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CHAPTFR 1
INTRODUCTTON AND SIMMARY

1. This study examines the state of the art of iron-ore 'rocessing and the location
of iron-ore processing piants. A& primary objective of the inquiry is to better
underctand the industrial potential »f such operations in developing courtrles which
are or which may be angaged in the mining .md preduction »f iron ures for tlie world
market.

2. It is less than twenty vears since iron ore has become prominent among the major
commodities of internmational trade. Until 1950 iron for stoel-making and foundry
cnstings was produced mainly from dcmestic materials. When greater quantities of

ore were needed for increased iron and steel production, most of the additional iron
values were obtained from sources cf home cre. This has not been the case since
1950.  In that year, a tctal of 32.7 million metric ZUUSL/ of iron ore were imported
bv the European Coal and Steel Cowmunity (ECSC), tne United Kingdom, the United States
and Japan. Ten years later, each of these four major steel-producing areas had
serious domestic ore deficits and together they imported 130 million tons of iron ores
in 1960. By 1965, that figure had grown to 178 million Lons.g/

3. The increase in ore trade was reflected in a substantial change in the pattern

of iron-ore origins based on the discovery and development of rne. sources of ore to
rerlace long-msed deposits that had been heavily depleted by the end of World War 1I.
Such resesrves were found in an intensive exploration effort, initiated in 1945 by the
iron and steel industries. Since 1950, many new mines producing ores of impressively
high iron content have been opened in Laiin America, Africa, Asia and Australia.
Practically the entire output from these operations is intended for export to
industrially advanced countries.

1/ Throughout this study "tons" refers to metric tons of 2,204.1b.

2/ East Europe is the fifth primary iron and stesl producing centre, comprising
Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, Romania snd the USSR.
Iron ore has been provided, in a more or less closed syetew, by the USSR, whose
iron-ore shipments have gone almost exclusively to the six other countries. In
1950 such exports equalled 3.2 million tons; in 1960 that total rose to 15.2
millions and in 1965 to 24.1 million tons.
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Ao farallel to thi~ o ~r new ores, the industry undertook an equally
concentrated inquiry into irsn-muking procedurec. In 2 few years, these studies
yielded several new pruacticos that raised furnace outputs, reduced coke rates, and
produced ircns of better «.-lity. The key to these improved techniques was the use
of rich ores that were :eif-“"lixine, otrong, porous, »f uniform size and consistency.
These characteristics are available in »ut a few cres naturally, so that elaborate
techniques of iron-ore beneficiation =»nt concentration were developed. Simultaneously,
the enriched ores werc siven desiralt  _iyc0i~d chape and form by sintering or by
pelletizing.

5. At the iron plants these developments were manifested by a widespread use of
hi-h gelf-fluxing sinter burdens.  Annual world production of sinter rolse as
follows: 1937 - % million tens; 1955 - 100 million tons; 1960 - 185 millions tons;

1964 - 280 million tons. Because sinter tends to break up when shipped over long

distances, most sinter ic produced in facilities erccted close to blast furnaces.
6. Sintered ore would have been used to an wven greater extent except for the advent
of 2 new form of processed ore: pellets. Introduced in 1950, total pellet production
equallel 2 million tons in 1955, and 3% million tons in 1964. World pelletizing
capiiizz ?iir?egg in-reasin:s spectacularly since then, from 10 million tons in 1960
v Lo neq;ly~éﬁ millicn in 19€5. It was recently estimated for 1975 s pelletl capacity
of 100 million tons ecmpnred with 52 millions in 1%5.3/ The latter allots to the
'Inited States the lealing world positicn, with 58 per cent of the total installed
facilitiec. 3y 1979, the bnited States' share is expected to drop to 37 per cent.
| The projection includes 35 million tons of pelletizing capac: vy in Asia, Africa,
g, Latin Anerica and Oceania in 1975. Stated ancther way, the estimate just cited
expects thot close to 20 per cent of the total world pelletizing plant of 1975 will
be establirhed at the ore source.
Scope and content of the study
7. The terms of reference for this study have already been explicitly stated.é/

L study is requested "on the prospects for exports of processed iron ore from

developing countries". The nature of the processing is not definad but an outline

Y "The Changing Iron Ore Industry", by H. Stuart Harrison, President of
Cleveland-Cliffs Iron Co. (US4), and Chairman of the American Iron Ore Association -
Address to Americen Mining longress, October 1945,

4/ See introductory note by UNCTAD Secretariat.
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uilde for the study refere to o Torecast "that snould be made fir the concumpti o o7
iren ore {rom 1970-74, ac well <o e extent to which iron cre i:s likely - be
prepared, cintered, pelletized, <r ~therwice processed before ueo oL L Y,

7 she analysis of precessed iron ore begin: with o emslileratlon of tie notur l

product. Chapter II reviows prosent .nl grospestive demani or rotn loveloped 1id
1zveloping countriec for iron osre, bnrsed on rocent trends of irn nd steel protustion,
slobally and for the world's maln contres f stecel-producin: activity., I i o0 wn
that a world totsal of about 210 million tons ~f iron ~re, ~ neentratec ant ag lonertes
nay be consumed in 1975. This represents an ectimated increase o 100 per cont in
iron-ore tonnage over tha 310 million tcn consumption o0 1954. Ccmpared wit: thoesc
fisures for a decade in the past nnd a decade in the future, total iren-cre ¢ noumption
during 1964 equalled 565 millicn tens.  Figures for iron-ore consumption and d-mani
are also presented for sclected countries and regions.

©. a sivllar set -f analyses is made for iron-ore production, frr the world as n
whecle and by countries of origin.  The cmergence of iron-ore prcducers in the
developing countries is traced and the rising importance of these "foreign" sourcqs

of iron-bearing values for the zdvanced iron and steel-producing ccuntries is natzd.
fhis leads to a eonsideration of past, present, and future patterns of iron-ore tralic,
with particular attention given te export movements from developing nations.

10.  The technologies perfected for orc beneficiation, concentration, and controlled
sizing are briefly described.  Sintering and pelletizing procedurcs are also outlined,
with rensons stated for their rapid acceptance and continued use by the iron and

steel industries of the world. The effect that these technical advances have

already had on the character cof ores smelted to iron, and the impact they may have

on the kinds of ores expcrted today and during the coming ten years are considered.

11. Finally, the trends ¢f iron-ore processing developments are examined. The
probable position of pre-reduction technology by 1975 is then assessed, and also the
consequences these may have for existing pre-treatment operations and the opportunitiecs
they may present for new ones, in developing countries producing iron ores fcr export.
12, Chapter III directs attention to pellet installations at important iron-ore mines
throughout the world. A selected number of ore-producing operations establishad in
recent years in developing nations are deseribed. These include Algorrobo (Chile),
Vale do Rio Doce (Brazil), anl Cerro Bolfvar (Venezuela) in Latin Americc; Mont Nimba
(Liberia), and Ouenza (4lgeria) in Africa; Bailadilla (India) and the Philippine

iron mines in 4sia. 1In all cases, ore processing is a poart of the over-all operaticn;

in each but one instance, pelletizing is an immediate consideralion.




13. Space limitaticne force tne cmissicn of cther develaping ~suntry iron-ore mines
that are no less worthy of examination. Some of these are: Marcona (Peru), Fort

souran? (Mauritaria), Marampa (Sierre Leone), Mekamho {(3aben), ioa (India), and

’

Malaysia. Alsy omitted =re impertant cre-exprrting countries which are not
develeoping areac; amons *hese are included Zanad. {Jarcl Lake ani Quebec-Cartier),
Sweden (Kiruna) anl W2stcorn Australia (Hamercley, Seott River and Savage River).

14. The ore-treatment installations st the selected minec are Jdes>ribed, including
associated pellet procesrcing units. The comparative importance of the different
kinds »f ore produced anl shippei frem these nperations is 1iscussed and relatad to
plans for increasini processed ore outputs. The pro~essing programmes are examined
in terms cf current practices and futurc develepments, such as metallized pellets
through pre-reduction.

15. Chapter III also is concerned with factors that may favour or impede increased
ore processing at the mines or at their asscciated shipping points in developing
areas. On the positive side are the possibilities for improvement in productivity
and earnings that may accrue from larger scaled operations, reduction of production
unit cost factors for the ore producer and lower freight charges for the consumer.
Among the negative conditions are capital requirements for construction and equipment
nceded for expanded processing operations and for changes to infrastructure
installations such as port arcas, storage yards and shipping docks, roads, service
lines, and community and housing development. In addition, there may be legal
restraints in the form of tariff barriers and duties, limiting government policies,
as well as staff and know-how deficiencies. The magnitude and applicability of these
elements, favourable and unfavourable, are examined. Many of the obstacles may be
expected to yield before the mutual interests and consequent joint efforts by the
iron-ore consumer of the advanced country and the iron-ore producer in the developing
nation.

16, Chapter IV deals with technical factors related to iron-ore processing at the
source. The typical full range of iron-mine output is grouped in%c four main forms
of ore: natursl run-of-mine, selected run-of-mine, fines for sintering, and pellets.
The practices used to process esach of these is briefly discussed. The development
of sinter and pellet practices at the iron plant is traced and the techniques shown
to be thoroughly established. The consequent impact at the icon mines is also
described. Each form of processed ore product offers advantages to iron-ore prodacer

and consumer. These are reflected at many new iron-ore operations by close
co~operative relationships between both parties. The chapter concludes with a

commentary on the use of pre-reduced pellets, a development which is expected to come
relatively slowly.
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17. Chagter V, which eoncidors oo-nemic »omciicretions 0 ircn-sre proooesinc ot

the source, deals with custs. capital investmert requirements for new pellct-plant
installaticns ar» cotimated. Jery little letailed infrrmetion has bean releace?

for individual facilities so tnat the flgures presentet are irewn from analyses of
pablished tross appraisals. nevertneless, *hi> cotimate € 732 ror con 0 oannunl
"natural" pellet capacity reached in this study is consistent with views expresand

on the subject.  [he production ciots per ton of pellets cited rofloct appropri-te
mcdifications of calculations by Battelle Memorial Inctitute -taff members in provious
studies.  Thc base estimates are cenerally anccepted by the industry as typical for
gocd pellet operations. Similar cost evaluati~nec are given for pre-reduced orec.

13. The economic feasibility of the pellet operation is discussed, takin: into
account amortization and fixed charges. The addcd value compcnent that accrues

to the ori:inal iron ore as a result of pre-treatment, and the portion of this which
may remain in the developing country, is evaluated.

19. Chapter V1 cxamines several important aspects of the practical side of iron-ore
processing at the source. It is recalled that by 1975 world trade in iron ore is
expected to total 292 million tons. Of this, the duvelapinscnations of Latin Amcriea,
Africa and Asia will provide almcst half the tonnaze, nearly all havine been zubjected
to some pre-treatment. In appreoximate numbers thoe develovilng areas' iron-cre oxports
may reach some 45 million tons of run-of-mine and screcned cre, 55 million tons of
sinter fines, and 28 million tons of nellets. This provides oppertunitiss far

almost all mine operations of doveleping countriec to participate in the shipment of
processed ores. The levcl of such participation will depend on the type of local
treatment facilities available to any particular mine.

20. The chepter also briefly discusses the mitual effects of processed ore exports
and frelght charges; and similarly the impact of tariff regulations. Finally, the
relative pcsition of ore processing at the source compared with trealment at the

iron plant or some intermediate assembly and distribution ares is reviewed. Although

processing activities will undoubtedly develop at each of these points, there are %
sufficient advanteges to boe found to warrant support by industrialized iron and

steol producing countries of a broad programme aimed at increasing the tonnagss of

processed ore exported from the devaloping nations.
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Summary of conclusions
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21. The conzlusions of the study are brought together in chapter VII. In summary,
the main findings are:

(a) By 1975, iron-ore exports are expected to reach a global total of
292 millicn tons, with an average Fe content of 62 per cont. Approximately
45 per cent, or 128 million tons, will criginate in developing countries.

(b) The coming decade will witness a strong demand for increased quantities of
processed ore, especially in pelletized form.  An estimated pelletizing capacity of
180 million tons i¢ foreseen for 1975. This figure includes only 9.5 million tons

that are already planned for 1943, for iron mincs located in developing countries;
by 1975, the total pellet capability in those countries ic expected to reach 28 million

tons.

(¢) From the point of viaw of the developed nations' iron and steel producers
who will buy the ore, no less than from that of the developing country's iron-cre

producer who will export it, an increase in the tonnage of all kinds of processed

]
<
1
£

ores from the latter would be desirable an. mutually beneficial. Ircn-ore exports
from the developing countries are estimated for 1975 at about 45 million tons >f
run-of-mine and screencd product; 65 million tons of rines for sintering and 28
million tons of pellets,

(d) The use of highly metallized or pre-reduced ores by the iron and steel
industry is expected to develop relatively slowly, and by 19795 the producticn and
export of only token tonnages are anticipated. This does not =lter the validity
of the previous conclusicn which refers tc "regular® oxdde pellets. Advances in
iron-making technology for wider use of pre-reduced burdens will simply strengthen
the case for increasing iron-ore processing operations in the developing countries.
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SHAPTER I1
DEMAND ANL FRCJECTIONS

22, Iron ore has beceome in recent voares » cirrnificent commodity © © internatiornal trade,

ranking third behind enily 21 -ro:oruin, Sinpce 1950, radical changes in the location
and svailaebility of irsn oros nove beon wercmponied hy fast-changing mark.ot condituions,

Concurrently, rapid ctro2e o nave been nade in oore praduction, wts technelogy, its
trensport, and its utiliz=atisn.

<3. The main elements 1" ~hane= in the rise of ircn cre t» prominence among the
commodities of werld commerce :zre these:

- The eacceleration in demand for iron ore tn solisfy the swcel-making needs of an
expanding world <conomy;

- The development ~f lorpe deposits of high—grade iron ore in areas remote frem
the world!s cuntres of stoel production:

- The construction cf large ocean-going vessels that can transport iron cre
econcmically cver long distances;

~ The widespread applicaticn f highly —fficicnt new iron-making procedurcs that
are dependent cn high-quality processed ores;

- The development of cconomic precesses for producing high-quality shipping
preducts from low-grade iron nrcs

- The substitution »f hih-grade conecentrates and high-;rode natural shipping
ores for lower grude ~res in the United Statcs and Europco;

-~ The emergence cf Japan as a major importer cf iren ory;

- 'The advent of changes in steel-making practices that have resulted in increased
consumption of' iren ore per ten of stecl produced and leszened dependence on
scrap.

WORLD PROCUCTION OF STEEL
24. The increase in world stecl producticn hes been accompanied by a shifting
ruvlaticnship among th: stecel-producing areas of the world., Before 1950, ncarly one-half
of the world's steel was preduced in the Unitoed States. By 1964, the United States 5
share of world production had dropped to about 26 por cent, a pnsition approached by both :
Western Europe and Eastern Europe (including the USSR).
25. The warld production of steel for 1954 and 1964 and the estimated production for
1970 and 1975 are shown in Table II-1.

26, Sharp percentage increascs in output in South America, Cennda, Australie, Africa, and
other Asian countrices, although substantial, have had little effect on the over-all
pattern of world steel production.
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7. 1n the future, the United Staces' share of the world's production of steel will
de.line even further; to abocut 23 par cernt in 1975. While little change is visualized
for Furspo's share of total producticn; increases will be registered by Jepan, and by
vhiee CGeveloping countries.  Moreovrer, the rate of increase in the share of production

oy m:n o couttries will be much lcas than has been experienced sincc World War II.
WORLD CONSUMPTION CF IRON ORE

5. Jith the rise in productizn »f steel, world consuapticn >f iron ore has risen from
1.7 m1lion metric tons in 1915 to 310 million metric teone in 1954, and to 565 million
netaeis tons in 1964. Espocially significant has beer the reduction of the weight of
iron »re neceded to produce a ton ot steel. In 1915, an average of 1.8 tons of iron
ore were used per lon of steel. Since then tne r=tio of cre tc steel has been
declining steadily to an average of sbout 1.38 tons of ore per ton of steel in 1950,
after vhicn it has remained approximately constant. The use of higher grede ores and
improved smelting techniques and the increased use of scrap for steel-making have
contrivuted to the reduction of thc ratio of ore to steel.

29. Tne annual consump“ion of iron ore by major aress for 1954, 1964, and projected to
1970 and 1975 is shown in Table II-2. The United States, Western Europe, Eastern
Zurcpe and Japan used 86 per cent of the iron ore consumed in 1464; by 1975 the four
areas nre expected to consume abouc 83.3 per cent of Lhe total.

PRODUCTION OF IRON ORE

30. The world is in the midst of » rapid exnansion in iron-ore producing and processing
cepacity in response to this growth in steel prnductinn Many »f these iron-ore
axpension programmas are based on long-term contracts with steel producers in Japan,

the United States, and Europe. 1In other casas, steel producers who have participated

in *ne development of mines in eastern and central Canada, the United States, Asia, the
USSR, Latin America and Afriza, provide an assured market for at least a part of the
outnut fircom these ore sources.

3L. ‘The production of iron ove and iron-ore derivatives in 1954, 1964, and projected

to 1970 and 1975 is shown in Table II-3. On the basis of projects now under way and
production plans already announced, mine capacity will rise to over 700 million tons of
iron ore in 1970 and asbout 850 million tons in 1975. For the estimated consumption of
jron ore in Table 11-2, the worid supply cf orec may exceed the market by nearly 60 million
tons in 1970 and by about 50 million tons in 1975. The trend for producing beneficisted
end agglomerated ore at the mins will also inciease.
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TABLE I1-2
Annual consumption of iron ore by major :reag
(mllions of metric tons per year

i Country or area 195, 1964, 1970 1975
United States 95 , 122 129 153
ECSC and UK 9 157 168 192
Other Western Europe 7 11 21 29
USSR 64 121 152 174
Other Eastern Burope 18 43 52 62
Japan 7 32 &0 65
Other 20 ™ 93 135

Total 310 565 6752/ g1ob/
o = = L b ==z

Sourge: See Table II-1.
8/ Aversge Fe content: 53.5 per cent
i b/ Average Fe content: 62 per cent




We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards, even though the best possible
copy was used for preparing the master fiche.




TD/B/C.2/29
page 11

TABLE 11-3

Production of iron ore by major countries or areas for 1954
and 1964 and projected productiorn capgeity for 1970 and 1970

(millions of metric tons per year)

= ‘ —_—
. ! Agtual production Production capecity
Country or arca 1954 1964, 1970 1975
Nortn America
United Stater 82 87 96 102
Canada 7 34 48 62
Other North America 1 2 3 5
South America 13 .8 T 94
Africa 10 29 41 56
Western REurope
ECC and UK 78 96 90 84
Other Western Burope 23 39 52 61
Eastern Burore
USSR 65 146 188 224
Other Eastern Burope 8 13 16 18
Asia - Oceania
Japan 1 2 10 10
India 4 20 31 4B
Australia 4 6 27 37
Other Asia 9 53 47 53
Total world 305 575 732 854

Source: See Table 1I-l



TRADE IN IFON CRE

32. lVorld trade in iron ore in 1950 was 44 million tons, which equalled 17 per cent of
the werle output. In 1964, tctal exports were 168 million tons or about 30 per cent
f the total production. In the same period, the number of producing countries rose
from frty-three to sixty-five ard the number producing over 5 million tons of iron ore

inc-.acad from six to eighteen.  The number of countries exportirgover 5 million tons a

yesr alao increased from two to twelve.

33. The pattern of world trade in iron ore and iron-ore derivatives is given in

Tatle [.-4. The crincipal flows in 1964 were (a) from Canada and Latin America to the
Unit .. 3tates; (b) from Scandinavia, Africa, and Latin America to ECSC and UK; (¢) from

1357t Emst Buropean countries; and (d) from Asia, Latin America and India to Japan.

3,. 1. pattern of future ore movement shown ir. Table II-5 anticipates a major
transt -rmation from the pattern that existed in 1964. The United States (which now

im;y ,rte about one-third of its iron-ore requirement) will increase its imports to

45 rer cont with Canada ~utpsacing Latin America as the major source of supply. For |
fur ;. an Sommunity and the United Kingdom together, imports will rise at an even faster |
rote *han in the United States. Compared with 1964 figures, iron-ore tonnages imported 1
int. i’ stern Europe from Africa in 1975 will have doubled and imports from Latin America

and Scandinavia will have increased by 75 per cent and 25 per cent respectively.

35. The USCOR will continue to meet its own requirements while also meeting most of

Fastern Europe's import requirements. The Eastern European countries will probably

continue to receive up to 20 per cent of imported iron ore from India, Africa and

Latin fmerica.

36, Jrpan's steel industry will continue to import from meny sources in keeping with

their policy of import diverasification. It is foreseen that Australia will supply

about o'ie-third of the 1975 Japanese iron ore requirements while South America and India

are each expected to provide about 15 per cent. The remaining part of Jepan's ore

supply will come from North America, Africa and South-East Asia.

PREPARATION OF IRON ORE

37. "he optimum performance of a blast furnace depends upon (a) a physically and
chemically uniform burden; (b) proper instrumentation and control of the furnace;

 (¢) a smooth flow of materials to and from the furnsce; and (d) knowledgeable supervision

and operating personnel. Other things being equal, the most important element in
blest--furnace production and performance is preparation of the burden, especially the
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roge 1
iron emponent -f the burden. Preductisn rates, cost of manufacturc, and quality -f
the pig-iron produced are 2ll improved when a properly preparcd burden is charged to a
blast furnace.
3. "Preparation" < an ir.n ore has the f?ll)Wing~puerSUS: {a) to remove ganguc and
increase the iron content of the ﬁ;;;; (b) t cbtain & uniform size and a wmiform
chemical composition; and (c) to agelomcrate ir n-bearing units not suitable for blast-
furnace feed in their existing physical form.  There are scveral well-known commercial
nothods used o obtain these results for specific purposes. Me muthods need wc-t be

described, but some comments sbout the purposcs 211 .w.

COMMERCI AL PROCESSING OF IRON OHE
Crushi d_screcning
39. Crashing of iron ore may be either a basic or a preparstory process. At the mine
site erushing is elmost slways needed to reduce the mined ore to a form that is suitable
for handling. Screening is used to produce ore grade specifications for fines content
and lunp size.
40. Crushing and screening are alsc carried out at the pleant site to bring ore sizes to
that stipulated for the blast-furnace burden, and for blending with other ores. The
crushing and screening »peration is often needed at the plant site to separate end to
prerare fines for sintering.
Blending
41. Tron res are blended at the mine site t> produce a single product of more or less
uniform grade from several mines, ~r from a given rine, where the ore is mined from
different benches or veins that vary in chemical compositi~on, At the plant site, iron
~re iz blended to further reduce variatins in the feed material for the blast furmace.
Sintering
4L2. Sintering is a method of agglomerating iron units by incipient fusion and controlled
cocling. The process is based upon the combustion of carbon that has been uniformly
mixed with iron-ore fines, mil scale, and blast-furnace dust. Limestone or dolomite,
when added to the mixture, produces a self-fluxing sinter. The sintering process is
generally carricd out on a continuous travelling-grate macnine (Dwight-Lloyd type) for
a large-scale production and in batches (Greenawalt system, etc.) for small outputs.
43. The product from the sintering machine is a fused porous cuke. The sinter cake
may be cooled before crushing or crushed in the hot state. The meximum size of sinter :
is gensrally about 6" in diameter; pieces under 3/8" are deaignated as fines which are ;




s amall for use in tre furnace and these are recycled through the sintering process.

A typical continuous sintering machine will be 60-72" wide and, depending on its length
whirh may be as much as 170 feet, will produce .00 to 4 .25 tons of sinter per square
f5t «f grate in J4 hours.

4h. Agrlomeration of different ores by sintering was proposed initially in 1887. The
first operations were batch processes that brought a bed of the mixture close to a molten
state by exothermic combustion, and then ccoled the mass by blowing air through the
material. In 1905, it was suggested that a mixture ~f blast-furnace flue dust, ore
fines, and fuel could be successfully sintered in a similar manner.

4L5. The travelling grate Dwight-Lloyd sintering machine was developed in Mexico for
non-ferrous ores in 1906, and five years later a continuous-action strand-type sintering
machine was plaesdin service for iron ore in the United States. Tie Duight-Lloyd machine
made possible the large-scale use of ore fines and highly efficient production of sinter
at reasonable cost. Greenawalt developed a machine in 1912 which produced sinter in
relatively small batches. Several versions of tkis system, well suited for minor scale
production, were soon installed at many small plents. At large integrated steel plants,
betch sinter units are used only to a limited extent, because of their limited cutputs.
46. For many years the main purpose of the sintering machine was to "recover" blast-
furnace flue dust, fine ores and coke breeze by agglomeration into a product that could
be recharged to the blast furnace. As the sinter product improved with experience, and
the performance in the blast furnace was better understood, it became evident that the
qualities of sinter as a material for blast-furnace burden wcre just as good as those

of natural lump ore. In many cases sinter burdens were foun:. to reduce more readily
than some lump ores. Increasing quantities were included in iron furnace feeds and by
the nid-1930's inherent qualities of sinter were recognized to be very desirable for
blast-furnace charging. Sweden was an early leader in the use of high sinter burdens in
the blast furnace; in 1938, a blast furnace in that country was operating with a

100 per cent sinter burden.

47. The production of sinter in the major steel-proaucing countries of the world in
1940 was about 12 million tons per year. After World War II, sintering practice was
adnpted widely in the steel industry and plans were made by many companies to increase
sinter capacity at the plant sites. By 1950, the global output of sinter equalled

41 nillion tons.

48. Sinter production of the major steel companies ‘n the world from 1954 to 1964 is
given in Table II-6. Output in 196/ was more than 3.5 times that of 1954.
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Pelletizing ¢f iron ore

49. Pelletizing is s methyd for agglomerating iron-ore fines; the process developed as
an extension f the ainter experience at the iron-making plant. A typical pelletizing
process consists +f the following steps: (2) crushing and grinding of iron ore to 60 to
80 per cent minus 375 mesh; {b) beneficiaiticn f the ore fines t produce a concentrate,
if required; (c) balling a humid iron-cre concentrate on a suitable disc or drum to
produce a "green" pellet about 3/8" in diameter. Moisture contern.c of the mixture is
generally about 8 to 10 per cent and bentonite is nften added as a binder; and (d) baking
the green pellets which imparts to them high strength chsracteristics and a hard abrasive-
resistant surface. The "burning" end hardening may be done in a shaft furnace or on a
travelling grate cr in a combination grate-kiln. At this point some pellet mixes tend

t> "swell” and require careful control.

50. Experiments with pelletizing iron-ore concentrates were started in Sweden in the
early 1900's, but these did not lead %o any industriai application. Modern pelletizing
was developed in the United States after World War II when direct shipping ores of the
Mesabi Range began to grow scarce. The pelletizing process was found to be effective for
the treatment of low-grade taconite ore, and the pelletized product performed admirably

in the blast furnace. This initiated an unusually rapid rise in pellet production in
North America since 1956. I. Japan, interest intensified in 1958, and the development of
the use nf pellets in Western Europe came five years later, in 1963.

51. The world production of pellets from 1954 to 1965 is given in Table II1-7. The
United States and Canada are the major precducers, accounting for nearly 86 per cent of

the production in 1965.

Relative consupption of run-cf-pine and processed ores
52, The use of processed ore in the form of sinter and pellets has increased rapidly

during the last ten or eleven years. Pellet production increased from a little over

2 million tons in 1955 to over 35 million tcns in 1964 and 49 m.1llion tons in 1965, while
the use of sinter in the burden of the blast furnace rose nearly threefold from 1955 to
1964. To maintain a proper perspective it is necessary to note .hat the 1955-1964
increase of 33 million tons of pellets hardly matches the 184 million tons of added sinter
output during the same period.

53. Table 1I-8 gives the physical form of iron ore consumed in major areas in 1964 and
projected for 1970 and 1975.

54. 1In 1964, about 56 per cent of the iron ore was consumed as pellets and sinter and

L/, per cent as screened charge ore. The trend of pellet and sinter uss combined is
expected to continue upward and reach over 64 per cent in 1975. Screened run-of-mine ore
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Physical formn ¢i iron nre consumed in ihe world

in 1904 and »rojected for 1970 and 1975

(millions of metric tons per year)

-

1554 197¢ 1975 |
. ' Tons ' Per cent Tons 'Per cent ;Tons Per cent
s J' ; 4 ]
§ ! ' b ! |
1 Screened r.o.m. and : g : :
» direct-charge ore | 247.9 . 43.9 | 252.0 37.3 ‘288 35.6 |
: : !
Sinter fines | 281.4 49,8 !323.5 48.0 360 44.4
‘ i
Pellets ‘& | 35.7 | 6.3 | 99.5 14.7 162 20.0
i i
- - ; - + ;
v Total | 565.¢C 100.0 |675.0% | 100.0 810%/ 100.¢
' i
Sourcs: See Teble II-l.

It is expected that about 10 million
metallized by 1975

Average Fe content: 53.5 per cent

hverage Fe content: 62 per cent

tons of pellets will be
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NOT..

In the contuxt of the progronuac of wirk of thoe UNCTLD Coumittee on wanufocturces,
the UNCT.D scerctorint hos proeyored stuades .n scetors of incustry with o current
cr potenticl oxp ort interest te doeveloping ¢ untrics, The studics were to include,
~s far 2s ressible, the considerction of the £ 1lowine jointse

(0) ircesent on. prospective dewend in both developed and
evele, ing countrics;

(b) ..con mic possibilitius fir the cstoblishment - r
expensioen  f such incustrics in develojing, countrics;
(¢) Obstneles to oxp rts from lovelo ping countrels,
porticularly to Jovel pod ¢ untrics;
(&) ioussibilitics fur industricl c —cpornticn between
devel ! ~nd developing countrics;
() wstoblishment of ¢ maon morkets and reionsl arrangcnents
fer foeilitoting e nonic integ ration ~nd the cstablishment
of rericncl or sub=rocionn] industrics in developing
countrics;
(f) Crpitrl utlay required for the estoblishuent of en
cfficient industrinl enterprisce ond [ robrble period of
anr rtizoti.o ng
(5) tessivle nee’ fir ~n! oveilability of assit-nec from
developed countrics f r the (roducticon anl exuort of
pr Jucts f Jdoevilo; ing countrics,
The stuly ¢n the prosjects £ or exports of processed iron o oo from developin
+ 1 f o
countrics has becen repered within the atove terms of reference, at the request

of the UNCT.D sccretorict, by the bottelle tumcrinl Institute,

The deseription an’ clessific~tion of countrics and territories and the arrange-
nent of naterinl shoull net Lo censidered to imply any judgnent by the scercterict
£ UNCT.D regording the 12l status of any country or territory, or in respect cf
the elinention Hf its Loundarics, or regarding, its ceonomic systen., Inclusion of
a prrticular country or territory in any cconomic or gecoraphical grouping (or its
wxclusion) has Leun Cictated Ly c nsicduraticns of aveilability of comparable lata
in statistics of the United Neticns and cther intcernationel agencies,

(Docuwent TD/B/C,.2/29/Ccrre2 anld a ccumunicatinon frem the delegation of

lustrelie = TD/B/C,2/uid,1 - arc alsc attached. Document IT/B/C.2/29/Corr,) has
beun incorperated in this Note,)

/QOQ




consumption will inereas. mAdcetly, oo o483 milli ot v in Lwd to %2 milll no 1o

1970t 238 milliom tone in V77, Intrmme [ rocet £t sl o tonnapge, thero will
he a cteady drop from 43.9 cer o cont ot Y0 o r cent botween 124 and TS,

5. The ase »f sinter will <lv rooo i b Loate o o roomed Wbl its porcentace
narticipation drops, The rice 'rem 2?1 million o one to 30 pillione botween 1704 -
1975 will, in fact, rcproesent a Aeon from 49,2 ~er cent b 4/ por oot

56. The Aifference will be made up by increased vellet use, sbs L.tely ani relstive ly,
From 35.7 million tons and 6.3 per cent in 1964, xdde pellet prodiction i cgpected t
rcach 100 million tons in 1970 and 162 milliHsn tons in 1975, corresponding v L5 por

ccnt and 2 per cent of the total re consumed in those years. In the 1975 figure is
included some 10 milli»on tons ~f pre-reduced pellets.  With 90 per cent over-all pellet-
plant utilization the 162 millicn t-n utput in 197% indicztes a total installed
pelletizing capacity ~f 180 million tons annually.

fre-reduced iron sre or pellots

57. Sponge iron or redured ~re is commercially produced on a small scale in the iron and
steel industry; currently the totel preducti-n is less than 500,000 tons per year.

59, There is great interest nevertheless among steel-makers in producing a "super" ore
or spongs iron that may be used in the blast furnace, in electric-arc steel-making, and
as a substitute for scrap in the oxygen converter. The product would enter the market
place as a potential com ?titor t> oxide pellets and to stecel scrap. Production of &
"super" or“m Lc:ru ‘("pre—reduced“ before it is charged to an iron production unit)
involves the extraction of some of the oxygen held chemically by the natural mineral.
Since this may be done in conjunctinn with, or as a modification of an oxide pelletizing
operation, the possibilities of pre-reduced pellets are of particular interest to
developing countr’ :s. The sdded processing to upgrade their natural resources permits
desirable new industrial activity at the source.

59. At the present time, the physical methods of concentration and agglomeration are
well established and high-grade cre may be produced "artificially' by sintering and
pellotizing. The best grade iron ore and pellets, however, contain over 28 per cent

of oxygen that cannot be recovered by physical means. Further reduction of the iron
oxide would be a step beyond the present maximum level of oxide pellet processirg by the
removal of oxygen in a preliminary "direct" reducti.n precedure.
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60. A large number of "ncn-standard" (1.e., nther than the blast furnace) methods have
been developed since Sir William Siemens failed to prove one »f the first attempts with
direct reduction, a hundred years a;o. Since then more than 2,000 patents have been
granted relating to direct processes or equipment for them, but present liquid pig iron
is produced commercially in only one small plant in Mexco. However, one group af
non-conventional iron furnaces, electric-arc smelting units, produces more than 3 million
tons annually.

61. The interest in pre-reduced ore, generally in pellet form, has stimulated a great
deal of work to perfect some of the more promising direct reduction practices. At the
Orinoco Mines in Venezuela, a gaseous reduction plant is now being designed and will be
erected to convert 60 per cent run-of-mine ores tc metallized pellets with 85 per cent Fe.
62. Although many technical and economic questions are still to be answered about
pre-reduced peilets, the interest is so great that it is expected that by 1975
spproximately 10 million tons of similar pre-reduced pellets will be produced and shipped
into the world iron-ore market.
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CHVPIrR 111

TIRON-QORE PROCFSSING Il THE DEVELOPING COUNTRIES:
CUPPORTI!N PACTORS AND OBSTACLES

63. Chspter II has drawn attenti-- t- the substantia’ advances that have taken place
slnce World War II in the production of iron ore and ivon-orc derivatives. Those
develogments moved £ro.. “he instailation of simple scparation systems initially, t»
sophisticated cinteving an' polletizing nlants 1n receont yoars. This chaptor discusses
further cxpansion of pellct focilitize througicut the world.

Pellet capacity = 19466 to 1975

64. Tu 1954, the globel preducticn of pellets wes cbyat 1.6 irillion tons; in 1966,
the total pziletizing capacity apprcached 95 millirn tons.  An rdditional 3% million

tons of p llet-plant capacity are under construction, acheduled for complation in 1967
and 1962, The plants roported in oporation in 1666 and their locations are tabulated

in Table III-1. Installations expected tc be cumpleted in 1967 and 1963 are listed in
Table III--2.

65. 1In North Auerica (Unitud Statos and Canada) polletizing capacity in 1960 cqualled
nearly 77 million tons, and facilivics for ancther 12 million tons were being built, for
a total capacity of 89 milllon tons.

66. hs of the ond of 1966, the only active pell-t plant in South America was the
operation established in Puru by the iMarcona Mining Company with a capacity »f 1 million
tons. Marcona is now adding a second plant to produce 2 25 tons ~f pellets cnnually.
The Companhia Valc do Rio Doce is building a pelletizing plant with a capacity of 2
million tons a year at Vit riu, Brazil,

¢7. In Westorn Europe ncne of the ctoel producers 1n the European Coal and Stcel
Community have so foer installed pollct plants. This follows partly from the naturc of
the cres mined by those countrics of the continent but cven morc it is oxplained by the
oxtensive usc of sintor in French, W:st Gerran, and British blast furnaces. By contrast,
Sweden with high-grade oree for oxjcrt sale, leads the area with an output of pellets
of over 4 millior tons a year. Norway, Finland, end Itely have 2 combined pelletizing
capacity that totals a 1little over 1 million tona, Yugoslavia is building o small plant
with about 15C,000 ton capacity.

68. USSR pellotizing capocity is still relatively ninor, Some &€ nillion tons ere
reportad in oporation, with twice that output under ccnstruction and schedulied for
complotion by the end of 1968.
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69. Asia and Australia together account for pellst facilities that can produce 2.7
million tons a year and 3 million tons more are currcntly being erected.

70. Table ITI-3 svmmarizes by continent existing caopacities of pellet plants in the
world as of mid-year 1966, and the output potential of plants under construction. In
practically all cases the pelletizing plants in the world have been erected at mine
sites.

7.. The pellet plants in developing countries as summarized in Tebles III-1l, III-2, and
1I11-3 arc, or will be, located in Brazil, Peru, India (Goa), and tke Philippines. All
other pellet plants are located in developed countries.

72. 1f one considers the facilities in the industrialized arcas £ North Americe,
Europe and Australia, only 3 per cent of the total pellet capabilities are located in
developing countries. By 1968, when all currently planned installatione are in
operation, the developing countries! share will still equal no more than 7 per cent of
the total,
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THBLE I1I-1
Iron ore pellet plants in operation aos of 1966
SEANRERSASNRACGHESEETEESRSINEASUSEESSSISEERESSESSSEREENAUNEHRESER ESASESNESSANESEEPFESESNSSEETEER
Output,
Starting million Ore Pellets
Plent date ton/yr feed produced
NORTH AMERICA
United States
Silver Bay, Minnesota 1955 /60 94 Magnetite 9-12 mm
(Reser\(re)Mining Co.) concentrates 61-63,5% Fe
G
Hoyt Lake, Minnesota 1955 /66 25,8 Magnstite 10-12 mm
(Erie Mining Co.) concentrates 63.1% Fc
(8)
Humboldt, Michigan 1960 0.7 Hematite 10-16 mm
(Cleveland Cliffs Iron Co.) concentrates ,
(G-K) :
Grace Mine, Pennsylvania 1961 2.0 Magnetite 64-66% Fe
(Bethlchem Steel Co.) concentrates
(s) |
Atlantic City, Wyoming 1962 1.3 Magnetite 64-66% Fe
(U.S. Steel Corporation) concentrates
(c)
Republic, Michigan 1962 1.5 Hematite
(Cleveland Cliffs Iron Co.) concentrates
(G-K)
Eagle Mills, Michigan 1962/65 1.9 Hematite 12 mm
(Clevela.r)ld Cliffs Iron Co.) concentrates 61-66% Pe
(G
Empire, Michigan 1963 1.2 Magnetite
(Empire Mining Co.) concentrates 63% Fo |
(G-K) ' 1
Pes Ridge, Missouri 1962 2.0 Magnetite 9-13 mn ]
(Meramec Mining Co.) concentrates 65-68% Fe ;
(s) |
Grovelsnd, Michigan 1963 1.3 Hematite and 10-14 mm |
(Hanna Mining Co.) magnetite
(G) concentrates 61-63% Fe
Eveleth, Minnesota 1964 5.0 Mognetite 9-13 mo
(Eveleth Taconite Co.) concentrates 65% Fe
(G-K)
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TABLE III-1 (continued)

Qutput,
Starting nillion Ore Pellets
Plant _ date ton/yr feed produced
United States (contd.)
Eaglc Mountain, California 1965 2.2 G-13 mm
(Kaiscr Steel Co.) 65% Fe
(G)
Mather Minc, Michigan 1965 /66 3.6
(Cleveland Cliffs Iron Co.)
(G-K)
Cenada
Marnora, Ontario 1955/57 1.1 Magnetite 16 mm
(Pethlczhe)am Steel Co.) concentrates  64.4-65% Fe
Sudbury, Ontaric 1955/62 0.90 Pyrrhotine 25 m
(International Nickel Co.) concentrates  (for steel
(G) making)
66-68% Fe
Hilton Mines, Quebe: 1957/60 1.4 Magnetite 6-20 mm
(Hiltor(x 1;ines , Ltd.; concentrates 63-66% Fe
3
Kinberly, British Columbia 1961/63 0.30 Pyrrhotine 6:5-67% Fe
(Consolidrted Mining and concentrates
Smelting Co.) (flotation)
(c)
Carol Lake, Newfoundland 1963 5.5 Specularite 10 mm
(Iron (Zre; Co. of Canade) concentrates  64-65% Fe
G
Moose Mountain, Ontario 1964 0.60 Magnetite G-15 m
(Nationo% Steel Co.) concentrates 63-63.7% Fe
(s
Adams Mine, Ontaric 1964 2.2 Mognetite
(Jones-Laughlin Steel Co.) concentrates 668 Ye
(G-K)
Pointe Noire, Quebec 1965 5.5 Specularite  10-12 mm
(Pickaxzd; Mather) concentrates 65% Pe
G
Boston Township 1965 1.0
(G-K)
Steep Rock, Ontario 1965 1.0 Hemtite
(Caland Ore Co.) Hydrogoethite 62% Ye
(G) Ground ore
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TABLE III-1 {continued)
Output,
Startings millicn Cre Fcllets
Plant date ton/yr feed pr »duced
SOUTH AMERICA
Pcru
Marcona 1963 1.0 Mognetite
(Marcona Mining Co.) concentrates 687 Fe
WESTERN EUROPE
Sweden
Bodas 1952 0.06 Marnetite
(sandvikens Jernwerk) concentrates
()
Persberg 1954 0.04 Mammetite
(Uddeholns AB) concentrates  64.5% Fe
()
Falun, Stcra 1954 0.05 Magnetite
(Kopparbergs) corcentrates
S
Hofors (SKS) 1955 0.05 Magmetite
5 concentrates
Malmberget 1955/66 1.55 Magnetite 30
(LKAB) concentrates  (for steel
(5) naking
67-68.5% Fe
Kirune (LKAB) 1963/65 2.0 Magnetite
(G) concentrates 68% Fe
Strassa 1963/66 0.83 Magnetite (for stasl
(Grangesberg) concentrates making
5 67684 Fe
Norway
Mo-I-Rana 1964 0.60 Hagnetite
(Norsk Jernwerk) concentrates
(G)
Enland
Otanpaki 1959/60 0.25 Magnotite 25 m
(Otarmaki Oy.) concontratas 67% Pe
(s)
Lakx |
Follonica 1963/65 0,30 Magnetite
(Montecatini) concentrates €3 e

@

1
<
]



TD/3/C.2/29
il 2:‘

TABLE III-1 (continued)

Cutput,
Starting nillion Ore Pellets
Flant date ton/fyr feed produced
EASTERN EUROPE
Ussk
Rudny 1963 3.0 Magnetite
(5okr1ovsko-Serbeisk Mining concontrates
and Beneficiation Combino)
(G)
Krivoi Rog 1964, /65 3.0 Magnetite 1216 mm
(Central Mining and Beneficia- concentrates 62.3% Pe
tion Combiro) .
(c)
Sverdlovsk 1965 0. Magnetite +10 om
(Kachkanar Mining and concentrates 60.5% Pe
Beneficiation Combine)
(G)
Krivoi Rog 1965 1.7 Magnetite
(Central Mining and Benoficiation concentrates
Combine)
(c)
ASIA
Jndia
Chowgule and Co.
(¢)
dapan
(Unloc&t()d) . OOw
(s)
Chiba 1953/62 1.0
(Kawasaki Seitipu)
(s)
Ehdlipoings
fazon 00”
(G)
AUSTRALIA :
Soott River, Western Australia 1965 0.50 0% o

AR s H R RS Yacs * ¢ ’ ‘a, M, 1%, mo dtopmuo
(S) = Shaft furnace; (G) = Continuous grate; (G-K) = Grate and kiln.
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TABLE III-2
Pellet plants under copstruction - as of 1966
mmmmumm:s::m::::::z:::z:::::::::::::::zz:s:sz:x
Designed
capacity,
Starting mwillion Feed Pellet, Fo
Plant datc tons/yr or content
NORTH AMERICA
Unjted States
Cocley, Minnesota 1967 2.00 Mognetite 62% Fe
(Hanna Mining Co.)
Pilot Knob, Missouri - 0.75 - -
(Hanna Mining Cc.)
Kcewatin, Minnesota - 2.0 Magnetite
(Hanna Mining Cc.)
Biwabik, Minnescta 1967 1.50 Magnetite 65% Fe
(Jones and Laughlin Steel Co.)
Mountain Iron, Minnesota 1967 4450 Mognetite 65% Fe
(U.S. Steel Corporation)
Lanada
Tanagani, Ontario 1968 1.0 Magnetite 63% Fe
(Dominion Foundry and Steel Co.)
SOUTH AMERICA
Bragll
Vitoria 1967 2.0 Henatite 68% Fe
(Cia. Vale dc Rio Doce) °
Pery ‘ ,
Marcona (Addition Marcona 1967 2.25 Magnetite 66-68% Fc
Mining Co.) |
WESTERN EUROPE
lugoglavia |
Skcplje - 0.15 - -
(Zelezara Skoplje)
EASTERN EUROPE
USSR ‘
Rudny (Addition) 9.0
(Sokolovsko-Sarbaisk Mining and
Beneficiation Combine ) |
Sverdlovsk (Addition) 1967 2.0 Magnetite 63.0% Pe
(Kochkonar Mining and Beneficiation ~
Combine)
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TABLE II1I-2 (continued)

o -

Designed
capacity,
Starting i

Pellet, Fe
ccntent

USSR (contd.

Krivei Rog (Addition)
(Central Mining and Beneficiation
Conbine)

AUSTRALIA

Robe River, Western Australia
(Cleveland Cliffs - Mitsui)

AFRICA

Buchanan, Liberia
(Lamco Mining Company)

R e T NS TR RSN ENESEENESEREES

Source: Economic Agpects of Jron-Ore Preparatica, E

g e . o o e e O

Magnetite

Henetite

55.3% e

et gt et ed i et R ettt e -+ A St
[ r—tmsseded {3 .

ae mase.

CE, Geneva, 1956, op, cit., Teble 13.
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United Nations Cenference on Trade and Developmont

TRADIL AND DEVELOPMENT BOARD

Committee on Manufactures

Second session

Geneva, 4 July 1967

Item 6 of the proposed revised provisional agenda

MEASURES FOR THE PROMOTION, EXPANSION AND DIVERSIFICATION
OF EXPORTS OF MANUFACTURERS AND SEMI-MANUPACTURES FROM DEVELOPING
COUNTRIES;  CO-OPERATION WITH THE UNITED NATIONS INDUSTRIAL
DEVELOPMENT ORGANIZATION (UNIDO) AIMED AT THE
ESTABLISHMENT AND EXPANSION OF EXPORT~ORIENTED INDUSTRIES IN
DEVELOPING COUNTRIES; OTHER FORMS OF ECONOMIC INDUSTRIAL
AND TECHNICAL CO-OPERATION

Prospects for exports of processed iron
ore from developigg countries

Note by the UNCTAD secretariat

At its resumed first session, the Committee on Manufactures requested the sscretariat
to prepare, on the basis of item iV.5.(1) of the programme of work, for the second
session of the Committee, in addition to the study on timber trendz and prospecis already
presented, studies on other sectors of industry with a current or potential export
interest to developing countries. The studies were to include, as far as possible, the
consideration of the following points:

(1) present and prospeciive demand in both developed and developing countries;

(11) economic possibilit.es for the establishment or expansion of such

industries in developing countries;
(111) obstacles to exports from developing countries, particularly to
developed countries;

GE.67-6745
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TABLE II1-3

Total capacity of iron-ore pellet plante in the
wordd in 1966 and plantc under construction

(m111lions of metric tons per year)

- TEEES LNRE E 2T SR R ISR R T . L LR N S I R AN SRR T O SR R T T R T

Under construction,
to be c eted

1966 1967/58 Total
North America 76.95 12.15 89.10
South America 1.00 425 5.25
Western Burope 5.73 0.15 5.88
Eastern Burope 8.40 16.10 24.50

Asia

2.21 - 2.&
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73, For the 162 million tons of pellet consumption in 1975 forecast in Table II-8,

slobal pelletizing facilities totalling 180 million tons are anticipated, an increase

f &0 million tons over the 130 million tons of capacity now installed or in
nstraction. It is expected tha. avoul &) per ceunt os this increase, or 18 mullion
tons, will be constructed in developing countries: 7 million tons in Latin America
{1.0 million tons at San Isidror, Venezuela; 1.5 in North Chile; plus an addition

o 4.5 million tons in Brazil); 6 million in Asia (mostly in India); and 5 million
tonr on Africa (iiberia, Mauritania and Sierra Leone). This would place approximately
14 per cent of the world's 1975 pelletizing facilities in the developing nations.

7/  The establishment >f an iror-ore operation enywhere is a major undertaking.
Yechniral, economic, and financial problems of a highly sophisticated order must be
solved pefore the venture becomes an effective and viable project. These problems

notuithstanding, a number of successful iron-ore mining installations have been

estavlished in devel,ping areas of Latin America, Asia, and Africa, In some instances,
the stimulus for the activity has come from established iron-ore consumers. From the
“ritial geological investigations through the period of construction, which involved
“be eraction of ore mining and primary beneficiation facilities as well as the
ectablishment of supporting installations (such as transport lines, power supplies,
Lrwn sites, and shipping ports), there has been important assistance from the more
experianced developed countries. In most of these co-operative undertakings, the

ioint effort has continued i1nto the operating stage after the construction was completed.
v The more recent of these enterprises have required major capital outlays, up to

B €00 nillion and more.

\ 73. In other ceses, local government programmes have supported, wholly or partially,

iron-ore mine constructions with mojern preliminary ore processing and treatment
adjuncts. Where there are ore expost objecilves, pelletizing installations are
included, either in the immediate plans or’in early expansion provisions.

76. A selected group of iron-ore producing installations in developing areas is
deecribed belov. IY will be seen that generally pellet processing is an immediate
censideration in the over-all plais of the various operations.
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AFRICA

Ouenza - Société de 1'Ouenza (Algeria)

77. This ore mine on the Algerian-Tunisian border 1z an example I partial g[overn-
ment support. The Djebels Ouenza EBou-Khardra deposits have been in produstion «onve
1921. Ownership is vested in the Société de 1'Cuenza, with %0 per cent f the shares
being privately owned. The remaining shares are divided btetween Algerian rnd Fronch
Governments, the latter holding 70 per cent of the balance, or 35 per cent of the
total ownership.

78. Proved reserves of hematitic and sideritic and so-called "brown ores" in all the
deposits are equal to about 140 millicn tons. The delivered ore assays 53 teo 55

per cent iron, 1.7 to 1.8 per cent manganese, 0.001 to 0.0]1 per cent phosphcrus, and

3 to 3.5 per cent Si02. In the future Ouenza oxpectc to ship three qualities of ore,
(a) run-of-mine, (b) screened 8C mm by 10 mm, and (c) fines below 10 mm. These
fractions make up approximately 40, 35, and 25 per cent respectively of the production
tonnage. Except for a small quantity of underground extraction, mining is simply
"open cut" with negligible stripping. No concentration is carried on and the mincral
is exported as a direct-shipping ore.

79. The ore is transported by rail a distance of 117 miles to the port of Annaba (Bdne)
where it is loaded into ships with draughts of up to 30 feet at a rate of 1PO0 to
1,200 tons per hour.

80. Exports of Ouenza ore from Annaba were 2.2 million tons in 1964, up from

1.5 million tons in the previous ycar. About 50 per cent of 1964 shipments went to
the United Kingdom, 13 per cent to West Germany, and 3C per cent to Italy. The balance
was made up from amounts shipped to Belgium, France, Netherlands, Umited States,
Poland, and Czechoslovakia. PFuture plans are based on a potential for export of

3 million tons ennually. In addition, Ouenza has undertaken to supply anuually a

million tons of "brown ore", containing 45 to 49 per cent iron, to the new iron and
steel plant at Annaba. This project, originally planned to go into operstion in 1966,
has not progressed as scheduled, and iron production may not begin until 1968,

8l. The demand for Ouenza ore is largely the result of ite desirable "self-fluxing"
character. The mineral is readily saleatle (but appareatly only in limited quantities)
without preliminary processing. The installations of a pellet plant at Ouenza has not

received serious consideration.
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Mont Nimbta -
The_Libgrinn-American-Swedish Mining Company {(Literin)

A2. This mining operaticn, ~lore to the uuinean @ srder in the northern part of

Liveria, is an instance of multi-natinal —rp r-ti .. The  _n-wozion is owned

7% per cent by Liberian, American, and Jwedish intor sts i+ company designated an
"LAMCO",  Ome half-sharc irterest is vestol 1a the Liberia. overnment and the other
onw half share is divided .qually bte*w.en Ameri-in-Canadias iaterests and a Swedish
consortium,  Bethlehem Steel Company owns the remaining 25 per rent of the concession,
23, The total investment for faciliti s producing 7.5 milloon metric tons of iror
ore annually was about $220 million., The faili.ias ‘nclud~ o me hanized mining
opuration on Mont Nimba close to the Liberia-Cuin -« oorder, a 165-mile reilway from
the mine to a new port at Port Buchanan, rolling stock, a d>cp water hartour, and 3
complcete township,

84. The largest of the Nimba ore bodies is reportod to contain it least 250 million

tons of hematite ore averaging é¢ per cent iron. Chemical analyses of the ore at

Port Buchanan are expected to average €5.9 pur cent iron, 0.11 per cont manganess,

0.05 per cent phosphorus, and 1.0 per cent 8102.

85. Physical specifications of the dolivered ore :alls for 30 tn 50 per cent lump

ore, 3ized from 10 mm to 100 mm, The minus 10-mm fra-:ion will contain 25 to 30 per
cent minus 200 mesh. Open-pit mining at several sites simultaneously is expected o
produce a homogeneous product.,

£6. A $51.1 million pellet plant with . rated capacity of 2 million tons per year

is belng erected at Buchanan. It is expected to go into operation late irn: 1967.

This plant, designed to handle large accumulations of fineos , will permit LAMCO to raige
i%s current rated capacity of 8 million tons per year to a new level of 10 .1illion tons.
The pellets will be 10 to 15 mm in diameter assaying about 65 per cent iron, 0,05 per
cent phosplorus, and 2.0 per cent 3102. A washing plant is being installed in con-
Junction with the pellotizing unit to produce a direct shipping ore with sizes up to

4 mm and a sinter feed ranging from 1.2 o 4.0 mm.

87. Mine production began in 1963 and reacned 7.2 million tons in 1964. Shipmen‘s
were about 6.8 million tons in 1964 with 2.6 million tons going to the United States,
and 4.2 million to Western Burcpe. Shipments to West Germeny wers also 2.6 mdllicn tons
under a contract for the shipment of 2.5 million tons each Year through 1979. Bethlehea
Steel Company receives 25 per cent of the ore shipped, and when pellets are manufactured
this company will take an equal percontage of pallet production,
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bailadille (Madhya Pradesh, India)

32, The bailadilla d.posits arc being develcped as a case of a mining installation

eotasll hed with 0l government support. It 15 located in the Bastar District,

containing rich iron ~rae estimdted 2t over ACC million tons. Fourtcen scparate

depocit of the sailudille Ringe are being developed for iron-ore export to Japen.

The iron content »f the ore varies from 60 to 69 per cent and the deposit is

deacrined as one »f the richest in the world.

#9, The ~cnstruction »f a mechanized mine, Bailadilla No. 14, the laying of & ncw

railuny, and the improvement of the east coast port at Vishakhapatnam (Vizag) will

cost about $250 mullion, It is being woveloped to produce about 4 million metric

tons of lump ore from 5.5 million metric tons of run-of-the-mine product. The iron

content of ore from Deposit No. 14 is about 65 per cent. Plans call for the develop-

ment of other deposits so that production by 1975 for the entirc Bailadilla deposit

may approach 12 million tons per year. A pelletizing installation has becn foresccn |
for 1969 or 1970, after a sufficient quantity of fines has been accumulated. ‘

fgi;;ggines Iron Mines Inc, - é
Lazon Island, Philippines)

90. This operation, heavily government supported, has a capacity to produce about

1.3 million tons or magn:tite concentrate annually from lozal reserves having an iron

content averaging 39 pcr cent. A new concentration installation, ra*ted at 4,500 tons
daily, will increase producticn to about 2 million tons por year. With exdsting
facilities, the concentrates contein about 55 per cent iron, 0.03 per cent phosphorus,
and 19 per cent SiO2 plus Al203' The output from the new concentrator is expected to
contain about 65 per cent iron.

91. Screened ore and concentratos arc trensported to the north end of Colambayungon
Island where thoy are storcd before being loaded into 11,000-ton vessels.

92. Philippines Iron Mines, Inc. has nearly complcted the construction of a pelletiazing
plant with an annual capacity of 750,000 tons, all of which is intended for exporﬁ

to Japan,
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LATIN AMERICA

Cia, Vale do Ric Doce -
Ttatira (Minas Gerais, Brazil)

93. The Brazilian govarament-coutrolled company, Companhia Vale do Rio Doce, has

Lacn oxporting high-gradc iron ores from various minecs near Itabira in the State of
Minas Gerais since 1942. Reserves are estimated to be about 1,000 million tons of

oro conteining 66 per cent iroa. They constitutc one of the world's richest deposits.
94. A broad varicty of ores is shipped. Lump and rubble ores have iron contents over
¢8.%5 per cent iron, with phosphorus about 0.02 per cent. Eighty-eight per cent of
the lump (used a3 open-hearth charge ores) measures 2" by 8"; the same proportion of
the rubble ore (for the tlast furnace) falls in the range of 1/2n by 2". Substantial
tonnages of fines, below 1/2" and analysing at about 65 per cent Fe, have also been
shipped in recent years.

95, An extensive modernization programme at Itabira includes replacement of obsolete
mining methods oy fully mechanized techniques, improvement of transport lines, the
addition of pellet capacity to produce 3 million tons annually, and a new loading
facility at Porto do Tubarao, near thc present shipping centre of Vitoria. The new
port was completed and began operaticn in the spring of 1966, Tubarao can handle
about 20 million tons of ore per year and accommcdate carriers with capacities up to
100,000 tons compared with a previous top capacity of 45,000 tons at Vitoria. The
new port alone cost nearly $25 million.

96, Since 1957, the Rio Doce Company has spent about $77 million on the iron-oure
project, the largest portion was invested on the railway. The new rail facilities,
designed to move 20 million tons of ore annually, carry the ore 335 miles to the coast.
Export contracts have already been negotiated for current and future shipments to
soveral Buropean countries, inclnding West Germany, Austria and Romania.

El Algarrobo - Compafifa de
Acero del Pacifico (Chile)

97. This mine is wholly owned by the main Chilean steel producer, which itself has
major government support, It ships high-grade iron ore at the rate of 3.5 million
tons per year, from reserves that have an estimated 1life of over 50 years. The ore

contains 66 per cent iron, 3.4 per cent Si0,, and 0.11 per cent phosphorus for open-

2’

hearth lump; 62.8 per cent iron, 6.5 per cent SiO,, and 0.13 per cent phosphorus for

2’

iron-making.
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98. The orc is transported 7.5 miles by truck frcm open-pit ~perations to the
railroad, and thenrail.d 24 milcs to Huasco where it is leoaded inte vessels having

up to 50,000-ton capacity. Japanese steel producers have contrected for some 6
nillion tons of this ore to be dedlvered ov r o ten-year period.

99. The company is considering plans for an early installaticon of a large pelletizing
facility.

Cerro Bolivar - Orinoco
Mining Company (Venezuela)

100. A wkolly-c.med subsidiary of United States Steel Corporation, the Orinoco Mining

Company has been shipning high-grede iron ore from the Cerro Bolivar deposits of
Venezuala since 1954, Proved reserves ere estimated to be over 400 million tons of
ore, containing betwcen 45 and 62 per cent iren.

101. The ore, a mixture of hematite, limonite, and minor magnetites, is availar'e
in wide variety. It is rclatively free of objectionable impurities, as indicated by

a typical assay: 60 per cent iron, 1.5 per cent 8102, and 0.10 per coent phosphorus.
The physical condition of the ore is variablo. The high percent~ge of fines usually
present are sintered at the iron and steel plant to which they are shipped.

102. The orc is extracted by open-pit mining and transported down steep grades by
truck to a single-track, single-purpose railroad leading to Puerto Ordaz, 90 miles
away on the Orinoco River. A 184-mile channcl in the Orinoco River is kept open by
continuons dredging to permit yoar-around operation of large ore carriers, drawing
over 30 feet of water.

103. In rccent years, shipments have averagec about 10.5 million tons annually. A4bout
€0 per cent of the ore is sold to the United States Steel Corporation in the United
States. The balance is shipped to consumers in Burope, chiefly the United Kingdom,
West Germany and Italy. Approximately 1 million tons of ore annually is sent to the
Venezuelan netional steel plant at Matanzas, less than 10 miles up-river from Puerto
Ordaz.

104. The Orinoco Mining Company has no immediate plans to add regular or "oxide"
pellet facilities at this mine. Instead it plans the development of a $40 million
pre-reduced pellet plant that will raise the iron content of the run-of-mine Cerro
Bolivar ores from 60 per cent to about 85 per cent. Designs for an initial capacity
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of 1 rillion tons a~c ncnrly completed and construction is scheduled for 1967.

Depcnding on the succcss achieved - at the direct-reduction processing plant and

in the iron-producing furnace - the snnuel pre-redu.ed pellet capacity at Puerto Ordaz
may ultimately be raised to 10 million tons.

T IRCN-ORE PROCESSING IN DEVELOPING COUNTRIES:

SUPPORTING FACTORS

105. The preceding review prescnts orly a representetive picturc of today's iron-ore
rining cperations in the developing rcgions. Omitted are such important instaslla-
tions as Marccns {Feru) and San Isidrs (Vcnezuela) of South America; Goa and
Pellary-lHospet (India) and the Malaysian iron-ore mincs of Asia; aand Marampa

(Sierra Leone), Fort Gourand (Mauritanin), and Mekambo (Gabon) of Africa.

106, An equally substantial group has been omitted because it includes mines of
so-called industrially advanced countries. Accounted among these arc Kiruna (Sweden),

Hamersley Mining ana Scott River (Austmlia), and various new mine developments

(Caneda). Finally, it is apparent that thc major home orc operations of the United
Statcy, the United Xingdom, Wester: Europe, the USSR and South Africa are also
removed from the scope of this report.

107. Whal remsins is a typical cross-section of the iron-ore mining operations of the
industrially limited a:eas of the werld. In cach case but onc of the seven installa-
tions cited, large--cepacity mines have been established in rccent years around massive
cndowme.is of high-prade iron ores. The exception, Ouenza, is of limited size and

reiatively “old" as an operation, in contrast to thc other later and more modern

installations. Each of the seven mines offers for export a variety of products from
run -of-rine ore to fines for sintering. All tut two also arc planning to instal
pellets to their oxmort product test; omitted are Oucnza which bases its sales
effor’ on the sclf-fluxing characteristics of its output, and the Orinoco Minocs

Pl operation in Ven:zuela., In the latter case, there is no underestimation of the

5 importance of pelletization; thc operators arc looking one step ahcad to pre-reduced
pellots, insteed.

106. The interest in pellcts -~ oxide, self-fluxing, and pre-reduced - is hardly
accidental. it follows from a build-up of competitive forces in the international
world mrrket, -that are inherent in the figures of Tables II-2 and II-3. The spread




Letween iron-ore consumption nnd Act sl prosooing capaciis oD molllot tone
(565 million tons vercus 574 mill: - in 1/ in sxporto 1 o w0 v o0 =aldiin b in

1970 and 44 milliions in 197%, o oy cooavellanility will 5 3tiin 4 owrochagers
S :

market, Suppliorc must oo ooocracd wobth the lr awility ¢ opr i Y nLghest crade
and croadest varicty of produs o oolciiny pollote,

109, Fer the medern iron-ove none operator, pro-treatment aratility thi appears to
be a necessary adjunct for survive.., Tne implicd ircrease in th oz itode of his
operation introduces possiviiitics for reduced unit prodiction coste and, accordingly,
& more competitive price position., “hus twe factors, & wider preduct list Lo offer

to the world markct and a better ba.  from which 4o mect price competition, favour
especially processing plants at mine sites or their associated shipping ports, Thas
is evident in the decisions that heve alrcady been taken ty iron-ore producers and
iron-ore concwiers at mires - LAM.T and Western Australi o typical  wamples - where

poth have 2 joint interest.
IRON-ORE PROCESCING I DEVELCPING COUNTRIES: OBSTACLES

110. Therc arc alsc negative [{uzctors which may impede the development of iron-cre
peilet production at the swurce. Thc more obwviocus of these arc: (a) tariffs in
importing countries, (t) high capital requirements for thc proccssing facilities and
associated services; and (c) limitations in the availability of expcrienced
management staff forces from domestic personnel. The naturc of these potential
problems is bricefly disci.ssed below,

Teriffs in importing countrics

111. Devoloped countries relying on imports for a significant portion of their iron-
ore requirements are nol likely to raisc tariff barriers against this .aterial. The
United States, for example, has no duti os{ on iron orc. The same considerations apply
to iron oxide pellets. For cxample, no dutics are paid by Japsnesc importers for

iron-ore, sinter fines, or pellets.

J,/ Information received from representatives of the Nippon Kokan K. K., after
consultation with the Japanese Consul-Gemeral in Now York, and several
Japanese trading houses.
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112 The future tariff status f pre-redu-ed mat rial prces mere of a questicn.  The
pro-redustion of aron ere b, say, 85 per ~ent iron ~oatent may ultimatcly offer
definite advantazes in proda ¢ guality ad lower sripping costs per torn of metallics,
Furtheroore, tho valac 8 %5 rroLact will be incressed vy the addatinsanl work éone
cn by From th Lariff siowp.dat, importin, countrics might classity pre-reduced
mreerial in the came catenry s ore or oxdde pellets, equate it to (synthetic)
ceorap, or consider it a comi-manufactured product.

113, To date, therc has been virtually no trade in pre-reduccd material, £o that
there is no precedent to go by, However, pact oxpericnce shows that the more work
done ou an imported raw moterial outsids the country of crnsumption, the morc likely
is it that affected partics (labour groups, competing producers, ote.) within that
country will exert pressurc for tariff protection. Just how pre-reduced material,
will be considercd is presently unclear. In this connexion, however, it is useful to
notc that the first United Nations Conference on Trade and Developmeat in 1964
edopted a recommendation that the developed countries should in internatifonal trade
nuzotiations "muke every cffort to sccurc maximum reductions in and, vherever possible,
the climination of tariff differentials which differentiate unr-asonably bectween
proeoncte in their primary and their processcd form".g/ This recommendation was
adupved without dissent by representatives of over 100 countrics, including every
devcloped nation of the world. Its expresced intent, to encourage processing
activitius in the developing countries, would obviously be violated if tariffs were
imposed on pre-reduced iron ores cxported from théso countries.

Capital requircmentc /

11/, Large amounts of capital funds will be necded for construction and equipment to
build and opcrate iron-ore proceesing plants. Presumably, a large portion of thcse
funds might bc supplicd by participating steol companies from the doveloped countries
that would consume the proccssed material.

2/ Proccedings of the United Nations Conforence on Trade agd Duvelonninut, Vol.I, Final
ict_and Reparv, Annex A III.4 "Guidolines for <ariff end non-tariff policies in

respect of manufacturcs and semi-manufactures from developing countries",
p.38, pcra.lo,
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(iv) possibiliti~r for indust=in! co-operaticn between developed and
devaelopin - eountri. 2,
(v) establiskimery of commen markots nd rogional arrangements for
facilitatin:r eoonomic intopration and thke cstablishment of rogional
or gib=reglonal o™ triers in developing countries;
(vi) eapita) outiyr raminc® for the establisivae..t of an efficient
industrial onterprise aod probable pericd of amortization;

(vii) possible ncoc for ard availability of assistance from developed
antrics Lor the production and export of products of developing
countries (¥D/B/69 - TD/B/C.2/14, paragraph 20).

It was fucther stated that each of these studies, when comploted, would be
soesidored hy the Commdstee which ndight, if considered desiruble, establish working
partics similar to the one set up on forest and timber products (Ibid., parsgraph 21).
# +tudy on Lhe prospects for exports of processed iron ore from developing countries
nis boen preparna within the above tirms of refeiance, at the request of the
seeretariat, by the Battelle bemorigl Institute.  Chapters I and VII of the study
Jlves a cummary of the main findings and conclusioas.

This study is herevith svbmitted to the Committee for its consideration.

The drsignations employed and the presentation of the material in this work do not
imply the expression of any opinion whstsoever on the part of the Secretariat of the
United Nations concerning the lepal stutuc of any country or territory or of its

antnowrities, or concerning the deil.xtlation of 1ts frontiers.
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115, Many daveloping -ountrics, hewever, logically desire such activities to be at least
partially owned ry domestic interests. All ton fton, capit-l funds available in
developing :cuntrics are far fr-m ample and must Lc allscated n some sort of pricrity
Lasis,

116. Equally important, capital funds alsc wodd e requird iy most instances for

the infrastructure additions needed t- Support iron-ore processing operations.  Such
supporting requirements may include port, dock and stockyard facility enlargements;
special handling installations; increased transport units, watcr, gas, clectricity,
sewage and other service lincs; and also expanded community installatiogs.

117. In developed ccuntries, the availability of a sufficiency »f most of these items
is taken for granted. This nay not be so in developing countrics. In most instances,
the national or local government within the developed country nust take the major
responsibility f-r the provision cf adequate infrastructur. support.

Requirements for ad:iquite
management staff

118. The opcration of an iron-ore mine and its associated facilities requires know-
ledgeable management, technical competence, and skilled sperating personnel., A

strong manager or management tecam ie often lacking in developing countries unless the
project is a joint venture tctween the developing country and the developed country.
While this is generally the casc for iron-ore projccts, there is still an insufficiency
of skills and managerial know-how among developing country nationals. This is cqually
true for skilled operation personnel.

119. For the most part, these conditions are generally "solved" for mining operations;
for ore processing the situation is not likely to be very different. The same transfer
of know-how that marked the transition from run-of-mine to upgraded ore outputs will

be extended to include oxidc and, later » metallized pellets. The challengo of funding
exists for all industry efforts and, in this case, may be offset by favourable returns
on investment thatusually may be anticipated. Finally, tho deficiencies of adequate
management personncl and trained labour staff will gencrally be resolved by the
bencfits which toth producer and consumer of iron oro may receive from processing at
the source in doveloping countries. Closcly related motivations provide the basis for
wholly or partially joint activities that combine the experience and needs of the
developed areas with the resources and anthusiasm of the developing countiiocs,




CHAPTER IV

TECHNIC AL CUNLIDERATIONS COF I.0N-COke [MCCESSING AT T LITE

120. The incre-sing oromincnce of iron cre o0 o dtem of trade in the world market
derives from factors which have been cnumer-ted in Chapter 11, [hree of the more
important of thoee ~ro. {a) “the developmort of laryo depesits of hizh--rade iron ore
in areas remot: from the world's contree o0 stool productionty (b)) an cccelerated
“demand for iron core to sntisfy the stecl-maving needs of an expanding world cconomy;
and (¢) “the widespread npplication of hi;nly efficient new ircn-aaking proccdur:s
that are dependent on high-quality processecd ores®,

121. A superficial considcraticn would vicw the first of thousc developmonts as mainly
the zrovince »f the iron-ore produccr, the seccond 2o srimarily thrt of the ore
consumer, and cnly the third of cqund corncorn to preducer nd purchaser., in actual
frot 0V threo o sitotinn e of diroet dntorest Lo bt partion. Ar roearts the
first point, most rnew iron mines in the developing srocce oxist todny as » result of
explorations by iron-makers from industrially advarced countrics, secking adequate
orc supnlies for their furnaces.  occend, » rising level of irin and ste-l demand
and producticn will almest always have 2 corrospording impszet at the iron ming,
impesing requiroments for cxpanded plant frcilities, vularged handling srd loading
capabilitics, and greator ship careo caparitices. The third factor places a premium
on hish-grade processed ores at the iron pi-nt, ~n. on » diverse product List ot the
iron~ore mine, This 1s vspecially true for ore “wraticns in the develcping country
whose cutput is destined mainly for export sales to a hirhly compotitive marget.,

Classes of ore availcble for export

122, Thus, LAMCO offcrs Liberia's Nimba orcs as: (a) a rum~of-minc product extracted
by selective techniques from "as-mined" ore; (b) an improved grade of run-of-mine ore;
(c) fines for sintcring and also for use in direct-reduction fluidized-bed plants;

(d) pellet f2ed; and (e) pellots. Currently only the run-of-mine product is

shipped; by the cnd of 1967 when an ore-washing plant and polletizing facilities

are completed, all five grades will be available fer export.

123. The samc variety of iron-ore products, with one exception, is typical of the

output that the iron-ore producer in many of the developing countrics will offer for

sale to the international market. The cxception will eventuzte with an anticipated
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deceline in shipments Sf pellet foed-orc ;r':dos.y In ~.ner-l, the speeific demonds
of the iron-crc market will be met - currcntly »nd for the intermediate future term -
by four classes of orc: natur:l run-of-minc; sclected run-of-mine; fines for
sintcring; and pcllets.

Rolative impertrnece o f classes
of orc fcor cxport

124, The rclative importance of cach of these grou s can be deduced from Toble II-5
and Tcble II-8.  Anplying the percentpe distributi-n ~f the latter to the
anticipated tonnage ¢f iron ore in international trade, 2 reprosentative division by
type of proccssing may be drawn. Within the projection of 292 million tons of iron
ore, concentrates and agglomerates to be moved in the world narket in 1975,-2/ sinter
orc shipments will cqual about 130 million tons; run-cf-mine ores, 100 million tons;
~nd pcllets, sonc 60 million.y Of thesc quantities, the developing countries of
Latin .mcrica, Africa and 4Asin will provide ncorly haif.

125, Dependent for so large a portion »f their ore requirements on “fereign sources"
in the developing areas, thc iron and stcel industries of the advanced nations can
hardly bc inscnsitive to the copebilities and scowe of operations at these new points
of supply. This is not an unexpccted relationship. Iron-ore produccrs and consumers
have alwoys had to be concerned with each others! problems. This was the case when ore
treatment involved only crushing and svparation procedures, and it is cven morc true
with the advent of sophisticated processing techniques - sintering and pelletization -
on a broad scale. A brief revicw of iron-ore treatment practices will highlight the
mutuality of interest of producer and consumcr which underlies the technical basis of

iron-orc processing at each stage ~f the development.

;/ As a mine's production of pellects reaches design levels, pellet feced-ore will be
increasingly usced up in the on~-site pelletizing operation.

2/ Sec Table II-5. Thc figure of 292 million tons, averaging 62 per cent Fe (181
million tons of contained iron), compares with approximately 275 million tons
(165 million tons of contained Fe) by T. Dennison ("0il and Fucl: Some Economic
aspects and Potential Supplies" rc=2d beforc conference on '"Iron-Making Tomorrow'!,
British Iron and Steel Institute, London, November 1966). The higher figure
used in the text takes partly into account the footnote to Table II-5: '"Some of
the orc may bc put into a stockpile for future use’.

Based approximately on the relative percontages given in Table II-8.

In Table II-8, Asia, Africa and South America account for about 45 por cent of
the total iron-ore exports foresecen for 1975.

'y
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oi.ole or. troatmonts - crusnin-,
Soro.ning, Sizing ~ad blonding

126, Mhe c-riixst steps Lvolved from considerations >f the producer's convenicnce.

'Z wore nine mads it possible to scparate lumps of ore that were rcadily m~u ageable from
othors that were not. Crushing reduced the quantity of the lntter, and simple
~crocning syctems conveniently divided the nroduct by sizeo. Later, with the intro-
ructicn of more advanced cquipment and concupts, these -rocedures were used deliber-
f% “tely to break away iron values from sancue in the natural mincral.

127. By euch mcans run-of-minc ores were converted inte an onriched product that was
more casily snlenble. Mnaterials that were tos fine or too low in iron content were
disregarded and sot aside as cconomically unintcresting or technically difficult to
DFUCUSS.E/ The immediate advantages of simple processing werc enjoycd mainly by the

or. _roduccr, He gainced a better yield in his operation and, often, an improved grade

of product from this added cffert at the nine.

126. The irun-maker, on his part, observed that his furnace ran smoothcr, and that
specific cutnut was increased when he charged unifcrm and richer burdens of a fixed
size range. He accepted the trcated ores as premium products. In the interest of
uni formity, physical and chemical, he specified mixtures cf several of these ores,
and blending was thus added to the list of preliminary ore treatments. Better iron
quality and, frequently, lower iron ccsts were achieved by the iron-maker a5 a result
of the "sinpler treatment procedures.

Devclopment of advanced
treatments - sintering

129. Selective improvement of the natural ore by "making little ones from big ones"
and often, 'better ones'’ alsc developed over a pcriod of more than half a century, and
by the mid-1930's was practiced widely in numcrous well-established concentration and

bencficiation procedures.

2/ This was true, of course, only when there were better alternative ores on hand.
In Great Britain and in the Minette regions of eastern France and western Germany,
ores no better than the Mesabi taconitcs have been the mainstays of important
steel industry operation for more thon a century.




130« during the s-me tine n rcversce problem dove loped, moinly ot tas irn Lant,

Iron-ore fines -~nd cuke brocze accugulated in ircrensines mounts in tho stockyard;

and rich flue dust frem the blast furnace 55 s settlo | wut in aD of SRS B O These
products represented voluabl . credits t the ironemakine pros 55 00 thoy could boe
returncd to the furnace burd.n.  Othorwisc, ticy wer. niy ot sarc . nulsance

problems at nearly e .ry iron ul-nt. around 1910, metho.s wore porfected to fuse
these wastes cconomic:lly into xtrengi rich sinter cuke that mads na :xcellent burden
addition, Gradually, ov.r the next twenty years, the Larper interrntoed stocl woerks
added sintcering units t . ncke bio o cut of little gncs“.é/

131. Sintcring provided ndvantages to the irun-unker that were very dircct.  Dust

and fincs th~t were usually held in inventory ot token prices (as little as 10 cents
per ton was n frcquently uscd fipure) assumed real v lu.s that were commensurate with
thosc sct for yrime ores. at the mine, the src prosucer “lsu bencfited. To mect

a growing ‘'demand for iron ore to satisfy the stucl-making noeds of ~n oxpanding world
cconomy’’, hc¢ accelerated znd mechnnized his oper~tion. rhis gave him an output with
increasing omounts of fines. with these fincs nccuptoble it the sinter units of “he
iron plants, he could export A _rovisusly unsalenble froctisn f hie production,
Althouzh he had to quote reduced prices for sinter fives, they, ncvertheless, included
adequate profit maregins., In a rcal sensc, the acceptance by the iron-maker of high i
sintercd ore burden practiec which improved the iron-production operation, also gave
an added utility to run-of-minc fincs that was a substantial boon for many long-
established ore produccrs. anong these was included pr;ctically every supplier of
home ores in the industrially advanccd countrics, as well as prouducers at the new

(and older) mines of the developlag arcas.

132. The contribution of the sintcr proccss to this Mextension® of available domestic
and forecign orcs is apparcnt in Table II-6. The'E§SR, which in 1945 produced 4
million tons of sinter (2fter 2 previus high oqu/hillion tons in 1940), went from

12 million tons in 1940 to over 100 millions in 1965; and the countrics of Western
EuropOZ/ rose from 5.6 million tc 37.5 million tons during the samc yoars.g/ For

IQQ

So did many smaller works which otherwise would not have been ablc to maintain
rcasonably economic production performance.

N

The EC5C countries only zre included in the figurc. Sweden, which is not
included, prouuced 1 million tons in 1950 and about 4 million tons in 1964.

IQ)

Wost Gormany accounted for about two-thirds of the total in 1964, and practically
all of the sinter tonnage in 1950,
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the bnlto s Hinpdom, the fi-uroc v 8 million tons (1990) -+ oL willione (1964)
reowciivelys  for Jopan, the corresgonding sinter production wes 2 ailliorn ~nd 23
million tone; nd f rothe dnit d ottt e, 17 millior nnd 5o millicn tons. vinter
was produced dmost oxclusively from o o g, but After 1995 increacing o) ntitics
of fines woere required.  Since then, Lar-e siwounte werce iaporterd, sy 1960 the
advntages enjoyed by the domestic o oroduc.r from tne increascd demaund for sint.r-
grade ores werc fully sherad by many tor 1:n iron-ore supjliors.

133, The demond for sint »r, jplain or s. 1f-fluxir~, followadd from the iron-maker's
skill to [ rowuce the matorial mnd thon t. usc it with increasin-~ success as an iron-
furnace charge materaal. The irpr ved C(cunomic snd technic 1 verfurncnc: potential
reflected by smoother furnace cperotions, hifqher tunnsage utputs, lowcr coke rates and
better irun quality wos clearly sunmed up in reduced [roducticon costs. The
nagnitudes of thuse improvements have boen thoroughly d»cumcntcdg/ so tunt it will be
sufficient tH cite - nly on¢ case hore. T-LL. IV-1 shows thc rise in Jpancse blast-
furnice officiency from 1954 to 1965, in terms of reduced ¢oke consumption per ton of
iron produccd. vith increasing ugglomerated burlen that is largely (90 per cent)
sinter, coke rates fall impressively, by about 30 per cent,  Simil~r exxricnces
have been duplicated by iron-r kers throuchout the wvrld.ég/

Further advanced trcatment - pelletizing

134, Sintcr techniques were ccnerally established in the industry by 1955. Notwith-
standing the cohsidcrqblc advantores that wore demonstrable for the practice, that
year marked the introduction of a new agglomeration method, peiletization.  The
develomment grew out of efforts in the United Statos and Canada to convert massive
taconite reserves in the Lake Superior region inte a suitable substitute for depleted
sources of direct shipping ores. To liberate the ir n fractions from the gingue, it
is necessary to grind the natural taconitus to about minus 325 mesh. Such tiny
grenules cannot be kept from sifting through the yrate bars of n sintcring machine.
The fine material was therefore moistenedll/ and "balled into “grcen'® pellets approx-
imately 1/2" in diameter and baked. The resulting ball, whern properly rade, is
strong, abrosion-resistant, readily reducible, and altogether an oxcellent feed for

an iron furnace.

9/ Sce Chapter IV, Long-Term Trends and Problems of the Europcan Steccl Industry, ECE,
Geneva, 1959, United Nations publication, Sales MNo. 60,I1.E.3

10/ Sce documents of British Iron and Stcel Institute mecting on "Iron-Moking
Tomorrow", Londen, 23-24 November 1966.

11/ Sometimes 2 binder, usually bontonite, is added.
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TABLE IV-1

Tronds in Japenese blast-furncce
efficiency, 1954-65

“WM. 1
; 5

Yoar hgglomorated maierial ; Coke consumption,

in burden, per cent ; kilograms/metric ton of pig ,,

i ;

1954 44.1 | 73 |
1955 44.7 # 1710 b
1956 4.3 730 | |
1957 44.4 715 i
1958 52.6 664 ’
1959 48.6 632
196G 46,5 617
1961 55.6 598
1962 62.6 550
1963 2/ 61.1 521
1964 61.2 500
1965 63.4 502

Source: Statistical Yearbook for 1965, Japan Iron end Steel Pederation, 1966.

8/ Puel-oil injection started in late 1962, figures from 1963 on also
include the effect of fuel-oil injection.
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135, Pelletization has boen cdopted by the iron and stecl industry somewhnt less
rapidly thrn was sintering. For unc thing, many stuel plants have made recent

sizable investments in sinter facilities. Furthiermore, pellets as a charge material
src not nccessarily 'hetter! thon sinter. In actual fact, pellets are complementary
t¢ sinter rather than competitive. In some cascs, one technique may be preferable:

in others, the sccond moy be decirable.

136. Nevertheless, pclletis offer important positive cffects at the blast furnace, and
in 1956, with a ~lobal »production of 6.3 million tons, the practice achieved a brenk-
through in the iron-mokine inlustry. By 1964, world pellet output had reached 35.7
million tons, an incrcasc of 29 million tons in ten years. Inpressive as this may

be, it is gignificant th-t during the same period sintor output for the world rose from
80 million tens to 280 millions,

127, The surport for pellet practice has come strongly from steel-plant operators in
tiie Unitced States, Canada and, recuntly, from Jnpan.  Thus, ¥pellets are now cen-
sidvred to be as offective as sinter with rospoet to production and coke rate ese
Mecanwhile, the intensification of crushing nnd screcning of ore has causcd a shortage
in sintering capacity, nd it is considercd from such circumstances that the demand

for pellets in Japan will sradunlly increasc in the futurc”.ig/ This trend is
rcflected in the figurcs of Table II-8,

138, The anticipnted increase in the future usc »f pellets will have an important
impact at the iron mines. Unlike sinter that is gunerally produced at the iron and
stcel plant, pellets may rendily Le manufacturcd at the source. To date, practically
all the pellets consumed are produced at iron-ore mines or neor associatced shipping
points. The pettern is being followed closcly ot the new plants under construction
and on tnc design boards.  The iron-ore ;roducer who exports the pellet and the iron-
maker who imports it each doerives benefits that arce very much like those resulting

from the use of sinter practices in the steel industries. In the futurc, it appears
that thes: advantnges will continue and, in the case of the ore producer, appreciate.
139. Two vnrioticons of the pelletizine process, nodulizing and fine orc briquetting,
have hoeen introduced during the past fuw years.  Neither development has yet excited
any considcrable intercst in the industry.  Essentially, both variations may be
groupcd with pelletization, with rcgnrd to genernl featurcs of the mothods by which they
arc produced, level of iron content, and the manner in which they may be used for iron-
making. The pre-treatment in each case lends itselt to ready production at the source.
12/ S. Hayashi and .. Jizuka, "The Effccts of Durden Preparation on Tron-Making'';

"Iron-Mnking Tomorrow', British Irun and Stecl Institute meeting, London,
November 1966,
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PREF.LCE

This study of the prospects for export of pracessed iron (re ron developing
countrics har beer undertaken by the Batt.lle Memerial Institute, ot the request of the
United Nations Conference on Trade and Developmeat.  The study i one of several
which the UNCTAD Committco on Manufacturcs requested the scerete.iat to prepare on
sectors of industry of current or potentinl cxport intercc. t. developing countries.

As indicated in its title, this study is cencerned specifically with processed iron
orc¢ as a commodity of world trade, mcving fron primary producing countries to
industrialized ones.

There is no question that an agglomeritcd iron-bearing mincral is favoured over
the non-treated orc by the¢ iron and stecl industry. Indecd, the oconomics of today's
advanced iron-making technology, no less than the requirencnts of the techniques
themsclves, demand processed ores with the higheet_iron content pussible and
consistently uniform physical and chemical characteristics. The development of such
ores "artificially" by pro-treatment was sugpested and sponsored by the iron-makcer
hinself during th: past two decades in an ¢ffort to improve and protect his operation.
To attain the first of thcse objcctives he has had to Increase the output of his
furnacc to satisfy a rising demand for iron;  for the sceond, he has scarched for
fwans to reduce the cost of his operation and raise the quality ol his product.

Among the steps taken to achiove these ends, the introduction of practices using
butter ores holds a prominent placc.

Improved iron-bearing materials werc obtained initially through sclective grading
of the natural product. Later, the character of the ore was altcred by beneficiation
procedurcs.  The past ten years have scen these r.latively simplc practices augment.d
by sophisticated processcs that producc sinter and pcllets.  A- already noted, these
developments were initiated by the iron-makcr;  the pre-treatnont or processing

concept thercfore does not have to be "sold" to the iron-ore consumer, The polnts

that are of concern today arc "what kind of pre-treatment?" and "where nay the
processing best be done?™  Part of the answers to such questions is already available,
The iron-makers' preterence for agglonerated ores - sinter and pellcts - is clearly
evident at most iron and stecl-producing contres of the world. Morcover, a strong
trend toward the use of increasing amountz of pollets is denonstrable, This has sct

the stage for the production of ever greater tonnages of iron-ore pellets in several
doveloping countries,
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At many iron sources in Africa, Latin famericn, asia and the Far East, orc
producers in developing countries and cre consumers fron doviloped 'nus have worked
topether to plan larpe nining projocts, which thoy urc now oporating Jointly.
Reeently, several have decided to add pelletizing facilitios.  Some ~f thesc plants
are 8till to be built, others arc in ~onstruction and a fow arc already in production,
Ultimately, such installations could provide u corsiderable part of all processed iron
ores traded in the world market. The positive ccntribution that ore procossing "at
the source" may make to industrial ndvances in deviloping oountries with geod iron-
orc endowments is gonerally apparcnt.

Although these effects arc "gbvious" they dorand sorious active attention, and
the potential consoquences roequire sharper definition. The addition of processing
facilities to supplement iron-orc mining opcrations in developing countrics introducas
a long series of questions:

"How much ore - processed and otherwise - may be required to mcet the

current and futurc demand »f the world's iron-making produccrs?"

"From what sources will these iron values cona?"

"What are thu economic implications of iron-ore processing activity
in devoloping countrios?"®

"What conditions may opcrate in support of and in opposition to such
operations?*

"What are the financial factors that apply?"

"What dogree of co-operation is nceded in the developing arees, and
to vhat oxtent may assistance be forthcoming from developed countries?"

The replies to these inquiries support a general conclusion that the prospects for

the export of iron ore in nore processed forms, from developing countries, are quitc
favourable,
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166, AWk nly sne iron-ore sining sperrtin - U.3. Steel's Orinoe. Iroa Mines in
Vaneausla - has takun Jdufinite etepe L ndd faoilides L pre-paduce art of the rutput
o[ the exteting instellation, the intersst in ,rocedures Lo raise ir>n—pe eontent
"artifically” sbove maxime natural levels is videspread throughout the iran-ore end

&/ Tha Beanoals Zimes (India), 27 Ootober 1966,

&/ The amirtistion charge sver o 23=year Life for the ertire investasnt is §1.28

(out of the tatal §3.52 fixed oharge)., The pellet fasility represents one-third
of the entire investaent, or { = §0.4).

A8/ %.m.. fosteote 13/, which cesunes ¢ mine margin of fl.% per grors toa
3 natural ore and §3.00 per ton of pellets.
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iron-tahing industri: Mo amations rameds t o Ts o rmwer D0 The o Pt v P by
the jroblans that wey -ri oarasticnday 6 R R R !
retnllized ores containin: - - a0 oirar o I L T D SO
udvantigos £or the iron-uakor e o0 rest S0 Mh o aveiae 0t 0 r v wpon !
iron-ore praducer, 8> loic . 'hot dprvesti tion L A S T o L L T

carried on with great ursgency AT B S A 3y wher preeradage b o g seesdbly T
become a stendard practice tn the 11 6, vants, but fave yoore honee ey ot bt

an assumption. Since it will trke mer . il th.t tize w0 pocl nd  ut » re-relacti o n
facility on stream, o fow pralininary #3arts on oolicabic cepital ~od oporeiing o0t
estinates are appropriate nuw, wven thugh no real produetion cxporience ta vediabie for
reference.

167. The investnent needed for o 1 uillion ton . y. ir pre-ruduced poliet lant is
estinnted in this study at $53 per annual ton, >f which $12 is pr vie  fHr reductdon,
%13 per ton for pelletizing, $9.50 per ton for jreparation, nd 312.5 per tuon for nining
facilities. This figure conpares with an estin.te f €50 por annual ton by Graff and
Bouwer. The $18 per ton >f ~nnual capacity of pre-rcdured pellst plant 1lone Ls somewhat
higher than a2 $13 per ton estinate celeuleted by rouse.rch metallurgists of the U.S.
Bureau of Mines,lg/ for a 2 nillion t:n yer year plant., Sonc Hf the differsnce is to be
found in the assumed sizc of the pre-reductin installatin under eonsideration,

168. As noted above, ~roduction enst eveluations rust be lurpely bas.d Hn untastec
assunptions. Graff anc Bouwer hove developed figuraes for hot-netul production for natural
ore cnd five different types of processed nrterinl. A special casc, conparing regular and
pre-reduced pellets, estimnutces the capitel investient for | ellet producti on neoded for o
million tons of hut metal per ycar. In the first instence (1,335,000 tons >f ragular

62 per cent pellets annuelly), the cost £or nining, preparation, and pelletising
installation is estimeted at $40.6 nilli»n. In the second, (1,032,000 t>ns f pre-
reduced 82 per cent pellets) the estimate is $51.6¢ rdllion.

169. The addition:l investment >f $11 rillion ylelds =n estimated pist-tax (48 per cent)
savings »f $860,000 or 7.9 ner cont. Graff end Bruwer observe that this return on the
additicnal investnent for pre-reduced pellets may not be “sufficiently attractive". It
should be notec, however, that the return calculated on & pre-tax "annucl savings® of
$1,650,000 would be o respecteble 15 per cunt on the additisnal capital expenditure,

19/ N. Bernstein, J.L. Reuss and P.L. Woolf, "A C>st Comparison: Production and

Smelting of Prereduced vs. Iron Ore Pellets", Journal of Metals, May 1966
Table III, p.654.
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CHAPTER V!
PHATT' "AL DL IDERATLO L F IRUK-URE FRCESSING AT THE SITF

haptor D00 2eme 0 the yeneral © nditions supporting and opposing iron-ore

Py At the ite wore reviewed Criefly. Chap.ers [V oand V discussed more
te 0 nlly rel vt tochricas o nd ceonomic functions. In *his section, attention

Al Yeeused o of the prgmatic factors. The more important of these

oty otk dagres f oauppert trnt the main consumers of iron cre, t.e. the prnducers

td ceel de tae Induotrially Joveloped nations, will continue to give to the

1 toof un- ot procassing capabilities At iron-ore mining nperations in the
Triny countries .

cooouw cmvebidaty and exwort position

Geo s Tt Wl e merud tooquate broadened iron-ore processing capability at the
Wi-hoAmproved notential for oaxport to the international iron-ore market. In
St o0 this peint it i necossary only to elte again the . S. Bureau of Mines'

"o that ty 170, pracoicclly all iron ore consumed by the industrialized
Coatrics will be tenefi-iatod,d

oy b

0 La teasingly, the iron ore that is expected to move in international trade

W ovimately 220 aillion tens in 1970 and 290 millions in 1975) will include larger
pe-tities of graded ore, sinter fines, uand pellets. lven the exciss of anticipated
e prodact on capac.ty over exnected consumption indicated in Tables II-3 and I1-2, ors
upyl ers of the developed and the developing courtries will both be faced by com-

2t tite price pressuces or the one hand, and more stringent product specifications on
whe ~Lher, The effect of bro.id:red processing capabilities in such a market d.velop-
mnt is tilustrated by the :imi‘ed potential and objectives of the Ouonza mine for the
future. comnared with those of the other six operations described in Chapter IIT.

I73. "t is also desirable to recall the tonnages of processed ores that are under

consi foration for 1975, With reference to paragraph 124 above, the iron-ore exporting
rount~jes of South America, Africa, and Asia are expected to export some 45 million tous
i natuval and graded run-of-mine ~res, 55 million tons of sinter fines, and 28 million
ous 7 pellets. The point needs to be made that {ines and graded ores will sgual more
tran three times the unticipated pellet shipments. For the developing country mining
op vation whick may not be in a posiiion to instal pelletising facilities, this means
thau there in nonetheless consideraole latitude - up to 100 million tons of domand - in

AT AT

1/ K. T. Reno, "Iron Ore", U. S. Bureau of Mines, MineralsXeartook (1964).
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wnigh to operntc.  But it mus. wlso be stressed thet it will be desirable for such
runes Lo extend as nurh as possitle their capabilities to concentrate and otherwise
benefieiate thedr outputs. This 15 necessary as an offset against the possibility
tFat cach of the developc? countries, with the solc exception of Japan, may choose to
yrocets low-grade home ores rethor than import cqually poor or slightly better iron-
“eering materials.

.. ke mumainacT of tuis clapler, some of the practical reasons why the iron-ore
consumess of the developed countries shovid, or should not, do just that are considered.

Foogeesing of i_mga_rted_pr_'_c;._‘_gt_.p}_x;“n_]_&;ngg _versus at the site

175, Therc is some concerr, cepeaiails wwong steel producers »f Western Furope, with

the frect of new practicce patterns taat faveur Lhe use of foreign iron ores. An
nnthoritative expert of Lhe Turcpean Goal and Scecl Community notesg/ that. the first of
the processing stages, which cven todav is invariably carried out close to the mines,

ie ore beneficiation; thc dilZ~ront methous needed for different ores and the saving

op *wapsport costs have alt £long ‘1l out its inc'usior in the cycle of the integrated
vlenta, The next stege, the preparacion ol a high-grade burden for the blast furnace,
‘n cinter or pellutized form, is nowadays aimost nlways affected at the plants in the
e--. o0 sinter, as sinter travlle badly, vut slways at the mines in the case of pellets.
76 Tae impact of this develepmeat is 5t particular significance to the Western European
ot >« fudustries. Dar\nx‘s;nz/ sbservcs that. "it is already exerting an important effect
.1 the location of the industry, rway from proxinity to the domestic low-grade home ore
datosite to coastal sites, to tate edvantage of imported ore and coking coal". He
coatinues, Mtradition.l’y, the econdmic comprilTlvesess co tie Western Europea.: steel
i:.ustries has Gepended on cheap, bu lcv.-grade, hore ore ... Economic trends,
Loweves, are rapldly erolding tacse traditional sdvantagos".  He then cites estimates
that ''n 1975 Unitod Kir:diom ccensvmption of domestic ore will be less than 10 million
tons a year compared with 15.5 nillicn tons consumed in 1965". He also states that
Wghks troni will be to import an increasingligroportion of ore requirements as pre-reduced
pe’~ets ..." and he reier: Lo a 1orec33t.y that, "in the context .. the UK the British
gtocl industry mey be .mvovting almost one-quarter (nearly 5 million tons a year) of its
imporicd cro roquiremente by the nid-1970's".

2/ Private comminicatron Moy 1966) .

3/ T Dennison, "Ore and Fue_: CSome Tconomic Aspects and Potential Supplies”, Iron-
VYakine Today Conierence. British Iror and Stevl Institute, November 1966.

./ ..o "Benson Coumittee™ Report: Stage 1 Roport of the Develoment Co-ordinating
ropmittes of the British Iron and Steel Federatiun, July 1966.

mano
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177. Both authorities quoted above are clearly speaking of imported pellets produced at
the source. The view, however, is not universal, as shown by a recent decision to
build a 2 to 2.5 million tons a year pellet plant at the blast furnace division
(Hoogovens, Netherlands) of the Royal Dutch Irun and Steel Works, near Amsterdu.j/
Coastruction is said to be scheduled to heghn in 1967, and production is to start up in
1970. This will obviously be an operation based on imported ores (possibly distress
cargo purchases), with some, if not all, of the beneficiation to be done at the plant.
178. The Hoogovens announcement rcpresents a break away {rom the general pattern un
until now. Whether it may set a new trend is still to be seen, although this would
appear subject to some doubt. This view is held on the basis of an even later
decision to put off a pellet t project planned for the Europoort Centre at
Rotterdam. It is report 6 that "German interest in the pellst project is said to
have waned ..." for several reasons, including a "renewed interest in the possibility
of receiving ores prereduced by direct reduction from overseas". It would seem logical
to conclude that if a large iron-ore assembly, stcrage, and trans-shipment centre
cannot support a "local" pelletizing operation, a single works would have even greater
difficulties, unless there are unusual ore purchase opportunities, as may be the case
at Hoogovens.

Use_of home ores versus imported ores

179. Whatever the implications of any special situations, the general consensus among
iron-ore and steel men is well summarized by the view that "the likelihood is that even
the countries which nelletize only a small portion of their ore will mostly leave
the pelletizing to be done at the mines".7 For ores destined for sinter productiom,
the confrontation between home and foreign mincral is no les: unfavourable for the
former. Aside from several important inherent technical disadvantages, the home ores
have become more expensive than imports. While the price index of home ores in the ;
United Kingdom has risen from a base of 100 in 1957 to 126 in 1965, the imported ore
price index hLas fallen to 70 from the seme 1957 base. The change "has been more rapid
in the ECSC countries where home ore production has declined by nearly 18 per ceant since
1961. There is no sign that this tremd will be mersed".a

5/ Metal Bulletin 11 November 1966, p.16. ‘
6/ Metal Bulletin 25 November 1966, p.16. !
7/ See footnote 2/ above.

8/ T. Demnison, gp,cit., p.3.
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180. Only in the United States and in the USSR are there practical possibilivies of a
change in the pattern of increasing dependence on foreign iron ores at the cxpense of
domostic resources. In the case of the Soviet 'nion, pellets are to be used more
.xtensively than in the past .2/ (Teble 111-3 indicatos & probable capacity of no less
than 30 million tons before 197C.) nless the USSR decides to produce pellets for
pencral export (which could o~cur notwithstanding the "nommal” projo-tlon of only 2 to
5 million tons, shown in Table II-5), thir would meke no important diffcrence among the
developing country iron-ore producers.  Ac the primary iron-ore supplier to a "closed"
~yst-m, the USSR and its ore-processing pro~tices have had 1ittle effect on the tradc
relationsnips outside that system. N~w there are reporte that the USSR Mis planning
to start large-scale export of pellets from 2lack Sea ports at & very low price. ...
As far as the UX is concerned Russia has emerged recontly as an important supplier.
This year's 975,000 tons compares with 426,000 tons in 1965 whon shipments started.
Next year Russia is planning to ship 1.3 million t.ons".LQ/

181. In the United States, only token amounts of iron cre are exported fainly to
Canada) . It has becn suggested that United States ore producers might ralse this
amount to about 50 million tons =nnually, to of fset a 1like amount of ore imports.
Giver "the solution of taconite conversion to quality pellets, and given established
capabilities in high-cepacity operations, it should be possible to =ffectively produce
irun-ore values at competitive costs for export to many parts of the world".y"

182. For the period through 1975, it is unlikcly that either of thes: countries will
take steps-that will seriously affect the tonneges of processed iron ore shipped from
mining operations of developing countries. Both countries have shown concern for the
new nations through their assistance programmesj furthermore, therc is the practical
consideration that much of the 50 million tons of imported iron ore will come from
developing country mines in which United States steel producers have important ownership
interest and operating responsibility.

9/ Economic Aspects of Iron-Ore Preparation, op. git., p.246
10/ Metal Bulletin 1 November 1966, p.9.

11/ J. R. Miller, "The International Market for Iron Ore: 1975", paper presented at
Annual Mecting of American Iron Ore Association, Cleveland, Ohio, June 1966.
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183. It has been observed that pelletizing "at the mines affords 1 certaln min r savings
sn transport costs ...".B’/ The position is quite sound since freight rates for ore

far stipping: vossels of comparable sizoe are functions of moisture content and iron
content, *iiec latter being the more important by far.

184, For ov’'de pe’lets, the difflerence in iron percentag: of the beneficisted ore
charged to the pelletizing unit and the finished pellet i35 only 1 or 2 per centy in

most cases, the end product is lower in iron than the fead ore.-u/ The difference is
gencrally made up by a comparable adruntage that all good pellets have with regard to
moisturec nbserption. Any balance that may remain in favour of ypellet. is offset by
slightly greater bandling diff'iculties. On balance, therefore, there is little
differential in unit suipping charges between concentrated cre snd pellets, for a given
shipping vessel.

185. It might be thought possible to reduce the over-all shipping charges by raising

the iron in the finished pellet, say, 5 per cent to a content of 68 or 69 per cent.

But for regular blast furnace operations, 64 to 66 per cent pellets give optimum results.
Thus, pellets with an Fe content over 67.5 per cent are avoided in Japanese blast-furnace
practice and in their purchasc of pellets no payment iz made for Fe values over 67.5 per
cent .

186, The cconomic feasibility of oxide pellets produced at the mine site as against
concentrated ores of comparable iron value 1s thus generally independent of freight
costs. This, of course, does not mcan that transportation charges are not of great
importance. They are. But if f...b. or c.i.f. prices are tavourable (or unfavcurable)
for a polret feed ore in a competitive situation, the comparable prices for a resultant
oxide pellet will not greatly alter that situation one way or another.

187. The samc tidng is not true for a concentrate with, say, 65 per cent Fe made from a
low-grade natural 35 to 40 per cent ore. Neither will it be the case for a pre-
reduced pellet metallizod to, say, 85 per cent Fe from a 60 per cent feed. In each
instance, the risc in iron contont will permit an almost comparable increase in the
effoctive payload of a given ore carrier with a commensurnte reduction in the specific
transport charge.

12/ See footnote 2/ above.

12/ see Economic Aspects of Iron-Ore Prepargtion, op.cit. Table 12.
14/ Ibid., p.3.




1AR . The advantagea f impreving the clamental properts oo o 1w ad medinm grades of
ran-nf-mine res arc well ».owmn Aside from the oxtension f avallable rosources nnd
thelr in-roased markstability whish 7 liow from regular concontration and henaficiation

treatmante, Lhe resultant rediction b thipping coste car be Aretsive in ontanlishing

and mairtaining an economically competitiv. iw'%i‘;i‘m.w Thie & egpecially irue for

ipon-ore mines of the devoloping countries, ‘hat are aften soveral thousand miles
dis‘ant from the famacos in which thoir oro will be smelted. The current cust of
ncear. tranaprrt per ton f ore ovwer 7,000 Kilmetroe in o 5 ,000-ten ore vesael has been
glven e ’2.’?‘».)&" This figure &8s ot wholly defintitiv 1 teres of contained iron,
but 1's aignificancc may no judged f1om a compariasn with th. average mining cost of
§7 senta por ton of A per cent crude ofy, and S5 cente peroorn for ‘rushing wnd
soncontration indi-ated in Shaptor V iparagraph 159).

189. Given & 1975 demnnd for appreximatoly 10 sillion tons of ru->f-mine wnd scroaned
ore and fines; given the fact that after 1Y7C practically all ores consumed by iron
producers in 'nu developed countries will be reneficiated; nd taking into account the
advantages tual oro-proces:ing capabilitice affer o alning operation, tho proapt
installation f n' leas! some "rugulsr" benoficiatior facilities 2t any minos vh'ch do
not have them would appear Lo be nothing loss than an exercise ir future survival.
While in many cnses it may to argued that the addition of pellot capacity at an irom-
ore mine may be someihing of a luxury, this is scldom true for the proceeding stages
of venoficiation and concentration. Thu snvings in froight which such treataent
practices make possible is onc of the m. . important roasons for this.

15/ 4n incisive simulation wmodel analysis of the effect of freight costs, taking
into aczount such parsmetera as point of roigim, point of delivery, distance, sise
of ore_carrier, iron comtemt, moisture contemt, etc., is to be incladed in the
forthcoming study of the "World Market for Irom Ore® by ICB. This vork, ty =
ad hoc comittee of experts, is scheduled for publication in mid-1967.

goncaic Ascects of Iron-Q Araicn, 9Ra gdk-» P-6
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Devolopments following the use of pre-reduced pellets

190. The shipment of mctallized pellets carrying some 20 to 25 per cent more iron than
evon the highest grade natural ores will produce unit freight savings similar to those
described for run-of-mine ores which have received comparable enrichment. It is not
quite possible to define thesc savings more precisely since full use of the pre-
reduced pellet is still a matter of some ten years in the future. Neverthaless,

there L8 no question among iron and stecl men about the eventuality of pre-reduced
tirden techniques for iron-making. This has alreaudy been implied in the steps taken
by the Orinoco Mining Company to build a pre-reduced pellet plant in Venezuela, and by
the view of the Benson Committee, referred to earlier in this chapter, that the United
Kingdom will be importing 5 million tons of pre-reduced pellets by the mid-l970‘s.;zz
19, An even further step, involving pre-reduced ore, is foreseen. An authoritylﬁ/
observes, "sooner or later the time will doubtless come when increasing tornages of
steel will enter the merket from countries which produce in the neighbourhood of tho
rav material sources". Furthermore, "pre-reduced ore can be used not only as a blast-
~urmace burden material but also, as far as possible, in completely reduced form as a
supplement to scrap. Since in a number of ore-producing countries gaseous and liquid
fuels are cheaply obtainable, it should be possible to effect pre-reduction there Tery
economically indeed, ...... saving not only on transport costs but very probably on
their own operating costs as well".

192. This concept was also formulated at Battelle as follows: "the limit of ore
preparation activities by iron-ore suppliers is by no means exhausted with the
production of regular pellets. Pre-reduced pellets represent more than insarance in a
competitive market, apparently they arc good business also ..... We may expect to
reach the ultimate level of iron-ore enrichment by the ore producer (in the developing
countries) , where he becomes a manufacturer of pig iron and later steel".l

193. E. Schneider (BCSC) considers this possible development sufficiently assured to
suggest that “the object must now be to seek ways and means of keeping the steel
industry in the consumer countries competitive under these new sonditions®.

i e R s 1 e

Al/ T. Deanison, gp, ¢it., p.7.
18/ 38ee footnote 2/ above.

J. R. Mller, "The Geography of Iron Ore", presentel at organisation meeting of
o Iron Ore nnﬂ’lrounnkin( Group Study by Bu%tolln Memorial Institute, Columbus,
Ohio, Jamuary, 1966.
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194. Obvioucly, the duvelopment should be considered bty operators of the larger iron-
ore mines in developing nations, such as Libcria, Brazil, ~hile, Venezuela, and India,
to name but 4 few countrics. The apparent implicaticons that pre-reduction capability

can be r direct ctep to iron production followsd by stoel production in the future,

cannot be cvasily overlooked. Yot, 1t would bc incorrect *to fall to underscore that
this is a development of the future, possibly of the 1975-85 period, Pather than the
pres.nt decade.  Schneider describes the situation well by noting that the development

sovurs an coxtensive field that must be subjected to further research.
Tariffs and dutles
195. Among some scctions of the established stecl-producing industry, another point of

concern secms to bu the future availability of adequate quantities of suitable ores.
Thus, it is noted that "the world has producced morc steel ..." and consequently more
ircn ore M... in the last 15 y.ars than in the whol: of recorded history. This
situation involves the highly industrial countries in growing economic and political
dependence «n the less highly developed countries of the world ... when they arc
industrializing their own cconomies at an increasing rate and are beginning to reallze
the long-term need to conserve tncir own raw material resources for their own use"."z'g
196. The concurn would secm to be somewhat promaturc.  Estimates made in 1962 concluded
that the world is endowed with some 98 billion metric tons of iron ore in known
exploitable deposits.  Conuained iron, or "iron-in-ore", was calculated to be 71 hillion
tons. [t is further stated that "during the next 30 years, the steel industry will
consime about 13 billion tons of iron-in-ore, or about one-fifth of the total estimated

21/

197. Since the above estimate was made, four years ago, new iron-ore sources have come

exploitable iron-ore reserves".

to attention, among which the notable Australian developments are perhaps the largest
but not the only ones. An expert pancl has been assembled by the Natural Resources
and Tran-port Division at United Nations Headquarters, to updatc the United Nations
appraissl of the world's iron-ore rcsources. In the judgoment of one of the panel
members ,_?;2/ the reappraisal will more than double the 71 billion tons mentioned above.
Amoag the several factors which are responasible for the increased resources figure,
enrichment of run-of-mine ores by pro-treatment is of more than minor importance.

20/ T. Dennison, op. cit., p.6.
2_1/ R. W. Hyde, B. M. Lanc and W.W. Glaser, "Iron Ore Resources of the World",
Engineering and Mining Journal, 163 (12), December 1962, pp.84-88.

22/ J. R. Miller, the author of the present study. The view concerning the expectad
resource figure is not wholly a personal opinion, but based on many discussions
with other panel members.
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bFro-reduced pelicts

P, Pho ouse of pre=treated iron ore 1s thoroughly st biicme oty aiout the 1ron and
steo b oindustry. dxpert opainion forocasts that by 1970 ;racticaliy 'l ores cunsumed
in the iron ylents of the sdveonced countri.s will be bencficiated, sintered, or
polletized. The average of il tho iron-oxide miteri-ls annreo ! to iron furnaces
will average, globnlly, between 62 and bk por cent Fe. This is a significantly high
Lovel; no less than 10 per cent above the average 5% per cent iron content ten years
earlier.

14l. Zven so, the iron and stoel industrics of thce world ~re in the midst of an
intonse activity to raise the proportion of met-1lic iron in the charge material to
hotween 80 and 90 per cent.  The intensity of this cffort may be gauged from the
rceent published observation that, “apre producers cannot pet together without the sub-

ject of pre-rcduced pellets being discussed“.-l-é/

142. Prc-rcduction has been described as 2 bencficiation step in which the oxygen
content is decreased—l-l-‘/ end o3 '"the best approach to obtain a further decrecase in coke
rates and a further increase in hot-metnl production’ anl 'a go>d process to exploit
very high-grade iron ore or ccncentratcs".lé/ The most populer versions arc based on
raducing 65 por cent pellets to 85 per ccnt iron content by modificd goscous and
dircct-reduction tcchniques. The idena is very appealing and thore is considerable
but varying degrec of support for it among iron and stoecl men. There is also a
aniversal view that a great deal must still be donc beforc sre-reduction is ready for
commercial application. Onc of the most recont statements in support of pre-reduced
pellets carcfully conditions its conaelusions, ‘for tnc time boing, @xidg pellets
are thc ultimate in 'prepared' ores from the mining industry to the ironmaking plant.
The results of tests ard theoreticnl calculations show clearly that prereduced moterials

could be the next step. although such prepared materials have not yct been used,

except for o few tests, in commercial blast furnaces ... pre-raduction cppoare to be

Hining Enginecring, March 1966, p.51.
N. Molchor and M.B. Finc, AIME Meeting, Duluth, Minn., January 1966.
Astier, Kalling and Stahled, ‘The Use of Pro-reduced Matorials on the Blast

Furnace"; “'Iron-Making Tomorrow”, British Iron and Stocl Institute mcoting,
London, Novemter 1966.

G lgk
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198, sut, the concern is not without some basis, for the movements of iron orc may be
sericusly inhibited if the countries wherc the minerzl is produced inpose restricting
tarift burdens. Reno and Brantley, of the U. 5. Bureau of Mines, have stressed the
importance of free trade in stimulatineg commerce in all iron-ore products. Thcy warn
that tariff regulations that have permittcd free trads will not pply to partially
rediced ore and that this will inhibit commerce both in North America and elsewhors in
the world.  They urge that equitable, precisely drawn government regulations be
established for all poscible iron-oHre products.2

199. Far-sighted governments of countries with devcloping economies agreo. In Indis,
offirial policy decisions or u cabinet lcvel have been taken to support iron-orec
exports.  The Economic Times (India) reported on 27 October 1966 that "it has been

declded to give liberal excise concessions to the pelletisation industry to encourage
the export of proces;ed iron ore, which will increase exchange earnings from this item
swvoral-fold ...  There is no export duty on iron-ore pellets". This is part of an
official effort to change the pattern of ore movement in order "to encourage the export
of ores in semi-finished and processed form".gé/ Qther iron-ore producing countries
that have not tnken simllar steps will be well advised to do so. At the least, this
may assure continuod support from their ultimate customors for iron-ore treatment and
processing at the source.

#00. Thal such support may be forthcoming, given a reasonible tariff formula, is
consistent with the attitudes of the main iron-ore consumers. The lack of any import
duty on imported iron ores, even in pelletized form, by the United States and Japan has
already been mentioned.

Concessions in support of iron--ore cxports

201. The decision by the Indian Government to support the export of oresgoes beyond the

elimination of export duties on pellets. For oxample "excise duty on furnace oil

used for pellotisation is not charged ..... Import duty on machinery and equipment noeded

for the pellet industry will be charged in instalments that commencc from the daie when

the pelletisation plant is commissioned .... Studies are being made to determine if

any more facilitics or concessions should be given to this industry and the port

facilities avallable for peliet exports®.

23/ H. T. Reno and F. E. Brantley, "Problems Pacing the North American Iron Mining
Industry®, as summarized in Mining Engineering, March 1966, p.52.

24/ The Economic Times (India), 27 October, 1966.




TD/B/C.2/2

¢ L

202. In the same category of government support must be added considerations for easing
and cncouraging financial involvement by local and foreign sources of capital.  This
might include tox relief, at least during the early years of operation. (It may be
recalled that in the development of operating cost estimate in paragraphs 159-162 above
no provision was madec for taxes, "it being assumed that under the circumstances these
would n¢ waived".) Other steps ‘o stimulate the required investments from local and
forcign sources include favourcd treatment in banking transactions (tne Indian
fovernrent may issue dircctives to the nation's Industrial Development Bank and other
finan:ial institutions tc treat the pelletisation industry on a priority basis), and a
rcasonable policy concerning the withdrawal of carned profits from the investment.

Mutual co-operation

203. Favoured treatment and concessicns are hardly now ideas. 1recedents have been
cited and others ere to be found in the producer-consumer arrangements established in
West Africa with Franch and North American interest and support; in Latin America with
United States and other involvement; in Australia with Japanese and North American
participation. Such joint participation can facilitatc the transfer of know-how,
operating skills, and experienced management. Domestic financial burdens can be
reduced and relieved. With a greater adequacy of funds, project capacities may more
readily be conceived in magnitudes that will permit higher economic scales of operations.
With "captive customers®, long-tcrm sales arrangements may more easily be reached.

With greater assurance of continued high-level activity, a number of small nearby mines
may more effectively work together at o single centralized processing complex (with or
without pellet facilities) which all could support jointly, but nonec could justify
alone.

204. The basis for close co-operation between the iron-maker of the developed country

and the iron-ore producer in the developing neations is well established. Increasingly,
both are now taking steps to add and broaden processing operations at, or close to, iron-
ore mines in thc developing countries. Those decisions are supported by technical and
cconomic facts that have emerged rrom stucies which orc suppliers and ore consumers have
mndc thoemselves, separately and jointly. Not the least consideration entering into
thesc analyses is the evident conviction that the mutual benefits that have stimulated
the initial decisions to seek and develop iron-ore resources in the developing countries,
will be greatly enhanced by continued co-operative actions.
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CHAPTER VII
CONCLUSIONS
2. The terms of reference for thir study of the prospscts for export of proccsred

iron ore from developing countries, suggest seven points of inquiry. Replies to these
ouestions based on the considerations developed in the preceding chapters are formulated
below. The responses wili also serve to answer the six additiomal questions at the end

of the preface to this report, since there are, in fact, re-stalements of the inquiries
under the terms of reference.

developing countries

Battelle estimates thet the annual world consumption of iron ore in 1970 will
reach 675 nillion metric tons with an average iron content of 53.5 per cent; by
1975, that figure is expected *+~ rise to 810 million tons of ore » concentrates, and
agglomerates containing an average of €2 per cent Fe.

The share of the developing areas (Latin America, Africa, and Asia) in the
world total of iron-ore production will nct change appreciably in percentage terms.
1975's 27.7 per cent will compare with the 25.8 per cent of 1964. In terms of ore-
producing capacity, the developing areas are expected to account for about 27.5 per
cent and 30 per cent of the world total in 1970 and 1975 respectively.

By 1970, practically all the iron ores consuned by iron nnd steel producers in
the developed countries will be subjected to some pFrevious beneficiation. The
demand for "as-mined" ores will continue to decline and even screcned ores will
represent a decreasing fraction of the totcl. The proportion of screened run-of-
mine and direct-charge ores will fall fron approxinately 44 per cent of all the iron
ore consumed in 1964 to 35.6 per cent in 1975. The use of sinter fines is expected
to decrecase also, from 50 per cent in 1964 to 44.4 per cent in 1975, The

reductions will be offset by an increase in pellet consumption from 6 to 20 per cent
of the world total.

The global iron-ore consumption of 810 million tons (500 million tons of
contained iron) in 1975 will include 288 million tons of direct-charging and |
screened run-of-nine ores, 360 million tons of sinter fines » and 162 million tons of |
pellets,  Approximately 35 per cent, or 292 million tons, will be imported ore,
concentrates, and agglomerates from foreign sources. The developing areas are
expected to provide 128 million tons, or 44 per cent of the total tonnege imported
ty the iron and stesl-makers of the industrially developed ccuntries in 1975. (In
1370, iron-ore shipments by the develloping countrics are estimated at 96 miliion
tons out of a total world export tonnage of 221 millions.)

The 1975 demand for iron ore, concentrates » and agglomerates from the developing
sountries is foreseen as being divided into 45 million tons of natural and graded
lup ores, 55 million tons of fines for sintering and 28 million tons of pellets.
Current demand for iron-ore products from the developing regions, taken as the
average of known export tonnages for 1964 and those estimated for 1970, is estimated

at 36 million tons for lump ores, 43 million tons of sinter fines, and 9.5 million
tons of pellets.
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page 70
Demand for pre-rcduced pelletls s oxperted to wrow, Tohniead probleme,
however, nust stiil be sclved before this product will be ready v wide ase,
These solutions will probably no:. be fully developed oitil abont 17770 Hy that
tine, total world pre-reduced consumpticn i cstirat.d at 10 nillion tons annually,

after which a rapid increase 5 lik ly.
(2) Ecopomic possibilities for the establishmen' v :xpanwion of such ipdugtrig:; in
develorine counirics

The inctallation of new or -dditiconal processing facilities st iron-ore mines
in the developing countrice will ypunerdly oo found eoonuiaceally souand.,  This has
been dcfinitely shown for the cimpler fori: f leneficiation sporations at eny
esteblished nmines, in both developed ana acveloping arcas.  For e more
sophisticated process procedurcs; the upgrading and segregation of fines for
sintering, and the productinn f pellets;  the study o tinntes an investment coct
of $10.50 per annual ton oo oxide pelict cutput for a . wmillion ton o year
operation. The differential nctween andded production costs and inerocsed sales
price is favourable for the operation, and » pyout period of sbout {ive ycars - or
a return of 20 per cent on the investoent - io indicated.

For pre-reduced pellet preduction there are no actual data available.
Theoretical analysis indicates investment requirements of about %40 per annual ton
of product (excluding mining facilities) and 4 rcturn on investmient of about 8 per
cent, or a 124 year payout, after taxcs

The study judges that an cconoric basis already exists for th. .stablishment
of close to 20 million tons ~f new or additional c¢xdde pellet capacity in the
developing countrics.

Furthermore, it finds (paragraph 173) that "fines and graded 'ros will equal
more than three times the anticipated pollet shipments.,  For the developing country
nining operation wiich may not be in a position to instal pclletizing facilitics,

« » . there is consideratle latitude . . . in which to operate".

(3) Obstacles to exports from developing countries, particulacly to doveloped ceuntriss
Given a generally favourable technical and ecunomic position, thc prospects for

inercaszd exports of process=d iron orc from the developing countries could never-
theles'. be compromised by pragmatic obstacl:s. Some rastraints nay originate in
the developirg areas. These can, in fact, ston from e lack of official governnent
steps to support the improvement of existing iron-ore mining and processing
establishnents, and to encourage the export of cres in semi-finished and processed
forms, as discussed in Chapter VI (paragrapho 198-204).

Equally, if not more, significant are the obstacles that nay arise in the
developed countries. The most important of these is the possible imposition of
tariffa and duties. The study finds (paragraph 111) that for lump ores, fines and
oxide pellets no tariffs apply in the two largest importers of these products,
Japan and the United States,

For pre-reduced ore values no direct prucedents are yet available. The astudy
notes (paragrph 113), however, that the iron-ore consumers have taken a position
that indicates a disposition not to impose tariffs or duties on pre-reduced ores
from Geveloped nations.
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Other poacible beto laa of importance are problems in major und obligations
that may have to e assumed For 'he new f cilitiae, The lack of loead Aunagement
and cperstin, tal'f personnel ry nlse be oo limiting tactor, The study judges that
these daficienciae fall bel pe axd ing ~o-perative rola'd nahips that already
sxl b oin many cnotances, twtwaen iron. ore proficers and oasumers of the developing
and developed ar. s,

bosslbiddaes for induisrial oo-operation hetween dovals

The srudy indicate vhat wuch industriad ro-operation 1s already in force in
many in ta. e, " novor iparagraph 114) that "closely reiated motivations previde
the basts for joint setivities *thet -ombine the experience and needs of the
levaloped arens vith the resour-es and anthusiagr of the developing contrios",

In general, there appears to be little scupe for common agreemcats on ragional
nnd sub-regfonal lines, involving iron-ore prodict.on ¢r iron-ore processing in the
developing arcas. The difficulty would seem :» lie in the lack of any equitable
auwdd pro gug. The study judges the established clos:- relationahips between iron-
ore consumers and producers as key factors for improving the prospects of processed
iron-ore exports from the developing countries. These tics might easily be strained
by conflicting stresses thet frequently arise in regional and s.b-regional agree--
mants, :

Such a development appears more likely in the case of large-scale operationa
than of smaller ones. The study notes (paragraph 178) that interest in a
centralized pelletizing project for West European consumption has waned for several
reasons including a renewed interest in the possibility of receiving ores from
varseas.

On the other hand, it is observed (paragraph 203) that "with greater assurance
of continued high-level activity, a number of small nearty mines may more
affectively work al a single centralized complex (with or without pellet facilities)
vhich all could support Jointly, but none could justify alone®. It needs to be
added that, notwithstanding a considerable effort » no oxample of such local co-
operation among iron-ore miners in the developing coun‘ries could be found.

The reply to this inquiry has bwen partially indicated in the cosments on
point (2). 1In Chaper V, the investment coat for simple ocrushing plants is cited
at 54 - 97 cents per ton of annual output; primary beneficiation units at sbout
$2.00 por annual ton; and socondary treatmont installations at $8.00 to $d.85 per
anmual tom.

The capital outlay estimate established bty Battelle per annual ton of pellet-
ising capacity, for a plant producing approximately 2 million tons a year, is §7.7%
for the pellet plant plus $2.75 for supporting auxiliaries.




The capital outlay required for a 2 million ton e year pelletizing plant of the
lnte:t design, when ndded to an existing minirg operation, is estimated to be $21
millions, If the mine development must be included, the necessary investment will

rise t-~ $64 millions.

Operated efficiently ani effectively, the earnings of the plant have been
cnleulated to be suffifant for a pay-out of no longer than five years, or 20 per

cant on the investment ©.r the pelletizing facilities, If the total outlay,
i.€ , Includine the ~ost  f the mine development, the period of amortization is
found to be 100 to 1° vears; an sstimated return on investment of 10 to 7 per cent.

Comparable figures are indicated for pre-reduced operations in Chapter V,

(7) Eogsible peod fop, ard availability of, assistance from developing countries for

This subject has already been discussed under point (4). The aid refarred to
will undoubtedly be needed; as noted, the study finds that such assistance is, in
fact, already nvailable. It 1s now necessary that steps be taken to strengthen and
hroaden the existing co-operative ties between iron-ore producers of the developing
area and iron-ore consumers of the developed country. It is judged in the study
that increased on-site processing activities will do Just that,

Chapter VI concludes (paragraph 204) that not the least consideration entering
the decisions taken separataly and jointly, "to add and broaden processing
capabilities,at, or close to, iron-ore mines in the developing countries . . . is
the evident conviction that the mutual benefits that have stimulated the initial
decisions to seek and develop iron-ore resources in the developing countries, will
be greatly enhanced ty continued co-operative actions".

206, The preface also raises two o“her questions: "what kind of pre-treatment  snali te
installed)?, and "where may the processing best be done"? The study indicates that the
responses are: "every kind of pre-treatment, wherever such activities may be carried out
economically”. Opportunities for this are widespread in the developing areas, and it has
been shown (paragraph 171) that broadened iron-ore processing cap-.bility at the site is
tantamount tc improved prospects for export to the international iron-ore market.

207. For the iron-ore consumer of the developed nation this presents important advantages
that support and improve his iron-making and steel-making functions. Por the iron-ore
producer in the developing country the study notes (paragraph 189) that, "given a 1975
demand for spproximately 100 million tons of run-of-mine and screened ore and fines;
glven the fact that after 1970 practically all ores consumed ty iron producers in the
developed countries will be beneficiated; and taking into account the advantages that
ore-processing capabilities offar a mining operation, the prompt installation of at least
same 'rogular' beneficiation facilities at any mines which do not have them, would Ppear
to be nothing less than an exercise in future survival®.
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United Natiens Cenference on Trade and Davelepment Orisin.l: ENGLISE

TRADE AND DEVELOPMENT BOARD
Committee >n Manufactures
second session

Geneva, 4 July 1967

Aienda item 6

MEASURES FOR THE PROMOTION, EXPANSION AND DIVERSIFICATION OF

SXPORTS OF MANUFACTURES AND SEMI-MANUFACTURES FROM DEVELOPING

COUNTRIES; CO-OPERATION WITH THE UNITED NATIONS INDUSTRIAL

DEVELOPMENT ORGANIZATION (UNIDO) AIMED AT THE ESTABLISHMENT

AND EXPANSION OF SXPORT-ORIENTED INDUSTRIZS IN DEVELOPING

COUNTRIES; OTHER FURMS OF ECONOMIC INDUSTRIAL ~ND TECHNICAL
CO-OPERATION

Prospects for exports of processed iror
ore frow developing countries
atj frop e De atd £ Austra

The following factual comments have bean submitted by the Government of Australia
for the informstion of the Committee in connexion with its consideration of document

TD/B/C.2/29 and Corr.1 "Prospects for exports sf processed iron cre from developing
countries",

Page 14, Toble II - 5
Exports to Japap 19N
Contracts already signed call far the sxvort of 20 milliop metric
ton: of irom ore to Japen in 1970.

Sxports - total - 1970
On information currently avcilable, total exports of iron ore
in 1970 will be at least L. 10 22 ailliog metric tons.
Bnorts - 1975
Because of possidle redical changes in Austrelien iream ore axperts frem

197 onwards the Australian authorities consider that no estimate for

exports during 1975 can be attempted, whether for totel exports ar for
exports by destination.

mu 67"12 3@6
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Production and consunption

On the besis of the above astinutes and allowing for domestic
consunption, production of iron ore in Australis in 1970 will be of the
order of 30 millisn metric tons.

Zstimates of production or consumption of iron ore for 1975 are not
attenpted.

Pagg 31, Table i1l - 3

1966 pelletizing capacity is stated as 0.50 million metric tons.
Australia had no pelletizing capscity in 1966.

Plants under construction at Brickmaker's Ba , Tasnania (2.3 millinn
metric tons) and Deupier (2.4 million metric tons) will bring capacity in
1967/68 to 4.7 nillion metric tons per annun.

The #Whyslla pelletizing plant »f Broken Hill Proprietary Co. will
be coopleted in 1969 and will have a capacity of 1.5 million metric tons
of pellets per annun.

Page 38

"... Harmersley Mining and Scott River (Austraiia) ..."
This statement should read:

"... the Hammersley, Mt. Newr.an, Robe River and Savage River deposits
(Australia) ..."

Page 56

"Thus long-tern: contracts for Australia 62 per cent lunp ore to be shipped
to Japan stipulate an f.o.b. price of 14.4 cents per iron unit as against
18.3 cents for 63 per cent pellets; another contrast calls for 15.5 cents
and 19.1 cents for lump ore and p:llats of conpareble iron content

(64 per cent)".

This passage should read:

"Thus long-tern contracts for Austrzlian (64 per cent) lump ore to be
shipped to Japan stipulate a ¢. and f. prica of 19 cents per iron unit

as against 22.0 cents for 64 per cont pollets; one company has contracts
for 15.5 cents per unit f.o.b. for lump ore (64 per cent Fe) and 18.5 cents
per unit f.o.b. for pellets (63 per cent Fe)".
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Second session
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Item 6 of the proposed revised provisional agenda

MEASURES FCR THE PROMOTICN, EXPANCICN AND DIVERSIFICATION

OF EXPORTS UF MANUFACTURERS

AND SEMI-MANUFACTURES FROM

DEVELOPING COUNTRIES; CO~OPERATION WITH THE UNITED NATIONS
INDUSTRIAL DEVELOPMENT ORGANIZATION ('NIDO) AIMED AT THE
ESTABLISHMENT .ND EXPANSION OF EXPCRT-CRIENTED INDUSTRIES
IN DEVELOPING COUNTRIES; OTHER FORMS OF ECONCMIC INDUSTRIAL

AND TECHNICAL CO-OPERATION

Prospects for exports of processed
iron ore from developink cougtries

Note by the UNCTAD Jecretariat

Gorrigendum
Page 2, paragraph 6, line 5 : Substitute "more than 5C million® for "nearly 60 million".
Pege 15, paragraph 38, line 2 : Substitute "content of the ore" for "content of the iroa".
Page 21, paragraph 58, line 9 : Substitute "pre-r<duced" for "preduced”.
Page 45, paragraph 132, line 3 : Substitute ™12 million tons®™ for "6 million tons".
Page 52, foot-note 2/, line 2 : 3Substitute "$ 4.85 : 0.55 = § 8.85" for "§ 4.85 + 0.55
= § 8.85".

Page 57, paragraph 163, last line : Substitute "$ 4.00" for "$ 5.00".
Substitute "Federal Republic of Germany" for "Western Germany" on the following pagee 3

- page 17, Table II-6.

- page 33, parsgraph 80, line 3.

- page 34,
- page 36,
- page 17,
- page 44,

~ page 43,
GE.67-11933

parsgraph 87, line ).
peragraph 96, last line,

paragraph 103, line 4.
footnote 5/. line 2.

footnote &/ » first line.
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page 50
16 ,
the best aporoach ...“.-/ A similar limbted cptimiam s o oot oan fanuory } e
r.port that, "the cxide sl t does not yot o seem by th o Lo the o timum [oel
4 e
f.r the blast furnate) s partinlly or pre-reduccd oLl to s caosor o hont e

143, This report maintoins an wqually Yimitod ositl ooan uuring thot e ~rodue ti oo
will Jduvelop relatively slowly, madnly b.couse th. tochniqu s for using ord puatities
of the product in the blast furnace nre still t- be orfocted. T 0 1aset lugres,
tne details of the pre-reuuction procudures alsc nove not yet boop fuily sclved,

The .stimate in Chapt r II that a tot:l .f 10 milizon tons of re-reluccd pellote wigd
be consumeG globally in 1975 is bascd on the indicated prosramme o>f tac Orinoc.

Mining Company in Vcnezuela. These plans have been furmulated cioa. ly with 'nginvcrs
and the production staff of the U.S. Stecl Corpor-tion.

144. For thc Orinoco opcration, such a joint ¢ffort mny sasily be achicved since the
seme cntity is both supplier and purchaser, both iron-or: groducer nnd iron-saker. I
the more typical situation in developing countries with producing ircvn-ore mines, n
or more ore consumers may hold only 2 partinl intcrest in the operation. oweve T,
this is usually sufficicnt to fix o mutwality of intcerost in installing ndvancod iron-
orc treatment facilities. Even when no Jdirect cIpedwe tiog exist, long-tcrm contrasts
with iron-makers in industrially ~dvanced nationg are oner lly contingont on the mine's
competence in thc most highly sophisticated sre-processing techniques.

145, =xcept for jpre-reduced pellets, the technical awd cconomic param tors of the
various forms of iron-ore pre-treatment are all thoroughly understood by the iron-ore
producing and consuming industries. For pre-reduction, the widesprc d intorest in
both fields assures an ultimate cffective sclution, In reaching thot ond, co=cper-
ative rclationships already established throurh joint e¢fforts by iron-or. produccrs

and uscrs will be continued and extended.

]

16/ ldem, italics by author of present study.

bv/4 Hinigg EQE%necring, March 1966, p.48. Article entitled “Iron Ore in Quiet
evolution', rcporting on the discussions of the AIME meeting in Duluth, Minn.,

January 1966,
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proressing Lrestments The .ritisl re ssirection, sined @ & sievsty s of J JX
petres i@ redu-sl ' Hioam sige ir & ~ramhing plent with & cageclty of X b w per
hour. The crushed sre Lz divided sc~ :riding i slas by iry e vt separetors installed
ciote to Lhe mife mouth.  Theze produee f war frartions of are ot & rete af 1% Lwne per
hour. The sutpul inciudes 75 per 2ent  of e ~rude ore) f rick (%W per cent e

IuBe (*17 o %W omm) ore; o0 per cent intsrusdiste (M par cent Po et A o 17 -)
lump; 20 per cent flnes (ad por cont Fo ari 0 o A amly and |5 per ceat tallings vhleh
are discarded.

1a78. The usable sutput is soved i BB by wil and cableway W Aets where e rick

lump 1n charged to » blast furnace. The tw interesdiste (rectione are further processed
in & second treatment plant that cen pruduce L tone par Pwur of AN o KO weeh
soncentrate with 61 to &J per centl iran comtent, by fime grinding snd wet magnetic
separetaon. The soncentrate is them pelletised in ¢ plant vith en snmual cagnelly of
some 140,000 tons of JB«d] o pellets.

14T, The ocbeervition is J that 1t vauld seen “nose econamdc Lf all \hres plents
were located nesr the deporsit ...°. la additionr ke following cagital coet flgures ove
presented: crushing plants - 5 cents per ton of enmwal sutget) primary bessficistion
plant - §2.00 per ton >f ammual output; sscondary Semeficistion plamt - 98.00 por toe
of annual output; pelletising plan-. - §12.00 per ton snmmel outout. The discussion
indicates that the nine site crusher and the firet bemeficiation plant wery estshliched
over thirty years ago and that the second bemefisistion unit and palletising imstalistéons
wvere bullt arcund 19%8.

V ORagds.. pp- 171 gk Aga-
¢ ldam, p. 17,
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Lvowhecing flre corcertrates for pelieatialng w3 smail aeals . ir terms of
;s utpast, these eztimabe s wuate Lo & %™ ¢ .p ~pushing plunta vif,%f sinple
Liary bermficietioc mits {talinr "average” 15 §1.27., and ﬁ.i%y for
eetallations preduciag secandary crnesntrate the colparable figure is $2.00).
. w the ther nand, the Jwedizh eatimktes fop pelletiaing plants, $..00 o §71.75
or o+ f puilets produced per yeaf, appmar fo be ~onalderably below the $12.00
erime il ture reperted in the italisn data.
“ ™he spres’ \r the [lgures car, in larse messury, be axpls ned by di fferences in
fate of pare ssc a § srectiion +f the Tacilities, vagueness o definition »f what
et tuten ar Taverage” )ant, and changes {r unt’ investrert coats that vary with the
ise f s inztaliation. dnder tuch comiltione, 85§ Jehiorel capital cost estionte can,
Lt heat, ~ffet nly & anoviedgeable judganent that represents & cross-section of
b icmed Tand, tast ea ften, uspublished. ista. Me roliabiiity °f such estinates
#her g L8 the inereased yusntity of apcasaibic Peictod oot infarpation. sr crushing,
serefl istlor sl even sintering inatailstions «#hich hav. bean part Lf the “pre-trestioent
cpwee [1r nany years, he aynllsbic data =re well ustabiished. P llet plunta are
o et ©oPe rssent dats snd investlent eatinates arv sore difficult to fix firidy. Ar
altenipt will navertheless be nade ir U chapter L indicate the current magni tude of
rmllet-plant oapitsl requirements, «nd ale#o to consider the corresponding spsreting and
ripancial relationships.
Gapital sanh sakiBAles
151, Besauss firm patlame and bases or generalised cstimates of sintering plant
oapital sosts have mot yet evalved, \he investnent requirencnts discussed below are the
result >f the composile evaluations by Battelle staff experienced in the fields of iron-
we snd iron-emking, aftar disussions vith pulletising facility suppliers and pellet-
plan! sperat re snd enginesrs. The unit coste of §7.75 per ton of amual pelletising
Y e 226
& v the ltalisn sxample, weight recovery at the rine orushor {s 100 per ceat. The

anp. tal inves\ment required per ton 2f faed and per ton >f output are therefore
e same,

s/  Nowsver, e seqond nenefisiation plant has s velight recover) if 55 per cent)
nemoe, Bu. .85V V.88 « 8.8,
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oL o cxanple, o reoent Bt e 1 rte= Cireter ol oo llet plants in the
ooosnl e cheat b ol oot e nne o o, exeldusts o secesnsory mindng oad
comewnirating sl o0 . v her Plur o ot e .ot oreases An
sore eecont quotatonns wd o oottty oftset | bias dntrooluc oGy the froy that nmost

i ol Stetea in talletions brve beon oqudppec with eontinwus crates. Thede are
verorally less costly than wither skeft or prate-kiln plents becauss the former usually
have larper individuad ;uLLuLs‘Zf

193, "Beonomlc Aspccts of Iron Ure Praparation” wlso reters to industiry figures and
~sleulr tisons that spread fion £9..0 4o $0.80 ner ton for fucilities producing 1.75 million
bore o year.é/ Fap g oplant with heif thot output (3.0, 2,900 +ns of pellets a dey), a
aooond sstimate of 8,50 to & 50 por annual ton is Hr@scnt;f.z’ A quotation fron a
third source states that 'the capital Hsutlay for a pelletizine plant alone anounts to
4ty $8 per ton Hf annual product, and the investient cost tor a conpli te pelletizing
slant, includin: il cuxdlinry equipment, will amount to ») o L1l per ton of annual
sroduction. Theso fisures apply to tne pclletizing of finely sround concentrates, and
with increased praduction capecity the cpecific investaent ¢-5t will decrease”.

Thuss estinates are scid te be "close v one mnother! and e tier:fore be considered to
“eseribe the cost >f pellet production wbjectively.g/ They are :lso ccnsistent with
the Battelle estinates »f $7.75 per annucl ton ol pellst Hutput, plus $2.75 rer ton of
supporting auxiliaries, given ut tne bepginnin; f this sectinn,

15,. It is desirsble alss t> cunsider the investnent requirements for a full nining
‘waratisn. Because »f th: present-day cenmand for »res »f the highest possible iron
ctotent such an installation, when pry :rly cesigned, will include concentration and
be.aficiation conponents. T.gether, rining, preparation, and pelletizing facilities

to handle 1.5 to 3.0 nillion tons of ore per year may involve an investment of $30 per
ton of annual production ~f jxide or self-fluxed pellets.lg/ These figures may be checked
sgainst dati for severa) plants built in the United States and Canada in the past few
years, shown in Table V-1. |

———

&/ For a private sponsor, and therefore not evaileble for reference at this time.

7/  See Graff and Bouwer, "Economics of Rew Materials Preparation for the Blast
Purnace’, Journal of Metals, April 1965. For regular pellets, the pellotiiing
plant portion is given as %8.00.

8/ Table 36, p.69.

Y idem. p.70.
10/ Graff and Bouwer, Jp,cit.
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TABLE V-1

Estinated investaept :quizﬁninﬁﬁ.I)X_JJEQ:QI&.QDEIQ&LQ&i

| Inves unent per '

Plant | czgit?l Anngal capacity, ‘ annual ton of
million ¢ million tons pellets produced,
A 37 1.3 28.50
B 75 2.4 31.25
C 100 3.6 27.75
D 255 5.5 46.40
E 450 9.0 50.00
F 438 10.3 42.50
G 337 10.7 31.50

155. The investnent requirenents shown in Table V-1 present several features that need
explanation. For exanple, the unit capital costs fall into two cetegories: $30 per
annual ton of pellets for the smaller plants (A, B, C) and sbout 4.5 for the larger ones
(D, E, F), with the largest installation (G) an exception thet belongs in the first
group. A probcble reason thet the econimy-of-scale principle does not seen to apply t»
these da.. may lie in the fect that these plants were built duiinig the early phases »f
the pclletizing developnment. Inicial designs, for the larger units especially, are
likely to have included a variety of "jdeas" and tentative features that added
substantially to the projezt cost. Furtharmore, the related, end frequently sizeable
supporting infrastructure corponent costs were pot necessarily proportional to the
designed output size of the various plants.

156. Many of the tentative features heave been shaken down, ard Battelle judges that a
total "eonsensus" estimate of $32 per ton of pellets per year is indicated for a total
new mininr, preparation, and pelletizing operation producing 2 nillion tons of oxide
pellets annually. Of this, the estimated 310.50 for a pelletizing and auxiliary facility
represents approximately one-third of the necessary capitel cost.

157. For pre-reduced pellets, the tota) capital cost riscs increased to $55 per annual
ton, the $23 difference being sccounted for mainly by the inclusion of & reduction facility.
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The pellatizing installatisn will cost sbout $13.00 per tyn.**f aqual o n qunrter

»f the required expenditure. Tugether, the reductisn and peilet arits, which provide

the pre-recuction phase >f the processiny, account for ibat A er cent f the cost,
Qperating costs estinates

158. Even more than cupital cost figures, access to actual production costs for
processing iron ore t» pellets is severely restricted. Again estimates heve been reached
on the basis of opinions obtained fron expu.ts wh are currently active in the design

and operation of pellet plants. An average figire of $7.20 per metric ton is established
for a yearly output of 2 million tons of 64 per cont Fe pellets produced from raw ore
with an average iron contant of 60 per cent. For an efficient modern mining practico,
this estimate established by the Battelle staff is arrived at as set out below.

159. The cost of one ton of 60 per cent crude ore as izined, is established at $0.57,
based on North American mining nperations varying i annual output from 1.3 to 3.6 million
tons. For an "snrichment" to 64 per cont Fe, a reletively simple beneficiation
procedure with a concentration ratio of 1.3 is employed. The mining cost for a ton of
pellets will, on this basis, equal $0.57 x 1.3 = $0.74. The beneficiation costs per ton
of crude ore include $0.55 for the crushing and concentrating operations; this equals
$0.72 per ton of pellets. The feed brought to the processing unit for one ton of
pellets is therefore worth $1.46. The pelletizing operation itself is estimated to

cost $1.32 plus $0.90 for movement; handling, storage, general overhead, and process
royalties. The estimated operating cost to produce one ton of 64 per cent pellets is
thus equal to $3.68. To this amount nust be added provision for fixed financial churges;
i.e. interest and enmortization.

160. For the full 2 million tons a year operation ussumed, the capital investment at
$32 per annual ton equals $64 million. The fixed charges include the cost of capital,
teken at 7 per cent on the full amount, plus an amortization expense »f 4 per cent for

a 25-year life. The annual financial expense is $7,040,000 or, for 2 million tons of
product, $3.52 per ton.

1} / The increase over the $10.50 unit capital cost for a conventional pellet plant
is largely due to additional and more complicated materials handling and heat-
reaction control. See Bernstein, Reuss and Woolf: "A Cost Comparison:
Production and Smelting of Prereduced vs. Iron Ore Pellets"; Journal of Metals,
May 1966, p.653. The authors estimate the cost of a complete pre-reduced pellet
plant for 2 million tons annually (using lignite) at about $3.40 higher than
conventional pellet plants. The lower Battelle estimated difference of $2.50 per
tonpi: judged more applicable, based on current views of conventional equipment
suppliers.
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163, It is now possible to consi br Lhe carnings potential of pelietizing U U 2 ures.
For comparable hipgh iron ~ntunts, netural pellcts are worth about §3.4% per ton & re
than unprocessed odre. Thus, ling-tert comtract: {or Australlan 6l par cent luy o Lo
be shipped t» Jupan stipulate un £, b, price of 4ol conts por fror unlt ca aguinst

18.3 cunts £or 63 pur cent pellcte; another controct - oils for 19.% rents and 19.1 certs
for lurp ore url pellets »f zouparsble iron content 10 L ur ff‘iiflt,}?.u{ Froe the Mar- na
Min.s Hf Peru ¢ price of 22.2 cent: for lwup ore econpuares with 26.% cants for pellets

in 1964/65 which 1s estiunted to dros t9 24,5 cante for the reri»d ‘LQE@E@—’FQ.W The ne
three cases indicutve differences in the J.o.b. price . §3.6% per ton fHr australia, and
an average >f $3.30 for Marcona ($4.30 to $2.30). BE:timatus by Greff and Bouwer give a
price differentiel of $3.60 per metric ton, cssuwing Leke¢ EBriuv sre prices plus
depreciation of $8.94 per gross ton anc $12.60 fror pellets.u/ Finally, a sonevhat
optimistic differentiul between natural ore and pellets may be quoted froo an Indian
news release that "it has boen estinated that low-grade iron ore and fines, which nomally

13/ L.W. Suith, D,Beggs and F.G. Rinker, "A New Process for Oxide Pellets™, Joummal af
Mdatals. "Process additions = $0.162; electric power = $0.259; Natural gas =
$0.220; labor = $0/270; _supplics = $0,300; Miscellanesus = §0,066;
total = $1.28 per /metrig/ ton". (Note: The figures cited have been converted
from a long to a metric ton basa).

See footnote 6/ above.

1/

i/ p.78.

15/ Graff and Bouwer, "Economics of Raw Materials Preparation for the Klast Purnace",
J urnal of Metals, April 1965, Table III, p.391,






