G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

e




STEEL SYMP. 1963/
Teohnical Paper/B,.3
24 Soptumber 1963

Original: ENGLISH

5!%!"1‘!&&%&&&' _ |
. e iy e *‘ﬂ im mam
Mﬁ&amtm.mdmm:’lﬁ:&% —

s A WpY
of the motallurgieal oel and coonmmio charesturistiss of

types of diroot reduotion procosses,

ﬁewwm?m
and the molting of spenge iren for
disoussed

*

0B.63-13664




s R

?18: i

STEEL sy, 1963/
Teehnical Papcr/B.3

page 2

1. Introduction

The blast furnace process is not always the best process for reduction of
iron ore¢ to mctallic iron, If ocoking coals are lacking but there is a plentiful
supply of choap water power, pig iron cean be prodused in cleetric furnaces instead
of blast furnacos,

Thorc arc also a great number of processss invented for the production of
sponge iron instcad of pig iron, Such processes may be usoful for certain types
of ore or cortain types of fucl or for the production of a high-gredc raw-material
for stcolmaking in eleotric are furnaces or open~hoarth furnaces, whore the sponge
iron can be used as o substituto for commereial stuol serap, which is often
econtaminctid with impurities, which eannot be removed dwring the stoclmaking
process, Sponge iron ean also bu used for thc manufecturing of irem powdar for u
powder-metallurgiocl purposas, .

Reduction of iren eoru car also bc carricd out by adding the ore to a liquid
beth of hot motal or stocl eontaining corbon in solution, The dissolved oarbon
aots as u roducing agent and can be roplasced by adding alse earbonsecous meterial
to the licuid bath,

an ; i)

he production of spongo iron is always enrried eut by geseous roduction of
solid iron ors, &sven if the or¢ is mixed with selid fuel, tho reduction sakes
place by diffusion of reducing gescs into the pares of the ere, Tho most
important roducing zsses arc earben monoxide, hydrogen and mcthane,

Fig. 1 shows the woll=known cquilibrium disgram for the roduetion of iream
oxidas with carbon monoxidc and hydregen, 4t 8209 earbon momoxide and hydrogen
have tho sam rodueing power. it lowor temperasures earbon monomide 1s the
strongur roducing agent., 4t highor tomperasuros hydregen is stronger Shab sarbom
monoxide,

If Fo0, 18 roduced, Pog0, is first formod, nnd in this ronction both carbem
monoxido aﬁdanydmgen can bo completely oconvurtod to 00; er HgO,

In tho furthor reduction of Fuz0y motallie iron is formed direetly st
Samporaturcs bolow 5700C but ot tumpuratures above 37090 wussite (Pe0) 18 oMbained
a8 an intormacdintc product,

If the roduction is ecrriud out with esrben monoxidu at temparatwos adove
70090, eustonite is formed, The sarben contunt of this austenitc is highor, she
lower the CO» contunt of the redueins ges, If thc esrdon monoxido is pre enough,
the nustenite any be saturcted with ecrben end :1so free gementite (PeaC) may VYe
formud,

st rudotion tempernturcs bulow 700°C FeC 18 ruduced By carbon menoxide
dirvetly to #on0C witiiout the form-tion ol .iutallie Fe r8 nn intormedinte produes,
ot low reavetion taipursturvs the ruduction of iren orc with e rben monoxide s
disturbed by cooaition of fruv ecrbon, i motollic ipon 1a Prosont as a eatalyst
for th. roction,

20 w0 +00
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This carbon deposition has n maximum #t about 5509C, Fowmotion of austenite,
oementitc or froc earbon ean ‘nlso takc pleoc, if the oro is roduced with a gns
eontaining Gy or othur hydrocsrbons,

Rcduetion of tron org with purc hydrogen is somctimes earrivd out at low
tamporaturcs “iown to 480°C, .t sueh low tamporaturcs ti. equilibriwm conditions
orc uafuvowable,  If ruduction of Pog0, to Pe with hyarogen {s oarricd out at.

4809C, 1t is not possiblu to utilize morc than 16 Per eunt of the gas volumo fop
ruduction,

Roduction of hemntitc (Poz03) o motallie Fo 18 & fastur ronotion shan the
Podustion of magnotite (Po3Cq) to metallic Mo, in 8pite of tho fact that more oxygen
has v bo rawovod,

., o W tafluoneo of the temporaturc on the veloeity of thc rodustion
of Foy04 with hydrogen ond carbon monoxido is shown in fig. 2, Mognotite with a
érain-8iac of 2 mn was roducod with pure hydrogen or Prc carbon monoxidc at

difforcat tauparaturcs ond the amount of oxygon ramoved during two hours rodustien
was dotorminud,

o With inerunsing Sempapaturc she rosetion velooity deorcases, The .

1000=10009C 1t has ronehod about the same value as it hod at 500-6000C,

I reduotion wish hydrogan is carriod out bolow about 3809C, thc mesallie
iron farmod has sueb n nigh mioroporosity that it is pyrophorie, The ‘ophorie
ponge iron oon be passiwvntud by comprossion and rucrystallization at 780-8 in
bydr .gen or nitrogon. .

»

Roduotion with ocarbon monoxidc is at low tomporetures a muol slowoy roaction
th=p reduction with hydrogen, and tho earbon deposition is niso a diffioulty, if %
earbon monoxiuc 1s usod for rodiotion at low tamparcturcs,

4t high taaperaturcs, abovo 9009C, roductien with cnrbon menoxido is a fastopy
reaction thon roduction with hydrogun, and it 1s casiur to got complete reduction
with oarbon wonexide than with hydrogon, Roduction with earbon nonoxidc in shaft
furnacoes is, ticrefors, oarriud out nt the highost possibdblc tamperaturc, whioh is
about 850=1000°C, Thc uppur 1imit is the tumpcraturc at which thoe tendomoy of tho
spongc iron picous to wuld togcthur eausos opcreting difficultics,
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If the or. i3 mixed with an cxecss of solic roducing egunt, a somewhat highopr
tempornture can be used without sticking diffieultics,

at Rih tuuperrturcs, mixturcs of curbon monoxid. and hydrogon redugc fastor !
than the pure geses uscd scparatcly.  The hydrogen Specds up tho roedustion during
the proliadnery stnges and the earbon monoxidc during the final atogu,

4-. Thormicl urobler

Rcduction of iron oxidc with carbon or hydroearbons ar. strongly andothurmie
roactions, «nd heat must be supplicd to the roduction furnare, oven Af the orc and
redueing count arc wrchoated to ruduction tomporatura,

Rcduction of iron oxidc with carbon monexidc is slightly cxothcormic and wish

hydrogcn slishtly cndothormie, The hant of recotion -t is garo, if o 7 ‘*!
mixturc of carbon moaoxidc and hydrogon with 487 hydros:n is used, If narmel hoat
lossc.s froii the roduction furnecc ar. considir.d, c corstant tumperaturc of 90000 ean i

b maintained in the furnsec, 1f the roduction 1s earri.d out with a mixvurc of
earbon monoxidu and hydregern, eontrining 35«40% hydrogun,

« highor hydrogen eontont muy bo ascd, 4f the or. and the gas arc prchoated
to n hizhur tuiporature than the desircd tomporature of the spougc iron, or if
uktra hent 15 suppli d by parti- 1 combrstion of thi gas with oxygan or pr.hcated air,
If natwrel gas or othor hydrocarbons shall be uscd for the reduction of iron
orcy a rood nicthod is to roform tham first into a mixturc of ¢arbon monogido and
hydrogen by nuins of steem oxy<on or earbon dioxidc in ordar to avold too mush hoat
supply to the ruduction furnaec,

5

Of the meny procusscs for the wroduction of sponzc {ron, whiech havc boar
inventoea end tricd during the leat Tifty ycars, only vory fow have boon osonomieally
suegossful anl ruached the industrinl atrra,

() Houganaus proccss

This yrocess 18 earricd out in a tunn.} kiln, whore layars of rieh 1ren &e
eotcuntratos nd eoke bpecze e hosted to nhout 12009€ in saggers, made of silieen :
earbid., ssdeh arc pluewd on enrs.  In the ordginal proscss horizontal layors
Wworu usca, ittt in medorn furnroos o packin: with vortieal lnyors, cithor flat or
tubulir fs wowd,  The finishod sponec iror is removod from the sageurs as sintorod
ANKLB

Th oo s wroesat 15 used i Hoocanacs and Oxolosund in Swodon and in
wlverton, o oworaly, U, See, wninly for tic rroductior of iron powder for powdarw
motallurcic oo wrroses, but some of the svor.cc iron is 1130 urad ns molting stoek
for tr. oo lon of Wichesrads steed 4n cloetrie furnteovs and opon=hcarth furnages,
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Far van of wotnllie fren in the sponge is oanswncd:

Coku breoze (dpy) . 610
Lincsteno 1
Pl ofl for tunnul kiln and

aryin- of orc and sokc broozu 100 »
alcetric onupray 80 kuh
S8ilicon orrbide (for scgaors) 16 kg
Iebowr 2 monshours

Tho orc 1s hoatud in the top pert of a shuft furnsoc to 900=100000 by complite
sambust ion o cxouss gas from the lowar reduction Soncs with air, The ore is then
rodusod in tvo diffuront stagos fu tho middlc and low.r pert of the shafs, In the
middle part the ore {8 proeroduecd to ¢ somposition corrusponding appr oly so
the farmuls FoO, and in the lower part the finnl roduction to mctallie fron takos
plado, it the inturfaso butwoon the two podustion sonos chout twosthirds of tho
#os from tic final rcduction zonc 18 ramovod from the shaft and is blown through »
doyur of ookc or othur fucl in ar olostPieally hootod zas produsor (oarbuwottor),
whore 002 and KO in the gns Pocot with tho easbon in tho ookc, thus producing $he
mizgturc of carbou mouoxido and hydregan whieh is uscd for tho rodustion of the W
in th. sloft,  Tho sporge iren is ooolud and disehepgod continuously into elosod
m&aim;&*a;

The hydrogan eontont of She rodueisg gas is incrensud to about 30% by addition
of hyireocrbons or coko-oven @08 % th. sarburetter. ™o sulphur in the rodueing
@88 is rawoved in e dolomite filtar botweun the enrbursttor and the ruduction
furncec,

The "Ihurg prosoas 18 uscd in five furnnoos in Bwudony aud twe furnnoos aro
undor oonstruction in Japan, ‘Thu Swclish furnesos arc all wing pelicts mde foom
rioh magn.titc conoentratos, and the JapanoSc furneccs arc golng $0 Wse pollute mdo
from iren sand, Thc spongc 4rca s usod for the produotion of higlegrads sSocl fa
sleotric are furneccs or opunsboarth furnnoos,

Por ton <. wotallie dren &1 the spongo 18 eonsumeds

ook 350 kg
“Gusol" (wrepanc & dutanc) 65 »
Dolamito (raw) w0a .
Hoetredee (Sodurbare) anw
Bloetris cnurey 3,150 kW
lsdvow 1,7 man-hours

Tho invostment cost (1 about 40 dollars por annunl ten for a plans with
12 furn-sos nnd e tetal production of about deU00 tons of aponzo iron in 24 heups,
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(o) HylL mroccss

The worla's lopecst sponre iron plent is loeated ot Montorray, Hele, Muxico,
whure the Tyl proccss produccs 700 tons of sponro iron por day im the plunt of
Ficrro Zsponjc Sene  This company is rffiliatud with Hojalata y Lemina Sensy fron
which tho proccss derdives its nmo and by whoa iy was doveloped in co-opuration
with tho ,J, illoge Compeny in Now York.

Lump orus (or cgglomeratus) arc roduccd in fixed bed bateh poectors, T
roducin: 308 is a mixtwrc of ecrborn monoxid. and hydrogun, proparcd by tho catalytie
roforming off netursl as ond stuam.,  Naphta, othor light hydro-carbons, or coke
oven gra noy bo roformed in the same way,

The sponge iron 18 meltod .n oluetrio are furnnecs for tho produstion of Low
earbon stecls, Open hoarth furnaccs ¢an also be usod for tho senw PPPINO,

Por ton of motallie iron in the spenau is consumad:

nturel res 700 ;;‘3,
Labour 0438 man-hours

Thic invostmant cost 13 cbout 37 dollars por snmuel ton for a plent wish n
production of ~bout 500 tons of spdngc iron in 24 hours.

Furth.r information about the iyL procoss will be given in the pupes Bied,
"ho HyL Procuss", by Messrs, J, Coladn end J. Skolly.

(1) B

Whon proccsscs, whieh ~ro uzing flutldized hods for roduotion of pamwdaped
iren or. with pur. hyareren or hydrogun=rich gass, heve bown tried in pliot
plants in the UwS.na,y but they hove not proven ceomomisally feestdlo,

The R (Republic-Nntional lead) wnd 3L (Stecl Qompany of Ornada - Luwgd)
Proe 8sus oo both usin: rotury «llns for puduction of iron or. with solid fuels,
megnotie sopnentdon of whe mpanic iren from omecss fucl, which is roeireul
nnd fntro.uction of rir throuwh tulus ~loug the kiln for controllcd combustien of
the oorban nonoxlic roaultin fean th. dirveet poduetion o7 the or. with selid
oorbol. ,

nobot jeaecvscs, the kilha or Lostua by eontrrl burn.rs for gas or ofl)
P Der o el the ke The nntn d4ffar.nec butween the twd prescsscs

druaa toooo st the L proecea som 208 15 addud also to the alr tubus aleng
th o kil PR RS S 3 I tubea o net f2 oomga émwxﬂg‘
AT aee s e beon sovoleped An n auni-somncreinl pilot plant

oIy ey pleee A% ares of differunt types and polluts,
kN e et oy v Do Loateds lopondlng on the purity of
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the g nataricls, the roduecd procuct mey or moy not bu subjeetced to
subscoucnt coneuntration rd briquetting of the mutallie iron befor s

foudii %o stocl furnaeos, .8 solid reduetauts liave boun uscd coke brooza,
cnthrecite nnd ehrp, L. now mrocuss for chraring eokin; as well as non-ooking
60~] on o« travellin: srite hos bewn dovelupea,  The hot oher 2pscs can bo
usud diveetly os fucl in the rotary kila, The total conaumption of fuel

pur ton of metellie iron in the spongc i3 about 3 million keal for high grade
ore pullets (70 Po) ard 6 million keel for low grudc or. (35% Fo) whioh has
to bu concontrat d aftcy reduction,

(i1) The w88 hos boon developed in e sani-gommoreind pilot plent
at the Steol Coupany of Canada, Hamilton, Ontario, Cannda, in collaboration
with Lurgi Guscllsehaft fur Chamio und Hittenweson m.bei,, Frankfurt (Mein),
West Gamcny, The tosts hnve boon cerricd out meinly with rich pollots,
anthroeite and naturnl gas, No oconeantrrtion of tho rcduced pollets hos deen
hoecasary, only briquotting of sbout 10 to 157 finus and dust formod during
reduotion, Pollcts of 8 to 15 mu and rieh lump orcs of 8 to 20 mm have boeh

. provod to be frovowrablo, Tho total eonsumption of fuel por ton of mutallie
iron in tho spongc is about 3,5 million keal,

Both the RN and 8L procousses arc still in the oxporimuntal stege, but
the resulis arc promising and commoreinl size plants erc boing plannod,

This procoss 1s uscd at the stoolworks of Petricio Behovorrin Beiiey
logaspin, Cuipuzeon, Spein, It i3 o vory simple mothod using oxtornally hoatod
vortieal rotorts for roduction of iren orc with choroorl, coku-breczo or anthrasito,

Iamp orus (or agglomorntcs) arc mixed with the reducing agont and some
dimostanc for sulphur rumoval, inthracito with 25-307% ashos is gonurally usod
for th. roduction, ‘

The mixturc is prohoeatod in the upper part of the rotort by dburning some of ;
thi gos with rir, and the speage irom 1s convinuously disshargod into a wetor-coolod
shambur, ixouss roduotont is soporatod from tho apongc iron by mognutic scparaters
and roeirculctad.

Thoe hentine of the reterts from tho outsidu 6an bo mede with any solid,
iquid ar gosvous fuel,  In Logazpie ardinary produsor zaa is usod,

The plant in Lognzpia hos 40 potores, Its cupacity is about 18,000 tens
of spouge iron por yuor,

Per ton of motnllie iren Ar tho spongc cpn sonsumod:

J8hrnoite (25-30% nshes) 400 g
Bituminous coal (for hooting) 900 ke
Idncstone 60 kg
Elcetric onurgy 120 kiWh
Tabow 2.5 man=hours

ITEI




STl SaliF, 195,
Teehnieal Papor/B,.3
pogL B

The drviootan ot eoct iu -bout Ju=-i0 dollers per nnnual ton for a small plant
with o predanction of shout 5000 tons of dponge iror in 24 hours,

Parther Lo formotion sbout tho Lehoverrin proccss will be givon in tho paper
Bew2, "it. Uehcrvorric Spongc-Irni Procuss", by Mr, G, Codorvell,

fg)  sluetmic sismipon nting

nost of thr. Munreus for Jluetrie pla-iron smoiting rrc of the s8sand=Hole
type and soasc ez of ti similar Dumrz type. The most ecommon size is 10,000 to
30,000 X7 units.,

The roduelng egent 1o o pmirture of 30-50% gas ookc and 50-70% coko broozo,

The boat 2ooults havs bown obtained with solf-fluxing sintor, The 00~
sontent of the iwraus 7:3, whish is only atout 10%, if lump oru is usod, is
ineronsal Lo cbout 20«25, If solf-fluxing sinter is usod,

The gunsunpt on per %o o pig iron in furnaces using selfefluxing asinter iss

4::90‘?{3 n?.{.{& k’uf}k
abont 370 kg of ocke & 8" brooke

ahoud 15 k7 of Sedivborz cloetradcs
«bout 2 man=hows |

The hoet volus of the 2ns fron oloetris pig iron furnecis, sonaisting mainly
of cerben iwono.lde, is in the order of 1 million keal par ton of pig Lron, Thoe
£88 oor bo usvu L. cthogdend industry for production of mothonol, uwros and ammonia,
but tho main intorest today eoneurns wse of tho gus for inervesing tho produstion
of pia iros by prohesting ead prorcduction of the cherge.,

Tosts for sueh rrotrestmont of thoe eharge have boon esrriod out by ;
Hlektwokcalsl Cuapany, Csioy Nerway, in a rotery kiln or a sheft furnaco, instelled
dirvetly sbevo the cluntrie anmolting furnaec, )

Prononting nnd prorcduetion 13 clso usod in the , Jo-ldy proccss with
the utilizaetion of & rotery kiln for the prorcduetion and & apecinl toshniquo fos
e smelting In the cleetrie furnacc. Tho prososs frelilitates sclootive .
ruduetion of comnlax omes and dirvet production of somisstool with modium cr low
ranean sonbond,

burtiior inforrit2on chout the Stratogic-Udy proecss W 1l bo given in the
pper I8, Mo Stentuslonldy Process', by Mr, ¥, Sandbnoh,

Saveonveptionnl wloetrie plr iren troecss oporetes with a power eonsunption
In Bhe rasets 03 2000 w2 000 KWL per ton o nig iron, which handly justifiocs a

L)

15 8 @, s : - e - L oMTE Yo 3 LTy ” ﬁ
Blohor vonor oo then U008 UL dellers ron W,
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By prorciuction, it is poceible to roduee the powor egnaurption to th.
range of 1,000 = 1,50C kWh pur ton, With this low pow. consunption, « hi v
power pricu nay bu tolepated, probably 0,007 - Q4208 1,8, Jollire por kwh ar nora,

Vory cousider-ble ndvente o ie cafned by dnercacca tron production for the
sam. tronsfaracr eapreity ond fupnre size, Thiz ~twes frepronscd jeon produet .on
por manshour and mokes the cl.otrie Prodoess eompotitive with the eonventionel
blast furnuce proecss also in nrons not fovour: o by water pow.r rosoure.s,

(h)  O%hux Pireet Roduo*ion Proggsscs

During the poriod from 1924 to 1930, tho L-UNELAl8a0p motheod wis tricd
in Swodun in cloetric are furnaces provided with menns for 2ontinuous ehorelng ef

briqucttos that werc made of rich megnotite oconecntrates end ohopreonl powdur with
slaked lime as n binder. .lso n pdxtwe of sintur, canreo:l in lumps ~ud burnt
lime eould be usovd,  Steul of high quelity was produced, with « consumption pup
ton of stacl ot nbout 380 kg of shereonl, 200 ke of burut limc, 2,700 ¥Wh and 10 ke
of alootrodns, If tho sintcr wos proroduced in u soper o furnrec, 8o trat 60K
of the totcl iron wrs in tho mutellie stutuy tho consum tion or uleotrie enudgy was
only 1,400 lali por ton of stuul, 7Tusts werc nlso ererlud out with edke instond
of chnrcorl, but thc sulphur coutunt of ti. eoke w.s too high to be Jltminoved
ceonamically in the stoel-moking furncec,

The Arowbrek of the mothod wes b «h POWLT SOnfuRPtion, low furnree production,
and the nocossity of usin: choreo-l as the ruducing szent, It wes found mou.
seonomicnl to -wroduce piz iren or sporgv iran from the ®o ng r Tirat #pap and
thon usc tho stocl furnneo only for moltine rnd rofining, It is poasible, bowuver,
thet dircet stocl muking fu oluctric furn: eus Bey bo of intupost in sountrius whero
there oro vich iron orces, chunp hydro=cluetric posvir s choap fucl with & low
sulphur content, uspued lly 4f the rich 2as from the fupn oo ear boe utilizod for
proroduction of the orc, thus lowering censidurnbly the corsumption of wlootele
cnergyy tucl ond eleetrodes and ineroasing production.

«nothor way of meking stucl dircetly fram iren orc is 0 uac it us o

or fgod e in open=hoorth furnueus or cleotrig ages (i, usine n hish
poroentcge of plz iron. The ore 18 theh roducud by the curben in tho mlton 1ren,
Shus lnor.osing tho output of the furncec, Thia is sho simplust and mest sumduly
usud method of mokingz atuul dircetly from irer ars,

«dso in Dussymer ond Ther Q ory 8an bty ndded instcud of serap,
& felrly lirge quentity of orc omn bc ndded and wroduced i oxymer convertors,
espueinlly in Xald [GERCrs, whoro the orc addition onn bu chout 158 of the

(1)  Jeonquic. shurg

For cauprrotive coat enlendrtions the following nroroximat. fisurcs for the
production of onu ton of hot mutnl from rieh orca ir an ordinapy eoks plest furnnon,
producing ~bout 1,000 tons of hot mctrl iu 24 houra, uri. bo usedt
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ebnijursiosl ook 800 kx
Liviostor. 18C ka
Irbowr 0.8 man-hours
Liver  nt cost (not ineluding coke

Ovei plent ond sint.pdiz pleat) 50 dollars/ennuel ton
Cr.civ for gns ond slee 2 dollers/ton hot motal

(3 Hedbda, of 8

typos of stoclearkir. fumireca,

In <leetric rre for: ¢u8y Vorious ~aounis of apotey iron een bo wsod, up %0
1o e ount of the e oo,

In Lish Droguuney 1nduetion furnseus, th. €angu. eontunt of the sponce irea
Bt Lo kopt oo low -8 possible, boesus. it §a diffieult to mult lerge nmows of
slng Iv v inCction fum eu,

In bugle opu~LurPth furniecs about 26=850% sponge iron eun b uscd with tho
nerual moltia tushinique, snd up to 707 aposwto iron and 305 serap with o sposial
Bulting toabulqu.e  dGpoug: Lren wvith hich enrbon centcpt (1,5 = 2,55 C) 1s costew
$0 mult Lo opa=horpth furnrecs th-m low e rbon apanee 1ror (0,0 = 0,84 el

In ~eda onanehiuopsh farnrecs, the rararl rddition of Epdnge iron ia nbout
PU=Iihe  .OF. G10LSL IPON eAn By uall for the produstion of nnid opun-hcarth stoal,
if o dupd.x jrocuas 1: usely witlh moltlng of thu spanke iror iu » basfe are furnesc
or = basie oucn=hurpth furncec, caa flalshin the heot 4n an seld opun-hocrth furmeec,

8ponac ire: ann rlse bo multed in a8  op oll-firvd rototing furnncus snd in
ORygen eduvarturt,  In n K-ldo convorter ~beout 404 sponze iren with 1,54 ecrbon oan
b meltod,

W Lo the sopt.ong of wrnu. ops nousr.odwecd Pl in the spongo iron, powar o
fu-l eonsuwntiv. for wittn- Bron . must nocusasrtily bo higher then for multing serap,
Bonn o Loolele re farnoe., for Liatonse, tho catee powad roquirud for nulting spouge
enn be erdeul ood to pe 0,7 Bl Por ke of uxter slrg, ood 0.95 G, por kg of Fo
oambinod with agyeon a3 A0,  Pep - -eod quslity spongc iron, this caten power
Poguired 1o awily cnd far ¢ sporge with 9, totel Fop 914 roduction »nd 7,54 slng,y
it 12 1% &% por ton of Fo,

(k)

W oedes of ou tern of the Aram, ot motnl er geptp ennnot bo direetly oampared
with Slec ol ocs tan A L e fror, Cast erleul-tious for comparisen of
R T o e 20T T for on ter af fintakid st cly rnd cvontual
§i¥y . : ooty toould o loe b oeag e 1.

cd M featapt o L sonatdem 4 v.for. th. Bzt mothod emn bo
g G SRR ra, ¥ dontacy o viopctesl abep ot ristiea of o ﬁ!‘i;’ ita
e Pt otdn o st popertd Ty tho roductibility end
Ty b e ponots, b villebility sud priec of
SRl soyy Bose L ar Protaction, tho manpowop fuotor, tho
Pl et te b, and mrakt conditions,
. Tt b stui s ety by cXpurta,
" xes vk § Arr Iy 3
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