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STIEL SHIP, 1963/ 
Technical Papcr/B.3 
pago 2 

!•     fotro^uotlpn 

Uh« blast furnace process is net always the best procos s tm reduction of 
iron oro to metallic iron.     If ooking coals are lacking but theru is a plentiful 
supply of choap water power, pig iron eat be produced in electric furnaces instead 
of blast furnaoos. 

Thor o aro also a great number of processes invented for the production of 
aponga iron instoad of pig iron»     Such procéseos nay be useful for certain types 
of ore or certain types of fuel or for the production of a high-grade rav-watar i al 
for stoeìraaking In eleetrlo arc fumases or open-hearth furano««, whore the sponge 
iron eon be used as a substitute for eoMmial steel scrap, whioh It often 
eontattinctwd with impurities, whioh cannot be removed during the stoulmaklng 
process.     Sponge iron oan also bu usod for the manufacturing of iron powder for 
powdur-ractalluTGiocl purposes. 

Reduction of iron ort ear. also be earriad out by adding the ire to a liquid 
bath of hot metal or sto. 1 containing carbon In solution.     The dissolved oirbon 
acts as a roducing agent and can be replaced by adding also carboneeoous wterial 
to the liouid bath, 

2.      temutela in «anemia ration at to«* «jgg^, 

Ine production of sponge iron is always carried out by gaseous reduction of 
solid iron ore,     j£vun if the ora is nixed with solid fu«l, the reduction takes 
place by diffusion of reducing gases into the poros of the oro.     îbo nost 
important reducing gases arci sorben monoxide, hydrogun and ncthan«. 

Tig• 1 fig, 1 shows the well-known equilibrium diagram for the ruduotion of iron 
óxidos with carbon monoxide and hydrogen.    At 820*4 earns* monoxide and hydrogen 
havo the saw roducing power.     At lovor températures carbon monoxide is the 
atronar roducing agent.     ¿A highur tompuraturos hydrogen Is stroncar than 

21 fü2°3, 4s Wúém^» fô#4 *• ***** fora*!, und in this ronotion both 
monoxide alîd hydrogen tan be completely convurtad to ©0» or HgG. 

In the furthor reduction of F03O4 »etaUie toon Is formed directly ni 
temperatures bolow W0°C but at t^ipurotures ate?» mm wustito («aO) In 
as an intoned i at e product. 

If the reduction is ecxriud out with carbon monoxide at tsmporatwros „_„, 
?Q0°O, nuûtonitiJ la formed,     nie «ornan content of this austealt« U highor, the 
lowur thu OÛ2 contait of thy rudueiug gus.     If th« carbon aonoxido is pure nnoughj 
the- 'luotcnito .my bo saturated with carbon end ilao free cementite (FWJ) nay bo 
f QHftod, 

i.t ru¡;„'iion tempcrcturos bulow ?oooc F«0 is reduced ny carbon monoxide 
directly to .'\.3c without thu form-tion 01' ¿lutallle F« ns on lntenwdiat« product. 
,it low ran-tioii tuipur-turuB tiio ruduction of iron oro with carbon monoxld« is 
disturbed by • «MO¿ 
1*0" tin   i\--v\ '.on. 

* 

ecrbon, if Italie iron io prosont as a catalyst 
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3TBSL SYMP, 1963/ 
TQohnieol Papor/B.3 

•ontalnim; QI4 or other hydrocÍboa¡. ' flro ls roduCüd wlth a **» 

roduotlon« wiiia. ffloru thafi 16 per <sm% of tho gas voli»© f©* 

3«     fi&^6JLj>X. 

the toœpcir 
et«« 

Roductio;: of hooatitw (FoyOi) to Mutuili* *   «.      - ^ 

m reeaoa tat this U that to7v^7\*«*¿í JÏo *uaotion volooity düorwwio-.     ft«   . 

if« äÄf^ SANSS'tS ^ *^^. *** »**aU** 
•üM* tren eoa bTiutiÍS.Íw !üü     ,     % i% u M^ropherie,    »« pyrophorl« 

». 2^ÍÍ" ** ü""0" """a4« *• «• 1* »«pwotur«,. » «wl/ua«, »«arti« 

ÄTS^ITÄTriÄS ?s assis *iM • «SAIT 

*Mfo iroii ^i^o. to wold togoth^r eauoos operating difttoultiot.    *W*le,ier Sf ^S 

«s î 
1 



3TSül 3ÏÎÎP, 1%3/ 
Technical Paper/B.3 
pago 4 

If the or,. Í3 mixed with an excess of solid reducing agent, a soAowbat hiAor 
temperature can be U3ed without sticking difficulties, 

¿*t hlji t^iupcrrturcs, mixturas of curbon monoxide etna hydrogen roduc© factor 
than thw purt ^rsua used separately,      Bio hydrogen spoods up the reduction during 
the preliminary stages and tho carbon monoxide during the final stage, 

*•     -maroiAl m-oblens in reduction of i^on asidua 

Reduction of iron oxido with carbon or hydrocarbons nr•> strongly ondothennlo 
reactions, aid hunt must be supplied to tho reduction fumare, even if th» ore and 
reducing cgeiii, are preheated to réduction temperatura» 

Reduction of iron oxido with carbon monoxide- is slightly exothermic and with 
hydrogen sli-Kly endothermie.      Th.. h oat of r.otion -.t 900°C is »ero, If a 
mixture of carbon monoxide and hydrogen with 4d/, hydros n ic used.      If nornU boat 
losaos from the reduction furocou w. considered, ;   cordant temperature of 900*0 Can 
be maintained in the furnnou,  if te., reduction in cra-ri -i oit with a aixtwg of 
carbon monoxide -jid hydros r., contr ini^ 35-40^ hydrogun. 

« hit-j:or hydrogen content ity^ bo jsed, if the or. and thu gas are j*cheatwd 
to r. hifii-T tw^jvrntur-   than th-.. ik-sir> d temperature of th,  sponge iron, or if 
extm he t i.i .-ri^pli d by parti 1 combustion of the gas with oxygon or pr-h&atod «Jjp, 

If natural gns or oth„r hydrocarbons shall be used for th.  reduction of iron 
ore, i;  rood method io to refor.u them first into a mixture of carbon mono** de and 
hydrofitur. by ii.as of stet-n oxy.cn or carbon dioxiae in ordur to ^void too much hoot 
fuprly to fche- induction furnuee, 

SXk'JUL*. 3P0Mt Iron nroo^sses "mmnimu 

Of th.,- many processefl for th - production of spon*c iron, which hare boor. 
iuv.nteu cji'l tvi.d riurin- th,. L-nt fifty years, only very few have boon oconoaloally 
sueoossful an; reached the industriiti ¿tv^, " 

W    taoe^anaec process 

Ttito yroceas la corrieri out in Q tum;..|   kiln, where layers of ri* if« arc 
eonountr.iten .-nd coke bre«z.. -ire h.r.ted to atout 1200^3 m sogers, mue of silicon 
enrbitì.., »stich nrc placed on eira.     In the original process horisößtm layers 
w-jre ust-n, i-.t in modem furnr.ous a packln,« with vortical layers, either flat or 
tubule i ..i u,:ed.     The finish«^ apons-u iroi« is removed from the calura as ainterod 

T>      °!- "•;•-* M'oces^ la used in Hov./.ana-s and Ojtoloaund in Swodon »nd in 
« i v. rto:;,  :   ',; .;.i\'Ky, r.-j.i.., ¡¡iciiily for tiic  produotior. of iron powdar for powdur« 
m.'t'illvj'.-ij j  ;Airpo3,-M,  but SOPK of the snon:-:e iron is alao w*'3û as melt^ag stock 
for t»..    j'o..t.- loi. of ni.-ii-f-rad.-- steel   i:¡ a>.otric furnneefl and opon-tooarth furnaces. 
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aim smt i¥>s/ 
Tuohnlonl Papt>r/l#3 

î"~r von or istallo iron  In the aponga is oanswiiät 
Cok-, biv ;z,  (dry)   , f»io ^ 
Limestone i^ ii 
fü.l o.U Tor tuunul Win and 

dryin*- of CHV and eofr; bruuz« loo M 

üX^cti'ic jtujetiy 8Q kiâl 

Silice-., o-rbidc (for ar^cTwra) 16 k/$ 
tetonv 2 aw»-hoiWf 

Uìo or. is hooted In the top prrt of n »ir;ft funuco to 9OO*10OU*C by niTiril t 
««•ibustion oi' oaowsa (»as from thy lower reductio* wm^a with nir.     Hu» oro is thon 
rudwud in tuo diffuruBt staso« it tfao nlddlo and IOWJí pert of the ah aft.     In the 
•Addle p&rt tho org is pruroduegd to i eowposition «orruspMidiiwî approxi*atuly to 
the fammi;  Fo0# and in the low part tfco fluni reduction to raí tallio Ivon toko» 
pleoo,     j.t the lnturfußo b jtwaoü the two raSuotlon sotto« clout two-third» of thu 
gas from t ^ finta rt*MtioA sonc is rmtttoA turn the shaft and Is blow through a 
lojr<* of ookv or oth^r foul la at ulœtrieally heated *&a prod«or (osrbur utter). 
i«Wu OOg and hgo in the £a« roc«t tilth th* oarbo» in %hu sote, thus prodycin« the 
»iituru or corboa nonosido and hydro««! which is usua for th« reduction of the «ro 
l& tiu shaft,     Th, sporgo iron is ooolud «ad di««ht*(M continuously into «losod 
«ontaiiiv^3# 

lh« hydrtç* eontont of tfcy ruduoiag gaa is lnor«j««ud to nbout 30» by »Oditton 
of hydrooDi-bor.s or ooko-OY^n ®&* to th^ «nrburöttor.    îh« sulphur ih the rotusia« 
ga« is roiüovua in e dolomite filtur batwwi* tho onrbunttor und the réduction 
furn&oct 

fhe   'iixffg groóos« is u«ud in firy furano«« IR AMlun, ind two furaaeo« ory 
uftdar oonstructio» in Japtuu     ft* tacita fumato« «o «XI »in« pellet« «»dt fta* 
Höh Rägn.titci oonauntratus, and tau Japona«)*.' fuxm&ou« vu going t« u»u pollute Msd# 
from iron snjid, Bit, «po&gi Iva* is usua for thw produotlwi of high««*««* stvul la 
wl^trio aro funeee« or opjo-fc^arth fur&ae*«. 

fer ton c* lâtollio Iron in W.v. «pasgu is oou«\«w4t 

'•Ooool" (propane 4 butftao) *5 •* 
Itetatlto (raw) loo • 
ïlustrodce (SadviTb^ff) 2 » 
ÜüOtrlo onuxyy 1|1SC kNh 

Äo IttfottMMit eost ii about 40 dollars p^r aßftwil toti for a «laß* with 
12 furn ìuf rmd « total produotioa of (\bout l^uc/j tons of apongu Iron in 24 hottw, 



mm sïî'ip. igea/ 
Tüchnioal Papor/B,3 
Pûgo 6 

Tìu. !.wk':i larf?i;3t spon-v iron plant is locatod at Montorray, N,Lf, Mexico, 
whuiv tin. ;:yi. proco3ii produces 700 tons af aponro iron par day in tn© plunt of 
Fitrro Znnonj.- £»„..      Thir conpnny is '¿flliatod witn Hojalata y Lamina §•*«, from 
which th.. procès derivos ita irau and by whuii U was developed in oo-opijrntion 
with th. :.,,;, j^iiof;'.-' Compr.ny in N^w York. 

Lump o^-c (or c-gglomorr.tus) art rodwood in fi&4 b«d batoli *üttetora#      ïfey 
roâuoiir. ;;r.3 ir, a mixturo cf ccrbon »onozidv and hydrogan# prepared by tao o&talytio 
riformili."; oí nr.tur-1   ;ae and 3tk,aia«     N»\pfctaf otàar lifht by#r©-ei£00»*f or ooko 
ovun gc.a Hi.y bi. rtfomnud in th.. s^mo »my* 

ïbo sponge iron is nuit od m oluotrio ore furar.* oa for tno proàuotioa of lew 
oifbon stuoia,     Gp*_n hur\rth furnaces cari also b-¡ uaod for tfco sm.M purpMo* 

Pur ton of metallic iron in the spon^ is consumed: 

3 lTntur?l /.;as 
Labour 

700 m" 
%38 man-fcoura 

Bu invostmont eost is about 37 dollars po>r annual ton for a pleat wttfc a 
production of -bout 500 tone of ajutage iron in 24 hour a. 

further information c.bout the ilyL procos* will bw givsa la tat» Jt'JM* Kl, 
"T«u HyL Brocca", by Mu*ar.<. J. C^laan end J. 3kxlly. 

í'1)   üsdttg^.L^rqn -aid Leao-Uttl. moouaj^ 

'Auno px^ocs3v3, union ¡*r.  uclnr fiuidUtal bôda fot rcduotion of paw* aar od 
iron or*, with ina*, hyaroru* or .tyOroKwiwlol. gaa^a, heve bov» trie© in pilot 
pipata in th.  l.'.S»*.., but they h> vc not proven o*QRO»i«aUy fonitele, 

Thv A1   (&*pttfelle*Shtiennl Unta) '¿4 M. (3t#«i Oowpony of <fe»«Ba - Ittrajâ) 
eroe* «oes -v„ boti, miti- rot-~ry i Una for *.«uotio» of ir« «r„ tfiti* solid fuola, 
tuva-tie •;.,,»-*.*.--4or, of «.-   «fonx irot* freu ^iet<.d3 fual# tAton it ro«ir«ttliitiiAt 

".»d intra .uction of .-*r thronen tuU.a "A«i*,t tfc-. Win for controlled tallii i iW Uf 
thv e -jíboa wti.iOíiiw r* fluiti'«   fi'cn t:..   iir^rt ¿reiette*, ©r thv or- «ttli aolitf 
erirboi, t 

i'.  Nu 
•t f 

>f' 

.•1   n.' t:, 

lriLi..i 
kl?n. 

Oli 

• J   pro?... .• .<*. 

:'Ov? 

t ,.   .      _   » . 

t  » by «ontr- .1 burnirà for «ta» 
!;*iiï   liffuracv. b-.Wouü th*.  tue ,. 

. * is -\ûd^   ai so to tili, nir tutu« ftlOAg 
.- buTOwi'c, 

••-.:%*r. 1 ^. •   ^M'i-aonRtwrtifa pilot plant 
.    ,n\r¡ of "ifi'..r.:it typ^a ^txñ p«Iluta, 

.«t.tMi,     :, 1 ,ndi .<* on thv. purity of 



STÖ.L SÏMP, 1983/ 
Technical Poper/B.3 

th. xvn: uatdrida,  th. reduced proeuct may or muy not b, ouMueted to 
auhae.m.-.nt concentration nid bri-iu-ttin,; of th. metalli« iron bcforj 
f.^'V" '•? 3t^\ i>urn-eos»      "s e°"-* rv.duotr.uts ûr.v, bo^n u«ed coke broùzo, 
„À" V 1;'i;1^ •"•n" «;*•'.r-     •• "^ 14-oc^.; for chr-i-rin.; eokin,; r.s w.ll .-is non-ookin* 
•0,1  o, ,. tp,.vllin : .:P: t. h. ;: b.ui d.v.loP,a.      Th, hot ohrr .„aoa con be 
r« V^'^V ï,      î iu tlK i,otary kil;u      ^ total consumption of fuel 

are i.^il.t,, 1*0^ F..,,  f-x.I o million konl for low «r.vio or. (35* Fe) which haa 
to bo concentrât d ifUr reduction. 

-     * J1*- ^^JBUWtolâ hrs b,jA developed in e seni-commerci-a pilot plnnt 
at the .tool Company of GWia, honilton, Ontario, Cannda, in collaboration 

i SS Sí«2l,Sl!lí?0h¡ft*f^ Ch°îi0 *"* HUttoßwua^ n-b-H.» îranlcfurt (Mein). y^ *,at «usaany.     The teats hrvo been crrriod out mtdnly with rich pellets. 
ffW anthracite nnd natural ^s.     No concontrr.tion of tho reduced pellote has boon 

nûcosaaiv, only briqucttin- of about 1C to 15>i fim,a und dust formed durin* 
roductior..     Pulita of 8 to 15 BU and rich lump orea of 8 to 20 mm novo boon 
proved to De frvourublo,     Ttie total eonsumptior. of fuul pop ton of I»J tallio 
iron in tho sponge is about 3.5 million kcal. 

Botli the m and 3L processes »o still in tho experimental atago, but 
the results oro promising and oomncroir.l siz„ plants ero buüu* plannud. 

{**    iÉftu1faggV* orooeaa 

©lis proocaa ia used nt the stoolworka of ftitricio Echeverría 3.¿., 
ItógaApi-i, CJuipuaseon, Spain.      It ia a vory aimplo method uaing externally hoatod 

I Twrtieal retorts for reduction of iron oro with chcrcorl, cokù-bruezo or anthraoito, 

iAsan Oivs (or agglom^ratca) are mixed with tho reducing agont and aomo 
pf limestone for sulphur removal,     .jithraeito with 25-30¿ oahua ia günornlly usod 

¡for tfe^ rjduction, 

Ihe mixture is proheatod in the upper port of the retort by burning somu of 
the gs3 witli rir, end the aponec iron is oonUnuousJy discharged into a wetop-ooolod 
chjÄbor.     excusa rodvetont is aoperatod from tho apongo iron by magnetic aunaratore 
and roeirculrted. 

Th^ hgatiftp of the rotarte from thu outside can bo mado with any solidi 
liquid or ¿.r-neous fuel.      In Logazpia ardinciry producor ;;afl ia usod, 

Th^ pi. nt in Uns-iBpia hr.a 4ü retorts.      Its capacity is nbout 18.000 ten« 
of apongo iroL p.,r year. 

Per tor. ©f raótriJLia iron ir. too apongo tjpn aonaumo4s 

;jÉhra«ito (es-aojC a«h#«) 40o it« 
Bittainoua ooal (for hontlng) 900 te 
Ltaestono §0 kg 
E.lcotrlo energy 12o wdh 
li-tboui* gt5 man-hours 



bTüii, .siT'ii'»  i!>, 3, 
Technical Pr.pcr/B.3 

Tlu ii-VwJt..^ r.t oort ìì; rbout 3u-4ü dollars por nnnual ton for a small plant 
Witti ri prcuuetio:. ci' about 50-60 tona of apongw iron in 24 hours, 

tt. n 
pJf1

th"i' *"-f«n'-ïior. p.fcout tuo Iwehov^rrif! procoss will bu given is tho «apar 
BW, »»it«. Jcucvurri-. ¿pon^-lron Profusa", by Mr, G, Codorvall, 

¡.oat of ti:. :ìIV.CC fer .latrie pig-iron «incitine rrc of the Tyaland-Holo 
tyir .^j. -u, t. , ci tu. ¿Jniaiir Ltaars typy. Th most eomrion alzo is 10.000 to 
3ofUG0 k.J unii;;',. * 

Tfc^ rutilici;:,.; rv/jrt ia .; nirturw of 30-5o.i gas eoko and 50-70$ eoko brooao. 

!Eiu bcwt :.'wau.l.tj trTj b—n obtained with self-fluxing slutor. The CO*, 
content of ino 1-u^i.u, .-..- :li whi.sh is only atout io*, if lump oru is usod. is 
ineruasji«. to r-.barrt 2;-¿5., if cj If-fluxing sinter is uaud. 

dw o^iu,ur.;ut cr¡ p ? t<;    Oí' pi« iron in fvrnaoos using self-fluxing siate» lai 

/.bout 2,':-'JJ k'.." 
iVuoub 37>j k(; or ceke ù. e '/., broefco 
^bo.-.t 15 :-:•/ of £jrdv.-"bur,7 (-Iwotrodoa 
..bout 2 nm-hovu/c . 

Th.. .i.«--:. \.--lu.; cf tiiv.   v\:; fi>o;.i J1 ,ctria pi»? lro;* furnac m9 consisting ttaieOy 
of OEPbcn :.fl;io.-id„.  i.-, in the ordur of 1 niilion teal par ton of pig iron.     Tho 
JîQS o:»: bo V.-Í-J» ... c. ,.:;0i-.i industry for production of Tiuthanol, uroa and QBswnia, 
but U'j mai:.. iMiwrci touny concuna u;jc of the «LS for increasing tho production 
oi pi.» iro:j vv  ¿.i-j,..ntii..: i-4ld production of the ohtrgu, 

Tcota^'ùi« auc-ii rrotrci.tHwnt of the* ohorgu have boon esrriod out by 
>:3-ktTokw.il^.» 'iuii..Uly, Caio, :;<annyt in a rotary kiln or a shaft furnaoo. installed 
¿ivetly rbcvv t.'--. tluijtrle salting furnace. 

*»      f^'í' r'íí:i ' "J:a ^;lvduotio- i3 -l3^ UÄod la tho .Sfoitp^o-Ud/ proooas with 
thü utilisation of L rotwy kiln for the proration and ^Special tooholttio fo* 
t!,„ sTi-jitAa; J.;-' tr.i  electric furnacu.      Th^ proeoss facilitates selectivo 
r.d.KîT.to.-- of üO.H-];:: o->a ¿M;C -:iroct production of soni-sted with modiura or low 

•  '  *• Ci' •    ¿Oí: iti. li ii t 

i 

i'.rV.: ..•  »r.foii.t'.w: : bout th.. Str-Wio-Udy prooess vi U bo givoa in the 
'p-r . :^   -T-,.   •;*J.'-.t. .'lo-Vdy nooos^",  by Mr.  ¡:. Sandbnoh. 

ir.   uh 
¡:i-':... 

o >;iv .-•:. ion *   .1-pivi e pi- .'.m. r,'oe..33 op-.rr.tja with a powor eonsunptlon 
.n •.. oj ...i'-o ..,,:.•; >^. :-K,v ;;,f.-_ o;- .;í.- ironj v;¡-i^ hardly juatifioa a 
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By pruvuuetion,  it is poncibiw to roduoc th. po** ootifttu-.pt ion to tt„. 
range of 1,000 - l,5üC kWh pc* ton.     with thin loi. pow.v «or.siwpttor., « hi,-tur 
powur prie. 1:«y bu tol«ratwd, prob-bly 0,007 - c.oo« r.s, doll, rs P. r kWh or moru. 

y~-y co^iri^-.bi., •rfvhtr; . if. tT(jti;. ,i by ii.er- n. .a iroi.  iroautitloj. for Mi- 
san., tr^for.u.r cecity -.1  furu.-«    3iz, .      TM o   -Vva t, ej.. ..  ,-•   ¿ .0.. nro-hicUou 
pur man-hour Ml,. n/:kc3 tho a.-otria proofs.«. oo„i|Mtltivc wit:. th    eo-v^tlût-rl 
blast furn.-.c. JVOCI,GS ilau i.: -uv-j not favour H  by vntu -pow, r r. wir*  " 

(h) ¿0t. Bofluf » loa graaasflya 

Durliv: tii- pcriou fron 1921 to 193o,  r,h, tla&iïMiwM*a<M r^thu-i ** trKd 
in amdun in <;lu<stric   u-c furnaces provided, with m.-<ais Tor jontimwu* öhcretnr ef 
briquettoa that war. anuo of rie:, lutati*.,  îoneuitrnten nnd ©h-n-onl pond** viti? 
siakuv. Ilia, as r blna«r.     ,»lao -.i lixturv. of eii^r, e.«*oo.- l in lwqu rnd burnt 
lime oould bc used,      oUul oi Urrh ^uulitj wnn produco.-., with .. consumption p^r 
ton of attui of nbout 3R0 ks; of oh.-roonl, 200 kr of burnt line, x#700 kWh *nd iû k* 
of alootpodos.        If thu sinter wr.s prurjdueod in u «V-DPT tv. rjrm.ot, ao tint «OJl 
of the tota iron w-s in tho mar.llic stntu, th., con*<jm,<Uon oí    ivctric w&& wn« 
only 1,400 lflSi p. r ton of stud.     l-uíts wurc nlso crrrKd out with eofce Intend 
of oh.TTcor.1, but the sulphur coûtant of ti.,, ooko v s too hi,* to b« diali»; lud 
ceonomicnlly iu the stoei-mnUng furme*,. 

Th.. rlivwbr.ek of the  ¡idhod wrs lr;'h pow^r oon.«uni«tlon, low furar ot produetio», 
nnd tho uooosalty of UBíIK chr-rco.-1 .. ; th.. rwduoln*- w/ubt.      It w».a found moi, 
oeonomionl to ;>rorlue^ pU Iron or sjou i. iron frtwt th., •*•> ns r- lirat ?t-F wd 
thun UôV. tho stöd furnnou only for mat im* fjid r. fining.     It ia poasiblu, feowet^r, 
thet direct stua mrjciiv lu clüttrio furb¡ o us mry tv, of inturcflt in •owtriv« «te«ro 
thuru ;.av. rie]: iron oro3, eh^r'p hydro-.luotric pow..r ->n'i "i. ap fud wiüs e low 
suliáiur content,  uspcei lly ir tñ^ ri«b ,rn* fraei thv. fun. a-. r-.r b-..   utiliE.! for 
proruduotiou of tho or.., time lovurln? eonsidonbly thv  cor sumption of .1* a trie 
enwrg/, I'iK.j. r.na ulootrodua and incronsir^ production. 

*jioth-i> way of ranking st^a .;ir^ctlj' fro* Iron or», it; to ua,. it MI ^ .i^ti »^ 
«• SSS&JSi-. ir- QPcn-hocrth fur^ffc »r *!<**&* ateel f jeaacuy. uaim^ n ¿11 
peroontr./;u of ¿i.; iron.      Ait. orv. ia th^u ruduoud by th,   fjbor, ir thu tmltm ir«, 
thua liiar.rsi.ir th« output of U. funiccü.      Itiis is thv ai^iuat and most ec 
uflod mütiaocí. of mnkiitf atuol dlruotly from iror oro, 

*J.3o iii :3^eaunur c^.d Ihqiaas qqfiYvjrtvjfs. oro q-.in tw na n,d instcyvì of .ior?»p» 
i. fcirly IITäU o.urntity of oro enn be. iddod fjid rtduet-d ti* owyMr. conwrtur«, 
oapuoi^lly ir. Kalüo oonvor^frrfl. v*iorc, th^ oro ridditi«» c^ bti t b*i* \% of tho 
woi^ht of th., hot metal. 

il)   MiSiAiK^ mm, ti, %t, telali iwmm «mm 
ïto oaaprirativii cost eKlcilrtiono th^ follovir^' -:rjrostant.. fi+*ur,s for thu 

production of oao ton of hot mutr.1 from rioh or^a ir -j¡   »Hi¡mry eok». plMt t\tm*tii}ê 
produeiii"; nbout 1,000 tons of hot :a^trl ij4 ¿\ h our a, v.,   b» U3u.lt 
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•*.    of a,    tot. of ji_   iP3It ltH &.V1 ^ ^^ f eiIJ10t fcv alrtfftJr 

"4l; l" °' _10'   "!\   **-     i'w»     ''«^ flotti- tiû...% far coMQrlMb 
far- a;,    tw. or  ftr.lah.4 «Uul, rj¿ LT^tur.l T- T ia 

*    ,,,•••    •        *•   ie'* Q|j'r ^'t-ri»tic* of ti«, dr.., H» 
!*    f"      .        '-    "     ' ì'rf,l rtl   '»**•'   tV'luclblllty e&A 

*•'»*'•     '   *      :' H*o  ¡"tiu-, ti.  .'VÄpcw,? fisetor, thw 
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•r- fe ^^?i^SI^^^^^I^Ä:^ fe"ilfe;:SÍIllS§|felif fetfefefefe>fefe 





wmmmmÊmmmw***m 

3TŒL 3aT# 1963 
Technical l»»««/kf3 

##%. *# 

m* m m m ¿m tm mw mi % 
*¡M 

imm •%WftM # 






