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hmxmmtmmmt:umm
aillion tone worldvide bLetveom 1950 and 1985 turlies the sorollsry tiat
MMWmsvﬁnuo@'mn&tﬂt} to 3 years cariter.
mwﬁnmannemmtwmsnwm“mm
velop count:des to take jart Inervaningly in the activities of the
wrld's {ron ore and cteei Sndustus,

Tais m!mimhwhymmmmww
trends Umt juimt to insreasce irmm-ore pintng aad Frosessing activity and
810 Lo extonded cn-gite or neus-site pr tactt anc steeld-produsiag
mummuptmmm. mummm&w
suoh devolojuents are forecact in the payer, as follows:

1. Global mv.sirel production 1s cxpectsd4 to ingrease to 915 mtllion
m:mbyzgwmuomsanmb,mss. The share
of the developing countrice vild equal about 108 of the soride
vide total ‘a lﬁomamlylﬂrl%.

2.  Known fron-ore reserves ia the vorld total appreximtely 300,000
’ anctder 550,000

aillion metric tons, and resource: 'y

tans. Fxclusive of the “antrally Plasncd COd%e
tries, the developing comntrics aceomat for about L0f of 405,000
nd B tons of iron-ur? reserves,

3. lrem-ore jroduction s likely to react 1070 nilliom tons ia 1960
and 2250 s11llun tous In 1905, Outpute 1a the developing coun-
ries are estinatod nt aroung 7> 80Ut 510 E1llion tons and
30 uillion tons for thoss years, recjectively,

b, Intersmational 1y01-ore t-wde say rise to 420 millice toms of
anzmsmmmmwmo‘

8, m,MMWuumttﬂbhiammh
the 1970's end 1960, Globally, serecned rm-of-mine and 4irect- §
ares are forucast to inepense from 296 million toms in

1970 to 395 miilion toms in 1905, & docdine of &% to 31.64;




7.

8.

o
-

sinter fines exports mve expect 1 to rice from 3¢ million touns
1R 1970 to 500 willdor ®nns 4p M& a teem af 67 LiEl of the
total; oxide pelliete cstimates poimt to 231 nillion tons 1n 198%
from 106 million in 1970, ¢ L. MY suvasce to 128.5%. Prereduced
pellet use will not begome signiffcant uatil 1920, The domand
for directly-reduced products 1o Zforevsecn as 6b million toms

1n 1960 and 196 wmilliom toms in 1985, Those tonneges equal
2.¥; aad 1lUp, ruspee avily, of tue iron-ore consumptions for

those years.

Teehnology already exists to aocomodate the anticipated prere-
duosd tompage denundr. Thias, plus advances in conventional ore
nining and processing techiniques, ¢an fucilitate increased on-
oite cre pretreatsent gt sev and extating irow-ore mines in

developing comtries.

Birectly-reduced iro1 ore is well-suited for wee 1n rormmking
and for steeclaniing.

Toe tecimicnl and cconowir viabdility of direet-rcduction processes
based on gasecus refuctant tas alrvady beon domomstrated in coums

ercis] opervtions in the United Ctates, Mexico, and Vest Jermany.

Toere 18 & vide 2ange of metunl benefits available to from-ore
ndning end steel-piant intercats in both developed end develop-
ing commtries. The effective realiszation of such adwatages
depends on the estadlizlwent of jJoint cooperetive progwac

and ¢lose mrmonious relaticuships detween represestatives of
the aining and stecl companies, on the cie hand, and the nineral
Tescures countries on the other.




FORECAS

N

Iron ore has Yecorme one of toe roct {nporiant commoditics in
international trude in the past decude. Thig dovelopment has been (he
result of & muer of pev fretors thut have twzried sinee 1950, emong whaieh
the folloving have becn siznificant:

*®* = groving desan: for irou to tatisfy the stevlaaking
Réeds of an expandins wvorld eCOnCLY ;

**  tmproved ircmaking und steelinking pructices leading tos
&) increascd contumption of iron-bearing ores sad
deercased dependence on nerap for steelmking;
tg vide wse of bighly bencfiesoivd Lurdens for irenmaking;
€} Iwv ore-pretroatoent teckniquis ylelding high-quality

ore produects frea lowvecrade run-of-aing orcs;

**  the opeding of Iarse tron dupogits producing rieh nstural
ores and/or highegradu comgentrmios in ancas renote frem
ivom eouturpti~n Centers, und the devele, rent of losecont
WAl Lrousioroatlion LG o nove Inre tonhages of
sueh ore over lon; Afstances; ang

**  the emcrgence of Japan as the vorld's larpest imporier of

&MM of lron Ore and Steel Industry

There 15 & sequenttal Procse line in the overall steel ,
operation that wover from iron ore to piz iron %o rav steel 0 semi-fintshed
apd finised sroel Producis. The pig dron/steel transformation 16 the most

» 804 approxisately 120 yoars ngo the !mvention of the Pessemsr
Gonverie: aud the ojen<hearth steelakin: procesges rade steel produetion
&0 esulcmieally vicle mass ludus%r,.  For ncarly half o eentury Bessemer
Fractice dauinated the jtec] operation until, arousd 1905, it lost its leador-
ship to the opaneheartn metlcd.  Another 0 yeurs iater, a more rapid process,
S axygen-blowvn furnace, was i=troduced for large-sonle productiom. It 4g
Bov the most widely-used steelmakig pructice of the industry,

MNW@ldﬂ-qumi at all other stages
of the stee) operetion. These ineluaed modifications in uining, concentyn-
tion, ,mmﬂimenrorthemgﬂuimmd




Table 1 fllustrates thut in 1970 vordd steel produstion equalled
¢ million tons. Iventy year: earlier, the United Ltut-s aeccounted for nore
thun hall the 102 willione=toa gdobnud ovtpulb of ruw wstool; by 3955, 1i. siure
of the vorld total had dropjed to 39 and cobtinmicd to ureline to POx by
1970, Tne 19 faii-edf in the U, 8. comtrasted with cnly & 48 Westurn buroye,
e balanoed conditiod in Lastern kurope, 8ad aR ifupreveive 1% advance fu Jujon
from by 38 1955 to A% in 1970. {tevl output ir the duveloping arcsi, rujres
semted by all of latin Axerica, Africa, Austrolia, ana "Gtlers”, iRercased frca
12 nillton to 2 million nwtric tans, & eombingd PFiie of froaa 9 to 9, of b
world total.

Vorld steel production iz cxpected to continue to srrov, reeehing
135 sillion tons in 1975, 915 aillicam &n 1530, and 1025 nillion tous in 198%.
With those fasrenscs, the devcloping region tcramges vill alse advange, W0
totals of about 200 mililtion tous and 130 milldcn tous ia 1500 and 1985, repre-

senting apyroximately 175 of the total ostputt of thoue yuare.

Toe 0.t recent catimies of the world mecwecs, jnoliched in
1970 (3), vure eugdeiond 4n 298, %hey revesdd a fourfola irercuse owe
fies estadlichud only 15 yoars eurlier. loatitinicualy &Viilable resirves
% ogual £31,000 sdllion ton, end hcwi poteatinl ored whout tuice as groet,
diatributed generully, <i chowm I Table 2. Yue knoow iron ores 1A he
developin: countrics, thn esommtically tdvanced fatinna, and tha sontrally
plamned eccummics eoqual 61 Billiem, 58 Villtea, and 122 billicn wetrie tons,
geapoctively, Vita the centrully plaancd arcas’ reserves excepted, the
reaniniag 139 B licn tons are divided k27 4n cwrgont comtries and 5%
ia doveloped ounes. '

e Cigwes eited sdove are already recognised s beding oo low,
I&Mm%smum, the Australian reserves of b “llion
( tons have bevh wuaanted criatly, and the discovery of the Camiue
deposite

in porthern Fruzil adds 66 1east 15 Pillica wons 10 the rescrves
e Table 2 fndientec & sde dinjaraion of Aron ore chdowviofts syread
gomerasly cver the earta. Ocologiemlly, 5% 45 possivle to drav & loclenl jie-
ture of 1ron deposit dlutributios that places et orphoced Moaubi-ty,e cree
i hield arens; Leddod oolite ores ia sedimcuiary sones that
40 0 periods Jater thea pre-Comberian; massive-type ore formations in the
worid'‘s teetraienlly deforncd regions; and Jaserites vithia a cireular Wit
Aying some 5) dagrees o8 efther side of thw earth's eqmior. Vithia these
four Yeadly deserided aress 1ie most of the vorld's 12.ad sass, and Jarge
resourees of iron ore are thorefore to Ve found oo every continent. But the
sise and distridution of these duposits are random and wnequel.

® latin Amsrica, AMriea, snd Others, as Listed in Tablse i.
(3) “Survey of Vorld Irca Ore Begouress”, U.B. Duc. No. K.09.11.C.h; New York, 1970
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WORLD PAV GTEEL FRODUCTION FORFCASTS - 1979/1920/1985

BY SELEC: D REGIONS A'D CORTHIES
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Iron<Ore Founuotto.n

e~

T est - T eties “IY OrC Telource i kci":‘ o does uet peoee, e AI‘;'!.‘E}
Rave auy ot ke o e ~wrionilir to the rige off tr. verolit..  In ormeoont Faars,
however, ouljut leroiy ot 1odvinw) rdnes mve Lkl Up e Stickdly ol Lo
nuaber of wetive rdncs bas dnicenied potdy. AL lute ee Tevagy o p2omL
productieon o' &1k 114 tou: o iron ore oL Uron Lo Ly eoumirien, it
only 10 of troe - Lrosil, Chile, Fery, And Voacewe it in Taooin deltrtien, i i
and Sierre Ilpone Alwiem, Finlani und Svean in kBurors, (Gunawsy, wrd Inli,-
vere imcriant protucors of hijfa-srede fren o y Tulnly for expurt, In 171G,
the mrier of soen iron-ore iyrest is nearly twice Lo Lreat,

e lncrecie in glodbal jroduziica of fron ore s whieh In ACT0 ycuched
793 million tms, vms uaage posiib)e by the erpension of old wines ead the
develojueat of nev soviecs of fron-beariss wlinrals, Many mejor projocts,
caupleied ainge 1090, tiat added lir-s pew iveR-ore producing and procenatuz
cajadilitics throushout the vorld, vere bascd oo dong-ters coutracis vith cre
SORRLTS In Japan, the United Gtates, azd sarope., In otlicr CR%e, §trel
producers paridelirated in the exploration of denosils Whd the sHbsequaut
orendn: of wlnvs and fueilitics in Camaca, the U, g, htle, towth A.crica,
and Arrfea. Jn Boih dnslinces, Lur nas been s rovicion of assared
BEXACls for & substuniinl st 6f the nondtione] iron ore veehagted o,

e yeen 4o of Arcn ore te davaeore derivative procuciion for
4955 tno 1670 ar¢ thesn in Toble 3¢ T forcecuote ol the g¥ele) cre b JRES LG LA
kehte daring the 2970's Brgieet procigtice deols of St 90 rilison Lo
(530 mtlison tuns fo Fe} of erud: ore in TS ana 1000 mildien toac (t23 nidlion
teas Fe) 90 1520.(%)  In the Puture, prectfendly el o ores wdned will L
Servencd and faereadsiv; ERCRACh ey PUXAGAL )Y 1YL of toe pired ouipat L Lvdn
Conpared 0 675 in 1070wehenctictuies ap pretroated at or noar the mine site,(5)

The 3900 drom-ore yrocaction cemability Indicated in Teble 3 hus
been eonfimed vihin tLeceptable Mojts by the approxiiate conewrresece vitih
the 1970 output Feenrd; the 1975 cajaeity anticljations tare into aecount
BaRy xine and proccss foei1lity prograns that are alrecady eouadtted, Polh
estlra et 1oiit to the 11k ihood thut mew rdatng end treatent fustallaticns
for ucke 350 rdilioh Lons of iren orc annually vill Le built by 1980.(6)
Approxsrutely cne-thirt of this ecded cagacity vill be actieved by roderne
f2ing »nd repiucta; cla uwilts; ceethird by enlirging eadsting Eo~fditdes;
And cne-third by Viwldy nev ductallotions st new wine sites,

B ———— ——-
(3) "me Isevitabiidty of Friredustion Sa Jrom apd éuela&kmg'; by J.R. iMidier;

- o
5

Mmrican Cocufcal Society, Anwual Maiiomol Hoeting; Bocton; Aprid agre

(5) “Irea Ore Minine ana Fretreatment in the World und Intin Averica Durin: the
) @ﬁymm{'toﬁ‘xﬁﬁ ‘Cingress; Carwens; g, Il

(¢) wmcTAD Do, TID/IRT /SR, 1/7; "The Japlications of One F1llion Tonn of Jrom
on P.

8 Year®; by J.R. Miller; Symposiw 1Aoning of the Yoreigs Trads
tor; Sept. 1970; Genewn
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1 190, ilron-ore procactien ju tne cenlrily pd wned AL, ., les
equilled 200 milltsn Lons, The deve lonsuge countries tecountel Yor o owons,
or ek Gl the SEOALL LAYl A ddere o o aboul I 1 plubal Lronespe
mining fueilitics <. Entivipated by Lu7y. Porecusts for fvon ore *roauction
and con.untion throu y L4y are chovie in Tetles b and %, Qv w tlbal scale,
the estirutes Folne v 910 midlicr vons o1 core averuging “... Te in 1975;
1A million tony wien SleTH Aren content on the avernse in ivou; and 1260
killien tone contsinin~ 14G million tons of iron (Fe=t4.00, ~verall) for 1965,
T developtin: reitioni, vhioh are expected to produced Fo0 nillion, ;10 t’!illiqn.
and 360 millien tons of iron ore ia 195, 199%), andi 1oy, re;;cotively (7.‘7.&;,
24%, eng 34, are forescen as coveiraiir 90 wialion, 120 mi liion,and L0 cillion
tons in thoue years (u.45, 11.%,end 12.05).

Iron-Ore Trade

Internuticnsl tende 4n iron ore in 1970 equalled 281 million tong,
ropresentin: 33% of the total wopld oulpat, as shovn in Table 6, A Uniteq Hatfons
8%udy (1) ohserves Ust, "Interrationul trage in iron ore sagunted to about i
1illion toas in ectual toriaze du 1900, o1 about g of Lhe world outpui. In
193 31 bad inercacoa 1o SN0 adi en Lo or Lob oL " and Gads, Y ., . the
Svercave In daeoranisonon ion ore boudee chould continve throv hwut ihe rext
deende,  Frpressed in toims of dren cotiemt, 4L picht exceed 200 nillion tuns i
1980%,  Under eciinin concitions, iscieor Lrde eould reach 5% million tons
in 1975 and nrousd 320 niltiun vens in 167507, (L)

The jattern of world trade in ore and ore derivatives 1s det-iled in
Table 6. The primcijal i'lows 1n 157 vere: (R) frem Corada apd Bouth hecrion to
the United States; ( %) from Seandinovia, Africe, and {cuth Arerica to Western
kEurope ; (c) rom Lie UOU2 to tue a1 ®ore;oon countirds 2; and (G) from Ausiralis,
Asin, and South Aicriea vo Juinu. Qne laige “upen” m.riet thal ewergen is pricur-
11y Weetern Furope and, to & much snallor ¢orree, the U5, and Japmn (becouse
both are already well covered by Iart-ovrershdp or iong«ternm arrai;euents),
Bovever, the nagni.ude of their needs s the requirenents cf the ERC wui UK stecle
rAakers have already atirmluted siron;; coopztitdon Lhon; the ore-producing eome-
ranies of Australia, latip Arerics, Soulh and Vest AMyriea,

The USSR nay be esmected Lo uret 1ts own requirements w.g a large part
of East Eurcpean ore necds, Belatively wrall shipuents fron the Sorviet Uniun io
the UK have Leen made since 1YY, ity 4o fncrease such tende Yy ueet soze
resistance, now that Great britain has entered the Buropean Comnon Market, An
increasing amount of the ore conswsed in Eastern Purope (other tham the UsS3R)
1s likely to come from Incia, Africa, and South Aaerica by 1980,

Japan will continue to be the main factor in the world iron-ore market,
folloving a deliberate policy of import from many sources. A flexible procaree
sent program calls for obisining approximately one-third of its ore needs from
Australia, one-third from South Aserica and India, and the balance frem North
Americs, Africa, and Southeast Asiu. .

{77 " Tron Ore FAmiaty by A. Marelle; U.N. Doc. TAD/INT/SEM.1/1; July 1970; for

Interregions). Seminar on toe plunning of the Poreign Trede Sector; Geneva, Oct. 19J0

(8) 2% million andg 350 million tons of contained ircn vould equai about 20 miflien
and 550 million toms of crude ore, for average Fe contents of approxirately
60% and (2%, respectively.
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TECUNICL L COMSIPIRATT i,

The pr -ros il rtalen tg e} ad ircu-re pyocy tiou capabilities
from the rrec.ont 5,001 cuscity of about 800 miliion tane to 929 m21l1lon tons
Yy 1975, s Sadieate In wole 5, and to Spproxdmaiely 1,200 million tong to
meet the requirepen:s of the tteel-projuctiun {orecasts fer 1989, have been
Ereatly facilitated by uany rew tecun.cal develcrwrrts, TMase incluCe imjort.
ant proce.: Laproveuents ang franvations before any afier the iron mining
vperation, 1. tiugc BlCUiva, Sure Of the more clgrdficnnt of tueh technical
develorments ars briefly dizsmgm;mi, wvith exploctr on LAy pusitole fupaet they
ray have i developing countries vith fwportant mineral reco. . ¢ cadowments,

Mineral & lora'ion

Recent {nprovemensy 1a mincral exploration methods include among
other thiiygs, the folloving: (a) Aeric) photogrept:ic techt.ques that smke use
of art{ficial salelliter to uean very Jarge erens, indfividual tevchniques vary,
but rcot we ultifilter paotc raphy sng tiv.lynis of refcction tpegtra,

(») Refinenent of Croplirsiesl dnntrusonty that bave incrensc carability to
yenetrate thick - aple Cover und doup overlure g, (e) Poyel gecchondenl
Bethods Lo ortoct Paried nineral depriies, (2 LoBeepoed eomputers for ficid
@ld tuterpe belion, Toic Fernits stadtaneous gro 1ysis of vita frece suveral
ehannels frec e variety o seoplvalend lnstowent, to fogilitate the ghotee
of potentianl expioration targets,

Alttouch cponsopeq rainly by eomponies bLosed i developed countries,
these technjcal iniovations are frequently uged in the doveloping arvas, as
evidenced in o larre nurber of recent United fations and ®u Iticospany
exploration programg,

In the modern iron-ore industry, mining 4a Predominantly by open-pit
Beticas, &lthoush wide s moung nining s stil} Practised 4n older deposits and
in speciul situations, Teehnical improvements have been introduced for huth

lﬂ other nm-j explosives, Computer prograus are’ in wvide use to coordinate
Sining schedules ang Optinive extraction rates,

In wnderground mines, empbasis hay ecn placed on widerground hmulage

by tire vebicles futher thar rail, and on URderground crwshing and
ADES 50 that ore trensyort is facilitated, In open-pit mines trucks are
extonsively. A dcfinite trend towvargs biger equipment 1 clearly evident:
hlSO-mQMsnnmmuyhmmhrgrmtsmMcﬂa

§5!

.

Iy ressive develonents have taken plaece in lons;-dfstunce ¢
othods, sueh ag Ocean-going vessels of 250,000 tong capacity and nore for
iron-ore shipment, and the uge of piyelines for fron.ore slurry transport.




The Jotter st e 0as torn u o saccessfnl cperation for newvly 5 years to
move or: Iroa t'. peveze Liver Mlae in Susuanis o o p lleticdng plunt at

rort I.tte, spiroviratesy 9% viles awny, WwWidespread inte-est hng beer shown
in b toreond o methid oo aciang. eonaveviag, ane wul ading iron-ore cone
centrat-s 1. siury fora. The syst . weer hign-prcisu. e nozzles to produce
high-deansity ore slurrics Liat riy Le moved in pipeline: over land or louded
Into ore vense.s. MIMF. ernventional developenis includr the use of belt
coweydrs £ lons-2is!anee ore transtort, inelvdlig regenerative nyutems that
take aavauwng. of Jarre vectdcil dily cementa o senerute power, llie the
0k ermweyor rovin,: tauxiie iu dedpa, Auttredis,

Tron-Ore Terefiiriina

 Men:ficlation tuehnigwes are standard praciice at all iron aining
operdtions. Thmue .inge from sispie treataents osuch as crushing, screening,
or blending to produce a éceired diregt-ehipping ore, to cosplex asglomcrme
tica and prermduction wechuiques. Prirsavy size iAuction und claccifiention
wethods huve rersitied o cortially oochonged, dut rimificant fupovations
mve bees nade In th row advenled auesprocescing Sisgus.

Ore erusking s eu isteisl jart of ore-preyaration plants, Crahing
opemations rorve 8 wal Lunoticn: Whey Frelge ore size to warkctalle 1luits,
and they itherate cesrse wncesizable gangue coastituents that mny be in the ore.
$i%e elassification by rereenfus foliows crushisn to wejarate tue ore into
specified afsr fru:iice, Hie ores are often bicnded tiso, to prudure uniforn
prodest. grades and to clfudnate flugtwntious in tae clemtoal and physieal chare
acteristics of the ore that could cause protlems duriig comcentmtlon.

2ree Ore Goa~sntraten

 Paysical come-uvratios of Lrom orw wuslly inwvelves proecdures tesed
OR gravity, magretie,and flotation methods of separstion, sinsly or ia ecoudin
ation, Ores vhose ganie copuretos in the ecotirser dlres mmy often bemefit
from ty treatment (luspirey spirels) or low-intensity mmrustic concentrae
tise (beits or drums). Vren the impurities nre finely dissemdrated, fine
grindisng is wruwlly icccasary for minsral lideretica, folloved by magmetis or
flotatica treataent. Rod mills and ball milis are wumlly uced for coarce

but the mousrn trend & to wee hall aills for very fine grindisg.

IR FOGeRt yeuis, sutogencus griading ir. vhdch the ore {taelf deccaes the
svinding nediue das been used more and e frequently.

wnehanged for “ordivary” spplications, during the past 20 yearw. A mwbe of
oallenging problems remain, especially i the area of fine-particle scrarstice
for friable ores. Ia geseral, the major improvenerts in frun ore eomcortruting
teciniques lave beeu afected at reising operuting efficiencies anc yields,

80 that processin: coste noy be reduced.




Tron- Q@ re ;{u't{ Yoy s ration

e - oy - .

B> acyect or irvm-ure ey, Tolutdon ey reeeived riore altuntion or
pro;resecy B yue  as an dmvieration.  ia in Lho laut 15 JeUrs, sintering ane
yelleticirs have been develope: o the point thae lrarurawent of certain rhyc=
lenl charncteristics 4n A Latoraiory car often be uscd to prediet aceurately
Lbe betmvicr of ores In enmmereing pients,  Regent Insirbis on the necuanisme
ol iruy-ore 8eslomeration yow rermil procas des’m mocifications that foruerly
required lengthy experiucniation undsy full-cende plant opernting ecnditions.

[ o
Sintersng

™he sintering process is Lased tpon {he comtrntlon of carbon intie.
nmately uixed ity iron.ore finss and lron-besrin: dusts under controllcd
eonditions, such that fucipteat fusion of the rixture ig achicved. In umodern
Practlice, the rov-paterial mix for the sintering poocens usually includes
dolomite or lipestone so o3 to produce self-fluring: and/oy super-f'luxin: gin.
ters. Faric sinters aiffor fro. Leld slnuiers (thase yi th 0o fluvep udded)
wainly 4n the Baluse of 1e ginter Semby which An f Igien tintere eongfats prie-
warily of Bionly redaetble celetun o Futoceioefo-rites. In the Cice of wgad
8inters the Vonigfnes meoh vdng g vriaordlv s or Mued jroueexie bridé; s,
Ty;,ically, slLler A6 procuecy Tran niseu of pusp ete” naterials az vbvinste
furnuce dust, il gcale, wnd sinLey Pores, vith fadeatioce of fluxes uad coke

t4€. Sdutering maechine: Ly be bteh-vie wnit, o soatiryoug (Dwi{;ht»uwya),

ingtallations, ;. datter, which are Very widely wnad, are uswilly of luge
eayGeity, vith ornde trecu up to 10,0 square ieet,

brought ¢o inciptent fusion ay & flane nyyg through the cinter-mix, Advunce

of the fluue ang fusion ef the bateriad wituin (e bed ore coutrolled bty the

flov of aiy throu h the grate ang & syste of vind-boxes, “he final staces
the proceas fnclwie partia] cooling of the cinter whieh {1p generally followed

e acceptance of the si~tering procecs by tie iroamal rpg can be
truced ¢o ecotomic factors in blast-furngee Productivity, Iron-ore tinters,
Perticularly the Belf-Ciuvirg and Guperefluzing varieties, provide the {ronmalier

trolled at the plant to meet the specific necds of blast-furnace operators.
T™he increased uyge of sinters in Japancse and European furnaces has been eoff.
egtive in Feising blast furnace Productivity and lovering cche rutes,

and closely-sized sfaters heve made Po&uible the yse of highey
driving rates wvith stable furnace operation.

yatterne of sinters, rellets, anc ores i several repionc of the vorld
It 13 clear that sinter conswaption precominates in Mastern and Western Burope,
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Pro oo Jarau . v, ey S N Coaniza, Lo icltern wne Lot L Wil
the rply 120, wien Tl [ comge the ;n't_ffam} fron toraon sateric i, Ip
latin /o rloa, ol e e UL the ppipetegd DIvsso rateriel, bt songe
MAZIER Yl S WOBRLL S B gty LrITeAth Lhel jg pot LIS ChY behiind Wit o
lugg -oprs COL il eul,

beiletizing

Nue’s.iz!ng: 1é the operation bty unhich Lirg nend -spberienl apsluw ates
&re made fron finely fivicdee raterfals. Toe process consiuts of two rrineiral
ctejin;: talling wnd tarution, T, forser refere 1o e Ooperation o Forniyg +
"green” (uniaduratea) rellet., whieh i lormally doe An rot-idns (leia, drirs,
OF conen, Indurat’on =fers W way penn b vileh stransth 4g added to the
cresn balls so thag they nay it wtanyg handifirs ang Sransport vithout txeennive
pliyeical degradation,

In penemy, troni-ore peliets ape cxpectad to have certain vhysfec
&nd chemicul chaructericiies thit make then teituble Cop Llsst -furnaee uge,
e wost comro Prgeriics renuired of ipon Palleis wre: (6) clove nige 11} Ea
u‘ilﬂtii};z, roreally Letwe n ) LY ',’vﬂf«jn{;iﬁ, tooperpaiy saTouats pe wrubitity

(-~
in {he blastefum L () was e ehns ooy COUB IR, Tl da v ",
and rasomate )y recacibtle uroop Lighetoipe riiayg o Coicdeionsg (c) rechn: eny

Eireacih to mogint hard¥in. ung tromcparcatior s {d) pona resisicnee to
vegrantion adar Efoa torreratures AL A reauehn: awoipn. e,

The nost recum: teehnlcnl fmmovations oge in the 'ield of Erolrre
erution fnvol mUetiriog,.  Pecaune ;‘@Xl@"&ii‘,;:,;,, Laliie c¥piciding, ean be
and pormilly 15 oo elodc to the Bive, a diccuuiiog W nodegp technolo vy in
this field 34 Mrtienlurly pelevaat,

,,&1113&5 clredts 4 rodern rracties ecncisy of rsnentislly thrce oper-
ations; err?éiT:,, =il rolling, and ri-e elacifdcaiing. Tucee operationg
differ secording 1o ti e of eruipaent vsed,  Thug, tal; S dresc regutre
separate screenis. facilittes to recirevlate wniersisag rellets back into the
ballis> tircuit, vhile 3cdleisslng alsis plze preay yelieis vurine the Miling
Sotion and Anderendent ge Cening faeiliviesn age Aot nesded, norrally,

T™he fdsa that pelleviiing require. extreusly fipe rize distrivutdoag
(60 to 80 bereent ainus 30y nsh) ie bein: repluced by enrepgl contiol of uage
distridutico in e cearser sfics., Studies WAde warly 10 vears 870 hove indi.
oted that seceptabls Jellets may be obtained vith mired oreg tontaining us Jitele
88 27.85 of -1% mesh particles 8nd that the ratio of goarte to fine fractions
Yy be more tsportant than surface area characte: tstics alane, (9)(20)

(9) X. Saioek eng J. Kandl: Butatexe List§ 17 (1), 1952; rp PO1/766
(10) P.A. Young, Iron and steel, 36, (10), 1955; pp h5o,
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Ao lmporteat area of Ingquiry that hue Yeen sublerted to pooa o tos
cevern the ute of binders., This hac led to & treod tove v prer? oo 0y ke
: tousihle, ol benturdts Ly incxpenaive 1b ot e hyorerac L VL T

-

thal car fnereane the oacicitly ol the finul pelles, 1 sore curs., irco ore
lealding las Leen suspested as & subotituts for bntond e meaition. (1)

Induration of pellets 15 vsually achieved {0 rorsrelnd orerctions
Ly Leal 1n verticel shaft fwrmaces, horizontal graies, or in grate-xdin cubbin-
sticae. In all of these, the 1mmtim procecs dicrelve drying of the presn
pellets, beating to create iron oxide and/cr & =loo btond formation Leluesn the
grains, folloved by regulated cooling of the jroduct. Coutro) of the drytas
and heating cycles is iagortant to maintaln product qmility rud avold auch
problems as spulling, premture pellet breakage, tnd cluacter foration,

Recent inmovationa in hot induration processesr inclnde the develop-
zent of the circulur-grate pelletizing eystem, which i rerorted Lo hive lowver
PV requirecents than cuaventivnal systess. Moot of the advances uade in the
field, however, coficern & botter understanding of process paramcters ang
toeir anfluente b product quality. Farlier nrobleoas concerncd with pellet
vellins and tnsulTicient stremyth are maew luipely clinrnated by improved
infurcation cycle denigns.

One of the ifnterentin; covelopirtite dn rocent y-ars bas boen the
Jutrodustion of colu JAdwmrut.ion proccuseds. Tuene oan hncww portleulisr inport-
ance for Lhe écvaloning coumtries becawse {(a) they vejorieely rojuise lecs
capithl dnvesUxnt aud (b) they sy be desisned cocuoulcilly ifer svaller
production cajecities. Cleaiss have teem sads (39)(13) that cold indurnted
1elletr can exceed the physical speeiffoaticn of conventiainld ncid peltlvis,
The best hiowm of thl new processes is the twedloh Craicold jrocscs, walch
utilizes about IC; portland or other ecemente (jcsoinnic or sln ceamnis) Am
the pelietizing tixtm before Mlling. The sreen ialls are sunnequentiy
coated vith iron concentmte $9 prevent cluster forwbion, wid wre alloved to
harden and cure for Jeriods up 0 b veeks., Mlast-furnace test recults oa
thess pellets huvr Leen reported (o be quite favomable,

Other developments 18 cold induraticu processes inclwie the curbomate
bond procers, the ecorrosicn-dond proeess, and antoclnve bonding with turs wad
pitehes. In the carbrnate bond process, (18)(19) the irua cencerntmmte s ulxed
with _pproaizately 7 lime prior tu Wlling, and the preen psllets are Lun
partially dried and alloved to hardsn at 2%° to (00°F 11 & 00, ntactpicre under
presowe. I8 the ecorrvsion bonding method, iron chips and sa&hﬁ ehluride (WaCl)
are insoryorated into the pellietizing mixture viich Phardcas as & result of
corvesion produste. (36)(17)

u ::lhm mnt.luu. 8 (22), x963; w lsw
3 Je in-u-’s &

» (1) 1970; pp B6/32

A) M.C. Chmag: AICHE and Mexfcan Chem. Eues. Joint TingsDenver Aug/lept. 1970 |
2 C.Y. Oubin asd LM Teylev: %nnt Wot., AA. Lalsow, ), 19.5; wp 63/68

K.C. Chang: Miping Fag, 1
1Y) A.E. Pokhrisnev, st al: livest. Ma Met. 8, (3), 1965; pp 29/35




Censwumy.tion Patterus und Forecasts of Iron-Ore Concumntion

Althoueh the growih in ordde »:llet eoncuvapticn Lié been rapid in
resent yeurs, the advioce {ron 36 million tons worldwide in 1056 to 104
rilljdoen tonc 4u 1Y7U bas only kept poce with the frercese in the use of
einter, in too s o toirasc. Coarddering that pullet use 4s very heavily
fevored in tne Unltea S ics, & gencrul preference is indicnted for sinter
in wost ctixr areus of the oteelmal ing world. An important reason for thic
is that pelilets ere wsually yroduced near the source and sinter can be mde
at the pleut. In termas of eash flowvs genernted, sinter production peruits
& mueh larger rast of th: ndded valu.3 to be eredited to the country where
the ore s procosucd 4nto irou end steel than doop pellet manufacture.
This extre Menefit vsmlly favors <he fron and otcelimker vho therefore has
& good reasca for blas tovard tue use of sinter over pellets.

This 1s particviarly the case becaus: moet dlnot-fursace operators
counider both aggloverntes equally mood ac a charpe mslerinl, The cholee of
sinter or pellets a: a burden materinl 1c usually one of personal prefercace,
vithde eoustruints over vhich the cperetor bua little contro)l. For cxumple,
U. 6. ecmpanien are "loch.od into” pellec practice and must Puropcan plants
Gre tiued to aintor techindirue beemune the first hove aure direct or indircet
mvegiaouts in oo ninon opcogtions that dneluste effie’eont yoiletlaation
fustnldemlions, e oo o Lne Eusopesn ecnpanics have erocted lavic well
funetioning cinter plaat: oo jort of thetr steclvorks.

The fuiure i+ tiwerefore not lhkely to see any rreat ghift from
sinter to pellct proctice or tue reverse, The tonre:cs concumen in the plobal
steel fndustry vili tuercnce for Lotn o lomercles, leotwce larear enounts of
frun ores will origirats in aa internatiomnl market 4o the eomine yeare, and
bocanse nellets ship and "handle" retiey than sinter and ninter £ arn, 4t 42
1ikely tont the Ingrvaent of poellets' tor wpe used in the 1780's will be no
less than that of sinter conuumption. Expreased in percent, this vwill result
in & rise in the proportion of peliet use. Put the reiative incrvace will
probably canme at the expruse of runeof-mibe ore 88 wuch a6 from decrvascd sinter
wsage, The tonncgus forcenst for this d.velogsent are indiented in Guble Te

he global outpat of 105 nillien tons of oxide pellets in 1570

ennged the productive cojacity of 1:6 millton tons (18) availablc that year,
at & utllization scetor of 7%, 9he most rocent tolalation (10) of jelletine
Gtion cajacity Liat will be i operatice In 175 llsts a worldvide carability,
Sased on scheduled construction and existing facilitics, tutalling 210 million
tons; at 79% cajscity operation that vill produce the 165 million tong of pelicts
forecast for 1975. The nev cajacity scheduled for cuupletion by the e¢nd of 19715
totals 62 milliom tous. Approximetely 3D of the mev pelletisation capability
is being ereetod in developing arcas—2 million tons in Argentina, 8 million
tons in Prexil, € million tome i3 Chile, 5 milliom tons 18 Mexico, and 2 milliom -
m i:naml; obe must be struck by the high representation of Iatin Amcrice

L st.

(18) “ori¢ Iron Orc Felict and Direct Iros Capacity®, U.S. Dept. of Cormerce;
Peb. 173
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bl T dncludes ectirates for the eonsuaption of proreuu o dren
ore that tncreescs froa 5 miilion tonn in 1970 4o over 55 rildion tora or 6007
of the globald dren ore contumpuion untichiated 4n 1005, cad te 3Ph vdatics oo
vhich reprosente 9.9 of the wordd total forergen dn 1095\ irceoily, fo
the swwer of 1975, theve are po lvoe thap 0 plante dn oroenion in G o cmocles
aud 9 others on elurieuws. Toe dnedlitvios ol the flrot proup are locuted §n
Mexi®o, thoe Vaited Slaten, the Perublic of South Africa, Srcece, WoR. Guepnavy,
aud Nov Zealond (20); an ihe secon’ eet are plants 13 Lrazdl, Veneznola,
Canudn, Mcxieo, South Alrica, the United Dtates, Italy, wnd Jopan.  Tu olisr,
these nocount for 19 direct-reduction opgrations in 1l ecourtricy; thcir eonbiied
capacity io given as 5.6 rdllion Lons & yeawr, us chown in Tuble 6, *

Table U docs not includs ot leact © pow daportunt projects for which
ecoltuots werce olgned, asecordlny to wnncunccaunts mate cacly ibis yoar: o
k00,000-t0n FIUR plunt in Venexucla with provision for proigt ezpansion to
1.2 million tons n year cupacity, and a % million-ton Korf-iidrex iuutallation
in the USSR. The latter project is spparently subject to confirmation, depending

TI9) Toese Torecasts have becn atated at industry ncetings since 1969, Con.
osrning the projections, the author nas said: "My estimate that worldwide demand
ond consunption of dirvetly-reduccd iron ore will reach 11 nillion tons by 1979
is widely Judged to be rcasonably scceptable, Lut increnses to 64 million ton
9 years later apd to 124 nillion tons by 1985 are much harder to toke.” ("Tue
Ineviv ble Mugaitudes of Metallized Iron Ore”, Annual Conveantion of tie Asu'n
of Jrom & Bteel kagincers; Pittabwrgh; Sept. 1972.) o

(20) e "older” Wi'erg and Hagnks installations in & piants in Sweden vith
capagity to producc 130,000 tons per year, are not included, *




TABLE & WOFLIMIDE CAPACITY OF DIKECT RITUCTION PlLANTS

]“Jg

S T o -~

(T Ma1die ony of Waueed product)

Capacity™; Feb. 1973
# JNot included in source material
¥ Plant shut-down due to cpersiiig problems
*+% BonCommcreial - Pilot Plant

Starteup N
Country Company Jo . ation Tpe Xenr Ce
— X 4L
In Coamercial Opernticn
Mexico fojelata y Laadna, S.4. Manicrrey HyL 1957/1960 X
Hylsa de Mexico, C.4, Puctla Nyl 19069 P
Tubos Aceros de Mexdco, 5.A.  Vera Cruz Myl 1967 ¢
U.S.A. Oregon Gteel Mille Portland, Ore. Midrex 1909 b
Georgetowm Stecl Corp. Georgetovn, 8,C.  Midrex 1§71 Lt
8o. Africa MNighveld Corp. 1td. Nitbank 8L 1968 6
Greece larco Mining & Metal' Co. larym sL Befere 2958 0
¥. Geruany Hamburger Stahlvorke Ramburg Hidrex 1972 3
Kev Zealand New Zealnad Steel Ltd. Clentrook 8L 1968 b1
In Diart-ve or Fluid Conatrusticn Stage
Praxil Usipa Bicderurica da Lahia,SA Arctu HyL 913 a
Acos Plinoe Jiratind, 54 Chargde 1GAL SL/kE 1973 {
Veresuwela Orinoco Min'g Co{US Siwel Cu) Cincnd Guuivana HIEG 1972 A
Canadn SIDBEC-108C0, Lid. Coutrecorur, Que, Hidrex 1973 M
Pexico *Hojalata y Lagina, SA Wonterrey yL 913 %
80, Africa Dunswvart Inom & Steel itd. benonl S/ 1913 |
U. 8. A.  Amco Steel Corp. Mouston, Yexas Araco 1972 M
Japan *Kuwasaki Btecl Co. Kavagaki RA o7y X
, Ritachi Hetaln Co, Yasuki BA 4963
Italy *Monfaloone Works Houfu1eone P p {741 i
, scellancous
Camada  *Palcomdridge Nickel Kines,itd. Palconbridge s/ 1m y
Korea #sInchon Heavy Industry Co. Inchon sL/ym 1910 ﬁ
U.8.A. #4)McVWane Jron Co. * Mobile h’. ia. B—Lﬂ lm ,
V. Germany**# Thyusen Kiederrbein AG Oberhausen Purcfer 1970 X
Source: U.B. ﬁt. of Commerce Publication - "World Iroa-Ore Fellet asd Direet-Iron



on the findinge of & feartbility rtudy that 4. scheduied o completion
before the ead of 1971,

Like suny other novel techuicel o viloyments, the now direet-
reduction fncilitics huve et v ta coe ULlievlilce. AL Vegut 2 Erudects
vere abadoucd brongse of continued orer tans problems, kr nnother was chut
dovit after a series of unfortumate acefocnts., These 4§ eascy have been 1i.ted i
Tadle 8, wder the "Miscellanwous” hendinz. And, cven uuong the inatallations
aov in effective opcration. rany o oo oversere tirc-conavaing ana coctly cete
Wecks during the eonstrmuction, start-up, and initial operating periods.

There 18 mo need o dunerile the variocus drect.reduztion jiveenses
or their operating principles; that has already been covered tdegmatcly in the
litsratwre availavic to ihe tron-ore and steel industrivs, WNmt needs to be
aphasised ic thas the new Sechnique 18 already available as ap effoctive
seiallurgical procedure for peacesses that are beced on sus for reduction,
:mummuummmmt-mummmmmwm

It 18 & scasure of hov Imortant the édrect-r-Ovetion develotwent ie
to the from-ore and stecl irductries that, notvidhstondise severnl zoli.eka
ot projecta braed o 82146 carbon recuetants, Ircn miers o sde bl et oine
tain thudr strun~ lniercsi in e eoaleb wiod Istee. e, Loy et a b .
throuzh by or before ti- enc of 1915. %we reacor. for cust, o CRerel eonl g
ation of interest wii "Yordty” to the ida of Clvet podvebior pgt 320 4n
> the fagt mt reali:iig ani exXperionced droneorc produc ., ire GAGTE, Bl
steel cpeTutors Feco nisze trat the dwelr,mnt 10 faer acingly faoded in thedr
iadustrics. Yor $f the vorli'n atecl prvieecrs are Lo scLeh a1l ausoain an
outpat level of oue billlem ton: & yoor after 15K, tia cirmeiercdustice teche
Bology vill be essential to compleasent tm dndustry's ewventicl practiec,

The questiun concernin,, dircet reduetion, th. .cfore, oocr not
relate to the adequacy of availalLle techniques, for they arc alrady Lere fop
the gasevus reductant processes, bul rut or to ceconatici., The odut nt juuee
isnot vimther direet reduction onn replN e exinuing drmuidrg Jrocevuros,
| vhieh ia fret it cansot 40, but vhether Jhat nov teclanloss oon be #rgdivd
- affestively to sjcefal witumtion: where sultable oren ol fucls oxdst,. N

such aB Ingairy, the anover iz eviue iy nopositive o, if we e W Jud e
from we s in Mexieo.

Tt conventiounl steelmiing pragtice fuvolvings blist-furnnee/
oRYosR-Blovh wmits i» somplenentary rathor thun coryetitive to the route
using direst-reduction/clectric-fwnace cusbinations is lnplicit 4p “nbde 7.
Clearly, the introdustios of 64 prereduced satersals in 1900 and WF 3 1579
does, 18 fact, nesa requirements of corresponding

+ But this will Mardly posc & threat (o the uce of the blast

needed sowr 550 willion tone of pig irum
Wil over 3000 million tone of irom ore and agrioswrat:c. As a

|
'
i

STy




TART = 9

- e

VT AT F"‘"Va{.]’ f"”' LALAAN S DRI RV IR PR Yaelss
}Y" WMWY o " N PRGT VoW hARPRE TP S K

* (ERI B VS PY- v et eivs S
Rav Stecl
Year Froéeciion Fatinited Conswmtions
. B ey s IO

190 155 o 316 11.2
istio Ny 945 195 52,0
1985 302% 5% koo 8.0

oL 20

n For Hher SR a5 *:g_&i on Poit Jros Poodpetion
1900 ha o éﬁr 22,0 3%
983 kil 71 .0 2y

In sdifsion, Teble 11 is of tutevost.

2

VORLLY YNGR ﬁ?ﬁﬁ%}ﬁf} FW@
W}*a‘h; -

¢ ittty

3 2 8 o.9
65.9 26T 28.0 S‘f 6.5 5 05

585 R
LT, *
L3

&

8

®

34




Tailde M Allvstrates e oxpeetating 1l o, vt a0 o, L
steelral 21 practiges Ly tholr will wecou.. Tor . oot - | oy
world's total rmue.sto i Cagiut dn 17, (o 1 FECN X SR S AT ; ‘
imately 5 ). Both prac joes vill faes oLt ewnthkly, poa e Setnt T
of the glodal ztucl profuetion in 393, und 9, an It G U LA
iron and steelsvd iy jractlce will evide atly advany gece rvedaiy tivis tie
dirvet reductinficeleetric Puriuee ojoracivnt ustia artes RS NS BRIRE S B SN
1s there likely to Lo cnonrh jrercduecd Tron or o beot L4 ooty e cund
for cuch mtcrinl, Trvos b trent dndiocte tomt by the 1 Sl Bhuese I3y
be o division betvien "oy steehmasin:” (Llust frns T ) st Teold stecole
mking” (; rereduced iron ra/clectrie furnece) 1hat vill Liabill e wt n oo
of approxiuately 575 to hi%, with the remaintng o) belng prodaced in moadticd
open-larth write vithout cxypen.(21)

The ficwes in Tuble 1) are uced in develojdnt a cooteric of the
vorldvide stucl produeing opcrations in the year 10, chowm 1w Suable 5.
This provides a mtiocutiic for thu pig-iron and cireoily sedus 4 drop-ore eone
cwptions listed in Tuble 9. Simjlar ecaleuloticn: pny be develood For olhp
yours and indivianl locations. The poimt of Srirret in thls ecnue 5o timt
in 1960, steel pruducticn by blast fwnuce /PO jructies will derunate the
industry, clowally.

Coke and Coklin, Cozl “iavin-s®

Tble 13 prevenin ohe pesults of & ealeulution of jir-4i0on yeovires
ments, vith and vithou. yrerecuetica preeifce, Toe correrponionre wilh {he
fizures Aotermincd im %ulle 12 is suftied nly clo.c to vowrt tae vl iGhsy
of Both comEputations. Tho re.udts $6 Tulle 13 Incicnte e porpivility of
redueing the m.ccusvary tatazes of pis iron for stecirabdn: by newdy 1 Im
1975, 1% 4n 1960, and 707 in 19685, throush tas 1otroiociion oF ¢irnetepedugs
tion techmology in the clobal fremmaking and steel-jrocucticn operntions.

Buch "tavings” in pic-irom requiremuntc vill obviously lower the
ecke and coking ccal reouivencRts Beedud im the 1975 to 1909 poricd by cpjiree
imately the same proportions, Comsiderins the rising price sehodules for
ecoking ecile »nd arle that are oppected (nrouwshott the fndustry pocavse of
the great clmnges tlat cre tabing preoe in the cporsy-supply clt - 4icns of
the vordd, W pouitive efffeet of mrereduction npplicetions 3s ovicend,
Farthermors, the lovered investaent requiremests for blust-furnace and eoies
oven capacities are likcly to be eonciderabie compernd to the corresponding
capital needs for dinct-ruductica installations,

e

(mm&m:mmmmwsmmmnmmn
Bocads”, by J.E. Miller; A2 Ammal Comvention, Institute of Scrap Irom

® Includes pocaible ovycih prectices thal modify curremt blowing procodures.
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Tablec 1), 15, sn! 16 cummarize eotiruted cokr requirczents, world-
vide, Yy repions and for a agber of seleeted comerics, for 1979, 1000, und
1905, vt e wilthrart 4o ane of meredaced $eon ore, Ia fable LY, thone
forceacts are truncinted $nto th corronpoaodt 5 tonaates of cotidng conldl Wbt
will L neeacd o Lustoin et ) steecs fameery operntions durds s liee y = re.
The Lyaeet of the intreduction of direct-recaction technoloygy, ceven ca the
Meite gemle fovescen in Tuole 12, beconen Snopmoas tvely elear,  For eaxnnple,
the date in "hbn 1y chene thnt 14 i.v pustible in 100 to lower t.hﬂ ectimiied
concueprbing o 200 pdiidon tons of blacl-furiace core by nboul 13, or 6 rlllicw
tons, 4f ihe forecnit quaitivy of (4 millton _tons of Trecely redaced meinlle
ised iron ores arc vicd AR tiat vear. Siniar rodestiaes in furnace coke wie
are also Indicaicd for 1979 and 1985 -~ 20,9 million tons, or 9%, in the first
case and (7 million tuns of cokwe, equal to neariy 203, in the tccond.

Pable 17 preconiés thoge reatlie I torms of coking rodl cuhstruption.
Por 1500, thr estisited ect ! necded for pig-irun production eould be desrcancd
57 million tous from 4G million tenc to 30 willion, Acide from the 1
reduction In coliny, eoml costs Incléentul to piseiren producticn, the eonuee
quent lowaring of coke-cven evdouaions by approxir.iely the st percentn co
ot, of 1t:.cif, odd steon cuppost t0 the Inuusiry's peasral intevest in
dircetercduction toshnologys.

Gerap

*

The n:tiern of ptocl-semp copmrnptiop In the cteel]l dnductey Lo in
me;mi yeurs reileetre tha follwning: wicteiMllon: 5 for steelvanidng, 3o
for pig-dron productlica 4o binot fwsaces, s 15,0 i Iren fout.nirico. . )
Given the sto.inkig oo srag regulreuents eslicnted m 'i‘:'u.w 9, total veirldwide
serap doxanas of Gio ‘—t: A0 ,.ﬂlj i, BED mAllion, e 555 nillicn toacs munt Lo
ﬂﬁﬁfﬂﬂi in l,j”5, awﬂ} 3 _1, i'%“n’»i}i‘eti‘fi 1:{&

Theue s wipredtedented tonnnycs of serty cunuaption., Even Lhe
qﬂst.;ttes imﬁ»&tvé for stoclraking alon@es tf midldon tons im 1YTh, 39
uiliic toms in 100, wnd Lo nillon tona fe 03 Lpi et creod eny panl expericnee
of ke 2tgel inuw *h'y. In 1900, o record yor fur seren production, plekal
concvaptliod of o vas atovd 350 mli ton Lo, eorgarcd with sece 10 uitlion
ke  plg dron, The steslihing Procers oociovily dopendn on Lroa ore ag the
princtyad wdiornl rescyve. Yo practice Voo metalile ecpponeat 1o provided e
the foum of piz dron, Lat orrap i a surpricircly Jarpe second pourcc of iron wnmits,

Berap ond pie ifvon are, dn Thct, eltoriativer for each other vithin
miber wide linit:, in cteclmaiing. Yet, the propoition: of scrup amd pig irom
hewewd in the cstablinhed stnhyrﬁucmg ecenters revain relavively
atrithuianding a matural teadeney to ruspond ﬁtW} to modulations of teohe
Aden)l and economic condition. For esasple, the replaceent of open-bearth
prastios by oxygen blowing, one & much greater consumer of scrap than the other,

S

(22) "Problenc Relating to Iron and fiteel Sesmp”; Uiited Hations Document
SY/ECEMT¥PL/32; Salee Ko B TV, IIE/nl; Tuble 1; Bev York, A971
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zzcrup') eoe il enion rowtly hadi the 4oLl ety dagat Sor steel pecdustion,
The Yadenee, fron abooy 000 4 (o dr "oavehaned serep”, which dreliwies
"Erocese serap” rig voldverics £ Colurelors, prosecuen, and sweplices
vuinide the lec) indus Ly 1tesly. Puriig, the 'wsi‘ dectide purchooed serap
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The contera of ccrap downid lave therelors bern peflected $n
locutliannl shifs: B )LY o thnte vhud huve maried cleel vroduction over
the past tuo decuder, An Incorralinnal systen of {rade in serap hau enwried
in which o & villion to 9 millivn tons o sctal moved in 19%5; by 1.9 the
volure of scrap troued in ths worla rapiet Wb Epvrovinately 18 milllon tovs,
Thiz doublt: W OF Crap exports ori i voris rof el o sonavinl crcoter rise
4n growth rite than for totul Revap consuwsution, vhich dncreaced B3¢ 4n
risdug to 330 millior tous in 1959 rom 180 milllen tons in 1995,

Tvo-third. of the uwerny trades $n the world mirket ia provided by
only three countrics: the Unitew “oites (r. net of & milldon tonug, or L4, in
1969}, ¥rance (105), era the Ugsn e Tuiree countries nlro recsive nerrdy
two-thivic t.oo corep teaded; Italy 1.1 11)ion tons, v 295}, Jupan (),
and Spain (v)). 1. is Interculing w vote ety on tue suport slie, Jupan g
reduced its wcceipts fraa %7 i 100, witile Ytaly has revatned rather ntendy
but vith intervendn: fluctuntions 3 Spadn has emerpged as an fuercaslugly sirnif-
doant eomsuir of roreipn kerap cince 1965, On the export side, the USSR has
Woved wp relatively ctromgly during the 1900's, Fronce hus maintained an even
level im termc of prroentaces, and the U.5. has declined from (0% in 1960 to
NP in 1968; tbe full-off vas reversed in 1969 and 1970.

World trade in scrap 1o thus ccen to move vith fluctuntions of
lavge magnitude witain geherully fixed long-term patterns. For cxuple, scrap
Souuumption in the U.8. fell frar U5 million tons in 1969 to 8% willionw tons
18 199 ac plant-screp pencration declined from 50 million tons to %2 milliom;
at the suwe tine seinp exporis from the U.8. moved up from 9 million to 10 million
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tons. Gucn varistiony in the sw,as ot dre rerlected in wid ico

S o N L™ 2 ¢ Pl‘l
SWINIL, Lot boove Deccnn e 3 00nen Yesinres ot Lhe steel- sornp industry.
Toe Lrpliiore o fhe wval o ooavs Doocen o and cone more rgdaly oimee 1540,

Coneeria flwne wovdronent i} pollotics BaL whé d preusarecs or pore
reeyeling of Lol5a va e, e oL Yareor sl of process serap may be
evuilable in more wabie foras en eonsitica, I4 has aluo Lrought out remered
Interest tn u lenz-icolecis & mutind sowres of sieel cerup units: "eapitel
serap”, wvhich conacts of abgolete 1ron aac siceld raterials that have deen
GincArdes, but 1oy he recoversd, procer e, anpd ralverer, Capital rorap
geenmuleiinns ("cbrolete nerep™ mn6 o ine ™Y hgve Leon tadlt up in
mnest covntries ol the vorld whege stecl has Lern eonrumed for & larpe mder
of years, Suebh sourees hnve been tap;wd cnly vhere serap eollcction and sunply
orgpalzations rave been ot up, In other coukrics, the obcolete scorap exinte
=often in subsiantial € ovnts=tut no wtanu for efeetive recovery is avail-
ehic, It fs estliuted that the wumzes of this kind of scrap might readily
be iacremsed by 0% or mo:v,

The quantity of olanlete sornp veer! dejepnds preatly om quality eou-
sideratfons. Cheulcal recicdunls, such as coppor, tin, and arseunie, introduce
Lrittlences ten@onelesa; chroniun, lead, oni wion eomslicute stecbaking prece.

ticca; plel el wmolyboomiy, and e batt lowe s volddne cannbllitien, Tunte
choornctericeies Jllestrcte scte of the poliess Latradocdd By renfénsl retuls,
L

bipslenl fuaturcs, wdnly slre, of i, denadty, cleam sy,
Lng transporlandlity alos influeins the uoeiatiees 3 fecleraray tarinla,
A stool Gonone wre Bave Dol Lo G o) B gt dnsintont ir ohade
aerditas for cvmlily rleel proadet, specifieatinng for sore) have beeous
BLYToer &no pore tasrou Ny eheeied, £ orelre sdvaninge clbed for preretured
from owe ds Unt, dive pdy drom, AU is sostly noproess aed vicodn wotallie
muterial enc therefore jonerally of wadf o glze aod vuape, snd 8lco free of
residusls,

Glver terty i proportiorstely e: er amcunts {n the future than
in the javy, tie queztion raadss wiolher or not the toutnges stated 4n Tutls 9
will be avoilnble.  For 4ae forecast stecl ) odustion tumnges, the cteel serep
required totale 479 nilddon tons 1a 175, 177 #11140a tons 4n 1060, and 5%%
mdllion tosn 3n LUUS. @F thoue quantitics, A6 willion tous, 375 miluon wms,
end LG 1illier vonn are to be coninger 34 Todertood prootion.  An analys
of junt vaten ol pidant and prosers <o) =enoation and C cterqdret un of
enpiial gciep rotontisls nave yiclisd o recly ot the glola) serap requires
menits for the nexi L) yeurs vay be availolle, vith abovt 1% execes in 1975,
but with 1ittle or no latitude for error or cawge in the ascured cobnditions
for 1960 and 1935, This 15 shown in Table 1E,

Tue figuves in Tuble 10 are cbiadued by apylying several relatively
¢onstant factors, soee of which have already Wcen descrided, Yor cxample,
the 1975 estiwates are bused om the 564-Lh% division betvern prucess and ORpe
ital serap portions of the total consuwption recorded for 1999. The 189
million tons of plent and process tomage 15 increased in pruportion to the
anticipated rice fur 7Y cowpaved with 1909, and then by snother 10% to
account for the lucrceuscd rute of availability of procecs serop vith rising
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steel © o (73) A steilar hizher availability rate 1¢ 8)plica for ca fin:
LT VT e e v i ubte feeter () sor 1909, 000 for 14 LR R
Tor 19070 t conune il Sf LGy Accuawlaticnn Anereane with Lime,

TADLE 18

ST D Lo SCTAL frRLANTTON 1 OTERTIAL WORLLVIDS . 1975-1 Fe]
AP kadtions oF helrie tous)

2
ey

Butiote g
Yraw Ttesl Soriy Patentirl Serap Gonirpticn )
Loy 51t 150 U5 i 145 ang 330 300,
sty 7% 315 2%k 635 152 y4 het,  uxs
i 0 ol ar oo 07 3 W e
AR A7 545 S Ly Yy s S5, WS

e puliss potler For plant sna Frecess geval 49 1915 s e relovms
By + (EENT5/577) « (A053(0.00) « 250 miXiten ton:,
WG Sur pitet sore
8, v (M5301.05) » 158 mdligos toas;

togethcer, e b tumawits Bse WP Ve estivated serap pobenlial for
1wy (o, 553 af 4G wilidon tons, Bisilarly,

Boo * (1U5)(530/571) o (258)(0.%0) o (IN5)(1.15) » 4Oh millaon tors;
and, Fes = (U9)1925/51T) o (3A7)(0.10) » (ANSM1.33) = 583 mildicn ions.

in the copt L pertinent to note that stnoe 1959 there has boem great it
- serap industry a&;m“m#m*nmmﬁun;

o4 other procescing equipment, in o concerted effort (o aininize solid vmite

pollntion and (o make greater uce of the potertial capital serap pool. This

vill be mruwammmmmaaxmm,

88 serap avaliabilit: Legumes Snereasingly linited.

e .

(23) "Probiems Welating to Irom and Steel Serep”; UB Docuwment 6%/NCR/STEXL/33;
Beles No. E.T.1.8.0MMm.12; Few York, 1971; p 86 ‘
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Lo mddliove wois i et foducwd Yion ore it e Ung e Stades in x.:,?fi‘.;r'.
Tolo oottty oo nat veeije Fiel, BYlokl,  He pofoo ogl what "I tho
by dnte e toe stec] praoncers e b b weled jrodustds by 5 idllien
et tons e 1900 Bnd 4y molides et Lot by 10, tas peodceted st i)l 1n
cerap vould ke avelosd, @2 would resuld in a coasideral.le loveriers tn the
Jroduction of clectiic farpmoee oieod uniers, nelallized op vere uced to

of it wne serap deliudacies antlics jated,”

s ek e 55T s g
05;”*’5 ;?‘ 3&»*3“‘{: ;S? ¥ i%‘lrﬂ et «#zéa‘
b -

. s o s e,

Up to this jolut, thn follwin: feresasiu or ohuervations have Wl
& S ] - .

WS

Lo raw e s beeons one of e world's wost e arinng
Cusntditien of fnrterpational treon, Lesad Yor oteel
products ju prowin rpiciy end enivericlly, ond .
eUreeRpcndu T ertanndons An gieed oubrul anl weo are

expieted,  Tocse vill stdestlste continace crowtin of
the world uarkel for lror ure st u high level.

2.  Paw stecd jroauction and conewtion am expeeted ty
dncruase vorldvide Trew apg recirde ¥ LU0 milliun tons
in 1570 o 915 million tous ‘v Ll una 2y e lidona
in 3%, %Maren Losether, whe develovinr ecunsrics of
atin favicn, Asin,and Africs s ittely to enpnd
Hhedr 1990 shnre of 6 w approximately 12, by 14ds,

3.  Swbctanital expansions 1B 1ron-ore production arc
forecust: froam 750 million tons of erude ore in 1970
to 1060 million tons and 2% miliions in -1960 ana
1985, The developin: countries are expected to
Mﬂt@tam%attammm. The
1mm-mmwumaﬁcmmmu
forcsven as advancing to about 55 million tons by 1980,

(24) "Mwelatmed Serap and Soltd Metallles for Steclmabing”, by J.7. Elliott;
AlKE Awival Meeting, Peb, 1972, Ean Francisco
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Boeoeolin sl e L e o ool

D L e A TLF I PR SR I vt e, Uron 250 11ildon
R I Y T W R gy {(Lal), viir s tell-o0p
(SN o SRR M TS LI O e On the Lihep hand, tie

LA e R R I I e T Jedlen cenuentior Prom 100
EALLan tes B0 370 10 7 G oallilen In 0% will epe
resent e el e fron ik o WLy e falance in
EXJaclen toobe talen v Yy o onew fovm of preteeated ore
- dircotly roanosed wateriais for vhieh ke getimnted
dovends are L mltldow rons by LS, 6k afllion tons in
1%0, end 12k willica e im Y585,

5.  Direstly recweed materiuils are already videly reeognized
a8 well-avlted for use in both irotmak ing and steelmaking
beomuse they ofter {a) yreprocensed and metallized fron
wits tiut ey be used to sweeten blest-furnace burdons
vith reculting reduetions in eolte 1A Le NG inceanes in
Bpecific von oulpats 3 (B) presttlldtics for coutinvous
¢hnredng (o elecurie Turunee, popiuting, sore < eelive
ute of fictaee tien, {e) nn oapectient dovereraiml rew
slerint (o L Yemeay cretetratec Lindtations in stocl
ECray sappay, titere ¥ up (d) Lser:d fue and sust
endesions that vi1l eace wasocintod envirommontal polle
etion tendonctes: and (¢} areater possibiditics for
relatively canly Eteelerinnt gyeresions heyed to the
speciel loesl mceds of any loo s~devaloped arcas,

The above findiige sursost broad opportunities for greater yartiel.
petiocn in iron-ore indnstr;: (snd, to & lnsser Geiree, stecl industry) activitien,
in some developing eountrie: » eipecielly those with imjortant tron ore reserves.

Qurrent On-51te Onc mticns

In tecay's hipghly«interreinted vorld system, closer knit than ever
by rapid and cacy means of treusport and communicuticn, there are more and
Borw possiltilities in th- doreloping countries for one-site sand in.country
operstions associnted vith whe produetion of irom ore, irom,and stoel.

A sisable experience record of eush activity has alrondy Leen established,
a8 Jarges tounages of Lron~bearing mincrels sre being processcd and pretreated
iIn searly cvery Srom-ore producing country, Tn sonc ¢f these places, steel-
Vorks bave beon erected, us@lly but act alveys of swnll or modest sise.

A century ago, stecl plasts wers Wil in Spain and Sveden; and some %0 yuars
8g0 works were arected in Austrelis, South Afrien, Indin, Canada, Mexico, and
Brazil. Following World Var 11, ctee) cperations were introduced elsovhere
in latia Averien, Atrica, mnd more recently, fnto Mestern Australia, Pinland,
the Middle Esst, and Southeant Asia,




Heverthoelens, the parciciwrion o1 b cove bepIne countreter 4,
WO W L e el A Yroe o ettt owtioon st e o cgery Bt Y
EBitocotoey vhoonr g e e, il g T s T A A C T S RTINS 8 SR TRAr o)
JETCUCCL wu DOt Te R oy ol e 0 e o b e rh e, e eo-
DT watlll €T s UL s vauta b clew, S0 D ant Adia (wita Jde on
And Lie hoyuilde of Ceath Adstol oo ceud, Loaled 7 rA 00 Loas in 1o
and may ceand A1 s BT L iiden Lo LT nnad e, oo o hepndend
rdaldon tong s a curnt i ew s tty SF ol L0 abll the Se o) Int 0 twawrion,
taven tosether, oy oo lone S Ch SR T VG L Ll OF ate 2V i &
& orott vy ol wetivity durto s e nest, ey G et Dtoare soy be dincresied
Lo 1. 'This Al arity b Siven enpimain oy L fece tuat G407 of the werla's
resomrees of 1roin ore colos e dovelopire coonbries .

Thiv condiiica 10 no% witgre te 1roa omes ard the 1ro- and ctecl
eluetrdee Vased o Lioa, G3nitop divtorlione can be cited in the wining eno
Jroceseing opcrutiong of Luuwalic, aluwads ild alweanine, cuprar crer gad
coprper; niccel culdide v cxiue g a W nlelel, g pany vthees.  put,
Veooauge of the lor-e roonfitudes invelved ard 1o rrent Inportic oo of dron ond
wieel dn the inoutsiel 1ile of Lvvery country  ibe frouit-ore opuvation has
beon an indtvial roint of scncern, In L4, tas Leervborint ol e UL, Conve
Serence oo Srade nns U ovidopneat Shoal ol a Shouy of bhe Tpee pects 4

Bt . st L e - - by Bgs- b ‘s LA 2P B T
Farerts € ogi oo Jooa g bre o, Sl 15 3e Coridtrinv . 05) wrut

. B F e Eoow Dae . P U A ., P - avse ¥ &
L& P )1'.1, wrt ) 1o Live g oEe L, [2irsk M IS ] 5 128 A S I e P f} &R BR, : FANPIRLS Sl T L 1

VALY ot gk vopreciotiy Ly perner Gooe teso, (ocenliog) © PG § T SR S
fi) "the Lotallullion o iev or HoddUiernl procolsine factiit cn 6t Lo o
Liree will ooece iy ve fowd COLABICRILY ot L ., For tha Vi riedn send
segresation of fire. fur siateritg and for thw yrodusiion of poliets, the
@ifferen.inl betvocs added producrion ecat. ang Inorvesed g2l e i fmsomulle

i e 3 (e) T erestlly Iavorable loeehulieal e OO ARG T usition Dok fthe
standing, the jrospoete for incrensed exports of procesred irun ore from Lhe
developing countrics ¢ould be conproadaed by mecaatic chetnciens . ., . YT
wey ordjiiate dn oo developin, areas {ce well ey 3% Ak Geveloped eovs trtolt
(d) " o . . fncactyy eonyumiion be tween Geveiored kne developtn: countrics

<8 alyeady In force (4n the froueore Indastry) in rory fnstancsa . . eloiely
related motivation. jrovide the bacis for Juint aetivitics timt ernbine Lhe
expericrre and 120l of 1o veloped acenr with Lhe rdouress med cathustnes
of the developing cowatiien®: sua fivmily, () ", . . ororuvmatics for overy
wina of pretreatnicnt ar viduorrend dn the develo) s areas”, (20)

k™

For tro noct jarl, thage Tindings heve been confirucd Ly the dron-
ore and the stecl indusiries’ expcrience of tho: past & yonrs, and lhey uay
now be broaccued to ineluic equnl possibilitics for in-comtry jroduetion of

————°

* The ealeulation a)plics for total pescurves of 193 rllion toms of irom ore
in develojing erves compured vith & wrld toial of W5 m3llion tons (vith CFE's
excladed), With Lhose cowntries smcluded, the pereent of iron ore resvarcet
originating in developing countries equals ebout 2% of the total,

(25) UECPAD peper T0/B/C.2/29, 1§ April 1907, Trade and Dovelopaent Bomrd
Neating, Couitice on Mamfactures, Second Scselon; Cuneva, July 1957

(20) Opus cit.- Chupter VII, pp (9-72
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Tealty o b r e L o g v nggee, ver o wmtionyund Sintn,, ol
LTSNS S SIS eaea oo mrae  tveabnobis L oo L fron steadily
Boruer i o proibacntion oo snnnd sty frragand st=e, Yl
WILL Bac ion s o B Lo onegtte e seiny with cmpines o o

oxdie el s oan el conLgeTeauce o taterials preoutie o,

Prevedustdon O:epeidon, In Tevelo: for Dountiiewn

L At e e . . S A - A

Tz water o W prercduction develogment hun already heen
Geseribed,  Talle & tilo apprexinuately 5 midllor tous of oirvct-reduction
capaeity tn cotatirelnl sperncion o apother 2.5 milldorn tous thal ar: eivdde
uled to be fn roduction Ly the end of Y972, A 121tle sess than holf the ine
o Alintior: tibuiated evv tocated In developim: countriea (iextco, Braugl,
trd ¥errmuclal), As aoted, the Tble doce not inelude 2 mmjor projects tiat
regrencey fprroxti o ety £ouillion tous oy ually, 0 ihe USSR and in Vonesoeln,
W Ar eontrcin Por thons TusiMeies are rnrcled out ac reporicod, toy fore-
easi that ML s ltion 4 of HMroetly-reduted epprelty wilkl b avatlable in

M

A sny b Ml o ameet,

St eos iyt tann will vefiect the otromg prersurcs chot ngwe MGRSE § 5
I, he proroduetion corelopaent,  (he c@naot ovorlocs Fooar Ui 3 A% SRR |
of ddpectereciztion tesh.{(ues has rec ‘ntly been beld boni sarednt as the
Conl-rPedul int processes hEve Beeh CouPonted by more than & normval share of
diffievliion. Fore than shree-mar ters of tha exlodity € t2iled In Tabic O
are lascd on b use of procuns reduetarts,  Lootivae matural ik 6, apd iv
the future, vill b, less fovorably priced than eoal, tiore 1o pyrat dpleroot
in the solii-coal tared precousen, Fore dircol ¥y atlrnien 1o powr foceg
on the results of [ uant sae prectice modifications sulrcduced by whe Hev
Zesland Cteel Co., and in the start-ype of the Erugp installation at Donmvert
(Bovth Africa) and the S5I/EN Pirating kiln 4n Iinzil. The latter two easec
are of specinl intercst Because tisy are concerped primrily with fron values,
rather tnun vith an 4roa-bearing byproduet output 1nsidental to the recuyery
of sowe other »oial.  lotwithotanding paol delaya and difficeliticr, an
effective riln rrocesy operited wvith solid ¢nal reductant in cvxrceted to be
achicved roasonably coon. Until thea, the eous methoct will te available
fur uee,

Becsuse of the delayed entry of the ecale-reductant yrocess, it 4
$00 early to define the preeice role of dfreet reduction in developing nmations.
But the source enuntry viere the ypreroduced sron origtnates 16 curtads to be
i2volved in same vy in the dovelojment. IF the metallixcd ore is mede pear
the wip~, there vill be s new on-site operation, protably a:c an extencion to
Sev o existing pellet facilities, If the sponge iron is sapufBcturcd at the
eoasuning plant site, additiomal processing will be imtroduced to produce
Alowegangue superconcentrates for thi. specifie purpose. Efther sotivity 1s
dikely to be & source of an interesting incyease in suded-value frum ti:o
»ev operations, '
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Cajdtal Cost

Cort cntiummtes fur direet-recurtd n instalictdon: huve beeone
extremely dif{icult to deline becaus. of recent coances in currercy values,
and because thare §n 1ittle convistency in viat 1o incluvded in eny dd or
estitate by the dfifercnt proereduction plant surplicrs. Lvaluwntions mre
therefore, nt beot, educrted puessen Lused on one or rore prlants tlat have
already been eiveisd. In most of toene cases, the uvailabls figure. are
usually seeond-mang,

The capital cost of the Hyl faeility s tw:en uc approxirmitely
tyrical for the fuceow. redustiion hrecess with static or movirg beds in a
shaft furmce, Lecluse mte hyl, coat Tizures have bren mde publie. Inereased
by 1% for overall cunstruction eost rises durins the jact M! monthe, these
vould cose to $37.00 t5 $49.0) per amw:l tou of reduced fron eupacity for a
250,000 ton per your wnit; $13.9% to $40.25 por anounl toa for a 90,0060 ton
espacity plant, ana $32.20 to 3$37.00 per ton for & fucility tvice ru dur;c,
But these estinmater can cniy be takenm as order-of-magnitude quotatios: Lecnuse
they do not provice many itens needed to have 8 plant ready for proetical
oeratiin,  The «detadl octiuzies for a I 7. plant mow bedn: buildt aul the
&etutl Firuren off anothor creeted sever. . JArs 870 nive sk bl nore reliable
reculis, toey fadente Wl th: fall speedrie cost of a 390,000 o, rAmenag
Freustion phat vy be Weotvesn $57 and DO rer Glnmal tear, oA enpres o Eaty
fraa Lk o 451 jer ten for o lemiddic) ton o Yyenr fnotnllaiico, Viera on
cutlratisr cuct Juvels e, tay, 1913, These fiwer melfleet the er; 1ieneo
at juelia, vhich vas b wuchtk o ouecity opcretion In the roonvally s,
periad of 5 to L nont':, with few, 1 any, cerions starteup piobic.:,

, In penield, tw kilnetype lnstallutions of bulicer custont ¢ yoe:o; s
operations cho)-. cont (total enpital outlay) appresdsat: iy 10 6o 1Y%, oo
han the pnocou . yovrodugtion plants diseuened Rbove. Too Peason liew in the
fact Liat the i1 plant wilhout refonidng cquiy ot e seacvtat e allor L
the gas-reductant facility, Ustil mov (iay 1973), no kil Instadlntion i
gome into aperntion "eacily®, and Jarpe alteratios and ctart-np soificutios
Sxpenovs have chorarud tae actual fmvestment requirerants., In the reantive,
Vo estirate th: spceifie capital eost of nolidegarhon reduction plants nt

“tﬂivblprtmtmt}‘ﬁ.mtummmustymajﬂto:;'.ﬂ; for a

Y e Ganples Gre; laree Pluntes (b K. Pinc, Bur. of Minec; 1970),
o. (v bmmmw m';u-u., 192.8); $29.70 (by J.R.Killer
Tager for Iadta, A971). 8 1 $35.20 ("roek-botten"ny M.V.lovate,
Pattelle-AIE yaper; i1 8 JBMiller-Frojcet for UWBIRA, 19.3);
$38.05 (Largt, Xov Delhi-Project Propuwsl, Jam.1971); $30.%0 (0.G.Revdelursd,
Camada; paper). Thece mambers, too, should de incroased to imclude
0 to )V cowlwmaticn.

%



-l -

lov-gangue saterials are used. In viev of the devalustion of the dollar sinee
these estisates vere made, they s'ioculd nll be raised Ly 9% to b},

Por the “larpe” ojerutici, the waterial to be jrocessed vill repree
sent 50% to 6% of the tctal production cost; fuel vill equal 15§ to 10%;
comversion labor, miterisls,and service charges 105 to 17%; and the talance
1% to 20§ vill be fived charces. Thuc for the $32.10 per ton estimate 1n &
ohe-million ton plant metallizing Migh-grade pellets, the following SUNATY

applies:
gbud&
Pllets (678) € 28.5¢/wit « 818,50 . 98¢
Pued « 25,000 bta @ 35.06A0 - 5.25 - 168
Queversion
1aber and Supervision 1.25
Mterials 1.0
R s 3% -
S x T x 34 = b8 7

WAL e $32.0 . 3007

:manm@m.‘umxu&%wmhm
35,00 and §52.00) cose to Fired chargrs, and 1ont of the remainder §s Snelnded
B Mghor conversica seats, Thus:

Pasd < 16,500 bt & 34 = oy - 13
Curvorsscs - 2:&-
Pised

00K 5 .75 x 105/900,000 - _7,%0 - 0F
TTAL $38.05 - 2008

eottante 50 more FSLiotieally set o0 $Ah for Pevens ettt oot
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Metallurpical Values - fav Steel Dase

T™he corpurizon of & directercduction/electric furnace steelnaking
cambimtion vith conventional blast-furnace ‘vasie oxysen converter pregtice
shown in Table 19, has bven prejared to Julse the potential viadbility of
prefudvot. on techoology. Three transfonation routes are rrescated, from
erade ore to rev stecl in the ladle: (a) tlact fursace,/I0P, (L) solid rbéuctamt
DR /electiric furnmce, and (c) gmseous [R/electric furnace. In effert, the otme
pariscn 1s made $a terws of the metallurgical valwe of cach coabinaticn at
the rav-steel L vel., This bBase 1s usec a5 it 1s the firs point in the f{rom-
making/steelimking conversion where the procucc is cssentially the sewe,

The three eonbimtions are subject to the assumption timt all are
quAlly opetadle sregarding ore and fu:l snputs, site locatiom, market, lador
and swpervision, fimarcial support, &d sanngement. Pave-material prices are
assuned a3 shown; wrmmmw;wnahu-gm
mmummwmmummmmm.( )

m.mbatmnealuhiedtwm;hm sizes wp to
tamm:m.mwmumpmzmuﬂmn. ™he famediate
cbservation s that for outputz wader £50,000 to 300,000 tons & year the direct
sedustion/mleetric fwtace convinatdon, Larticularly the solid redustant
piuccsses, mmy produce steel &t a slightly lover cost tmmn blast furrace/ROF
penetice. This coufisn: the adaptability of direct-redustion inctalletions
for Jooal mint-pirrt opurmtions.

&wammmummmmmdm
smxnulmrwt(wwxﬁ)&anw:mm,mmmtm
we Jawp ore. T™his may be expected In viev of the cenerally higher eost of
86 eongared vith ecal. Wiwn both procecses uoe pellets the diffevemce is
:ﬁw m.:;“{cr outpuils w;l aillicn m&‘w&r, ose0us practice seoms

e e sdvastage, Laprovement £A000US PrONeSses gals
rwwemmmmawmum

s She 1at00r opartien vould be e & seletively medest

Satoryrises eould o setablished sased rertly
o the eipert of semt Frodests. Dut, the velidity of sush & seemnris

B i ———— s

(59) Tais amalyeis hns boen suggested by “Xooncatc and Oonsiderstiens

mm«-mxmxmm'.uu.m-ﬂe.&m,
preseated at Irce and Steel Inetitute meeting, loadon, My 19T,
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is greatly sudbject to the development of cooperative joint work programs
between interested partice in the iucootrislly-cucigent end industrially-
advanced countries, on gove:mment ana corporatce levels., Both cldes have
nuch to contribute for their rulual benefit.

) From the side of the developing countries, tbere will de need for
"support for efforte directed tovards concistent policies for from ore nining
operation integration throwsh furtier procecsing in exchange for important

wining concessions on mutuslly acceptable terms"”, On the side of the devel-

oped mations, they will have to initiate "s lovering of tarif{f barriers and

other deterrents to aineral product impurts into their countries”. On both

aides, it will be neccasary "io reduce the political conteni of negotiations

that affect mineral ope:utions in the developing areas”., In summary, the

muitunlity of intercst that must be served requires "the clocest harmanious

relationshipe detween officials of the mining and steel companies and thosc

of the mineral resource countries . . . to facilitate higher degrees of inte-

gretion of {ron-ore mining and processing oparutions in the developing cowntries”.

In practical terms, both sides vill Mave to work together so that
"the transfer of know-hov that marked the transition from ruwn-of-mine to \y-
greaded ore outputs will be extended to include metallized pelletst(29) T
chellenze of funding exicts fur all industry efforts and, in this cece, woy
be offset Ly favorable retwins on inventment that usunlly muy be anticipated,
Pinally, the deficiencios of adequate saragement peruonnel and tratmed labor
staff vill generally be rcsolved by the benefits which bota producer and
ectisumer of iron ore oay receive froa processing at the scurce in developing
cowntries. Closely related motivations provide the tesis for wholly or
partially Joint activities that combine the experience and nceds of the devel-
oped areas vith the resources and enthusiasm of the developing coustries.

The quoted sections in the tvo precedirg raragraphs are trkes from
e report relessed in 1957 by the United Netions Confercnce on Trede and
Jevelopment. That sty sugtested that tbe current and forecast situntions
of the iron-ore mining and the steel industries made it then appropriate to
resommend extsnsion of irom-ore pretreatment pructices and, more specifioally,
oa-site oxide pellet production in the developing countries.(29) One way now
Julige, on the hasis of actusl experience some 5 years later, that the proposal
vas sound and beneficial to {rom-mining and steel industry interests in both
develoved and developing countries.

mmmmmwsm. urgisg further proocssing
of iron ores in developing countries, through the stage of pre-reduced aggiom-
eration, is a Jogionl extension of that earlier suggestion.

(a)mesmmm:'. o oxtonded t0 inclede oxide and later,
setallised peliets.” mmmmsmmas
from Developing Oowitries”, dy J.B. Miller for United Netions Conferense
oh Trade and Development; m.xm. Alished as U.N, Document

™/3/C.2/09-April 17, 1967
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Iron-ore procescing and, to the exirnt it {o pertZonsnt, the traone
formation of the cre Lo 1ron auu siveel, is rrualned 1 i w,wr Tie
purpose is o define pos-ibilities for exiauding cre-prucesiiar ofer *iong
in sultably endowed develuping countrie: of the world ue Intermmtionid
trade in irom-bearing materimls Ancrewes surdng the nert 10 to 1% yunrs.

The present bigh level of arilvivy in the world marnet for iron
ore aid agrlomemaics 13 & relatively recent developnent. Betore 1990, export
shipments of fron ore from the irom und isteel producing comtries were eosmpara-
tively samll. In that year, a total of .7 million ketric tous (L) of iror
ore were imported by the induwstrially advin-ca comntries, 'n prrbiondus hy
the Burojcan Beoiow!c Comampdly comtrics (U0 (0), the Uniied Htates, wrd
Japan. Ten yoars Yoter, this figure von 3o wtvtm Lo, BRa by A9
T=fold Inereace over 106 yvlzeea Lvane-orc ot wl choad O4% s llien Lonne
with the ccutiallyv-planncd econowies (OPE'L) 7 P‘Iti,}‘:(i, the world Lotol}
equalled 290 wiliiw Latric tone,

These consideruble fncrcanes in lroheore ship.cals vore faci)itated
by explorations tlm. wicovernd and opened purce iron deponits, wostly in
sevly explored ar~u: of Lutip fmsrica, Africa, Aun tradin, swd Carua,  fue
additiontl reserve: wvare jpt-naeu priravily for export Lo advaneea steel-
producing countricn. Furellel Lo the uevilopmerd of Wow ot sources, o o rode
WAl EhAft to more nishly penefiefutrd are Lardors uos initicied ot the irope
mking furncses. lemands for higher produetivity were reflectcd in the irone
mkere' dnsistence un bhetter gquenliiy conticl of their rov pacerials. Wne
advent of sinterins, aud later, yell tizing, eaued the problen off fiues at
the mines nnd at the iron yplaute, an in the 165G's bo b asplossrating pracs
tices became establiche:] feonturer ~f oders Llast fursie epsration, Tae
technieal &ud econciaic advantages pained fyom hiphly ben:flcinted and
agelasmrrated fron Lurdens brovht wids-sjpread proference for fron-ure
agclomerntes. ihe reouliing Juprostashia e besu 50 bmorescive and (he
presasures for continued technologicnl asvances oo ingistent, that preuat
interest 1o now focused on the next pretrestnent step -« direct reduccion,
vhich will further "bencfieiate” the oree belure cmelting.

Direct reduction procesces fall into two groupn; one using gao,
and the other cral, us the reductant. AL present, therc are casmercial

SR

(1) Unless othervice indicated, "tone”" re.ers to the metrie ton of 2,208 lbs.

(2) In this ease, limited tc Belpfus, the Federnl Republic of Germany, France,
Italy, Lwenbury?, the Fetheriands, and the United Kingdom.




indeiinticn . Lan @ o ocaume 2 ote i in A, L Trepy. ooy, v b
United Glaten; ot ey yarat. Cobli 0 g - oo PPttt iy Venes2l.,
Bruzil, and ‘mune. . Mo g e ne Cuie D on o0 U3 cedge te s e pat vet
reached 8 cooparat le (iaoe of ab. iy woer thin ds conleved, | colably
petore 197, tne ciree’ reuc e, whisn dn alreacy pooining
woertwa on the cls o e carec jroocesise Blo 2, Wiil move fovard at
speeds reminincenc of toe adieat o 0 when oWwn Bleablial e Tn the TG

iy

AL this 24 o) prert dm coiouns to s any develn: i cmmmtriss,
expecially thone with o1 if‘eant ‘ren are covasite. Sove naciens Lhat hove
large matural-gae recouress, ike Sge 1q,whizn also hus {rob-ore yeserves,
and Drau, which con irport fhou, alrendy are potential candidaies fur direct
reduction operations. But. & much greater aunber of nations, incustrially
advanced no less thap develo,ing oner, with renmcorably priced ~onl {nod 11ttls
or no gas) are engerly wmiting for the solid reductant process brewkthrowe-h,

This develop.sut ii ohe of the re.ults of Lroad technolosizal ed-
vances since A90C. Thece brought to the industry new sophnisticated pruci:ees
of iron-ore mining, procecsing, and yretreatusat, and of o mors eficient use
of the reculilinug product., The conrequent elinpes vt the nines and fu the
ateel plants woere snoh reilected in cisady increasss in loval steel jro-
uurtion end couswmpticid. Froo & 300 millioneion level in 1990 to A0 milliw
w1063 end L00 ritVion tens dn 1007, corld otoel cantout reached ed vy oo O
million tope in 1070, Tar yatlern s exrected to continuw Lo (3 millicn Lons
in 1675, A1% million tonr in 120, ard over one pilifon tuns by 19085, hote-
vorthy in this pictwre 'ms been the easrpence of Jejun ae rtie of the yorli's
great cteelmakers, acconabint for ' of the slobal cat ut ia 160 and vy i
1970, By 198, Jepnn'e production of rov steel is foresecn &t rourly 150
milliou tons, nearly twice ius tounase cvtyal of 19,0, Levouse Joapan ok
iron ore, her leading position amer . the world's steel producers bus stimue
lated und will help walviain jarpe operations in the verla's iron-ors eentere.

The relutive chares of olider steel-vroducing cowntrics have fallen
considerably but their participations will level oif durinz the 1970's and
1900's. Tne United “tutes position. hoviag ceclined from 3% in 1958 to #Of
In 1970, w11l settls at around 109 of he world's otal (teel; Westeprn Hurove's
declin~ ac & stesl procucer {1om o L @V ds expeuted Vo devel oIt at 249
after the 1970 decn:i~; the “anterm Europe's proportion iu foreseen as eontin.
uing ~t approximate ly chs-quiortey *ve piobel total.

The share of the developing countrles — Asia vith Japan excluded,
Africa excepting the Republic of South Africa, and all of latin Anerica ==
has increased frow % 1o 1995 to {F i 1970. The rise 3. expected o increase
to approximetly 115 of the world total by 1935, latin inerica, and exjpecially
Bresil, will ~ontribute strongly to this position.

In 1985, the ueveloping countries’ expected outjut of 116 tons of
v steel will represent 11¥ of & global forccast that is likely to excccd
1025 nillion tons. In that came year, these countries will ascount for
some 375 millich tons or 304 of 8 globzl ore production of about 1750 willion
tons. Considering that the {ron-ore reverves of those countries are almost
equal In magnitude to the deposits in the ecomowicully advanced nationa,

s Hedfr ot ot




it vould appenr tmm* the increas~d ore requirerents of tin Gt wild
gCnerate excellent o, ort-urit?!~s for the aevelopins countrics to jart.
ledpate incraasinsly in the woric's {rom ore afd Ltecl activiies,
i inference is tuprorte? Ly vapt develorrent; rid recoat {rends
in thnse imdusiries. Duriggy the caring 10 tn 1% vear,, tnercrisd fron-ore
mining and processins aclivities are expectec. Lxtesced on-site and npenrs
site ore pretreutonent wnd steel producing onerutlons n the ceveloy ine
comtriee are clso witicipatled. Ju fact, th vnlladty of the forecasts
prasented in this prper depeids Lo n preat extent on Lhe rusees. Ml onalew
tion of mmy lurce pro-russ that vill esteblich sduing and Leneficaticn
fuellities, uxide pellet, planie, prereduciion waite, and wiref-prcauninge
installations in the develuplny ayean,

T™he vagiituies of these facility additiosns are apraccir ried, even
for vimt e oue of the vorld's largest trduatrial cuterprises, To atiala
rav-steel production levels of over L billicn tous o year, the lron-ore apd
steel fndustry curacitics must be doubled, approxirately, Iu e plolet yrosren
that vill engnze the iull cajpabglitiens of toth develoyed rad develng ine
comiries, I~ followving foreeasts und obuervations, vuleh are deseribed in
the paper Wat Foleds, becuue highly rel:vust %o such developuwents fn the
{ron ore and steel frdustry of the econing decade:

1. Clokal riec) coniumption ie eipcled to fnereans fo Ol
nillion metric topo din 1960 aixi 1024 nillten ten. in

195% from 492 million tens in 1970. Aproriraicly (9

of the total vill be cecountef fur Ly the ecntrally

planned econcades. Thne soare of Lhe developing coutries

vill equul wbout 10U of the worldwide total in 1560

and nearly 125 in 1985,

Known iron-ore reserves in the world total ajproxirntely
300,000 millioh metric tons and potential ore resourees
another 550,000 million tons, The centrelly plunned
esconmies have about 115,000 million tous of recerves,
vith over 110,000 milldun tons §n the URSR. %.e remainder
1s divided in the proportion of k¥, in the developisne
coulitry eress (Africa, Asis, and Latin Awerice) and (0)
in the induiirially advenced market-oriented countrics.

216 nillion tons during those years. Por 1975, 190, and
1985, global irom-ore production figures are expected to
oqual 910 milliom, 10BO milliom and 1250 million tons.
Outputs Ly the developing countries are estimted at
250 million, 310 million,and 300 million tons, or 27% to
30% of the world total, respectively, for those years.
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6.

7.
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Irom-ore trade, wrldvide, which eqmlled about 320
million tonus in 1970, nay rise to as much as 420 million
toms of erwde ore in 1975 and 550 million toms by 19R0.

Righly processed ores vill continue to Le im growing
domand in the 1770's and 1950°'s. Glotally, sereened rm-
of-mine and direct rhipping ores vill increase from 2968
sillion toms in 1970 to 395 million tons im 1965, but
there 111 be & drop in perces from 39.% to 317.

Teslnology already exists that can acoelerate on-site
iron-ore proeessing in the ore-producing developing
eountries. Additicoal opportunities are availabdle for
extended on-site pretreatasnt of ores, intluding directliye
rolueed materials production st nev and existing mines.

Directliy-roduced iron ore 15 well-suited for wee 18 iven-
making and steelmaking. They offer metallised irom waite









