour of sulphur might likewise be s‘bu(ued and the
document a’clon already acqulred completnd with experiments des:L ,ned to
relieve the blast furnace of its desulphun'zatlon functions. .
Research In connexion with blast furnaces can also be perfo;med" by
the use of the motion picture, as has already been done notably by the
United 3tates 3teel Corporation, | | v_
Finally, the attention of steel Speclallsts should be drawn to the
economic advantages connected with a rational utilization of slag. Recmt
experiments have shown the possibility of extracting alumina from slags

which have a hlgx content of this material.

2. The Electric Furnace
Operation -of the clectric pig iron furnace was minly limited, until

recent ly, to the Scandinavian countries, where there is a shartage of-:
coking coal ‘tut al;o vast hydro-electric resources. These furnaces are
now operating successfully and it may-be expected thst, like their
forerunners - the blast furnaces -, they may shortly profit from certain
improvements in details, thus enabling them to maintain the full valuse

of existing installations, Documents L.37, L.38, L.45, L.48, L.49, provide
valuable data:on: electric furnaces.y  Such furnaces fulfil only a .part
of the normal functions of the blast furnace, but in a different manner,
that is they effect :direct reduction of the iron oxides by contact with
reducing coal, .there. being practically no indirect reduction, .. ‘Heat 'is
indirectly provided.by electricity and not directly by coke, as in the

case of blast furnaces. The hearth is low and the escaping gas does not
contain a nitrogen balast, but a high carbon-monoxide.cormtent, and a high
temperature, It is therefore true to say that a blast«furnace charge in
an electric furnace gives off seven times less gas than in a‘blast furnace,
But in the blast furnace, abaut 2§ per cent of the low-grade gas is.employed
directly in the apparatus-itself, being used in the cowpers.; Lastly, the
heating power of the gas in the electric furnace is 2,1/2 to 3

times higher than that .of the blsst furnace and its temperature four times

1/ Document L.82 covers a different subject which is not dealt with in
this report, namely synthetic pig-iron produced from scrap.

/higher, On
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On balance it will be ncted that for cue ton of pig iren, all thaings
being equaly the blast furnace gives off 1.7 times mor: gas calories than
does the electric furnace. This figure is far less impressive than the
preceding volume's relationship might indicate. (For the utilization of
blast-furnace gas, see document L.58).

Broadly speaking; for ores with'a 50 per cent to 60 per cent Fe
content, carbon consumption in electric furnaces is half what it would be
in a blast furnace, averaging g total of about 2,700 KW per ton of pig
iron, Here likewise, adeguate preparation of the blast furnace burden,
that is drying, decarbonization, etc., may cawe a substantial reduction
in the consumption of electric power. Just as in the case bf blast
‘furnaces,.it may be possible to suppress the desulphurization operation

“in the electric furnace to reduce the amount of limestone in the burden,
and consequently the quantity of slag, simultaneously reducing kilowatt
consumption, To that purpose, desulphurization must then be performed
on the liguid pig iron, outcside the furnave. The most attractive feature
of the electric furncce is that instead of high-grade carbon (coke or
charcoal), low-grade coal and possibly even lignite can be used (document
L.37). The electric furnace also has the advantage of being able to use

" fine ares, since the problem of the porosity of the charge does not arise
as it does in the blast furnace., On the other hand; the uhit capacity of
these apparatus is nowhere near that of the blast furnaces; it has risen
from 100 to 150 tons daily, at present 200 ton furnaces are being built, and
it is hoped to be able to go as far as 300 to 40O tons, '

In each instance studied, it would be wise tc take into account all
the data of the problem and particularly to compare the relative prices of
electricity and coke, A preliminary estimate, which is generally accepted,
indice’es that if a kilogramme of coke costs five to six times the price of ome
KWH, *he use of an electric furnace is feasible. It is all the morse
practicable if, as indicated abové, the ores to be treated are unsu’table
for a blast furnace. ‘

It appears, however, according to the documeants presented at tne

_meeting, that ditfferent raw materials, either ore or fuels, may behave

differently in the electric furnaces and therefore require special

/inst allations adapted



irstallations adapted to their characteristics. Before taking any decisioun,
i would be wi<c Lo carry out -ex_perimentq in existing installetions, using
| the raw materials which are, belng contemplated in each case,

- It should be remenbered that slag leaves the electric furnace in a
llquld form just as does the pig iron, so that in certain instances its
valcrlzatlon can be envisaged, as with blast furnaces. .

The examination of the other reduction methods may begin by the Krupp-

Renn process,

3. Other Reduction Processes

The Krupp-Remn (document 1.39) process, as compared with the blsst
furnace, reduces the iron directly, without desulphurization, and without
reduction of the manganese which is transferred into the slag, Partial
fusion only is allowed to take place, th:t is to say it is interrupted at
the stage when it reaches the lower part of the blast furnace, The mixed
products, that is the slag and the pig iron, are cooled and thereafter
collected in a solid state, requiring seprration by crushing and magnetic
sorting,

The. ferrous product thus obtained is in lenticular form and is
subsequert, 1y re—-smelted, About 80 per cent of the phosphorus from the ore
passes into these lenses,

This process makes use of a technigue which is no longer in the:
experimental stage, z2lthough its application is still limited.

It also enables practically all the iron to be extracted from ores
with a high silicon content and limited possibilities of enrichmert:-
without the addition of limestone. These ores counld not be treated in the
blast fu:nace because of the excessive amournt of coke which would be required.
Cn the other hand, this process does not appear svitable for basic ores.

Coal with a high ash content can be used in place of blast-furnace cdke, but
it should be observed that only fised carbon is active in the reduction,

High volatile coal is therefore unsatisfactory for this process., - It is
estimat ed that for each ton offlenses" made from a 60 per cemt ore, coke
breeze consumption would be 500 to 600 kilogrammes or its equivalent in fixed
carbon, and 75 to 100 kilogmammes of coal lreeze would have to be used for heating,

The above data enable conclusions to be drawn regarding the applicability
of the Krupp-Renn process which is probably limjted in Latin America,

/The Basset
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The Basset process (document L.42), as compared with the blast furnace,
shows rather unique features. It produces liquid pig iron without silicon
and a solid basic slag, while the desulphurization operation is fully
performed It represents so to speak, the lower part of a blast furnace
working with an extremely high lime-silicon ratio, Reduction is
accompllshed, as in the Krupp—Renn process, by mlxlng carbonated fuel with
the iron ore.

The solid slag is in.fact 4 Portland cement clinker and thereby renders
the process economical si;ce the fuel consumption is substantial. In
addition to the reducing carbon, heat is pfovided by burning coal, oil or
gas. The temperature of the escaping gas is very high, so that some
recovery of heat could perhaps be made, ‘

One condition seems essential, namely, that the raw materials have a
sufficiently low alumina content to ensure that the clinker contains no
more than about 6 per cent of alumina.

It might be worth while to study this process and improve on it, as it
could well provide a satisféctory solution for treatingcertain fine, rich
ores, found in Latin America.

Moreover, the two industries with which it is associated - iron and
cement— are developing simultaneously in regions which are veing
industrialized. :

The different methods for sponge iron production which were discussed
at the meeting, are as follqws:

The Wiberg-S8derfors process (document L.47) which, during the past
few years, has profited from the progress in the manufacture of heat-
resistant steels required fqr the ventilators used to circulate hot gases.

As compsred with the blast furnace, it only fulfils the *task of
reducing t..e ore ‘n a hearth by weans of reducing gases. The nitrogen
balla & is avoided by produclng the gas in a carburettor fed with water
‘and carbon, and heated by electricity.

‘‘he proportion of hydrogen and carbon-oxide must be very caretully
regulated,

This process calls for either = 65 oor cent ore Lroken up into pieces
of 25 mm, to 80 mn,, or a good 65 per cent to {f per cent sinver, ~hese
ores should be resistant to crushing; for instsiace, the El1 Pac ore would
not be suitable, ' ’ '

/ For a ton
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For a ton ¢€ 81 per cent sporge 1ron, it is estiuated that 225 kilogrammes
af coke ‘and 1,749 KwH wovld be nonsumed The use of natural gases would
allow a reduction in coke cOnsumptlon. ' _ o

The phosphorous in the ore passes into the sponge. x Deéulphufizgtion
do=s not take place, but by consuming 60 kilogrammes of dolemite per ton of
sponge the sulphur content of the fuel could be neutralized, |

The resulting sponges thus far have only been used as high-grade'scrap.
Production units are turning out 20 to 30 tons daily; the output cannot be
increased because of problems connzcted with the sections of the gaaebus
flows, The estimated cost of a plant oroducing 20,000 tons anrﬁaii& is

800,000 dollars,

The above data indicate the limitations inherent in the use. of this
process, and before any decision is taken, the raw materials available should
be experimented with, on existing equipment,

The Avesta-Domnarv~t ~process (document L.46 ) does not use elactric
current as did the old Avesta process; it consumes 500 to 550 kilogrammes
breeze per ton of 90-95 per cent sponge iron, starting from an ore of about
60 per cent Fe content, The process relies on direct reduction by contact
and, fherefore, fulfils only one of the functions of a blast furnace.Wo
desulphurlzatlon takes place; this must consequently be carried out in an
aux1llary furnace, consumlng an average of 20 kilqgrammes of coke breeze,
30 kilogrammes of lime and 100 Kilowatts per ton of sponge.

One of the advantéges of the process is that it can make use of -
anthracite fines and low-volatile coal, The ore must be broken up in pieces
of less than 25mm,, but if it is too fine, a previous pelletization is
preferable, L 1 ,

The prpceés has not yét been introduced on an industrial scale, . The
equipment shbuld be quite cﬁeép but the size of the rotary kilns appears
to be necessarily limlted, so that a production of more than 15 to 20 tons
daily per unit is not p0531b1e. This process is of undoubted interest to
certain Latin Arerican countrles, but it might be wise, before any decision
is taken, to await the results of a plant operating commercially,  Such a
plant would allow eXperlments to be made with the raw materlals whose use

interests those countries posse531ng rich ore fines and low~volatilecoal

/ or anthracite
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or anthracite waste,

The United States Bureau of Mines {document L.L4)prr~ess,which also was a
rotary kiln, seems to have been used more for purposes of studying the ores
than for industrial operation, As in the preceding case, it only performs
one of the tasks of the blast furndce, though, with the addition of dolomite,
desulphurization may also be carried out, This process consumes about 500
kilogrammes of coke breeze per ton of metal produced from a 60 per cent ore,
but in addition it requires gas for heating purposes. The technique
appears to have been fully investigated and i? ready for use; its
aprlication is nevertheless limited to ores of a certain composition, which
can be enriched at least to a certain extent, the separation of the silica
taking place after the sponge iron has been manufactured, Difficulties
arise in connexion with certain types of ores. The cost of a two-furnace
installation producing 100 tons of sponge iron daily is estimated at
T70@,000 dollars,

The Ontario-Cavanagh(tunnel-kiln) process is a variation of the Hoganas
process, It would appear to be suitable for limited production, particularly
if tunnel-kilns are alrecady installed, This process is particularly
indicated ior the production of iron powder, and might be successfully used
with certain rich and small size ores of Latin America, However, it seems
to require a fairly high-grade carbon. Daily production of a complete
installation is estimated at 30 tonsy

Data on comparative costs of the various reduction processes, which
would iave to be reviewed for adaptation to conditions prevailing in the
respective countries, are indicated in document L.62.

' Other methods of extracting iron from ore are constantly being
studied. is most of them are still in the laboratory or experimental
stage, no c¢neful purpose is served by mentioning them., It should, however,
be pointed out that if satisfactory means of direct gaseous reduction could
be found for fine, rich ores, avoiding the use of high grade coal, such a
solution would be enthusiasiically received by the Latin American countries
where these ores occur,

The results obtained by the Wiberg-Sdderfors method are undoubiedly of
interzst., The studies made in this connexion concerned principally with
optimum proportions of hydrogen and carbon-monoxide to be used, might ‘serve

/as 8
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as a basis for the possible use of hydrogenated reducing gases in low-shaft

furnaces,

An 1mportant statement on desuiphurlzation was made to the meetlng by
Professor Kalling.

4. Desulphurization’
As was mentioned repeatedly above there is a growing tendency to

separate the IUnctlons'of the blast furnace. Its desulphurizatlop function,
requiring basic liquid:. slag, all too_frequently increases the weight of the
burden excessively, through the addition of considerable quantities of
limestone. The increase in the amount of slag similarly increases, coke
consumption, Therefore, in many steel mills, desulphurization is
performed with sodium carbonate, But this process is rather e;peneive;

on the other hand, large scale desulphurization by the simplela@d;t%on of
lime and pulverized carbon seems quite economic. This is what Professor
Kalling has done by using a pig iron 1adle constructed so that. it san be
placed on the bearings, sealed hermetlcally, and made to stand a fairly rapid
giratory movement. The results obtained are undoubtedly excellent and the
process can eventually be used for all sulphurous, liquid pig iron,eeither
produced by a blast furnace, a low shaft furnace or an electric furnace.

Studies on desulphurization by limestone have also been carried out
recently in Great Britain where igteresﬁing results appear to have been
obtained. ’ :

It was pelieved useful to go into detail on this subject and that of
the reduction of iron ores, as it evaked considerable interest among the
participants, | L

Whatever the intersst in all the special reducing processes enumeraued
above, it is nevertheless true that at the present stage of technlgal
development none of them can be used for mass production purposes. . For
the establishment of new industries or expansion of existing.plants;the
blast furnace is still the best solution, It is possible that the low
shaft furnace may, in the near future, show results which will enable it to
develop, particularly owing to the fact that it utilizes veryllow}gfade fuel,
Although-it also invodves the simultaneous construction of an oxygen plant
it does have the adwantage-of being able 'to use the oxygen eent@nueusly S0

that the cost of this gas. is.consequently lowered, -
/The electric
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The electric furnace, on the other hand, is a provisiona: if not a
final soluticn in some cases, and is valuable where cheap clectiricity is
available, Moreover. as already noted, it is expected that substantial

improvements will shortly be made in this technique,
IV, DETAILED EXAMINATION OF STEELMAKING PROCLSSES

The broad findings which appear to have been formulated as regards
steelmaking will now bé indicated. During the discussions it was pointed
out that in view of the relative shortness of scrap, the interest in Latin
America concentrates mainly in the refining of pig iron produced in blast
furnaces or electric furnaces,

It is not proposed to repeat the details of well known manufacturing
processes which in any case were carefully and fully outlined:

- Basic open-hearth furnace (document L.77);

Acid open-hearth fﬁrnace (documents L.64 and L.72);

Basic Bessemer converter (documents L.51 and L.63), and

' Acid Bessemer corverter (document L,65).

Several documents dealt with the electric steel furnace, spec.ally L.38,

L.52, L.55, L.55 and L.56. The latter four, in fact, are co-zerncd with
po;sible combinations of steelmsking processes in relation to Latin American
needs, _

Documents L.73 and L.79 deal essentially with the substantial
improvements made in Thomas steel techniques, while document L.71 deééribes
an examplé of the wanufacture of a high quality Thomas product (rails).
Documents L.54, L.59 and L.60 examine individual cases which have occurred
in three existins Latin Americgn steel mills,

we wi.l limit ourselves here to the following comments:

1. Basic (ven-Hearth Furnace
“he basic open~-hearth furnace has been considerably developed: with a

view to reducing the low cost of the process, the size of the furn:ce was
substantially increased, so that the installation requires very powerful
and expensive handling apparatus, iiich fuel, i1 possible gas or cetroleum,
must also be available,. . '
The increase in the phosphorus content of the ore, and consegquently of
/the pig
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the pig iron, cbserved throughout the world, prolongs the reflning process,

In using e Duplex prceeagligessemsrwacid and basic open~hearth) the

steel accuulires a high nitrogen zontent,

O the ﬁﬁher'héﬂd? the "ore process” in which a substantial proportion
of iron ore is placsd in the charge, enables direct utiligaticn of .ore
which delivers tha necessary amount of oxygen, so that up to 10 per cent
of the steel can be obtalred from ore thus reduced directly. The use of
very large furnaces cannot be envisaged in Latin America, but units from
80 to 150 tons and more would be suitablefand the use of the ore prbéess
would be advantageous, o
2., Basic Electric Furnace

The basic electric furnace, thanks to the judicious use of the ore
and of the oxygen, has for some years been utilized in the same way as
the open-hearth furnace for refining pig ;ron. It may prov1de an excellent
solution in regions where-electricity is cheap, or where rich fuel is

in short supply and'expensive.

3., Acid Open-Hesrth and Electric Furnaces

' The acid open~hearth furnaces and electric furnaces are liuited in
" their utilization to the manufacture of speciai'products. They require
raw materials containing no sulphur and no phosphorus, and iheréfbre:
cannot be used unless good quaiity scrap and hematite pig iron are ;
available. The scrap can be provided in é liquid state by scme other
apparatus such as the basic oonverter, Imn this case, however, instead
of envisaging a Duplex system con51st1ng of a converter and of an acid
open-hearth furnace, and since a high quality product is aimed at, it'
would probably be better to employ the Ugine-Perrin treatment by an
aluminous slag (document L.79), used direstly on the products of a basic

apparatus such as an open~hearth, electric furnace o converter,
L. Converter Processes

Lastly, the converter processes, basic Thomas or acid Bessemer,: -
interested the Latin American participants generally, in view of their
flexibility, of the moderate scale of production which they allow and -
which are well adapted to the requifements of Latin American steel mills,

/and also
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and also of the low installation costs which they involve.

In this connexion; it should be pointed out that the extensive
auxiliary services for a Thouas steel mill (basic Bessemer) often
causes potential unnecessary concern. Dolomite requirements are smaller
by weight for instance, than those of an open-hearth steel mill of the
same capacity. Brick presses and bottom-making machines are not
egsential, while excellent results have been obtained with rammed
linings, especially for small converters of less than 20 tons, '

Lime furnaces are still essential, but both the open~hearth or electric
steel mills must also frequently be fed with lime, Moreover, it is )
possible, and it has even been proved, that the use of oxygen facilitates
the utilization of crushed limestone in the Thomas, instead of lime,

Sleg-crushing workshops are not essential, uncrushed slag having a
good market value,

It is certain, however, that the Bessemer acid steel mill has
lower installation and operation costs, but it requires a non-phosphorie
pig iron, | ' :

In mills having several blast furnaces the.low phosphorus ore, if’
any exists, can be reserved for one of the furnaces, and a part of the -
production can thus be treated directly by the acid Bessemer process, the
higher phosphorous pig iron being refined in a basic furnace (or '
corverter) with or without duplexipng.

5 Irectment of Medium Phosphorus ras . \

As regards the problem of phoﬁphorus, various other solutions might-

be envisaged.

It may be said that blowing with an oxygen-enriched blast enables
at present low phosphorus content {( more than 0,150 per cent) pig iron
to be trzated in a basic converter, which may be modified if necessary.

1/ Thus the conversion process used at Linz (Austria) involves the uge of
a full bottom apparatus, pressure oxygen being injected at the top,.
At the Huckingen mills (Germany) a slightly different solution has now
benn adopted(document L,.55).Lastly, other experta suggest, the use of
titting furnaces with blast tuyeres, which would be a cross between
co.werters and open~hearth furnaces.

/Anotner means -
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Another means of gvoidihg duplexing'was proposed for iow pheaspholtus
steel (document L.79). This consists in ndzimg the stesl with a Perrin
dephosphiorizing synthetic slag. The process would appear to be spplicable
“only to rimmed steels, the cost of "smelting the g¢lai being unknown; but
this suggestion, however, should be kept in mind, Ii the pig iron has
already a phosphorus content, for instance; of 1.3 per cent, and if
ordinary steel is to be mauufactured, it might be worth while to re-buruen
the blast furnace with & part of the recirculating Thomas slag in order
'to obtain a phosphorous content of 1.7 per cent to 1.8 per cent in the
pig iron, This operation is not expensive if the normal burden of the
blast furnace includes limestone, which in this case would be replaced
by the lime in the slag, Broadly speaking, it may be assumed that
100 kilogrammes of Thomas slag contains as much lime as 100 kilogrammes
of limestone, and requires only 20 extra kilogrammes of coke, while
10 kilogrammes of iron and 3 to 4 kilogrammes of manganese can be
recovered, msking the operation remunerative, '

Another solution (see document L,54) consists in adding natural
phosphates to- the bufden, particularly when these phosphates contain
iron, This may lower their commercial value for other purposes, but
"increases it as far as their use in a blast furnace is concerned, In
this case, and if these phosphates are cheap, it might be worth while
to raise to the minimum required for Thomas blowing (1.7 per cent to
1.8 per cent), the phosphorus content of a burden which otherwise may.
contain as little &s 0.5 per cent or 0,6 per cent , The slag thﬁs
obtained is useful as a fertilizer, and the value of the phosphorua
contgined in the phosphates is thus increased, |

If a normal Thomas pig iron is thus available without recourse to
oxygen, and if it is desired to produce a few special steels, then one
could either: . ,

- Add to the steel mill the limited edﬁipment which would be necessary
for refining the steel through the addition of aluminous Perrin
slag, thus'prqducihg high gfade kiiled'steels; o
- Increase the sieel mill by an open~hearth furnace or an electric
furnace, which would thus enable the re-smelting of the cscrap.
./6. Utilization
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6. Utilization of Oxygen
The security and the flexibility required are fully assured by the

addition of an oxygen plant which enables any pig iron.;/ t0 be converted,
while also facilitating re-smelting of the scrap and preventing the
presence of nitrogen and phosphcrus in the steel (document L,73), that is
to say giving the steel mill and the converter the possibilities open to an
open~-hearth steel mill, T

Research (see document L,79) directed to reducing losses in metal and
making the best use of the converters, has increased the value of these
methods 2/ involving their use,

Similarly, the latest developments of the basic Thomas process are also
in part applicable to the acid Bessemer, Reference should be made to &
Duplex combination not mentioned during the plenary meetings, but which may
lead to interesting developments. This is the duplex Bessemer-Thomas
process, to be used in conjunction with oxygen for pig iron with s low
phosphorous content., The pig iron is first blown in the economic acid
converter until it is decarbonized completely, with the addition of oxygen
which enables crap to be added, and likewise ensures the
final tempe:rature required for pouring. The intermediate product cbtained
is then passed in a basic converter placed nearby, which plays the same
part as a normal Thomas converter using a second basic slag (possibly sodie),
when the Thomas operation is carried out with two slags, Since the metal
- remains in the basic converter for only a very short time, the wear and
" tear of the operation is very limited. Dephosphorization is also carried
out with oxygen-enriched blast, The dephosphorizing slag may be prepared
beforehand,

A similar process and a very economic one (since the two types of
equipment ~ acid or basic converters - hardiy differ except in the nature

1/ By enriching the air blown into the corverter by 32-35 per cent, pig iron
_with' less than 0,2 per cent phosphorus content can be refined in a Thomas
‘converter,

_/ It should be observed that contrary to an opinion recently set forth,
the enrichment in O, of the blast in the basic converters does not seem

to be particularly garmful to the lining,
. 3/ Indicated by the Institut de Recherches de 1la Sldérurgie, France,

/of the
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of the linings), would mareover be. éxtremely flexible. If required, and
according to the nature of the blast:furnace charge, the following processes
could be utilized:

- Straight acid Bessemer, or

- Straight basic Bessemer, or

- The abovementioned combination of ac1d and basic Bessemer,

As & result of the possibilities: offered by the use of oxygen, & rnew
ard very important field of work is provided for converter steel mills, 1In
setting out installation projects, however, it would be desirable to study
the amount of oxygen consumption envisaged in the first place, as well as
the distribution of this consumption throughout the day and the infermediary
stocks required, ‘

“ The cost of a cubic metre of oxygen may very well vary from 1 to é,
according to the size of the installation and the regularity of the flow.

It is indicated that whenever possible, consumption in the steel mill should
be combined with that elsewhere, thus increasing the total volume of,oxygen

required. In the future, the low-shaft furnace may possibly fill the role

of a supplementary oxygen consumer, ,’, 

Too many details may have been given here regarding the new prospécts
open to the converter process, although it seems that this subject was:pf
great interest to the experts at the meeting. .

" Intentionally, no cost estimates have been given, since it wasa.h;
considered that the purpose of this paper was merely to discuss techniéues;
at all events, costs may differ widely in different instances, Thosé‘:
interested in new techniques should estimate the cost of their own projects,
on the basis of their detailed knowledge of prevailing condltlons,_.“

N,B, The documents submitted to the Iron and Steel Meeting under the nhmbers
L,75, L.76, L.78, 'L..80 and L.90, were not referred to in the above
comments, gince they deal with interestlng but very speclfic subjects
not directly concerned with the commercial production of . steel, '

Other documents which are not mentloned are concerned with
" economic and social problems.
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CHAPTER V. . ECONGMIC FaCTORS AFFECTING Tiis CONSUMPTION AND
PRODUCTICN uF IRON AND STHEEL IN LATIN AMERICA

1. Introduction

The economic discussions which took place at the Bogota meeting were
essentially devoted to the investigation of three subjects, on which papers
were prepared by the Secretariat of the Economic Commission for Latin
Arerica, namely:
1. The evolution to-date of steel consumption in the principal Latin
American countries, and factors which have influenced it (document
L.86), =

2. The role played by steel consuning and proaucing industries in the
economies of Latin American countfies (document L.88). l/

3. The influence of locational factors, including size of markets,
on the economics of steel broduction in certain Latin American-
countries and locations (documents L.37 and L.91). Y

Those three subjects are clearly inter-related. On the one hand, in view
of the great importance of economies of scale in‘steelmaking, production
costs depend essentially on the present and potential size of the markets.
On the other, steel consumption and the development of the steel transforming
secﬁdr of‘ihdustry depend on the price at which steel can be supplied and
consequently on costs of production. '

In addition to these Secretariat papers, which are mainly concerned
with locational factors, the technical section contains various documents
submitted by the experts, which show cost and investment figures in relation
to plants using unorthodox methodé of iron oré reduction.

The studies presented to the Bogota meeting represent the beginning of
" a sjstematic examination of the abovementionéd problems. 2/ Before
yielding definite conclusions, they should be considerably amplified.
Nevertheless, even at this early stage, the methods of analysis which were
Yy Document included as an amnex to.the present report.

._/ Ment.ion- should be made, however, of a stimulating analysis of some
aspects of steelmaking in Latin America included- in world Iron Ore
Resources and their Utiligzation, United Nations, New York, 1950.

/developed and.
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developed and some of the tentative findings may be integrated in a
wresentation of the principal economic factors affecting iron ani steel
sonsumption and mrgduction in latin America.  This is the purpose of the
following pages.

2, National Income ard Steel Consqgggggg

The close link existing between the economic development of a region
- and its consumption of steel i; well known: . .
~a) On the one hand, considerable ampunts of steel are indispensable
for the developmen: of industry and agriculture, transport and
building. Steel is either used directly, in the form of steel
. products as they come from the steel mills, or indirectly, in the
form of capital goods. | .
b) On the other hand, etonomic development, with its consequent
improvement in 1iviﬁg standards and in the level of savings of
.the population, %ecessarily brings about an increase in the
demand for steel, whlch is an indispensable .component of almost
all capital and durable consumer goods and of certain non-durables.
Moreover, as national income increases, the portion of it which
can be saved and invested should also normally increase, Y
Inasmuch as capital goods contain more tons of steel per dollar
of value than consumer goods, total consumption of steel should
be expected to increase more rapidly than national income.
Graph A, which shows steel consumption per capita plotted against
rer capita naticnal income for a series of Latin American countries,
demonstrates the strong positive correlation existing of 0.898.
. The more than proportionate increase in steel consumption which takes
lace as national income increases can be éeenvfrom Table:1l;, which shows

the numbetr of kilogrammes of crude steel consumed per 100 doilars of

o e Crea A S1 AT o a2y i N

1/ This is true at least until the country.concerned hap saturated itself
with "heavy" capital goods such as railroad equipment, motor. cars,
equipment for heavy industry, etc.  Thereafter, with a moré intensive

. development, oxaeroplanas precision equipment’, electr;cal machlnery, etc.,
2 relative decrease in steel requirements may result. - This--trend may

~ be noticed in the United States.

‘ ~ /national income.
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national income. Only three Latin American countries, Chile, Erazil and
Mexico, consumed more than 20 kilogrammes of crude steel per 100 dollars of
national income, and for the two latter countries, this ocewred saly in
recent years when they had developed a domestic steel production.  For the
economically developed countries shown, conversely, the corresponding
consumption ratio varied between 30 and 60 kilogrammes. It should be
noted, however, that the figures of Table A represent the consumption of
iron and steel products only. The low consumption in underdeveloped
countries reflects the fact that they purchase considerable amounts of
steel contained in manufactureq products imported from industrialized
countries. The steel content of such manufacture is ighored in statistics
covering production and imports of steel products, throughout these papers.

Obviously, the level of the naticnal income is not by any means the
only important factor which affects the quantity of steel consumed in a
country. The comﬁarison between parts A and B of Table 1 shows this
clearly. For a given level of national income, the degree of

- industrialization is an essential factor.

/ "able 1.
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"Table i. 'wHélétionship setween Steel Consumption and National Income -

. Naﬁionalh Steel consumption Steel consumption
Countries Years income per capita in kgs.. per 100

. per capita (kgs. of erude - US§ of mational

_ (1949 USE) steel egquivalent) income

A) lLatin American
countries : .
Ecuador 1947-1949 Lo 8 20
Bolivia 1947-1949 55 5 M
Guatemala  1947-1949 77 g A0
Brasil 1939 90 15 T
Mexico 1939 95 iy 15.
Feru 1947-1949 -100 io 10-
Bragil 1950 112 24 21
Mexi co 1950 121 28 23
Colombia  1947-1949 132 16 12
Chile 19540 170 38 2’
Chiile 1951 190 50 26+

~ Cuba 19471949 296 37 12.5

Venezuela  1947-1049 322 62 19
Uruguay 1947-194% 331 38 1
Argentina  1947-1949 LoL 77 19

B) Other
countr.es
India and
Pakistan 1946 50 3.6 7.2
Austria 19471948 146 58 40
Italy 1947-1948 212 L7 23
Poland 1947-1948 242 70 29
South
Africa 1949 264 ‘110 L2
Czeches~
lovakia 1947-1948 320 180 56
Western :
Germany 1950 350 205 59
France 19471948 462 166 37
Belgivm-
Luxembourg 1947-1948 625 234 37
Australia 1946 640 207 32
United
Kingdom 1947-1948 730 252 35
Sweden 1947-1948 710 292 38
United _
States 1949 1,453 L43 30

Sources: European Steel Study in the Setting of the World Market, U.N.
National and per Capita Incomes in Twenty Countries, U.N., 1949.
Economic Survey of Europe in 1949, U.N. Economic Commission for
Europe, 1950. Monthly Bulletin of Statistics of the United
Nations. National Statistics. /Table 2
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Table 2, which is based on figures contained in document L.88 shows
the progressive increase in importance of steel transforming industries,
concurrent with higher levels of income and of industrialization.

Table 2. Importance of Industrial and Iron and Steel Manufacturing
Sectors at Various Levels of Economic Development

(1 (2 (3) (%) (5)
National Percentage Percentage Percentage Percentage
income of Total of total - of total of total

per value added population employment population
; . - capita in manufact employed a/ in manufact employed in
Country Years (approx - uring ind- in manufact uring iron and
imate ustries uring represented steel trans
figures) represented industries by employ- forming
1949 Us$ by values ment in industries
added in iron and
iron and steel $rang ,
gteel - » forming
transform industries
ing indust
ries
Colombia 1945 ‘100 6.8 1.2 8.3 0.10
Chile 1948 200 10.7 2.7 12.8 0.35
Argentina 1946 290 . 1.5 6.0 16.2 0.97
United |

Source: Industrial Census of respective countries.,
a/ Includes workers and employees.”

It appears, on the basis of employment figures, that the iron and
steel transforming sector grpwé'more rapidly than the others. Thus, the
importance of steel transforming industries in the eéoﬁomy'of the country
. increases®very rapidly. 'f'> ‘ .

Exact figures on the copsumption of steel products by steel transforming
industriﬁé are not available?for Latin American countries. If one bears
in mind, howevér, that according to the same repbrt consumption of the
iron and steel iransforming industries alone already amounts te - 30 to 40
per cent of the total consumption of ferrous products in Mexico, the impact
of industrial development on steel requirements in Latin American countries
is clearly seen.

/3¢ The - -
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1. The Requirements, Availabilities ahd Shortages:of Steel in Latin America

Paper L.86 irncludes.a’ detail®dd- examination of the evolution of the
consumption of steel preducts in six important Latin American countries:
Argentina,iﬁféiil, Chilé;:déldmbia, Cuba and Mexico. ' It cortains an
analysis of such factors as national income, capacity to import, imports
of investment'goods, bﬁiiding activity and consumption of cement which can
be presumed to be lihked with the demand for and supply of steel, and for
which quantitative infcrmation is available., Fairly definite coticlusions
emerge from the consideration of this paper. Lven at present relatively
low levels of economic cevelopment, actual steel consumption in Latin
American countries is distinctly lower than their requirements, the main
limiting factor being the shortage of foreign exchange. Developments
easing this stringency, including the creation of domestic sources of steel,
tend to increase consumption substantially.

' The main reasons supporting this coanclusion are the following: _

1. The countries considered show a remarkably close correléﬁiéﬁ?over
the ‘last twenty-five years, between their imjorts of steel and
their total importing capdacity. Y During this period,ﬁihéfé have
been important eeonomic changes, and some of these countfiééﬁhave
&rried fairly far a process of economic aevelopment which has
increised the demand for steel. The fluctudtlghé‘of steel simports

»generally have ﬁeen somewhat greater than those of total imperts,.
This appears clearly in Graph 1l of document L.86. The reason for
this is to be found in the inelastic character of the ether ..

imports. 2/ Because of the general stagnation or occasiopal.

;/ For the definition of importing capacity, see decument L.86 . . -

2/ In the case of Chile, it appears that iron and steel imports have a
higher elasticity in relation to total imports than imports of"
foodstuffs, textiles, chemicals and fuel. Among the main greups. of .
imports, only capital ‘goods have a hlgher elastlclty ‘than iron and
steel.

/decline, in the
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decline, in the importing capacity of many iLatin American countries
since 1925, there has been a gap in steel availabities which has
only begun to bevfilled by those countries which have developed
their domestic steel production.

2. Graph A shows clearly the higher steel consumption in those
countries with a domestic source of this metal. Almost all
countries whose steel cohsumption exceeds the levels shown by the
regression line between steel consumption and national income, have
a steei production of their own, to supplement imports.

Venezuela is an exception to this point, and in addition it is the
only country in lLatin Amerdca with no balance of payments problems,
Mexico, Brazil and Chile, for example, proauce steel domestically
and it is thus interesting to note that their steel consumption
increased by 60, 32 and 100 per cent respectively, in the decade
following 1939-1940.  During this interval, the per capita
national income of these countries 1ncreased only moderately, some
22, 12 and 27 per cent respectively

In order not to 'be limited to only one indicator, namely, per capita
national income, an analysié has also been made of the relationships
between steel consumption on the one hand, and imports of capital
goods and consumption of cenent on the other, ‘the two latter being
closely related with .the level of investments. A high multiple
correlation coefficient haé been observed and a .regression formula |
calculated, 2/ to which the different levels of the above quantities
in selected Latin American’ countries can best be fitted. From
‘this formula a "calculated!" or theoretical level of steel consumption
for every combination of levels of national income, 1mports of
cépital goods and consumption of cement can be derived,

P s S e Qi St G s s

;/ This is also true of such non Latin american countries as Italy, Austria,
Poland and South Africa, where levels of per capita national income are
of the same order of magnitude as those of Latin American countries, amd
for whlch data on steel consumption have been given in Table A 1.

_/ For details see paper L.86,
/Table 3
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3,

Table'3 shows'tﬁése’c&lculétediéonsﬁﬁption levels, together with
the actual steel céﬁSuﬁptioh'levéls for the same years. An
additional column, exjressed in percentages of the calculated
levels, shows the departure of actual consumption from them. It
will be observed again tha% the positive deviations correspond to
the countries which have developed domestic steel production
facilities, and also that %hey are greater in the post-war yecars
when these facilities have become more imrortant.

Althgﬁgh it 1s difficult to compare potential demand for a
commodity with its actual consumption; in certain cases the evidence
of shortage of steel can be adduced in Latin America. Thus,
notwithstanding the considerable increases in the production of
steel in Brazil in recent years, a rationing system is still in
force for the products of Volta Redorda.

Given a limited import capacity for a Latin American country, ard
assuming no compression of foreign purchases of non-steel items,
import controls would be necessary to permit larger imports of

~certain types of steel, Those which are indispensable to satisfy

increasing or ‘newly arising demands linked, for instance, with
industrialization, would have to take place at the eipense of other
steel products which are less urgent. Rails and aqcesories for
example, have been adversely affected, as indicdted ‘in Table 4.

As a result, this has led to inadequate maintenance ‘standards,
Finally, the consumption of steel has tended to decrease in Latin
America, throughout the last twenty-fivé years, both in aggregate
and for specific products when compared with the evdihtion of a
series of indicators of economic growth. A detailed study of this
phenomenom will be found in the section déaling with demand factors
which have influenced the evolution of steel consumption in six
lLatin Amerlcan countrieg. o

There thus appears to be llttle doubt that steel continues to be in
short supply for Latin America., It has been observed that there is a close
link between steel imports and total capacity to import; ° *that imports B4l

1/ Despite the fact that iron and steel products represent in geperal only
3 to 6 per cent of total imports.

/accounted for



£/CN.12/293
Page 99

accounted for two thirds of Latin American steel consumption in 1951, even
and that there have
" been marked increases in steel consumption by those Latin American countries

All these

observations support the belief that steel consumption in most Latin

though Latin America's importing capacity is limited;
which have developed a steel production .of their own..

American countries would, other things being equal, increase and develop
considerably faster if steel production facilities were created or

amplified. l/
Calculated and Actual Steel Consumption per Capita in Certain

Table 3.
Latin american Countries
(In terms of kilogrammes of crude steel equivalent)
Calculated Actual steel Percentage deviation
Countries Years - steel congumption of actual consumption
consumption from calculated level

Brazil 1950 .18 2 $ 33

Mexico 1950 21 28 $33

Chile 1951 ‘38 50 ¢ 32
Argentina 1947-1949 B4 77 . $ 20

Brazil 1939 13 15 + 15

Mexico 1939 ’lh 14 8]
Venezuela 1947-1949 é? 62 - 7

Ecuador 1947-1949 79 8 -11

Cuba 1947-1949 42 37 -12
Guatemala 1947-1949 12 8 - 33

Colombia 1947-1949 23 16 - 30

Uruguay 1947-1949 Sk 38 - 30

Bolivia 1947-1949 ‘9 5 - 44

Feru 1947-1949 16 10 - 38

Thus, Latin America's outlook for steel must take the follow1ng fdctors

into consideration:

1. Steel is short at present in most countries of the ayeé;

2, Population is increasing rapidaly: 2.25 per ceﬁt yéar1y”dh the

average;

;/ Already Latln Amerlcan per caplta steel consumption has increased by one
quarter - from 21.6 kilogrammes in termsof crude steel to 27.2 - between
19451948 and 1949-1951 (and by one half between 1945-1948.and 1951).
These rates of increase are exceptlonal, but a regular yearly increase of
6 per cent in total consumption in all underdeveloped countries has been
considered as a realistic (though high) assumptiori in' a recent study of
the Economic Commission for Europe.

/3. Even
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3. Iven at the relatively slow pace of economic development which
has prevailed in recent years and which, it is hoped, will be
a¢eelerated in the future, real national income per cépifa:increasas
"at a rate of 2 to 2.5 per cent yearly. It has been shown that, as
a result of the higher proportion of investment, the demand for
steel generally increases more rapidly than national income;
L. It is to be expected that the present trend towards industrialization
prevailing in most of the countries will continue, and probably at
a faster rate. Industrialization, again, requires additional
consumption of steel. | ‘
It thus seems clear that, unless a major world depression takes place,
Latin American demand for steel in future years will be considéf;gly above
present levels of consumption., It also appears that satiéfégt%quof this

demand is indispensable to the industrial aevelopment of the regioﬁ.

:L. Characteristics of Steelmaking Processes

Essential supplies of steel may be drawn from two sourcesf”imborts or
local production. The unfavourable develo;nwnt of importing.capacity already
‘mentioned precludes a substantial increase in steel imports for many countries.
On the other hand, the majority of Latin Amerlcan_countr;gg, and among them
all the major steel consumers, possess at leastmsome»ofwﬁhe,;espurces which
are necessary for steelmaking. Y In‘fact, Latin -Ameriea Qéséesées about 20
per cent of tne world reserves of economically exploitable ;gon ore. It is
also the region of the world whica has the highest per capita reserves of
iron ore in terms of Fe content: 37 tons rer capita,.as against
a world .average of ll tons.

a) Cnaractrrlstlcs of the 014551cal steelmaklng,process

Before discu351n5 the res;ectlve advantapes of domestlc steel production
in Latin Amerlca as aéalnst 1mports of thls metal, attentipn should be drawn
to certain technological characterlstlcs ‘¢f the uteelmaklng process which
have considerable bearing on costs. :

—— e — ———

1/ For a description of latin American steelmaking resources, see annexedc
dOC\lInentS L.O and .L087n

/Table 4.
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Table 4, Bvolution of the Share of Rails and Acceseories in the Consumption
of Steel in Latin America

(Fercentage of total apparent consumption of steel represented by
rails and accessories) '

Country - 1925-1929 1945-1949

Argentina 15.5 5.7
Brazil : 26.7 14.1
Chile 22.0 . 11.5
Colombia 26.3 5.5
Mexico 17.9 12:8

1. To begin with, steelmaking #s a heavy industry. Among the various
characteristics generally recognized in defining a heavy industry,
the most important one here is the great weight of the raw materials
necessary to produce steel, in relation to the cost of the product.
T pically, about six tons of materials, such as two to three tons
of iron ore, about two tons of coal and more than one ton of other
materials (scrap, fluxes, fuel oil, etc.), are necessary.to produce
one ton of finished steel, At present worth about 120 dollars. At
the‘existing plants or at the sites which have been considered in
this study, the number of ton-kilometres of transport 1'/required in
order to assemble these materials may Qary between 8C0 and 5,000
for ore and coal alone, As a result, transport costs of raw
materials represent an exceptionally high proportion of the total
cost of steel, The percentage corresponding in Latin America
varies between 5 and 10 per1cent for plants which are particularly
favourably placed in relation to raw materials, and 15 to. 25 per

" cent for the others, " o

2. An immediate consequence of the abovementioned characteristic is the
strong influence of plant location on steel costs. The dist#nce
over which raw materials ha?e to be carried, and even more iﬁportant,
the means of transport, whether rail, road, inland waterw#j”of
maritime, greatly influence costs. A study made by theﬁEconomic

' Commission for Latin America on the costs of production of steél in

- o

1/ In equivalents of railway ton-kilometres,
; /certain Latin
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‘certain Latin American locations (docunent L. 87), shows that cotal

transport _costs. per-ton .of. flngsaed“products vary from 4 to 15

-
[r-apeersat

dollars. To'thls should -be’ aaded the cost of transporting
finished steel -to the consumer,gérkets.

3. Comparisons of capital investmeﬁt for different industries are
difficult to make, in view of differing valuation methods. 1In
ahy .event, the.capiiél which must be invested in order to produce
a certain value adaed, is relatively high for steelmaking, in
cdﬁparison witih other imgortant industries.

L. Investment costs in~stéelmdking are very strongly affectea by the
size of the production unit. Rolllng operatlons are particularly
influenced. by size, since they can be kerformed by a variety of
methods.” "Some utilize relatlvely ruulmewtary equlpment and a
considerable amount of labour whereas others are dighly mechanized,
use less labour ana require very complex pleces of equipment.
Certain modern equlpment, such as a contlnuous wide strip mill, can
only be used for groaucing at a 1eve1 of one m1lllon tons a year.
The savings in total production costs brought about by more complex
and more product1Vr rleces of eoulrment depend of course on the
relative costs of capital, labour and raw materlals. As an
example, Graph B, based on study L. 91 shows the varlatlons in the
total costs of groducing one ton of a glven dssortment of finished
steel in Sparrows loint, in plants rdnglng from 50 thousand to one
miilion tons of annual capac1ty. It will be noted that costs are cut
by more than half between the smallest and the largest plants.

Economies of scale and the type of flnlshed Puoducts greatly influence

rolling operations. As a result of 1mpre351ve aavances durlng recent
decades in methods of fabrlcatlng flat prouucts (pldte, sneet, strip,
tinplate, etc.), the effect of size is more pronounced for these itews than
for sections. - The advantage of bullulng productlon unlts .as large as the
market would allow, combinea with the relatlvely hlbh lnvestment per ton .
referred to above, tend to make essentlal 1nvestments very.high. ‘Investment
costs for a mocgern plant may easily total hundreds of mlL;}pg§‘9£‘dollars.

. /P). Alternative
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b) Alternative processes for steel proaucuion

The technical part of the reivort inciu s w thoroush evwiination of

N

alternative processes either av.il.oile, or neing develsped for the preduction

of iron ard stesl, Tuey ore swlnl) wncernsed with 1ron ore »2duciion by

weans obher i the btlast {urnace, =nd in a lssser ds.ree, with rolling of
steel by a=aus obier than usual blocming ana rolling wills. ine product
obtained from somz of these iron ore reauction methods v & «ind 24 pig iron;
in other cases it can only find application as a substitute for scrap.  The
steelmaking process to be used for refining the resulting priczry metal
depends on its special characteristics. Usually one of the well-kriown
steelmaking processes is used, although docuwnent L.67, refers to a reduction
process in which refining of steel becomes unnecessary.

Unorthodox methods are especially ag,ropriate to certain raw materials:
hydro-electric power; other natural resources; and yield specific end-
products. They leac to consiuerable v.fiutions in the costs of finished
steel, and still more so in the levels of specific investments. ~ According
to document L.62, proauction costs for pig iron may vary in the four
reductior. methods considered, ;/from 28 to 45 dollurs per ton, wheyeas
investment per ton-year produced may vary from 25 to 100 dollars.z/
Froduction costs of ingot steel vary, for the six processes consiaered,
according to document L.56, between 240 and 290 doliars per ton, 2/assumj.ng
that pig iron and scrap are uniform iw price.  Although similar figures are
not available for rolling operations, the utilization of such methods as
continuous casting of billets, or extrusion of finished shapes, may bring
about consicerable variaivions in jroduction costs ana in iavestments per ton
per year, particularly for relatively smali operations.

Soue of the alternatives to classical steelmaking and iron ore reduction
methods, like low-shaft furnaces, direct reduction methods, utilization of
oxygen in steelmaking and continuous casting and extrusion, require less

o vy 2t g o s S

;/ Blast furnace, electric smelting furnaice, sponge iron furnace and tunnel
kiln.

2/ Under conditions prevailiiig in Canada, during 1948.

3/ Open-hearth furnace, converter and open-hearth furnace, converter and
electric arc furnace, oxygen converter (F.0. steel), Duplex converter -
open-hearth furnace and Duplex converter - electric arc furnace, Under
conditions prevailing in estern Germany during 1952.

/capital investment




E/CN.12/293
Page th

capital investment although they may . rednce the. proauctivztx af labour.
_They therefo*e seem much better adéﬁiéﬁwféuémall scale operétzons in
underdeveloped countries than to the . clagsical processes. '

The discussions were malnly concerned with the classical processes:
blASt,furnaces, steel plants and rolling mills. This preference results
from greater knowledge of these procésses, and the abundant publications
covering costs and investments in théir various steps. Cost and investment
estimates have been prepared for some of the alternative methods, usually as
comparisons with a standard blast furnace plant of a given size... Since the
cost structure for the classical.prdéess has been investigated in seven latin
American countries, figures referriﬁg to the other processes may thus be
related to conditions prevailing in the region. —

Document L.91 assumes that the Latin American classical plants, chosen
as examples, will cover the total potential demand for the respective

" countries, If the markets of a given country are strongly decentralized,
and transportation facilities limited (as in the case of Brazil and Mexico),

' the advdntage of installing more than one production centre should be
exam'ned. In such case the small size of the local markets in each centre
mlght make one of, the alternative methods maore. de31rable.

' Situations may arise in which haulage costs to certaln.regions become
so high as to completely upset the usual pattern of comparative advantages,
‘_ dne case of this type is explainedé in document L.82, which describes a plant
recarburizing steel scrap into pig iron, in an electric furnace, which has

been profitably operating for years in Bogota. It might well be that in
extreme cases like this, a émall and therefore usually unprofitable plant
using an alternative reduction method could become a factor stimulating
economic development of an isolated zone. In order to determine the
ossible advantages of such an industry, a market study of the region would
te indispensable., Here, again, the methodology followed in document L.B86
would be helpful.

A lively discussion arose regarding the advisability of using these
unorthodox metﬁdds, especially since they have scarcely been tested an a
commercial scale. It was pointed out that in Latin America, where capital
is scarce, there are risks -in investing in processes not yet adequately

‘ /developed.
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developed. However, the prospects for their further use in industrialized
countries seems remote, since the latier use the capital-intensive classical
methods. Since the new processes are labour-intensive, they would therefore
initially seem to be more applicable to Latin America,

From all the d13¢u5$10ns, it became evident that these alternative
methods must receive a detailed examination, before final judgrent is passed
on the aavisability of installing a steel industry in a new country or region.
This becomes particularly necessary if small scale operations result in

excessive costs under classical processes.

5. Ana;&sis of Some Importaht Eactors Relewant to the Economics of
Ateelmaking in Certain Latin American Locations

The degree of scarcity of resources and the balance of payments situation

The relative economic adventages of steel production in latin smerica,

compared with steel imports,vfollow below.

Whether steel production in a given location is uore advantageous to a
country than imported steel, depends largely on the resources utilized for
aomestic steel production. Steel production might or hot, involie the
utilization of resources wiich might otherwise be put to use for the increase
of productioh of exportable.comnodities for which there is a market abroad,
or for the substitution of another type of 1mports.

In the first case relative costs of productlon and of 1mports of steel
are relevant. In the second case, addmtlonal crlterla must be taken into
account. This situation does 1u factl arlse 1n many Latin American
countries because:

a) Considerable unused resources exlst, and steel production could add
to the total income of the country without detracting from the
potential production of commodities earning foreign exchange;

b) Inelastic world demand for many commodities eprrted by the area
is such that a greater volume of exports would not substantially
add to foreign exchange reserues; or because

Contrary to many industrialized counprieé, ﬁroductive resources are not
utilized fully in several Latin American éouhtries. In the majority of them,
considerable amounts of underemplpyed;mappower exist.v Althgugh ungmplbyment

' S o " /is often
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»is_often hidden both in rural aand in urban districts, there is little doubt

" %batqthere is 2 great reserve of unused labour throughout the region. The

. experience acquired from setcing up steel plants in a number of Latin American
countries in recent years shows that, within a moderate period of time,

. manpower can be trained to perform the tasks required in steel works. Insofar
. as ray materials are concerned, ac has been mentioned already,-considerable
,reservesvof iron ore exist. In many cases the iron ore reserves. could not

" be explolted because of the heavy .osts invelved in shipping this relatively
cheap material to possible importers. This applies to an even greater extent
to other resources such as, limestone, hydro-electricity or natural gas.
However, it is a fact that many Latin American countries draw the bulk of
their foreign exchange from selling a very limited number of commodltles
representing an important source of total world supply. Slnce world demand
for such products is inelastic, the total potential export earnings, and
consequently the capacity to import, are limited and cannot be:increased
substantially by using resources which might alternatively be used fo
steelmaklng. | |

The creation of a local steel industry can provide a substltute for
‘imported steel, and also add to the national income. Conversely, ;uch an
industry might utilize scarce resources better fitted for exporting feadily
marketable products, or substituting for other important impbrts, : Additions
to national income can be done internally by using resources whiéh:woﬁld
otherwise remain unemployed, and externally by reducing import requlrements
without affecting potential export proceeds. If steelmaking makes ‘use of
scarce resources, it must be considered as an alternatlve to other types of
activity and not additive,

The problems 1nvolved in allocatlng scarce resources are many. They
are outside the scope of this report, as they were out51de the scope of the
Bogota meeting. ' _

The Lconomic Coﬁmiééion for Latin America has howeverﬁbfeséﬁted some
absolute -and comparable figures reflecting costs of produc1ng steel, in
different locations and on varylng scales. Both in and outslde Latln
America, costs calcuiated by this method may be used to dotermlng‘the economic
advisability of establlshlng a steel industry as compared w1th céﬁflﬁﬂed or
increased imports of steel, Such an examination mst, of course, take into

/consideration many
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consideration many other factors whica are not directly linked with economiss
of steel production but which are relevant to the basic problem. = These
include the obalance of payments situation;, the possibility of increasi..
production of exportable goods and of marketing them; costs of producing
exportable commodities or other import substitutes; and the relative

capital intensities of various productive activities.

Comparison of steel production costs in Latin America and in the United States

1. Method, assumptions, and examples Selected

The method followed by the kconomic Commission for Latin America is
explained in getail in papers L.87 and L.91, which should be considered
jointly. It consists . detailed exsmination ef the different cost components
of steel production at its varying stages of pig iron, crude and finished
steel. To calculate production costs of steel in several latin American
countries, and in one North amerjcan location, the following influences
should be considered:

a) Cost, quality and location of raw materials;

b) Costs of labour and capital; and

¢) Size of the market,

In every case, production costs are classified into purchased raw
raterials, labour, capital, and "other", the Latter item including overhead,
However, steel industries often éxyloit their own coal, iron ore and limestone
mines., An alternative breakdown of productioa costs is therefore offered
for "integrated plants" ogerating their own mines. Total costs have then
been broksn down into purchased raw materials (mainly secrap and a part of
fuel), transports, labour, capitél and other costs.

A certain number of general assumptions had to be made in order to
ensure the comparability of cost calculations as between the various locations.
The most important ones are enumerated below:

1. The plants installed are assumed to be identical in the various

locations studied., In fact, the greater part of thekstudy

(document L1.87) refers to the establishment of costs‘fér plants

producing 250 thousand tons of finished products pe; year.

Document L,91 examines the influence of variations ihnéiié‘SfVLlann

on costs, and here apain technological factors are}sﬁépqséd.to be

“identical in all locations. All plants are presumed to function
/at 100



/T, 12/293

.. Pagc 108 .

1’--

at 100 per cent’ capacity.

Given the mode-of'transport;'transport costs per ton-kilometre are
“assumed to be equal. ¥y Transport tariffs, which are influenced

strongly by open”ahd hidden subsidies, have been lenored. since they
are often determined by non-economic factorsy -

Productivity of labour is assumed. to be equal in all locatlons.
This, of course, may not exist for a newly 1nstallea 1ndustry until
the end of a certain *breaking in" period of several y¢ars. " On the
other hand, experiences ir recently established steel industries in
Latin America indicate that this hypothesis is not altogefﬂé}
unrealistic.

In view of the extensive mechanization of operations in open-~-cast
work, extraction costs of iron ore and limestone are assuméd to be
equal in all locations. S

It is assumed that coke is made, as far as possible, from domestic
coals and blending materials. Costs of coals have been estimated
on the basis of thc thickness of the veins, other geological
conditions and productivity of mining in the respectivé country.
Costs of imported coals and blending materials are mostly those
which prevailed in 1948 on the international markets. o
Availability of purchased scrap equal to 10 per cent of E#ude steel
production and worth 90 per cent of the price of pig igon,'has been
assumed throughout. - - ‘
Cost of steelmaking equipment is assumed to be'equal:iglail Latin
Anerican locations and 20 per cent higher than’iqvthe'Unitéd States.
Interest and amortization are assumed to be eqﬁai'té 9 per cent of
the total cost. of the equipment in Latin America and to 8 per cent
in the United States. - No allowance was made for taxes or proflts.
Certain minor elemertts of cost are elther assumed to be equal in
terms of dollars or in terms of phy91cal unlts. For others,.
rcasonable variations have been assumed to take local conditions

into account.

'}/ Bstimates of the actual cost of transport of bulk raw materlals in the
United States have been used,

/9. The
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9. The assortments of finished steel products turned out by all the
plants were assumed to be identical in percentage distribution and
typical of the demand for standard products of & Latin American
country. ;/ The quality is also equal throughout.

10. All pricesrelate to the average of the year 1943.

11. As a result of theiadoption of the aforementioned assumptions,
costs could be calculated directly in dollars for all items except
labour. .

Exchange rates have only been used when converting wages prevailing at
different locations, into a common currency. Since the final aim of the
study is to throw some light on the comparative advantage of producing steel
locally, or importing it, the exchange rates applicable to steel imports in
1948 have been used throughout, for the conversion of wage costs.

Locations of hypothetical plants for which cost .apalyses have been made
include each of the seven latin Ameyican countries selected for this study.
Most of these locations cprrespond‘either to the.site of existing plants or
to the site of planned steel mills, thereby maxing aate more feadily,obtainable.
Where the site was that of an existing plant, the hypothetical productive unit
is usually different in size from the existing one, so that the calculated
costs will probably Qot‘coinhide with those actually prevailing,

The only difference beiween the¢ equal size plants is that linked with
the process of steelmaking utilized, the process selected depending on the
qualities of locally available ores:

a) Open-hearth furnaces. ,

b) A combination of 8Q;per cent basic open-hearth capacity with 20 per

cent Bessemer capaéity, and

¢) A combination of. Thomas converters with electric furnaces.

In a further stage (docyment L.91), ﬁlants of different sizes are taken
into account, The size of the plant appropriate to a given location Qés
estimated on the basis of apparent steel consumption in the corresponding
country during 1947. A downward  adjustment of some 20 per cent was made to

take into account the fact that no matter how diversified a single plant is,

1/ This distribution is given in docuuent L.87, Table 8.

/it cannot
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it cannet produce the to:al assortmghtrof'finishéd”steel-pro&ucts'used by
a siven country., If it is borne in mind -that- Latin kmerica's steel
consumption in 1947 has invariably been surpassed in later years, and also
that this consumgtion would increase beyond the present levels if local
proauction was established, the use of these hypotheses for size of Flants
tends to give excessively high cost estimates for Latin America. © This
selection would only affect costs of the smmller countries to which
reference is maoe in the foliowing lines. In the casc of each of the
larger countries, argemtina, brazil and Mexico, transport difficulties have
awobivated the eraction of more than one plant, with an even smaller cébacity
than those considered in cocument L.91.

Since the cost estimates based on 1947 consumption figures were too
high, cost and invegtment estimates for larger jlants have been prepa.fed and
tabulatea for Colambia, l{erﬁ and Venezyela which had no domestic sources of
steel in 1947. ‘The corresponding capacities have been chosen on the basis
of the finding in paper L.86, namely,the level to which short-term
asunsumption might be expeeted to Pise,assuming that loeal production is
developed, o

Generally, eost calculations were based om the maximmm utilization of
domestic raw materials in every country, However, in many cases; imports of
eoking coal, covering either part or total requirements, had to bc!':a.ssmled.

The locations selected and the prouuctive capacities are sumnarized in
Table 6. It should be noted that for Argentina, three different sources of
iron ore were taken into account: domestic Zapla and Sierra Grandé ores, and
imported Brazilian Itabira ores., The resulting cost variations are
considerable and should be borne in mind vhen examining the Argentine
situation. In analysing the influence of size ujon costs, only the use of
Sierra Grande ore has beem contemplated,

1/ These capacities correspond approximstely to 80 per: cent of the apparent
consumption given by the relationship between steel consumption on the one
hand, with naticnal incomes, imports of capital goods, and cement
consumption in the four countries which have a steel industry.”” ~

/Table 6,
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Table 6. Latin American Steelmaking Locations, Raw Materials and Processes
. . Selected for Cost analysis of L.87 and L,91
Country Location of Origin of Origin of Steelmaking Annual
steel plant iron ore coking coal processes capacity
(tons of
finished
, dteel
Argentina- San Nicolas a) Zapld(Arg.) Imported from Basic wpenw
b) Itabira the United  hearth 850,000
(Brazil) Kingdom or
c) Sierra Gran South Africa
de (Arg.) .
Brazil Volta Redonda Lafaieta 70% imported 80% Basic
" (Brazil) from U.S. open-hearth 716,000
30% Santa Ca 20% Acid
‘ \ terina (Brazil) Bessemer
Chile Huachipato El Tofo(Chile) 85% Arauco 80% Basic
' Bay(Chile) epen-hearth 230,000
15% imported 20% Acid
. _ from U.S. Bessemer
Colombia Belencito -~ Paz de Rio Paz de Rio Basic Bessemer ’
(Colombia) (Colombia) ( Thomas) 105,000
: Electric furnace
. for scrap '
smelting 250,000 a/
Maxico Monclova Cerro de Merca Durange Basic open-
: - do (Mexice)  (Mexico) hearth 430,000
Peru Chimbote Marcona (Feru) 85% Anthmcite 80% Basic
- «* - : from Santa . ' open-hearth 50,000
o (Peru) 20% Acid
15% imported Bessemer 150,000 a/
asphalt
Venezuela Barcelona El Pao (Vene a) Domestic 80% Basic
zuela) petroleum open-hearth 200,000
or asphalt 20% Acid
residues  Bessemer 300,000 a/
b) Imported
from U.S.
(West
Virginia)
United Sparrows El Pao (Vene 80% Basic
States Point zuela) . open-hearth 1,000,000
20% Acid
Bessemer

8/ For explanation of alternative capacities used in the cases of Colombian,
Peruvian and Venezuelan plants, see. previous page.

/2.

esults

R*
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2, Results of Analyg&gg¥phe Examples Selected

" Details covering saléulations of sroduction costs are shown in documents

L.87 and L.91, ana need not be repeated here. ) The quantltatlve data shown
in the documents are only valid for the assnmptlons descrlbed. They

should therefore be considered only as an example of the economic suitability

of the various countries for steelmaklng.
It is important to note, however, that the methodology followed permits
d full quantitative analysis of the influence upon ¢omparative production

costs of the main factors affecting them,

a)

Thus, from the examples choseg,it can be seen what the respective
assembly costs are. They represent an important factor of the °
cost of steel, due to the considerable bulk of the materials
concerned, and also because the most important coal and iron ore
deposits are seldom located close to each other. Assembly costs
depend on the quallty of the raw materials, their mining costs, and
costs of haulage to the plant. They therefore determine the
location of the plant, jointly with transport.tion costs of -
finished steel to the market. Table 7 compares the assembly costs
for the locations selected in Latin America, with those corresponding
to Sparrows Point. It can be seen that in general, assembly costs
are substantially higher in Latln Amerlca (Colombla belng an
exception) than in the best known steel producing centres of the.
world, namely, Australia, Birmingham (Alabama) Luxembourg, Ruhr,

ete,

i 3 A ko s s b Y

©/1able 7.
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Table 7. Assemb;y Cpsts for Selected Latin American Locations
(1948 dollars, indices, and percentages)

Assembly costs Assembly costs as
Dollars per $on Indices: Sparrows per cent of finished
Plant of pig iron Foint = 100 steel costs in

Plants appropriate
to 8ize of markets

‘San Nicolas,

Argenting g/ €6.75 | 246

San Niecolas; '

Argentina b/ L2474 - 158

San Nicolas,

Argentina ¢/ 33.88 125 39
Volta Redonda, Brazil 37.33 138 Li
Huachipato, Chile 23.05 85 29
Belencito, Colombia 17.62 G5, 22
Monclova, Mexico 26.74 99 32
Chimbote, Peru , 18,80 69 20
Barcelona, Venezuela d/ 21.68 80 18
Barcelona, Venezuela g/ 26.40 98 22
Average f/ 26,26 - 96 ‘
Sparrows Point g/ 27.14 : 100 37

a/ Zapla ore,
b/ Itabira ore.
¢/ Sierra Grande ore.
d/ Coke made from asphalt or petroleum residues
¢/ Coke made from imported coal .
f/ Arithmetic average, considering: IinArgentina, Sierra Grande ore; in
Venezuela, use of coke from imported coal. ’
g/ Venezuelan ore, West Virginia coal.
In this connexion, it aﬁpears that the highest assenbly costs in
latin America correspond to those locations which have been selected
close to major markets: Buenos Aires and Rosario .im Argentina,
Sao Paulo and Rio de Janeiro in Brazil. In Chile, Colombia, Feru
and Venezuela, locations closer to the raw materials have been
selected and therefore the assembly costs appear lower.  Mexico
"occupiés an intermediate position in this respeét:'sinée the location
of the plant falls within a triangle whose vertices consist of the

principal markets, the iron ore and the coal deposits.

/Table 8,
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Table 8. Theoretical Steel kroguckion Costs in Latin America a8 Affetted
by Various Locatlonal Factozs

o (Dbilars at 1948 values)

Production.cost-at various Cost and prices.of steel
locations as affected by cost in the United States,
and trade of raw mterials rlus transport cost
differentials te Latin
Plant Americat mirkets f/
Equal PYlants of 250 Capacity Delivered. Ebst ‘Average
thousand tons ¢apac1ty of plants of imported :.-price of
per_ Jyear . appropria steel from. - of nComp
Wage rates Wages and te to size Sparrows Point osite
and capital capital of markets v ~:Finished
tharges charges at a/ g/ ‘Steel" in
equal to U, oc¢al rates : Pittsbugh
S. figures _ . a/ ‘ i 19u8 b/
Chimbote, Peru 93 82 90 86 110
Huachipato, Chile 9L 84, 84 - 89 111
Belencito, Colombia 81 76 76 88 108
Barcelena, Venezuela ¢/ . 105 117 105 82 106
Monclova, Mexico 99 90 £3 84 108
Volta Redonda, Brazil 114 102 . 85 . 86 10
San Nicolas, Argentina d/119 105 92 91 115
Average 101 93 88 87 109
Spread as percentage ‘ o
of average 37 37% 33% o -
Sparrows Point, : ’
Maryland, U.S. "7 7100 = - 100 72 - -

_/ The respective local wage rates and capital charges have been used.-

b/ The assortment has certain resemblance w1th the programme envisaged for
the Latin American plants.

¢/ Using imported coal. :

d/ Using Sierra Grande ore, .

e/ Size of plants: Chimbote 150,000; Huachipato 230,000; Belencito 250,000;
Barcelona 300,000; Monclova:/430;000; Volta Redonda 716,000; San Micolas
850,000; Sparrows Point 1,000,000.

d/ To prices and costs in Unlted‘States, the respectlve transport costs to
the Latin American markets have been added, and the transport costs of
Latin American plants to their markets have been subtracted.

/b) Wage
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b) Wage rates are another factor of locational character. Their
infliuence increases as conversion proceeds from iron ore into
finished steel, .

Table & compares the estimated costs of steel produced in hypothetical
Latin American plants, with a hypothetical plant at Sparrows Foint.
Column 2 shows the estimaved costs obtained in plants of equal size
if local wage rates are considered in the calculations. In column
1, the same data are given but using United States wage rates and
capital costs. The figures in column 3 correspond to cost
estimates for plants of sizes appropriate to tne Latin American
markets, using local wage rates. The figures in column 4 represent
the estimated costs of one million ton a year plant located at
Sparrows roint, plus the transport cost differentials to Latin
American markets, ;/ These figures have been termed "delivered
costs of imported steel", Finally, the datz of column 5 results
from «adding to the 1948 steel prices in the Uniﬁed-States, the
transport cost differentials to the Latin American markets, 2

Such data have been called "delivered price of imported steel",

¢) The first column of Table 8 shows, therefore, the variations in

costs resulting from purely natural and geographical factors, such

as location, and qualiiy anda cost of raw materials, The assumptions
are that all the plants are of equal size and that the price of
labour and capital are equal to those in the United States. It

can be seen that the spread in costs of finished steel amounts to

.37 per cent of the avérage.

1/ Transport costs of finished steel from the United States centres
(Sparrows Foint or FHttsburgh, whichever is selected) to Latin American
markets, minus the transportation costs from the Latin American steel
plants to their respective markets.

2/ These prices correspond to the series "Composite Finished Steel,
compiled and published by the American Metal Market. It represents the
weighted price of an assortment similar to the programme of the Latin
American plants, For transport differentials see note 1/.

""" 70n the



E/CN.12/293
~ Page 116

On the other hand, the Likih Americailocations taken as a whole
(to the extent that average figures are significant) have production
costs determlned by purely geographical considerations, which are
prdctlcally equal to' those corresponding to the Atlantic seaboard
of the Unlted States, C
vd) The above comparison. is relevant for the lung-tefﬁ evaluation ~
of the importance of Latin American locations, when,
as a result of accelerated economic growth it might be assumed that
costs of labour and cagital would tend to egualize between Latin
America and the more jindustrialized countries. = For short and
‘medium-term prospects, the lower and variable costs of labour in
Latin‘America and the higher rates of interest must be taken into
account. If this is done, the picture shown in columm 2 of Table -
8 emerges. Here again, costs are very uiversified, but due to
th§ considerably lower labour costs, Latin American locations as a
whole éppeér in a more favourable light. Thus, the unweighted
average for the seven locations is 7 dollars below the Sparrows
Point flgures.
e) Again, the costs of equal size plants, would be relevant to a
'study of the'advantages of steel production in Latin America if the
erection of optimur size plants could be justified. This could
be achieved either from heavier steel consumption, or as a result
of an intra-regional eeconomic integration. Since this is not the
case at present, however, a realistic examination of the problem
involves some consideration of costs in plants avuropriate to the
size of Latin Ameridanlmarkets.
“The corresponding calculations are included in abcdhéhﬁ L.91, and
the respective costs of production of finished steel appearinrn
column 3 of Table 8. Because of the considerably smaller size of
ind1v1dual Latin American. markets compared with.that ;n the United
States, the influenqe of the size factor greatly iricreases Latin
American costs while moderately reducing the spread, in view of the
fact that plants which have the highest raw materials costs face

1/ On the assumption of the utilization of Venezuelan are in Sparrows Foint.
/the largest
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the largest domestic markets, and vice versa. ;/ The average of
Latin Ameritan figures gives a production cost which is higher by
16 dollars or 22 per cent than the unchanged Sparrows Point figure.
f) Manpower, raw materials and capital resources necessary for
steelmaking are all scarce, and could be used in alternative
production to strengthen'foreign exchange reserves, either by
export - expansion or import - substitution. Thus the merits of
domestic steel production as against imports of this metal must be
measured by the differential between production costs in the
respective Latin American countries (calculated as described above)
and imported costs of foreign steel,
Leaving aside unpredicpéble considerations of commercial policies
of the potential steel. exporters, and assuming that '"normal"
profits are equal in Lﬁtin America and elsewhere, &/ production
costs in Latin America should be compared with
a) The cost of production abroad; and
b) The price at which a similar assortment of steel was
sold in tﬁé‘exporting countries during the base year
1948,
In both cases, account has to be taken of differences between
transport costs of the fiuished product, from the Latin American
and the foreign planﬂ; Simplifying further, the foreign costs
with which comparisong may be made can be assumed to be those
delivered from Sparrc.;ws Foint to the Latin American na rket.
The exact study of compépative advantages would involve a ‘detailed
examination of the transportjbosts of the finished steel to all the main-
consuming centres of the cou@tries considered. This may require a
determination of several cenﬁfes of consumption. This has not been done
in document L.87, nor is it hplieved that (except perhaps for Brazil,
Colonbia and Mexico) it is indispensable for the presentation of~a'meth5dology.-
It may be assumed,roughly, in order to take into account the transport costs
of the finished product, that they are 9 to 12 dollars higher for Sparrows
1/ Venezuela is an exception to this rule.

2/ This of course is not necessarily the case,
. /Point -steel



E/CN.12/293
Page 118

Point steel than for lgcal: steel in;@hegcaaes of Venezusla, Colombia and
Mexico; 13 tc 15 dollars in the caseé;of;chile; Peru.and Brazil, and 19
dollars in the case of Argentina, These are the figures which have been
used for the preparation of column E; Table 8, -The comparison between
columns 3 and 4 of Table & indicates the influence of all the principal
factors (raw materials, labour and dapital costs, size of plant, and
transpart of finished products), j ]

Here again considerable differéﬂces_exist between the advantages and
disadvantages 6f the various locations, some of them showing lower costs
for the domeatic product and some showing higher, All in all, the average o}
the seven Latin American countries-is slightly belaw the delivered cost of
 imported steel, .

If instead of comparing costs in selected lLatin American sites with
those obtained in an imginary one million-ton plant in Sparrows Point,
the average selling prices in the United Siates are used, the situation
changes substantially, Column 5 of Table 8 shows the corresponding figures,
The:average "delivered selling price" of imported steel would be 21 dollars
(24 per cent) higher than the average cost of the Latin American locations,
Variations in costs are considerable, so much so, that in spite of the
favourable average, at least one of the plants appears to be unprofitable.

Comparisons between the last threec columns of Table 8 do not
necessarily indicate whether steel should be produced in Latin American
locations, even on the assumption of the scarcity of productive resowrces. '
and the possibility of utilizing them for other foreign currency earning
purposes, Compared, however, with similar figures corresponding to other
industrial or agricultural investments, they would assist in deciding as
between two or more activities making claims upon these same resources,-

In addition, document L,86 shows that considereble discrepancies-:.
exist between the abilities of different Latin American countries to supply
their markets through imports of steel. In some of them, there have besn no
shortages in imports of steel resulting from insufficient foreign exchaiige,
whereas in others the linitations have been drastic, In ‘the sameé document,
a methodology has been developed which indicates whether or not.there-are

- steel shortages and, to a certain extent, attempts to estimateé. the.unfilled
demand, The problem of inereasing steel supplies seems more urgent in-:
those countries where shortages have been more pronounced; in some countries

/it would
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it would be difficult to increase steel supprlies by means other ihan lecal

production.

The Effect of Steel Production on the Balance of Payments

I+ nas been noted that many productive recources are not scarce in

Latir america and that manpoweér can often be utilized in steelmaking without
adversely affecting the balance of payments. It has been mentionsd also,
that in many countries the possibilit& of improving the halance of yayments
by increasing foreign exchange earning is limited. The method of cost
calculation devised in documents L.87 and L.91 analyses the advantages to
be gained by establishing steel plants in the light of such considerations.
Obviously, the de ree to which resources are scarce, and to which they can
be wilizea as foreign currency earners (alternatively to stéelmaking) varies
from country to country, and cannot be examined in detail here, ' An extreme
case however may involve the assumption that all home resources are not
scarce and that they would be unemployed if steel production were not
developed, Y

On the other hand, capital and imported raw materials are obviously
scarce, and must be paid in foreign currencies, as must a certain portion of
overhead and other costs. Inasmuch as documents L.87 and L.91 include a
breakdown of production costs from raw materiéls to finished steel, it is
thus possible to sepafate scarce and non-scarce factors throughout the
entire production process. A calculation can be made of the proportion
of the cost of finished steel which corresgonds to scarce factors. These
proportions are shown in Table 9. The degree to which steel production in
various Latin American locations involves the utilization of scarce factors,
or expenditures in foreign currencies, g/ccm in turn be compdred w1th the
delivered cost of imported steel (third column). The flgures show that in
every Latin American location steel production represents a considerable

l/ It should be emphasized that the assumption of non-scarcity of domestic
resources is applicable with varying degress of strickness to each country;
particularly insofar as domestic fuel is concerned. whereas in Brazil it
may be assumed that metallurgical fuel would not be mined if there were no
steel plants within the country, this is not the case for Chile where
metallurgical fuel is extracted from the same mines 3as other fuel and would
find an alternative utilization if it were not used in steel plants.

g/ The two concepts - scarcity and expenditure in foreign currency - do not
correspond strictly, the second one beinz more limited than the first. For
instance, capital is always scarce, but all of it should not necessarily
come from abroad., The calculation commented upon should therefore be

considered an extreme example. /saving in
(=}
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saving in forelgn exchange if compared wltn imports of -steel, and is an
'acdltlon to the total natural income, in view of utilizing factors which
would otherwise remain unemploved Agalp, it should be emphasized, that this
is but an extreme examples Many factors B productlon (1nc1udiﬁé§ﬁénpowpr,
coal, and in certain cases ores) may bg scarce or adequate, foreign exchange
earners or non-foreign exchange earners, depending upon their parﬂibﬁlar

¢ircumstances.
3

Table 9. Proportion of latin Americgh Finished Steel Costs -/that Have
to be Paid in Foreign Exch&nge

(Dollars at 1948 value and pepcentages)

Plant Proportion Expenditures Production eost at
of cost (Dollars) Sparrows Foint, plus
" (Per Cent) t ransport cost differentials
o to Latin American markets d/
San Nicolas b/ - 57 52 91
Volta Redonda 48 41 86
Huachipato Lty 36 89
Belencito 45 34 88
Monclova . Ly 31 8.4
Chimbote 47 S . 86
Barcelona g/ 43 - 45 82

a/ See document L.91, Table 14. It has been estimated that the following
partiof ‘costs of integrated plants (mining themselves the main raw
materlals) have to be paid for in foreign exchange:

Imported fuel 100 per cent
Ferroalloys 50 per cemt
Wages and salaries 5 per cent -
Miscellaneous 33 per cent
Capital charges : 75 per cent

b/ Using Sierra Grande ore.

¢/ Using coke from imported coal

¢/ To estimated Sparrows loint costs at plant, transport costs to the Latin
American markets have beer added, and the transport costs of ‘Latin American
plants to their markets have been substracted,

Relative Capital Inten51ty of °tPelmak1ng and of Other Productifé'Ict;vities

Capltal is a scarce factor of production in all Latin Amerlcan countrles.

As a consequence, the productivity of capital in steelmaklng as agalnst other

activities should be studied caretvlly. It has already'been noted that

steelmaklng has a high capital 1nten31ty relative to other activities.
/Table 10.
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Table 10, Investment Coefficients 2/Corresponding to Steelmaking in
Various lLocaticns

Plant Erection of mew p lants appropriate
to the size of the markets

San Nicolas b/ 4.9
Volta Redonda L.8
Huachipato 4.9
Belencito : : L.5
Monclova 4L.8
Chimbote 5.4
Barcelona ¢/ 4.9
Sparrows Point 5.2

a/ Ratio between investments necessary to produce a certain quantity of steel
and valuz added by the production process.

b/ Using Sierra Grande ore.

¢/ Using coke made from imported coal,

-In other words the relationship between capital investments, and the value

added to raw materials in the corresponding productive process (investment

coefficient), is relatively high. - ’

Investment coefficients for various Latin American locations and sizes
of plant are shown in the first oolu@n of Table 10. The values vary
considerably, although remaining aboﬁe a typical figure for other manufacturing-
activities, which would be between 2iand 3. This drawback of steel productim
should be borne in mind when exmniniﬁg the problem of the economic
advisability of the setting up of steel plants. This becomes especially.
relevant for countries where domestid capital is very scarce, and credits
from international lending agencies have to be used for other projects
related to economic development.

In several Latin American countries, and in four of the locationé
studied (Volta Redonda, Huachipato, Belencito and Monclova) important -
steelmaking plants alreacy exist. The marginal capital coefficients giving
the relationship betweeh the additioﬁal capital necessary to increase

'production ana the resulting value added, should be examined. - -The-figures
used in L.91 do not permit an analysis of this type, but it should be
remembered that expahsion thus far made in Lapin American steel plants has
resulted in a decrease of investment per unit of production. |

It should not be forgotten that the establishment of‘é domestic ‘source

/of steel
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of steel is cften a pre-requisité’fof ;the. dév640pmant of éteel'tpéésférming
industries which are less capital 1n1en51v€ that =veﬂlmaking. Thus it can
be seen from document L.8% that the relaticnshly tetween investment
coefflcients in steelmak;pg_(takqg_as 100}, and in various sectors .of the
steel trénsforming industry are as followst

Percentage of Capital Coefficients in Steel Transforming Industries in
Relation to Capital Coefficient in Steelmaking, the Respective Value of

the latter Being 100

Brazil Chile . United States a/

1949 1948 1945
Primary transformation of steel
(wire, screws, tubes, drums, etc,) 52 92 _ .
Mechanical industries 30 53 46
Transport equipment industries 83 75 32

g/ Combined coefficient for steelmaking and primary transforming indusfries.

Limitations of time have prevented the preparation of a study on the
combined investment problem of steelmaking and steel transforming ihdustries,
whose importance is brought out by the preceding figures.

The capital costs used in document L.&7 correspond to the utilization of
new and véry modern equipment, and could be reduced substantially if the
utilization of second-hand equipment were considered. Such a solutlon
would also reduce the absolute bulk of the investments which, 1ndependently
from considerations of the productivity of capital, may prove a deterrent

to the setting up of steel plants.

6. Other Factors Affecting the Lconomics of'Steeimaking in'Latin;América

The nature and scope of the studies presented in document L. 87 and L.91
have limited the number of cases examined, and of cost comparlsons made.

It should be remembered, however, that the cases studied are only ‘taken as

1/ It may also be borne in mind that for many Latin American countries, the
foreign exchange saving effect of capital investment in steel production as
compared with other activities, may be more important than the relationship
between capital and value added. A comparison between the savings “in fareign
exchange whichi could be obtained with the investment of a certain amount of
capital in a variety of sectors should complement the figures of Table 10.

/examples of
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examples of costs COrresponding to steel productlon in selected Latln American
' countrles and ‘elsewhere. No doubt, a careful examinatlon of addltlonal
factors would be 1ndlspensable in order to form a complete oplnlon on the
problem of costs within any given Latin American country, and of their
‘comparison with the costs of imported steel,

1. Specialization of Froduction

Procuction costs would be considerably reduced if, instead of plants
turning out anassortment of finished products wide enough to cover almost
all the needs of a country, consideration was given to the setting up of
specialized plants. An important reduction in costs could be obtained if
production was limited, for instance, only to sections (bars, shapes, wire
rods, possibly rails), to flats (plate, sheet, tinplate), and also possibly
to tubes, or, at a later stage, to alloy steels., For the major consuming
cohntfies, such specialization may take place within the country itself.
For the others it would only be conceivable if some degree of intra-regional

integration takes place. |
' The considerable economies of scale connected with the production of
flat products, which is not conceivable in small hand operated mills, would
be optimum only on continuous wide strip mills producing more than one
million tons of finished products a year. ‘It could therefore be more
readily attained if an almost complété Integration took place in South
America, inasmuch as consumption of flat products in the area during 1950-
1951 was only some one million tons,

A reduction in the cost of steel production in Feru could be obtained
if substantial quantities of semi;finished products (as pig iron or crude
steel) were exported, for instancerﬁo Argentina. This fact, together with the
abovementlioned benefits deriving from specialization, points to the
necessity of considering at some stage at least a partial Latin American

1ntegratlon in the fleld of steel productlon and trade.

2. Pactors Affectlnc the Cost of Imported Steel
Throughout document L.91 the foreign pioduction centre analysed for

pﬁrposes of cost comparisons with Latin American locations, is a plant\at
Sparrows Froint, Maryland, operating with imported Venezuelan are. In
addition to the costs of prbduction in this location, and the transport

| /costs to
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cuoola to Latin Amerlca, other factors can strongly affect the cost of
1mporced steel. to Latin Aweriinw COuntrles.' Such foctors incluité ‘produciion
costs in other locations outside Latin’ ‘America; “the transport costs

nacted with them; and the’ pricing policles of exporters.

a)

Cost.s of production of steel in various locations out51de Latln
America T

The same factors as those influencing costs of Latin Amerlcan
steel production should be borne in mind for other countrles, except
perhaps alternative reduction processes. The appllcatlon of these
processes to industrialized regions which already possess abundant
"classlcal“ steelmaking equipment and overate on a large‘scale,
appears more remote than in Latin American countries ﬁhiphware not
yet equipped and have smaller markets. o

It is impossible to give detailed considcrations here of the
relatlve costs of steel production in various North—Amerlcan,
buropean and possibly Japanese locations., It should, however, be
borne 1n mind thut production costs of the hypothetlcal plant

in opar*ows Point, using exclusively Venezuelan ore, are not truly
representatlve of typical production costs in the Unlted States.
It i= more than probesble that the costs calculated 1n4dooument
L.91 for the SparrowsAPoint Plant are higher than the arerage
United States costs. On the one hand the capltul charges taken
into avcount are higher than those corresponding to ex1st1ng
United States 1nsta11at10ns, many of which are completely emortized
and almost all of which have been built at a time when the costs
of eqﬁipment were considerably lower than now. On the'other,
assembly costs of raw materiels for Sparrows Point are hlgher
than averege Unlted States costs. The difference may be of the
order of 5 to 10 United States dollers per ton, at 19&8 prlces.
ﬂhen comparlng the Unlted States and other main produclng areas,
refersnce may bz made te rocent studies of the Unlted Nationa
Economic Commission for furope, concerning competition betwéen
Burcpean, North Americon nd Japanese steel in third markets.

The conclusion was drawn that, on the whole, European steel:
production costs are competltlve with those in the Unitéd States
and in Japan. durope mey have an advantage for merchant products
(bar, shspes, ctc.) and a disadvantage in flats,

/Turning now
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Turning now to specialization, this involves an advantage for
non~Latin American producers. United Staies plants and an
increasing nunmber of European plants (particularly since the
creation of the European Coal and Steel Community) can specialize
and thus reduce costs. - The United States has held an important
cost advantage over Zurope, and over Latin America (unless some
intra-regional integration.takes place) in flat products. Some

63 per cent of the latter are produced on continuous wide strip
mills in the United States, Flats represented more than one quarter
of Latin American consumption of steel in 1951, and the proportion
should increase substantiaily as industrialization progresses. In

view of the fact that Europe is also equipping itself at present

with numerous wide strip mills, imports of flat products may well
remain more advantageous for many Latin American countries than
local production.

Price policies- and transport costs

So far consideration has only been given to steel produétidn costs
in the United States and in Europe, and not to the price at which

it jay Be sold to Latin American importers. Apart from cne fact
alresady mentioned, namely that rofit rates considered to be '"normal'

- are smaller outside Latin Aﬁenica than within the region, two other

factors considerably influence the cost of imported steel. These
are the pricing policies of steel exporters, and transport costs of
finished steel. An examination of pricing policies cannot te
included here, and little speculation may be undertaken as.to how
they may affect the cost of steel imported into Latin America in
the future, :

Aétually, conéiderable differentials have been observed in the past.
European exporters (who'accoﬁnted for 70 to 80 per cent of Latin
American imports in the thirties and for about two-thirds at
present), tended in general to quote exports below home-market
prices before Word War Two especially during the depression years.,
Conversely, in post-war years when steel has generally been scarce,

considerably higher mrices were qudﬁéd for exports than for

- deliveries to the European home market. A detailed examination of

y /quotations of
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quotations of various Europcan countries and of United States is
avallapble in a recent study of the United Nations Eccnomic Commission
for EBurope. o

A reasonable supposition to be made is that world market prices

will continue to exceed hbmé;mdrketiprices so long as steel remains
scarce. However, the considerable increases in steelmaking

capacity taking place in the United States and in Europe, and the
possible return of a seller!s market when rearmament demand slackens,
could well result in a decline of export prices,

Throughout 1948, the base year used for these calculations, steel
prices in the exporting countries remained high, as did prices in Latin
America. In order to obtain a basis for comparison more realistic than cost
‘estimates for Sparrows Foint, the average United States prices were chosen
for an assortment similar to that imagined as a programme for the Latin
"'American locations. The figures correspoud to the series entitled “composite

“Pinished steel", prepured by the 4merican hetal Market, plus transport cost

differentials as explained elsewhere in this report., The final total
obtained is substantiall, higher than the "delivered costs" from the
“hypothetical Sparrows toint plant,
. No consideration has been given in this study to the commercial policy
" of importing countries, nor to the protection which domestic steel may derive
" from customs duties or other discriminatory practices. On the whole, it
aprears from Table 8 that many.Latin American steel locations might not
"require any tariff protection, except perhaps for a few initial years where
“productivity will be below traditional producing centres. y
Insofar as transport costs, particularly maritime freight rates, are
coiicerned, their variations are often more pronounced than world price
* fluctuations. For this reason, and in view of the impossibility of taking
account of such factors as the existence of return freights, éongestion of
+ ports and demurraée charges, etc., the allowance made for them in the
preceding chapter should be considered as indicative only.’

D e ——

l/ This applies to steelmaking only. The. question of the relative costs of
production ana of imports for steel transforming industries and of the
corresponding commercial policies would require a special investigation.

/In making
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- In making comparisons betwqgn geliVered costs from Sparrows Foitit, and’
from the United States and Europgan'pfoduction centres, the foliowing
considerations should be borne in mind:

a) In relation to the pri@bipal United States producing centres located
inland and particularly to the midwestern mills, Sparrows Foint has
a definite freight advantage, since it is closer to the port of
export. In the caﬁevbf the inland plants, compared with Sparrows
FPoint, there are loﬁérffreight,charges for aelivery of ores to plant,
The higher charges fOr,transferring the steel to port l/ offset this
advantage. Thus,'Sparrcwa Point is most'probably.no warse on bﬁe
whole than typical Unitéd States producers. The comparison of

- Latin American costs wiﬁh costs of steel imported from Sparrows
Foint, therefore appearé to be justified.

b) Insofar as comparlson between steelsimportea from Europe and the
United States is concerned, it is understood from the study by the
Economic Commission ;p; Europe that freight costs from suropean
ports, and from porgﬁflpcated on the Atlantic seaboard of the
United btates, are ef the same order of magnitude. The fact that
Enrope and the Unlted St¢tes have approximately the same production
costs has already been ‘mentioned.

3. Factors not Directly Lin5§¢ to Relative Costs of Production, nor to Imports
In addition to the consfderations already mentioned, which directly .
affect costs of steel producf}on, and of steel imports into Latin America,
a certain number of other asbécts may be borne in mind. Three important
ones will be mentioned hereuhder:
Regularity of the volume of steel sSupplies
The capacity to import of many Latin American countries is not only
limjited, but in addition may fluctuate widely, depending upon changing levels
of world economic activity. Fluctuations in demand for, and in prices of

raw materials are usually more pronouncea than fluctuationsin world income

or production., A local steel industry producing most of a country's
requirements, would also serve to reduce the uependency upoﬁﬂféré{gﬁléxchange
1/ In 1948 the cost of rail haul from Pittsburg to New York was of the order

of 12 dollars per ton.
/reserves as
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reserves as a means. of buying imported steel. Thus, part of the influence
of international economic fluctuations would be eliminated.

| This is particuiarly important for countries developing steel
transforming industries, since they will require a regular supply of steel

in order to prevent idle manpower and equipment in periods of slack demand.

> S s S et S e

1/ From 1928 to 1952 Argentine and Erazilian steel consumption fell more
than three times. )

/CHAPTER VI,
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CHAPTER VI. CONCLUSIONS RELATING_TbLQUALITIES ARD SPECIFICATIONS
FOR STEEL FRODUCTS

 INTRODUCTION

The term "steel" covers a wide range of iron products containing
small proportions of a series of other elements, which give them different
properties as regards tensile strength, suitability for hot or cold workirg,
resistance to temperature changes, shock strength and so on. Consequently,
not all steels are suitable for a given purpose; ard inversely, a widely
varying range of steel types may be used in a large number of different
ways. i ‘ X
Steel stcndards and specifications are used to avoid the necessity
for direct contact between consumer and steel manufacturer in esiablishing
the properties of a-‘given product.

Potential variations in steel composition and properties are such that
it is essential to have a reasonable degree of uniformity betweén qualities
made in different iron and steel plants. Such specifications are in no
way intended to serve as a guide to inexperienced designers, bnt rather so
that the consumer may verify to what extent materials can be adapted to the
specific aim in view.

In highly industrialized countries, specifications usually set fairly
narrow limits for impurities in steel. This is due to the considerable
benefits accruing to consumers from their respective mass production
methods, which become applicable if the differences in properties of similar
types of steel are reduced to the closest limits. Variations in the
properties of steels are, on the other hand, much less important'if the
metal is transformed on a smaller 'scale. Within certain limits, therefore,
. there would be some justification for the Latin American steel industry to
allow slightly wider tolerancies for impurities in steels to be used
within the region. A

Some of the properties and composition of finished steels are imposed
by the nature of the raw materials used, whereas others depend on the:
process selected for refining the steel, or on the heat and mechanical
treatment employed during the final stages of production., Discrepancies

/in the
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.

in the degree of accuracy used in obﬁéining most of these factors have
perhicibus effects which can be offsétzﬁo a gréater or lesser degree by
means of special treatments; but tiese treatments, in keeping within the
small range controls for the content of certain components, usually
increase the production cost of the steeli
For these reasons tne agenda of the Bogota meeting included a section
on the study of the Latin American market as regards the types of steel
required and the possibilities of suppying such requirements through
existing or projected industries. During the course of the discussions,
the view was expressed by several participants tihat, since local markets
have a great number of characteristics/in common, it would perhaps be
convenient to adopt immediately standard steel specifications in the seven
countries now producing or planning to produce steel, and also to try and
ensure that these standards were adopted for the rest of Latin America.
Six pertinent papers were presented to the meeting, two of them by
Latin American authors. Of these, one {(document L.80) describes the 7
specifications anc limits laid down in a given rlant to control the
proportions of the various components, during tae course of manufacture.
The second (document L.78) is a detailed comparison of specifications”
accepted in a number of Latin American countries and in the more '
industrialized countries., Of the papers presented by non Latin American
participants, document L.70 deals with control of quality during-
production processec at the plants, while L.76 explains the reasons for
adopting aifferent stanaards for various types of specifications in two’
“hnighly industrialized countries, viz., the United Kngdom and the United--
States. A further paper (docﬁment L.75) explains to what degree some
"minor elements" influence the characteristics of plain carbon steels.
“The last,docuﬁent L.71, refers to a special problem, manufacturé of steel
rails by tne Thomas process in France, this subject being of particular =
interest for Latin America in view of the phosihorous content of several '

deposits.

General Classification of Specifications and Their Usage

It may be concluded from the aforementioned Lapers, and’in‘partiqular
from document L.76, that the following criteria are usually considered in

Jorder to



E/CN.12/293
Poge 131

- order to lay down standard specifications: a) mechanical properties,
b) chemical composition, ¢) response to heat treatment.

The determination of one or more of the criteria laid down in the
specifications is essential to ensure that the steel will conform to the
required standard: For instance, for a steel sold on the basis of
mechanical properties, it will be necessary during the refining process to
control the chemical composition, as this is the only existing guide to
know whether the finished steel is likely to compiy with the requirements
as regards its mechanical properties. |

Based on theée'féétors, there exist threé‘large groups of specifications:

a) Those specifying mechanical properties only;

b) Those specifying chemical composition only, and

c) Those specifying both mechanical properties ana chemical

- composition. »

Some other factors are includea in e¢ch_gr6up, but these threé main
sub~divisions constitute the most important classification. One -such
factor, mention of.which shioulad noﬁ be omitted, is the relationship between
specificatiéns'prepared according to the criteri# given above and the
method of steel fefining employed.r For mahy applications, steel produced
by a certain method is prescribed, or alternavively, there are two or more
gifferent specifications, according to which refining process has been used.
This is due to the factvthat, with the present develomment of techniques,
the various steel manufacturing processes result in the inclusion of
relatively constant proportions of minor iﬁpurities. The mention of the

procéss, therefore, automatically sets certain limits.

a) Specifications Based on Mechanical Properties

. This group is confined to carbon steels groduced by hot rolling, and,
in very small degree, to those which are cold rolled. It is under these
specifications that the bulk of the tonuage used is produced and sold,
while the mechanical tests prescribed have been designed especially to
~ reproduce.the conditions to which the steel will be subjected.in practice.

All these specificztions include tensile ana ductility tests. - To
meet the combination of ninimum tensile strength and minisam ductility, the
steel manufacturer has to control de carbon content. . The miniiwum is

- /eoverned by
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governed by the tensile strengch and the ﬁaxraum, by the ductility. = It is
also necessary to control the manganese, the other alloys, and the finishing
temperature -in the rolling mill. '

Steels forming the high-tensile group are seldom specified on the

basis of mechanical properties alone, as tnere are it least three ways of
increasing tensile strength, each of them resulting in a different type of

- steel., These are: a) simply to increase the carbon content; b) to

increasec the content of allying elements, and <¢) by cold working.

b) Specifications Based on Chemical Composition Only

In this group is included predominantly the steel intended for secondary
transformation, in contrast to the previous group, which is used.almost
exclusively for structural work. As regards these specifications, there
is a difference between the practice in United States on one hand and Europe
on the other, due to the size of the markets. In actual practice if a steel
1s to be boﬁght'on the basis of chemical compositions alone, the cdntent of
the various élements must- be known fairly accurately if the mechanical
prbpefties'of the product are to be in any way predictable. This applies
particularly to carbon content. The peruitted iimits are generally
narrower than those which can economically be obtained in the steel mill
from heat to heat. For instance, if a 0.3 carbon steel has been ordered,
the'consumer needs to be certain that it will not vary beyond 0.27 and 0.32
per cent carbon, otherwise tensile strength or ductility will be affected.

This rénge is almost eguivalent to what may be expected as the variatibn‘
from heat to heat. Due to the heterogeneous nature of the steel it is’
inevitable that an occasional heat .ill fall outside these limits. A
study of United States specifications shows that this drawback is overcome
by having a series of specifications .with contiguous carbon ranges, so that
a heat which is ouvside the limits fixed for one specification may fall
within those of another. ’

This practice leadsto the establishment of a large number of
specifications, and is only feasible where there is a substantial market,
as ia United States.

~ In the United Kingdom, the use of chemical composition alone, -as
regards. carbon steel, is confined to the manufacture of sheet, strip and

/wire, particularly



B/CN.12/293
Page 133

wire, particularly when these products are cold rolled. The standards
laid down establish fairly broad limits for the carbon content, but this
is probably due to the faet that in Great Britain cold rolling is
generally done by other companies which fix their own specifications for
their contracts. In any casz, it is always possible to influence the
mechanical properties of steels, for which specifications have been based
on tie chemical composition alone; by varying the heat treatment during
the subsequent elaboration process.

The above applies to steels for use in cases where mechanical strength
is the main consideration, but there is also a wide field for using those
in which the most important property is ductility. Such are the steels
used for preesirgs and deep drawing. Up to the present no mechanical
testing nietiiod has been developed for determining the amenability of a .
steel for processes other than the simplest cold forming o?erations; The
chemical composition of the steel is probably the weightiest single factor,
and, generally speaking, the more drastic the deformation jprocess, the
lower must be the carbon content. The close control of the chemical
'composition is therefore essentiil, and this explains the large number of
specifications for very low carbon steels calling for a strict control

during refining processes,

¢)- Specifications Based on Both Mechanical Froperties and Chemical
Composition

In the highly industrialized countries the specifications based on

mechanical properties, combined with lindts for impurities, cover a large
proportion of the steel made, probably greater than the proprortion covered
by specifications based on mechanical properties alone.

There has been considerabie discussion for many years as to the réally
fundamental limits for impurities, such as phosphorus and sulphur,
Whatever criterion is adopted in this matter, there will always be, in
practice, the occasional heat which is outside the set limits. These can
oft en be accepted by the purchasers when the manganese content and the heat
treatment to whichi the steel is to be subjected are taken into account.
This should not, however, be used'as an argument for gradually increasing
the acceptable limits. ; )

/As regards
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. As regards impurities,. the slag content.should also. be.considered;
this rarely appears in norms,.exc§§t;perhaps in.some general statement to
the effect that the steel should beé clean.

Steels for welding purposes comprise a group which falls within this
type of specification. According 'to document L.78, such steels should be
defined by their mechanical properties, limits being also set for the
contents of carbon, silicon and degrees of purity as regards phosphorus and
sulphur. According to L.75, thevpurity of the electrode has more influence
on the welding strength than that of the pieces to be joined, as the
composition of the metal of the "bead" is more important than that of the
pleces themselves, and most of the metal for this bead comes from the

electrode.

Bases for Standardization and Specifications in Latin America /
Frobably over 70 per -cent of the steel used in the region is intended
for direct use in railways or construction work, while only a small part is

intended for subsequent elaboration in transforming industries.
Specifications based on mechanical properties are obviously sufficient-for
the first group, with the possible exception of welding steels.

As résards the group used by industries, it should be borne in mind
that the information transcribed above from cocument L.76, concerning the
fact that the method on which the.United States A.S.T.M. Y specifications
are based, iééds to ﬁhe fdrmation of an excessive number of groupsqof steel,
many of which can have no application on smaller markets, even those of the
United Kingdom, for example, '

On the-other hand, the raw materials found in many of the countries do
not facilitate economic production of steels in open-hearth furnaces. - This
process is the most widely used in the United States, and on it most of
their standards are based. Those raw materials are, however, suitable for
producing-almost equivélent steels made by othér methods, such as the -
converter with oxygen enrichment, one of which will shortly be installed in
Brazil,

There are also Latin American raw materials useful for the;producfion
of other: types of steels, with somewhat more rigid applicatioh@‘éuch”aé’

1/ The American Society for Testing Materials.
/ordinary Bessemer
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ordinary Bessemer and Thomas steels, although it is open to doubt whnether
these steels are adaptable to certain uses which impose gevere conditions
on the material, An example of this position is described in paper L.71,
dealing with the efficient use of Thomas steel rails in France, In
connexion with this same subject, it was pointed out during the Bogota
meeting that in the United Kingdom, for many years, preference has been
given to rails made of Bessemer steel, which have given very good results,
and are now becoming too expensive because of the scarcity of suitable ore,

Due to the combined action of such factors as the small size of the
markets, the structure of the steel transforming industries, and the
restricted sources of raw material, it was the opinion of many of the
participants, both from the rcgion and the more highly industrialized
countries, that the Latin american countries might do well to establish
their own standards for the quglities ard iypes of steel they produce.
There would therefore appear to be some justification for calling a meeting,
to be attended by the respective Fovermments and the representative
organizations of consumers and producers of iron and steel, in order to
study and propos:c specifications which could be adopted by all the countriss
in 'the region, ard at which the particular conditions descrived above would
be taken into account.

At such a meeting, an excellent basis for discussion would be the
material contributed in papers L.75, L.76, L.78 and L.80, as well as
transcriptions of the relevant debates during the sessions of the Bogota

meeting,
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ANNEX I A .':'f - LIST OF—-LATIN-AMBRICM EXPERTS PARTICIPATING IN THE MEETING
, Dates of
Name and country Institution or firm attendance

October November

Argentina
Martijena, Teniente
Coronel Armando

Ldorens, Ing. Emilio

Legrand, Ing. Augusto

Braz
Lanari, Prof. Amaro

Macedo Soares e Silva,
General Edmund de

Pyles Lozano, Engenheiro
Eduardo

Pinto Da Veiga, "Colonel
Osvaldo

Director

Altos Hornos de Zapla
Fabricaciones Militares
Cabildo 65

Buenos Aires
Consulting Zconomist
General Lawvnlle 125
Temperley

- Buenos Aires

Sociedad Mixta Siderdrgica
Argertina

Viamonte 542, Ier. piso
Buenos Aires

Escuela Folitécnica

Universidad de Sao Paulo,
represcnting the

Associagao Prasileira de

Metais

Praza Fermando Prestes 110

Sao Paulo

Presidente

Companhia Agos Especiais
Itabira

12 Avenida Nilo l’ecanha
Rio de Janelro

Companhia Mlneragals

do Bradgil

Rua Senador Queiroz 667
Sao Paulo

Chief, Raw Materials,

_ Companhia Sidertirgica

Nacional
13 Avenida 13 Mailo
Rio de Janeiro

12 4
19 5
21 4
13-‘-26
27w
-

20-26

/Costa Lino
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Canguilhem, Ing. Héctor
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Name and country

Institution gr.firm .

Costa Lino, Engenheiro
Jorge - -

Villela, Engenheiro
Tarciso

Paiva Abreu, Dr. Alvaro de

Prado Uchoa, ingenheiro
Martinho

Anawate, Prof, Henrd que

Chile
Vucetich, Ing.Danilo

Peralta Martinez,
Dr. Ing. Orlando

Chief Ixetallurgl st

‘KMt bs-Forhod “da’
. COmpanthidem&r.gic&. e

Nacional i
13 Avenida 13 Maio
Rio de Janélro -

Cost. Accountant
Companhia_ Sldert'n'gica.
Nacional-

13 Avenida 13 Maio
Rio de Janeiro

Chief :
Laboratorio da Producao
Minexr- 1, Dep“rta:hento

. Haf‘lonal da Produgao

Avenida Pasteur 404

Rio de Janeiro
Consulting Engineer
Avenida Cidade Jardim 138

_Sao Paulo
' Eécola de Engenharia

Universidade do Rio

.Grande do Sul

Porto Alegre

Administrator,Altos
Hornos de Corral
Compafifa de dcero
del; Pacifico
Bandera 80
Sa.ntlago

,"Laboratono Metallirglco '

Compafiia-de Acero del
Pacifico -
Bandera 80

‘Sgntiago

Observer.
Avenida Caracas # 23-36
Bogot4, Colombia

Dates of
_ ttendance .-
" October November -
20-31
19 1
- 13-22
13-31
19 1
B
12 A
13-31

/Alba'la, In&.
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Datez of
attendance

October iovember

Albala, Ing. Américo

Colombia

Ospina Hernédndez,
Dr. Mariano

Jaramillo Ferro,
Dr. Robert:

Ceballos, Dr. Juan
de Dios

Villaveces, or. Carlos

Noguera, Dr. Rodrig:

Cérdoba, Dr. Jaime

Llorente, Dr. Rourigo

Recio, Dr, Marino

Veldsinez, Dr. Jerge

Alvarez Cerén,Dr.Jdulio

2° Superintendent e
Departamento de Coqueria
Compafifa de Acerc del
Pacifico

Bandera 80

Santiago

General Secretary of
the lleeting

ifannger
Empresa Sidertrgica

Nacional de Paz de Rio,S.A.

Bogotd

Manager

Instituto de Fomento
Industrial

Bogotd

Ministro de Fomento
Bogotd

Ministro de Minas y
Petrdleos
Bogotd

Secretario Técnico

Presidencia de la Repiblica

Bogotéd

Subsecretario de

Asuntos Zecondmicos
Ministerio de Relaciones
Exteriore§

Bogotd

Coordinader de Programas
Ministerio de Fomento
Bogotd

Aanager
Siderirgica de Medellin

Universidad Industrial
de Santander

12
13 5
13 5
13 5
13 <
13 5
13 5
13 5 '
13 . -5

 /Fajardo, Dr.
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_ o Dates of
Name and cuuntry " Institutivh’ or firm ‘attendance
: : - October  November

Fajardo, Dr. Leonardo Facultad e Qufmica 1308
Universidad Nacional
Bogot4

Prieto, Dr. Joaquin Assistant Lanager 13 5
Empresa Sidertdrgica
Nacional'de Paz de Rfo,S.A.
Bogotd

Cock, Dr. Julidn ionager 13 5
Instituto de Fomento :
Eléctrico
Bogot d

Alvarado,Dr. Benjamin issistart Uanager 13 5
Empresa Siderirgica
Nacional de Paz de Rio,S.A.
Bogotd

Vargas, Dr. Alberto Asgistant Ianoger 13 5
Instituto de Fomento
Industrial
Bogot4 ‘

Uribe, Dr. Silvano Ministerio de Minas - 13 5
- y Petréleos
Bogota

Caballero Escobar, Asociacién Nacional 13 5
Dr. Enrique de Industriales
. ’ Bogotd

Jaramillo, Dr. Enrique lanager 13 5
Siderﬁrgica del Muifia

Garcés C., Dr.Bernardo Empresa Siderfrgica 13 5
Nacional de Paz de Rfo,S.A.
Bogoté

Jaramillo, Dr, Jorge lanagér 13 5 -
Talleres Centrales
Bogot4

Sufrez, Ing. Ramén Empresa Siderirgica 13 5
' Nacional de Paz de Rio,S.t.
Begotd )

Wokittel, Ing. Robert Consultant ‘ 13 5
Avenida Caracas 33-29
Bogot4

Bruckmann, Dr. K. Universidad Nacional 13 5
: de Bogoti

T PO o S e 2T ST T
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Dates of

Institution ar firm

attendance

México
Aramburu, Ing. Marcelo

Cortés Obregén, Ing.
Salvador

Marin Gonz:le:, ‘g .
Manuel

Araiza, Ing.Evaricsto

Gonzalez Eallesteros,
Ing. Alfredo

Morales, Ing. Narciso

Sada, Ing. Pablo M,

Gonzaiez Varzas, Ing.F.

Garza Sada, ng.Bernardo

' Departamento de

. Vie epresiidente

Compafifa Fundidora de

.General :Superinténdent .

QOctober November

Departa.n}epto de 13
Investigaciones

Industriales-

Banco de México

México, D.F.

Departamento de 10
Investigaciones

Industriales

Banco de México

Méﬁ co 3. D . F .

Investiggciones
Industrigles
Banco de México
Méﬁ. co, D.F.

23-30
Compafifa Funcide-= de

Hierro y:Acero de

Monterrey, S.A.

México, P.F. -

Assistant Superintendent 1
Departamento de :
Altos Hornos

Compafifa- Pundidora de

Hierro ¥ Acero de

Monterrgy, S.A.

Monterrey, Nueva Leén

16-30
Hierro y Acero de
Mont errey, S...
Monterrey, Nueva Ledn

Altos Hornos de México0,S.A.

- Monclova, Coahuila

Departamento de 19-26
Investigaciones

Industriales

Bzarnco de México-

México, D.F.

Hojalata y Lémina,S.A.
Monterrey, Nueva Ledn

19-2/4

11-31 -

19-26"

/Chévez, Ing.
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Dates of
attendarce =
October Novembéb

Chdvez, Ing. Servando etallurgist 17-28
Paicavi 140-8
Concepeidn
Chile

Tame and covmtsy iastitution ur firm

Peri

Salazar, Ing. Luis General ianager 11-20
Banco Minero del Perd
Lima

ballon, Ing. Alfonso Director del Departamento '18-26 -
de Siderurgia, Lo
Corporacién Peruana del
Santa
Lima

Venszuela

Avendatio, Lic.Hernédn Departamento de 15 4
‘ Investigaciones Econdmicas
Banco Central de Vsnezuela
Caracas '

Otero, Ing.Andrés Germin - Departamento de 19=26 ..
: Investigaciones Econdmicas
.Banco Central de Venezuela
Caracas

Lara Labtador, . Director 15-29
Dr. Bernardo . Corporacién de Fomento
Caracas ‘

Croce,5r. Francisco Observe!' 20-31
Consejo de Economia
E.Naclonal
- Caracas -

Pacanis,Sr.Luis Carlos Observer 15-19
' Gerente de Serwicio .
T&énico"
Corporacidén Venezolana
dé Fomento
o Caracas

Alamo, Sr. Antonio . Observer R , - 19-26
Sindicato Venezolano T
de Hierro
Caracas

/Gamboa, Sr.
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Dates of
attendance
October November

Gamboa, Dr.Argenis

Mendoza, Sr. Eugenio

Paradisi, Dr'. Carlos

Sturgeon, Mr. John

Roncayolo, Dr. Luis A,

Boulton, .. Henry L.

Sherover, Mr. Miles M.

Vollmer, Dr. Alberto

Lobo, Selor David

Ministerio de Minas
e Hidrocarburos
Caracas

Sindicato Venezolano
de Hierro

Av, Vollmer N° 1
Caracas

Director del Departamento
de Minas - Ministerio de
Minas e Hidrocarburos
Daracas

Observer

Comité de Desarrollo
Industrial

Creocle Petroleum Corp.
Apartado 8389

Caracas

Directar .
Sindicato-Venezolano
de Hierro:

Av, Vollmer N° 1
Caracas

Consejo de Economia
Nacional - .
Caracas

Presidente

Siderfirgica Venezolana,S.A.

"Sivensal,
Caracas

Director

Sindicato Venezolano
de Hierro

Av. Vollmer N° 1
Caracas °

Asesor Téénico

Corparacién Venezolana
de Fomento
Caracas .

18 5

13 4

12-22

11-18

13-31

2226

19-24

19-24

15 5

/JANNEX I B
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ANNEX I B LIST OF -EUROPEAN. . AND NCRTH AMERICAN .
‘ EXPERTS PARTICIPATING IN THE MEETING
: ; Dates of
Name and country Institution or firm attendance
L : October November
Belgium , .
Coheur,Monsieur P. Directeur du Centre 11 3
: 4 National de
Recherches Metallurgiques
4, Place d'Italie
Litge .
Charlier, M. Pierre Ateliers de Constyuction 13-31
: Electnque de Charlerci
’ Charlerci
Canada _
Cavanagh, Mr. P.E, Ontario Research foundation 8-30
43 Queen’s Park ,
Toronto 5. -
France
Allard, M. Marc Directeur Adjoint de 11 7
1'Institut de Recherches
de la Siderurgie
185 Rue du Président
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Saint” GErmain-en-Laye
S. et O,
Boutigny, M. Dn'ecteur-de 1la Societé 13-29

Stein et unbaix
24 Rue Erlanger
‘Paris 16 e.

Cheradame, M.Raymond . Directewr Général Adjoint 10~-21
Centre d'Etudes et
Recherches des.
Charbonnages de France
9" Avenue Percier
Paris 8&.
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Paris 8e.
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Perin, Monsieur Gabriel

Richards, Monsieur R.S.

Twrpin, M. Jacques

Jung, Monsieur R.L,

West Germany
Baum, Dr. Ing. Kurt
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7 Rue de Madrid
Paris 8e., .
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Paris lOe.
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Paris l6e., France
Etablisgement Delattre
et Frojard Réunis

39 Rue de la Bienfaisance

Paris-gé..

Societd de Preparation
Industyielle des
Combustibles

45 Rue: St. Honoré
Fontaigebleau (S et M)

Alsthom .
38 Avenue Kléber
Paris lée.

Consulting Engineer -
Paneuropéenne
d' Installation
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LIST OF DOCUMENTS AND TECHNICAL PAPEHS PurSENTED TO THE EXPERT
WORKING GROUP ON IRON AND ST&sL INDUSTRY IN LATIN AMZRICA

Author and Title of the Document

L.0

L.l

L.2

L.S

L.k
L.5
L.6

L.7

L.8
L.9
L.10

L

L.12

L.13

L.y

Ramén Suérez, Colombia. Brief Outline of Steel Industries in

_some Latin American Countries,

R. Cheradame, France. Considerations on Coal Washing in Europe
and its Possible Appllcations to latin
American Coals,

 Thomas Fraser, United Jtates. Problems in the Preparation of

Metallurgical Coal in Latin America.

J. Turpin, France, Modern Techniques and Installations for the
Mechanical Treatment of Coal by the
"Societé de Préparation Industrielle °
des Combustibles'.

J. Griffen, United States, The Tromp Heavy Media Coal Washing
Process,

A, Paiva Abreu, Brazil. Notes on the Production of Metallurglcal
Coal in Brazil..

A, Gonzdlez, Chile, Description of Chilean Coals Used in the
Steel Industry.

J. A, Prieto I., J. A. Lépez T,, P, Alvarado and V. Sudrez H.,
Colombia. Problems Related to Colompian
Coal Used for Steel Making.

S, Cortés Obregén, Méxlco. The Coal Used in the Mexican Iron
aad Steel Industry._

Walter Vogel, Chile. New Procedures for Reduction of Impurities
in Coals with Finely Distributed Ashes.

K. Baum, Western Germany.;The Washing of Peruvian Anthracite
Fines.

R, Cheradame, France, Utilization of High Volatile French
and Saar Coals for the Production of
- Metallurgical Coke. Application of
the Conclusions to Latin American Coals.

"d. D, Price, United States, The Blending of Western Coals for

the Froduction of Metallurgical Coke.

J. D, Price, United States. Low Temperature Char as a Substitute
for Low Volatile Coal in the Production
of Metallurgical Coke.

K. Baum, Western Germany. The Manufacture of Metallurgical
Smelting Carbon from Non~coking Coals,

/L.15
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L.15
116
L.17

L.18
L.19

L.20

L.21
L.23

L.24

L.2s

L.26

L.27. .

L.29..;
L.31

L.32

L.33
L.36
Lo37

L.38

A, R,

A. R,

A, R,

M. D.

J. A,

Powell, United States. Improving Coking wualities of Coal
by Addition of Various laterials. S

Powell, United 3tates. Correlation of Small-scale Carbonizing
Tests with Commercial Coke~oven Hesults.

Powell, United States. Argentine Asphaltites as Blendlng
Materials for Poorly Coking Coals.

Curran, United States. The Utilization of Petroleum Pitches
o and Asphalts for the Production of Metallurglcal
.. Coke. * .

Prieto I., J. Au Lépez T,, B. Alvarado and V,Suarez H,., Colombia.
Coking Properties of the Coal for the St.eel
Industry in Colombia.

S. Cortés Obregén, Mexico. Manufacture of Metallurgical Coke 1n

Iexico.

A. Albala, Chile, lietallurgical Cokes from Chilean Coals.
A, Varas Martinez, Colombia, and T.Fraser, United States. Development

of the Cauca Valley Coals. .

K. Baum, Western Germany. Production of Blast Furnace Coke Wlth

J. D,

Peruvian Anthracites.

S. Mewhirter, United States. The Cerrején Coal Mining

Project.

Price, United States. Coal Washery Performance as Related
to Blast Furnace Costs. :

.Walter Vogel Chile. The Influence of Ash Content on the Hardness

of Cokes Made from High Volatile Coals,

B, Alvarado, Colombia. Iron Ores for the Colombian Steel Industry.

L. Ensch, Brazil. Pig Iron Production in Blast Furnaces 051ng

»E‘. .",I"

Charcoal. e

: D;*Vucetlch Chile. Operation of the Charcoal Blast Furnace at

Corral Using Mixtures of Metallurgical Coke:
and Charcoal.

Pinto de Souza, Brazil, The Sintering Plant of Monlevade.

G, 'Bulle, Western Germany. Notes on Production of Pig Iron.

H;'Wéigéé_Wésterﬁ Germany. Progress in the Manufacture of Plg

T

H.'S.

Iron and Ferro-alloys w1th the Low-shaft-
Electric Furnace.

Newhall United States. Making of Steel in Eleetric
Furnaces.

/L.39
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1L.39 F, Johannsen, Western Germany. The Krupp-henn Process.
L.40 M. Allard, France, The low-shaft Blast Furnace.
Lai2 K. Jensen, Denmark. The Basset rrocess for the Production of

Pig Iron in Rotary Kilns.

L.4h Dr. R, C. Buehl, United States. Production of Sponge Iron in a
: Hdotary Kiln at Temperatures Below the Fusion
Point of the Material,

Li4s R. Durrer, Switzerland., Considerations on the Development of the
Production of Iron. )

L.46 B. Kallinhg, Sweden, The Rotary kiln Processes for Sponge Iron,
Developed at the Avesta Iron and Steel Works
and the Dommarfvet Iron and Steel Works,

Sweden.
L.47 Jd. St&lhed, Sweden. Production of Sponge Iron According to the
_ Wiberg-Soderfors Method. .
L.48 - A, Ballon, Peru. The llectric iteduction Furnace.
L.49 M. @. Sem, Norway. Electric Smelting of Pig Iron.
L.51 E. Decherf, France. Manufacture of Thomas (Basic Converter) Steel.
L.52 Wm.A, Haven, United States, Selections of Steelmaking Processes
and of Locations for Integrated Iron and Steel
Works.
L.53 C. Hamseyer, United States. Comparatlve Investment Costs for
Different Steelmaking Processes.
L.54 Societd ILVA, Italy. Use of Phosphorus Ores for the Production

of Pig Iron for Transforming into Steel by
the Thomas Process.

L.55 G. Bulle,_Western Germany. Steel Production in Latin America.

L.56 E. Krebs, Western Germany. The Balance of Materials and the
Economic Comparison of the Different
Steelmaking Processes,

L.57 R. L. Jung, France, Considerations concerning the Choice .of

e i Electrical Equipment for the Iron and Steel
‘iPlants of Paz de Rio (Colombia) and

t Chimbote. (Peru). '

L.58 . .. G. Perin, France. T?e Problem of rnergy in Steel Plants.’

L.59 A. Gonzdlez Barragdn and N, lorales, Mexico. The Duplex
‘Steelmaking Process at Monterrey. '

L.60 H, Canguilhem, Chile. The Acid Bessemer Procesg in Huachipato
{Chile).

L.61 A. Mercier, France. Details of a Steel Plant for a Non-steel

Producing Country.

L.62" © P, E. Cavanagh, Canada. Approximate Comparative Production
Costs and Investment Requirements of the
Standard Eiast Furnace, Electric Smelting
.Furnace, Sponge Iron Furnace and Tunnel
»Kiln Spenge Iron Furnace, v
/L.63
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B, Decherf, France. Considerations Regarding the ‘Construction ef
‘the Thomas Steel Plant of the Paz de Rio
" Company and the Costs of Production of Steel.

G. R, Fitterer, United States. Economics of the Modern Acid
Open=hsarth Practice,

FE

-L.65 W. Q, Philbvnak, United States, The Acid Bsssemer Process.
L.66 T, Y. Wilson, United States. Contindous Casting of Steel by the
_ Rossi-Junghans Ptocess, : -
L.67 P. B. Cavanagh, Canada. Variable Density Steels. (Reprinted from
| The Iron Age, January 24=31,-1952,) :
L.68 J. Sejournet, France, Notes on the Ugine~Se journet Extrusion
Process.
L.69 B. Kalling, Sweden. Desulphurization of Pig Iron with Pulverlzed
Lime in Rotary Kilns.
L.70 G, Wéston,and R, L, Richards, United Kingdom. Standardization in
Relation te Control in Stee¢l Production.’
L.l J. Palmé, France., Thomas Steel Rails in France.
L.72 - Gi R, Fitterer, United States. Acid Open Hearth Products.
L.73 P. Coheur, Belgium. Thomas Steel with Low Nitrogen and Low
. Phosphorus Content.,
L.74 A, Lanari, Brazil, Brief Account of Iron and Steel Productlon
' . Processes Used in Brazil. ~
L.75 F, Boulger, Unlted States. Some Effects of Minor Elements on
- the Characteristics of Plain Carbon Steels.
L.76 G;“Wéston and G. R. Bolsover, United Kingdom. The Control of
» Composition During bteelmaklng.
L.7 W. C. Buell, Jr., United States. Basic Open-hearth Steelmaklng
Prgctice in the United States of America. .
L.78 F. Frick, Chile. Notes on Specifications of Steels for Different
Uses. .
L,79 M. Allard, Francé. Perrin Process for Converter SteeI'Making:i}u
L.80 -0, Herrera, Chile. Specifications of the Products Made by the
Cfa. de Acero del Pacifico (Huachipato, Chile).
L.81 . International Labour Office, Switzerland, - Some Aspects of Labour
Problems in the Iron and Steel Industry. -
L.82 R Jaramlllo and J. A, Prieto, Colombla. Steel Scrap
Recarburation to Produce Pig Iron in Electric
Furnaces.
L.383 M, Arémburu, Mexico, Consumption of Iron. and Steel Products in.
' Mexico. '
L.84 P, Sada, Mexico, Some Notes on the Organization of Monclova Steel
, Wbrks. o
L.86 EGLA,SEGRJTAhZAT. Factors Inflnencing Iran and Steel Consumption
.. inaia&ilrﬁﬁu!iﬂlf

/L.57
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ECLA S&CRETAHTAT, Influence of Local Factors on the Iron and
Steel Industry in Latin America.

ECLA SECLETARIAT. Structure of the Steel Transforming Industry in
Latin America.

Kurt Bruckmann, Colombia, Possibilities of Applying Ultrasonice
to the Iron and Steel Industry.

ECLA SECRETARIAT. Influence of the Size of the ilarksts on Iron
and Steel Industry in Latin America,
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ANNEX III, AGENDA

First Meeting: 13 October - 4 p.m.

1. Inaugural address by his txcellency the President of the Hepublic
of Colombia, .

2, Address by the Ixecutive Director of the ixpert Working Group on
Iron and Steel Industry in Latin America,

Second Meeting: 14 Og¢tober - 11 a,m.
1. :Introductory Statemerit by the Executive Director.
‘2, Election of Chairman. '
3. Election of Officers
L. Discussion of Method of Procedure.

Third Meeting: 14 October - 3 p.m.
Item I.A.l. FUELS RedG@hion dffgbal mpurities
Discussion of the following papers:

ST/TAA/CON,.4/L.1 Considerations on Coal Washing in Europe and its
ST/ECLA/CONF,1/L.1 Possible Applications to Latin American Coals.
by R. Cheradame
ST/TAA/CONF .4 /L.2 ' Problems in the Preparation of Metallurgical Coal
ST/ECLA/CONF,1/L.2 in Latin America by T. Fraser .
ST/TAA/CONF.4/L.3 Modern Techniques and Installations for the
ST/ECLA/COWF.1/L.3 Mechanical Treatment of Coal by the "Societé de
Préparation Industrielle des Combustibles”
. by J. Turpin

Fourth Meeting: 15 October - 9”a.m.

Item I.4A,1. FUELS Reduct;on of Chal. Impurddie i bontinuation)
Discussion of the following papers:
ST/TAA/CONF.4/L.4 The Tromp Heavy Media Coal Washing Process
ST/ECLA/CONF,1/L.4 ; by J. Griffen
ST/TAA/CONF .4/L,5 Notes on the Production of Metallurgical Coal
ST/ECLA/CONF,1/L.5 in Brazil by A. Paiva Abreu
ST/TAA/CONF .4 /L.6 Description of Chilean Coals Used in the Steel
ST/kCLA/CONF.1/L.6 Industry by A. Gonzdlez, presented by*B,Leuschner

/Fifth Meeting:
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Fifth Meeting: 15 October - 3 p.m.

Tter I.A,0..  FUXLS

Reduction: of. conl impurities “(continuatior)

Discussion of the following papers:. .

ST/TAA/CONF 4 /L.7
ST/ECLA/CONF.1/L.7

ST/TAA/CONF.L/L.8
ST/ECLA/CONF,1/L,8

ST/TAA/CONF,4/L,10
ST/ECLA/CONF,1/L.10

Problems Related to Colombian Coal Used for
Steel~making., by J A.Prieto I.. J.A. Lépez T.,
. B.Alvarado and ¥, ‘Sudrcz M.

The Coal Used in the Ilexican Iron and Steel
Industry. by S. Cortés O.

The Washing of Peruvian Anthracite Fines,
by K. Baum

Sixth Meeting: 16 October - 9 a.m.

Item I.A.2, FUELS

—— e et e

Production of Coke from Poorly Coking Coal
and Substitute Fuels

Discussion of the following papers:

ST/TAA/CONF, 4 /L.11
ST/ECLA/CONF,1/L,11

ST/TAA/CONF .. /L.12
ST/ECLA/CONF.1/L.12

ST/TAA/CONF.4/L.13
ST/LCLA/CONF 1/L.13

ST/TAA/CONF . 4/L.14
ST/ECLA/CONF,1/L.14,

Utilization of high Volatile French and Saar Coals
for the Productlon of Fetallurgical Coke. .
Application of the Conclusions to Latin American
Coals, by R, Cheradame ‘

The Blending of Western Coals for the Prodnctlon
of Metallurgical Coke,
by J. D. Price

Low Temperature Char as a Substitute for Low
Volatile Coal in the Production of Metallurgical
Coke. by J. D. Price

The Manufacture of Metallurgical bmeltlng Carbon
from Non-coking Coal.
by K. Baum

Seventh Meeting: 16 October - 3 p.m.

Item I.A, o2, FUeLS

Production ‘of Coke from Poorly Coking Caél""
and Substitute Fuels {continuation)

Discussion of the following papers:

ST/TAA/CONF . 4/L.,15
ST/ECLA/CONF,1/L,15

ST/TAA/CONF,4/L.16
ST/ECLA/CONF,1/L.16

Improving Coking Qualities of Coal by Addltlon
of Various Materials
by A, R, Powell

Correlation of Small-scale Carbonizing Tests .
with Commercial Coke-oven iesults.
by A, K. Powell

/ST/TAA/CONF . 4,/L.17
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ST/ECLA/CONF.1/L,17

ST/TAL/CONF,4/L.18
ST/DCLA/CONF 1/L.18
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Argentine Asphaltites as Blending laterial
for Poorly Coking Coals.,
by A, i, Powell

The Utilization of Petroleum Pitches and Asphalts
for the Production of Metallurgical Coke.
by M.D. Curran, presented by J. Sturgeon

Eighth Meeting: 17 October - 9 a.m.

Item I.A.2.  FUELS

Production of Coke from Poorly Coking Coal’
and Substitute Fuels (continuation)

Discussion of the following papers:

ST/TAA/CONF.L/1.19
ST/ECLA/CONF,1/L,19

ST/TAA/CONF, A/L 20

ST/ECLA/CONF,1/L.20 .

ST/TAA/CONF .4 /1..21
ST/=CLA/CONF,1/L,2).

ST/TAA/CONF .4 /L. 2L

ST/ECLA/CONF. 1/L 2L .

‘Coking Properties of the Coal for ‘the Steel

Industry in Colombia
by J.A.Prieto I., J.A.Lépez T.,
B.Alvarado and V.Sudrez H.

et - e of Metallurgical Coke in Mexico
: by 3. Cortés O.

Hetallurgical Coke from Chilean Coals.
by A. Albala

Production of Blast Furnace Coke with Peruvian
Anthracite by K. Daum -

Ninth Meeting: 17 October - 3 p.m.

Item 1.B.1,

IRON ORZ REDUCTICH -

. Econoniies” of the Blasy: Furpaet

Discussion of the foilowing papers:

ST/TAA/CONF.4/L,26
ST/ECLA/CONF.1/L,26

ST/TAA/CONF, 4/L.27
ST/ECLA/CONF,1/L.27

ST/TAA/CONF.L/L.23
ST/ECLA/CONF,1/L,23

ST/TAA/CONF.4/L.25
ST/ZCLA/CONF.1/1..25

Coal Washery Performance as Related to Blast
Furnace Cogts by J. D, Prige

The Influence of Ash Content -on- the Hardness of
Cokes Made from High Volatile Coals
by W. Vogel, presented by B. Leuschner

Development of the Cauca Valley Coals v
by A, Vargas ., and T. Fraser, presented
by A. Varges  _

The Cerrején Coal Mining Project . .
by S. Mewhirter, presented by A, Vargas

/Tent? Meeting
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Tenth Meeting:

21 October - 9 a.m.

Item I.B.2,

ST/TM/CONF.AA.BS
ST/ICLA/CONF.1/1.33

IRON ORE REDUCTION. : - .
Discussion of the following papersé“

ST/TAA/CONF.1/L.32 S
ST/ECLA/CONF.1/L.32

<. ... The Charcoal Blast Furmace

”Operatlon of the Charcoal Blast Furnace at
~ Corral Using Mixtures of Netallurglcal Coke and
- Charcoal

by D. Vucetich

The sintering plant of Monlevade
by F.J.Pinto de Souza, presented
i - by B.Leuschner

Eleventh Meeting: 21 October - 3 p,m,

Item I.B.zy

IRON ORE REDUCTION

~ Methods of leducing Oreg .
N ' Otherwise than in Blast Furnaces

Discussion of the follow1ng papers:

ST/TAA/CONF.L;/L 37
ST/ECLA/CONF.1/L,37

ST/'TAA/CONF.4/L.48
ST/ECLA/CONF.1/L.48

ST/TAA/CONF.L/L.49 .

ST/ECLA/CONF.1/L.49

ST/TAA/CONF .4/L,38
8T/ECLA/CONF.1/L,.38

Progress in the Manufacture of Pig Iron in Rotary
Kilns , by H, Walde

The Electric Reduction Furnace
by A, Ballén

Electrlc Smelting of Pig Iron
by M, O. Sem

laking of Steel in Electric Furnaces
by H. S. Newhall

Twelfth Meeting: 22 October - 9 a.m.

Item I1,B.3.

Discussion of the following papers:

ST/TAA/CONF L/L.L5

ST/ECLA/CONF.1/L.45 |

ST/TAA/CONF, a/L 36

ST/ECLA/CONF.1/L.36

ST/TAA/CONF.4/L.40

ST/ECLA/CONF.1/L.40

ST/TAA/CONF . 4/L:39
ST/ECLA/CONF,1/L,39

TRON ORE REDUCTION

Methods of Reducing Ores
Otherwise than in Blast Furnaces
Tcontinuatiqp

Considerations on the Development of thé??taauction
of Iron by R. Durrer '

Notes on the Production of Pig Iron

by G. Bulle

The Lowashaft Blast Furnace
by M. Allard

The Lrupp-Renn Process
by F. Johannsen_ -

/Thirteenth Meeting:
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22 October — 3 p.m.

Thirteenth Meeting:
Item 1,B.3.

IRON ORE REDUCTION

Methods of Reducing Ores

Qtherwis han in Blast Furnaces
icontinuation,

Discussion of the following papers:

ST/TAA/CONF .4, /L. 46

ST/ECLA/CONF,1/L.L6 - '

ST/TAA/CONF.4/L.L7
ST/ECLA/CONF.1/L.47

ST/TAA/CONF .4 /L.42
ST /ECLA/CONF ,1/L.42

ST/TAA/CONF,4/L. L4
- ST/ECLA/CONF.1/L, Lk

Fourteenth leeting:

The Rotary Kiln Processes for Sponge Iron,
Developed at the Avesta Iron and Steel Works
and the Domarvet Iron and Steel horks, Sweden

by B. Kalling

Production of Sponge Iron According to the
Wiberg-Soderfors method .
by J. St&lhed

The Basset Process for the Productlon of Pig
Iron in Hotary Kilns
by K. Jensen, presented by A. Mercier

Production of Sponge Iron in auRotary Kiln at
Temperatures Below the Fusion Point of the Material
by R.C, Buehl

23 October - 9 a.m.

Item 1.C,1.

STEFL LAKING AND FINISHING "(‘or_t_paribon of Economics of

nirferent Processes of
tee*maqug_

Discussion of the following papers:

ST/TAA/CONF.L/L.65
ST/ECLA/CONF,1/L.65

ST/TAA/CONF.4/L.77
ST/ECLA/CONF.1/L.77

ST/TAA/CONF .4 /L.6
ST/ECLA/CONF,1/L, 64

ST/TAA/CONF.4/L.51

ST/ECLA/CONF.1/L,51

Fifteenth Meeting:

The Acid Bessemer Process
by W.0. Phllbrook

Basic Open—hearth Steelmaking Practice in the
United States by W. Buell Jr.

Geonomics of the Modern Acid Open-hearth Practice
by G.R, Fitterer

Manufacture of Thomas (Basic Converter) Steel
by E. Decherf

23 October -~ 3 P.Mm.

Item I?C,l

Discussion of the following papers:

ST/TAA/CONF.4/L.54
bT/ECLA/CONF 1/L.54

' STEEL MAKING AHD FINISHING Comparison of Economics of

oifferent Processes of
Steelmaking ‘continuation)

Use of Phosphorus Ores for the Production of Pig

Iron for Transforming into Steel by the Thomas

Process by Societa ILVA, Italy,
presented by M, Allard

/ST/TAA/CONF .4/L.T9
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T/TAA/CONF L /L. 79 Perrin Process for Converter Steel Making
oinBIA/bouF 1/L.79 - by M. Allavd - - - 2
ST/ThL/CONE . /L. 72 ~ Acid Open<hearth Products

.DT/LCLA/COLA.J/u,7n a : by G.R. Fitterer
ST/TAA/CONE /LT3 Thomas Steel with Low Nitrogen and Low
ST/ECLA/CONF,1/1L.73 Fhosphorus Content : .

by Pu‘Coheur

Sixteenth Meeting: 24 October - 9 a,m,”

Ttem 1,C.1,  STEEL MAKING AND FINISHING Comparison of Fecnomics of
Djlferent Processes of
é}gg}muqug (continuation)

Discussion of tne foliowing papers.

ST/TAA/CONF L/L.55 Steel Production in Latin America
ST/ECLA/CONF,1/L,55 by G. Bulle A
ST/TAA/CONF, L/L.56 The Balance of Materials and the ¥conomic Comparison
.. ST/ECLA/CONF.1/L,56 of the Different Steelmaking Processes .
by &, Krebs
ST/TAA/CONF.L/L,53 Cémparative Investment Costs for Different
ST/&CLA/CONF.1/1..53 Steelmaking Processes

by ﬁamseyer and Miller, presented
by C. Ramseyer

ST/TAA/UONF 4/L.61 Characteristics of a Steel Plant for a Steel
ST/ECLA/CONF,1/1,61 Non-producing Country
by A. Hercier

Seventeenth Meeting: 2/, October - 3 p,m.
GENERAL SUBJJCTS AND CELEBRATION OF Tii ANNIVERSARY OF THE UNYTED NATIONS

ST/TAA/COLF. h/L, Approximate Comparative Production Costs and
ST/LCLA/COiF’l/L 62 Investment Reoulregents ofCDll ergnu Processes

: ©. Cavanag
ST/TAL/CONF &4 /L. Tl ‘ Brief Account of Iron and Steel Production Processes
ST/ECLA/CONF, l/L Tk - Used in Brazil by A, Lanari :

Address in commemoratlon of United Nations Day by His Excellency the
Minister of Foreign Affairs of Colombia, Dr. Juan Uribe Holguin.

Acknowledgment on bhehalf of the Secretary General of the United Nations,
by Dr. Raymond Etchats, resident Representative for Colombia of
Technical A551stance Administration of the United Nations,

ST/TAA/CONF,.4/L.8L .. Some MNotes on the Organization of Honclova Steel
ST/ECLA/CONF.1/L.84 tiorks by P. Sada

/Eiggteenﬁh'ﬁéeting;
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Eighteenth Meeting: 28 October - 9 a.m,

Item 3,C.1  STML MAXKING AFD FINISEING  Comparisorn of Jeo  ics f
)xilerent Procescrs of .
Steelmaulng (zontirmmation)
ST/TAA/CONF .4 /L. 52 Selections of 3Steelmaking Processes and of
ST/ECLA/GONF.1/L, 52 TLocations for Integrated Iron and Steel Vorks.
. by Wm,., A. Haven
ST/TAA/CONF.4,/L,60 ' The Acid Bessemer Process in Huachipato
ST/ECLA/CONF,1/L.60 by H. Canguilhem
ST/TAA/CONF,.L/L.59 The Duplex Steelmaking Process at Monterrey,
ST/ECLA/CONF,1/L, 59 by A, Gonzalez Ballesteros and N. Morales
) presented by A. Gonzalez Ballesteros
ST/TAA/CONF .4 /L.57 Considerations Concerning the Choice of Electrical
ST/ECLA/CONF.1/L, 57 Equipment for the Iron and Steel Plants of Paz de
Rio (Colombia) and Chimbote (Perid),
‘ by ®.L., Jung '
ST/TAA/CONF.4/1,90 Possibilities of Applying Ultrasonics to the Iron
ST/ECLA/CONF ,1/L.90 and Steel Industry.

by k. Bruckmann

Nineteenth Meeting: 26 October - 9 a.m.

Item I1.C.2 STERL FAIING AILD FINISHING Allernative methods to the
Rolling Mill for Finlshlng
Stecl
Discussion of the following papers:
ST/TAA/CONF.4/L.66 Continuous Casting of Steel by the Lossi~Junghans
ST/ECLA/CONF,1/L.66 Process, by T.Y. Wilson,presented by R.C,Buehl
ST/TAA/CONF ,4/L.67 Variable Density Steels (Reprint in English from
ST/ECLA/CONF,1/L, 67 - The Iron Age ) . by P.&, Cavanagh
ST/TAA/CONF.4/L,68 Notes on the Ugine-~Se journet kxtrusion Process
ST/ECLA/CONF,1/L,68 : by J. Sejournet, rresented
by F. Schereschewsky
ST/TAA/CONF../L.81 Some Aspects of Labour Problems in the Iron and

ST/ECLA/CONF.1/L.81 Steel Industry by the International Labour Orrice,
. presented by J-I’. Desnres

Twenticth Meeting: 29 October - 9 a,m.

Item I,C,3.  MAKING AND FINISHING OF STZEL Range of Application of
Steels liade by Different

Processes,
Discussion of the following papers:
ST/TAA/CONF.4/L.75 Some iffects of linor Elements on the Characteristics
ST/ECLA/CONF.1/L.75 of Plain Carbon Steels by F. Boulger

/ST/TA4/CONF ,4,/L.,70
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ST/TAA/CONF .4 /L. 70

ST/ECLA/CONF, 1/L 70

ST/TAA/CONF,L/L.78
ST/ECLA/CONF.1/L.78

ST/TAA/CONF /L. 76
ST/ECIJL/CQNF.l/L.%

ST/TAA/CONF, 1,/1. &0

ST/ECLA/CONF .1/L.80

Twenty-First Meétihg:

Lem I.C.3.

Discussion of the following papers:
ST/TAA/CONF . 4/L.7T1

ST/ECLA/CONF.1/L.T1

ST/TAA/CONF.4/L,58
ST/ECLA/CONF.1/L, 58

ST/TAA/CONF.4/L,82
ST/ECLA/CONF,1/L,.82

ST/TAA/CONF . 4/L, 63

ST/ECLA/CONF1/1,,63

ST/TAA/CONF .4 /L.83
ST/&CLh/CONF', 1/L.83

Standard%vatlon in, leataon to Control in Stuel
Procduction = by GBS “Wesgton, presented-
- by F. Saniter . .- -

Notes on Speclflcatlons of Steel for Different Uses
L by F. Frick, presented
A - by B. Leuschner :

‘The Control of Composition during Steelmaking ~
by G.E. Weston, presented
by F. Saniter

Specifications of the Products Made by the Cia. de
Acero del Pacifico (Huachipato, Chile) .
. by O. Herrera, presented .
by H. Canguilhemr

29 Ocﬁober -3 p.m.

' STEEL MAKING AND FINTSHIMG  Range of Arpli catwon of

Stecls made oy Dificrent
PToCeSECS (contﬂnuatlong

Thomas Steel Rails in France
by M. Palmé

. The Problem of Energy in Steel Plants

by G. Perin

Steel Scrap Hecarburation to Produce Pig Iron in
Electric Furnaces
by K. Jaramillo and J,A. Prieto
presented by J.A, Prieto

Considerations rtegarding the Construction of the
Thomas Steel Plant of the Paz del Rio Company and
the Costs of Productlon of Steel

"by E. Decherf

Consumption of Iron and Steel Products in Mexlco
by M. Aramburu.

Twenty-Second Meeting: 30 October - 9 a.m.

Item II.B. -

'z:couomc PROBLEMS -

Discussion of the following papers:

ST/TAA/CONF .. /L.87
ST/ECLA/CONF. 1/L 87

Influence of Local Factors on the Iron and Steel
Industry in Latin America - ‘.U . Y
by the ECLA Secretariat, presented by
B. Leuschner and },~Yanes

/Twentv-Thifdfgégﬁihs:;“
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Twenty-Third Meeting: 30 October - 3 p,m.
Item II.B.%.  ZCONOMIC PROBLMS
Discussion of the following papers:
ST/TA+/CONF 4 /L,87 . Influence of Local Factors on the Iron and Steel
ST/ECLA/CONF.1/1..87 Industry in Latin America (continuation)

by the £ZCLA Secretariat, presented
by B. Leuschner and H. Yanes

ST/TAA/CONF..4/L.91 Influence of the Size of of the Markets on Iron
ST/ECLA/CONF,1/L.91 and Steel Industry in Latin America

by the ECLA SHECRATARIAT, presented by

by B. Leuschner and Hs. Yanes,

Twenty-Fourth Meeting: 31 Octobef>— 9 a.m,
Item II.A, FACTORS DATERMINING Trnzx CONSUIIPTION OF ION AKRD STLEL IN

LATIN AMERICA
- Discussion of the following paper:
ST/TAA/CONF.4/L .86 Factors Influencing Iron and Steel Consumption in
ST/ECLA/CONF.1/L.86 Latin America . by the ECLA SECKITARIAT,

presented by P. Vuscevic

Iwenty-Fifth Meeting: 31 October - 3 p.m.

Item 1I.C, TRANSFORTIIG INDUSTRY

Discussion of the following paper:
ST/TAA/CONF../L.88 Structure of the Steel Transforming Industry in
ST/ECLA/CONF,1/L.88 Latin Americe by the ECLA Secretariat, .

presented by A, Stakhovitch

Closing of the Work Meetings:

1., Closing address by the Chairman of the Working Group, Dr. Hoberto
Jaramillo Ferro, Paz de rfo, Colombia,

2, Words of acknowledgment by lir. Schreschewsky, Chambre oyndlcale
de la Sidérurgie Francaise, France.

3. Words of acknowledgment by lir, F. Saniter, The United Steel
Companies, Ltd., United Kingdom,

4. Farewell address by Mr. 2. C. Buehl, U,S. Bureau of lines,
United States.

5. Farewell address by General E, Macedo Soarés e Silva, Companhia
Acos.quniais Itabira, Brazil.

6. Closing address by the Executive Director of the Working Group,
Mr. B. Leuschner.





