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The di.eu.aion on .ufe.titute. for eokinf coal« iB t|» blast furaae# t, pr0llenteá 

in two pert..    Part I report. ro-mrea of the Bureau of NiM,r iMiet State. Depwtmnt 

of Interior, to **e prorodueed ire« poll**, by .i««!««»«»«. indwation Äaa r#dwsUwi 

of Arenare eoneontraf beli, with a .olid routant..   Th. preredueod pollo*. wer. 

e*«ü.ia«od in « «H.W8l,t omport^atai MM« fumwo.    Fw« %he reatd«. e»«.i»ed, it 

»». *oiielw!oa thr.t preredueod burden. Co«üd eeiieeivably eliminate med fer ^rf^, 

50 per eoat ef the eekin* cori currently eeftraed in ircaeakin«. 
the function, of cok. in a Mm#t fMPWMie „^ %k^m a#i||#d, ef MB##mi|i #^ wt 

dewribed in ft* II.   ether fuel, my be «.ed iMfad of rok. if **. of •*• billed 
diroet reduction proeoa.e* inwit« tree« the ire« «...    p*«^ ,«*, m^ w 

.ub,iitut.d i» tfc, bU.t tumm* .tr.ck for «bo ^«allunUal «eke obtained fro. oekin« 

««il»,   C*ì>er tmn my t>* .ub.tituted ft •et.llur.icnl e ok. in «ko MM« immmm by 

initia« «I« i»«* «Ho o<*bu.tio3 ,«».   mm*im ^rt». petrel.« p»d«t^t «A 
natural gM lews b.on aub.tituted •aoooaafully. 

I 

) 

•I^MMÏAil «••••lü •A^BMÜÉMfilh nanu 



pagp   ì 

**       Tn réduction _ pprt  j 

1.     One of the no*t  effective men*  of ".„i.*4*  *•     „ 

.li*«*.„,,,„„th„^,„u. ....u       ,on-thi"Tu•• 

direct  -, tlturMr,   ».4   v . "" aM ^"^-olo-pr.vint  work on 
i-.et  ..«luetic:! vhieh sought tc rc.iUr the bl    -   f,,, *~ ^    «»     »   * 

^•v«tlr,:»tMlotcr4i «K '«-»-.^ eb.cU.to.    ..1 though thU 
• Vt.   ten.    »©   n.-.S»,    üVOn   tb'      iJPOSTlOCt   nf   *K 1 4     I       i, 

A:r.-."o. M. TO^I otH.~ .. .        . ,       '     ' *h" ('lirain'"^ or th» Maat 

•    *. mm*« of tnBe1mti»Fui in hi--*  #,tTO„. 

*    '   *i #«tc* a*. »1    «^ Ci"PWoa both •howioaUy cnd phy,Uaiy) 
i •*!€« or« and »later    il«©** lint.r   -^ *_ 

i.   e•t„t m,* ,r<N1 w# ^^ Rre ,n ^ 

U-» ill. ^ t.t ^    7Ua  .       /^ ***' *"' *—*"* ?•»*- drnatieally 

1- win .«a, « w     1 P —"' M*rt4f-14-' >-«" »-* ~* or 

M* **a. *H*k ^ r.la*i^,y mmm0 in Z   ZT -tnUurgiCa!. 
""'' ••»«• in the iWM Statai. 

«.    ». Nmn .f ¡a». 1«. d«L.i R Mttad t   ^^ 

WU * ..lid „l^tMtJi'     Ts„ ,_,,,_, ,    , ••»••ntrnt. U.U. 

i*¥?.9  ÜWf. —--I«    «»• ••* *f «dati ¿#fM»r± o*  Iw^aiifBil^ 6152, 

^     «roiiiia% E. Pjrwot Ir*a in CEä-J*      »»««     í» 
f?. M^U^ T^ü ¡Ml].     y"" c«^i« Ifi«t. lia, «.t., v. 59t 
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of the  iron to metal U aehievd,  but a substantial percentage of the  feed T.y «tegr-do 

to chips „* frr^nts due to reduction di.intégrâtio«.    This phenomenon, in raryi^ 
degrees,  afflicts nil imlurated i.-on or« agglomerates. 

5.     U the laboratory, concentrate, fro« the following raw «ateri.J. wore 

*«»e».tiCr.t.,l by the BUref,m    ^g».ti* tacenite,  spumar »«oatit.,  ««^tie 

taconitc,  ,nd synthetic nr.gn.tif freiB roa#til|f.    g^.. „^ „liti«* bete tarts. 

>» a 16- by 6.inch „aceti, stool dru, uoing ».nteait. a* the Madtr, „„„, l ^ „u, 

of the dry concentrât. weith*.    Green w dried 1/i.i»* p.U.t. wr# pla€#d to 

«roelay crucible., surrounded with reduetant aad ti%%mà wtU * leooe «ewer.   Th. 

crucible, wer« heated for 3€ to 120 «inute. in * «suffi, fur*». fti 1#740
e *e 2,2*0» F 

Bctehe. of reduced peUet. we« equated orally hy ««ly.i. fw tetfti ead 

»•tallio lrcn.    The only phy.ieel toot w erwhiag .trench, th. wtal lecd 4n 

quired to fracture er deforo iW l/2,imh ^„^ ^ ^„«^ „^ ß ^^ 

eotapre.sion tester. 

6.    Both reduction and eruohing «trength wer. goaormlly «reporti.«*! to ti«* 

^ tature.   Ad.aur.tc reduction w. attain in ^ oases at l,«0« but at , .,„, 

2,100    7 wa. required to develop hardne...    Ia , typi.al e*peri*«»t, ^^ «^u, 

ball. (« per cent p.), treated wit« Uguit. for I hour at 2,100° F, had .„*** 

rtreogth. «f 50C pound..    The reduoed pellet, analyed ah.ut «0 per cent F. I»!«*!« 
60 per cant aetallie iron. 

7.    ¿n important variable in the prosent nreee., i. the .olid redu.twrt.    1« ter., 

of reduction alone lignite or lignite etuur wn. equally eifootiw* and mirier W other 

»olid fuel..    Anthracite and «etallurgieal coke were go*ts hoth petroleum «oh. aad 

MtuBinou. coal rated lewe.t.    Cue weuU «xpeot this f h« a fuuetiou of the CO 

potential which in turn i. r*U%ma u r-artM* of th. fu.1 .arten.    Thor, WHO oo 

*i*ple relatiouoMp hereon reduetant «d the hard»... (e^reo^d M or**** tr.^ 

of reduced pellet..   Tith the bettor rentra*., snti.f^tery hard«- we. «^^ w 

the expenditure of adepto tim «t , muúmm testure.    fUradomi.aiy, — of the 

peore.t reduction, with other coal, rooultod in raPy Hwng yollet«. 
11 •    Pilot Pl".nt Production and Swalaatlon 

8.    The process hu bean confi me I o« ». ooiitiauou. bnsi. «.ing mv^u t^oMte 
eoneontrate  {<* 7.„ cent P.) ,*, Nertfl „^ lifJlii# ^ ift# feUwt^ ^#dar#j 

.*i.t concéntrete (8-1C per cert ^o) plu. C.8 per cent ho«t«»ite we. ^UHtHd 

,,,B" *° l/Wneh peUot-î in Ä M-ine^ «"•• rt *»• rat. •# 4i*.5CC Ih/^r.    Other M 



'•'!'? 3 ''.VCVì-' cri   ""- >i>—/ ' 

mt»rir/.o vo:.-a ni.rts  Li;,?*   ^ i---^   <,,-• i •>. /• 

(  -3 7»r coat cT 
l'Tì 

:o  c&.;o?:it-.\7.JvO 
--' io .  " ino .ito.i,' 

.•ei.;::t 
3» :; U.i-íoet  ?ctr.r~' VJ r.i-< — i 

<ì i;?.ft—-z.~'ouf    riti   r   te:; ,o-'r.ti:vp  .'fv1'; 

i"werir,.la    -OJO  e ,; t- ;cl  i-«tc  r. 

o 

-»•-    ..    .„„tent-on tir.:© vr.s estirpo:! «s  *.'"  'ou.,, ..-,,-..,      ,.     . 
»•»  —•«... '"•*'•  U16C   ; _* "u  ce   siiti» 

r.duct-,t. -:, (,::,„s, „.„.^              ; ; ! -*• '•'••-'- — 

79.C Per o«nt * ^ *. . -.., eaat netr,lllc ^ 

mrmTim^l bl«,st rurale i, ecrr etitio. 

OMwiftv«tLr»ìl i-or: t; , atxtQ 

COTZ'0",C irò;,  oro     r»Iloti 

"'  *""•"-   •-..,-•--* j-.<t3  reduce»: 

•».li,    V'i'4 

',   ve 1*5 etr-ìo^sù -i -. "" «0 «   » r * *- *    *****   w, y ' isti        ti '•   *i       «« * ^ 

•faci. .,&. ^.tumi^^t „i ^^##7t0-*,,v.,   ' ;   '.'    -1-*-• 
•w*wi5»» t:» »«tat»» x 

«•»Hi 

7& im bweá9Rt ->«r e»nt 

?i»4ttiti#ïi r-t#.  nttt,"i    * -, 

79T «tat ine?»-»« i       ä 

i 

pis In» 

r»? »#»t ù#«?fc,^© J 
'  •• f •*   -^ 

•'.3 , tí 

í/   m»i« ¿tie. «j» pJMrtrwrt«* ¿«Ti***^VC"***   -     -%'V"**"" Cm *"«t•»•*,»      •   ••«*--» -*-K-I»    •-».„•.id*. ... JJ#    -*t@ tir-? _,:Toducg{! Iren 

^M-    -lia mm t«» iti ^ blwfi       :J^;ietl¥it„ 6f . m 
k* mm 

. »»->*  «« V.W ***^.i ¿te,, rrv f-t*f f i   »«J  -      •«   ^   . 
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III. Conclusions 

11.    ?reroducod Surdons could conceivably elir.iinr.te fie aoad for .;Qrhaps 5C per 

coni of  tao colze no.- boia- coasted in ironmaliin,:;.     In offoct this  iB r, substitution 

of tuo lo,or cost fuels  (lignite,  tuvfchracito) usofi in ti. prereduction for colze, 

llcnufacturo and utilisation o£ produco:  iron pollots is a tustod technioue vhic!-. 

e• improve tho produetirity   or oziati;* blrat furnacos and do so -riti; considerably 
loas coke. 

IV1 «    Introduction - ?r.rt II 

1 ..    Tha principle or rofiuoiac iron oro in b-ri furale has rWinod basically 

the .r*» « when the blast Turneo •«* Tirsi conceived moro then sir. conturba ago - 

a column of iron oro,  carbonaceous Tuoi, end fj.ur. descending in a versificai shaft 

through a larSe vol^o of reduci^ ^sos, ««:-. ^taUic i-on and slaC being drc• 

from tie botto* or tho furnace.    Iloay chants have oceurred,  W, in the types oí 

eorbonr^ou. fuel, used, and in the si.e r,,d efficiency of blast fumee».,    -n tho 

first years of iroamhin, i, the United Ciatos,  as ,eli £. in othor countrios,  blest 

fumaos vere .»all,  crudo,  hand-operated converters tact used charcoel for Tuoi. 

¿. supplies of wood charcoal ditá-sh.d,  otlwr retailurjicrl fuels vero tosted and, 

in subsequent yoers,  re, bituminous coal,  anthrccito,  and bituminous coal in the 

fore of oohe,  r/oro used es motal'u-•íc-l  -"«-.lis      "«•-« -^.    » «iv«ui...ll.1.J.gU  »uais.    «M  soca became the ^referred 

Mn.t-f,rnaco fuel and,  o;;cept for several countrios th,t curronti, „reduce eharoorl 
pi£; iron because tha7 :AT. nxnio M„lUe 0, :wod ^ a£) „^ flodf ^  ^ ^ 

the established blest-furnace fuel in all countries. 

13.    ïhe rodons for this prononce ftey b« attributed to the thrao noces.rry 

funotion. it performs in a blest fumrce, „ follows,     <i) Colto servo. ,s a redueing 

««•*,  CO it supplies heat to melt tl.e iron and sia,, and (3) it Rintelns .«mobility 

of the stool; co!«*.    Xn ^iU^ it Bust bo sprone onoush to «mort tas burdo* rs 

it descend, in too furnace.    Co'., thoreforo, is ,, idoal blast-furnace fuel, «* it. 

»m,ue properties have aad* possible the development of modem blast furnaces.    ?*» 

«olisci girata rise to a height of „ore than 1ÛC foot, ^ hearth dieter, 

approaching 3C feet, and are oepablo of produci^ oore t^a 3,CCC ioaa of ^    lron 

W17.   ^quir^nt. of oo:M in STlih f^^« r,r3 aaomouB; ^^^ J/4 ^ -f 

...A: ions of ores, „d iA ^ or aiKi^ mt#pla ^ ^^^ ^ ^^^ ^^ ^ 

o*  pis iron. 
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1..    volco,  aovevor,   is a processed  ruc-1  tí» t  r^,i,,  . •   , 

eocl,  end its mnnufceturo is costlv      ;n   w + .    •        •   -   . >*<• v,  i.j '•«»«il.    /»li   ¡>i tur. mou'   PO--1"  -1 -  « ^+ 
chc.rc,ctoi«is+i,.«.   ,„/•           ., J '   co-aii». 

"*m r-11'1   "*-•!" itrort ,,o„t ,; tV>ir oo.'-i-* „„.-,      .„.,   ,        ... 
Frtaco.  7ol. n,î. v„.f«.,i.,.«.    . _, .. n..iü(.an... co,.l,  oí   Indir, 
ft*»«,  7ol n,1, Y^orL-.vl,,  ,.* .c.y et:wP eoiintvloflf    . ir-, o, , , 
must be blende    ^f   -.i-t , +   , ' "^  **•Uly ^okinSf 

uri% jrmxum prices in tho m^Itot ,l,Co,    TboroiW    „„r , 
•     u*     iu>rcuo.rc,  coke manufacturing fl0<-+o  -, . 

noccssnrily hi:* boor.mo cf H ,h co«l eo*t.    • • *. ' "' 
-'    C0 X  eost3>  transportation ohrrrns.   etc 

>*•««" •-*• 1- - °! tí» „J., cost «„. ,n ..íi¿.lro„ ^tion,  iron 

ironon..:ing :>rocasa,   and r wHi+.. „- 

«-*., th. •-.„•;..Î"   .;t rc,il,ii•,", or "Hii'"tu ^ -«->•• "-• ¿    t     n-    ~aj>..,u.u..  tao ¿ì-U,  the Strate-icUdy.   and tho  ¡>.H.+4 

uso roducmg or smtlting carbon in the fo-r- „f ««v    u 
inaterd of lumn-,* +  „ 

GZ°'   °r °V°n lo^olatilc cont, 
instead of lump-si,,, nutallurgioal o^bo.i.    other ^roco.so«    such P, th    P    r 
the H-Iron T,•,.«..    +u    -,    T ' st8'   such ns the hy-L procesa, 

aconts.     lho propesoci procoSSo8 vary vridoly,  but rll  Vvr  i      *v. 
havo - rolrtiv«i    i , ' ,'° thi«ßs in common - tiioy 
ûuvo . rolctivoly low capital cost ,*ja con-rod rith M«,t f». •    . 

:; T l' ;USQ    " *'sent"lus3 costi^t!- -^nur«ic,i co:., 
lo.     ou.orolly,  tho tor. -.iroct reduction^  i.  iM0?roútlv rnpUud to ^ 

proeo.ses that produco iron outSida of - blr.t tv^ *u " 
-duce iron <KU» hy ro,Q^    ,t ^ ^ ^^  ""»* «»« *0 «-., thet 
4«,    , . «-"O-i..- *t tdructly .«th hydi-osoa wd cr.rbon r»m«ido.    ^he 
term, ho%,evur, ha» found conerai u«tKc,  and -11 «It-,««.* 
will fc* >. #        , A 

J'•    ll alt°rnp-to processe* for makiiiP iron 
trill be referred to M direcUroduction ?rooe8Se8. ^        R 

17.    These processe, o« be divide 1 into t,o groups - Mth0f,a thrt use sollî 

»*»•» inm.ro by roMtlae it ...*••  --,„„., , 

« . Mxture of „ot:, g„os ^ ¡7        '^ î^<""* lly""<>BU"' °''rt- —1*.. " ««--»t-B«      a sono of the Timer««.-,.    «„ -i    J.J 
J_    .     ^   . i«occssos,  reduction is iceomw.k^i 
- «—. ,_„, whil0 othorB „.o roter. fu_si cyiMrui ::;-»•-ihcft 
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furnaces,   and fluiamoci bod,.    Another distinction botw^r.  t>.o .rocossos  is th-vt 

some produco  spong, iroa t^t requires  fcdditionr.1 h,,t fcr refining  ,AJror.8 other« 

produco molten iron the*  oan bo charSod directly into c.ex^hoarth or ul.ctric   furors. 

1«.     fciMOua-roduotioa procesaos  aro  ,   rticul.rly interesting ln thnt thjy „,,,. 

hydro^n r.nd/or cc.rbon noaosido obtc.inr.Mo by conversion ¿ron i.r.turr.l &,,  Jw\ oil, 

or coal.    ïho typo of r.ductr.nt,  of course,  vari.3 vith tho proc.sa,  but r, nr.Jor 
factor for eonaidorrtion  <r¡ «^ ,-¡ini, .• -, •+,. ,       ,  ,, 

ii.iuörcxion ia   A .iLo^xty <_u cost oí' ti,,   fu.l  fron vhich tho roduot-uit 

i- produced,    nono ?roco„os uso , Sciure of I ydro.eu ,, c,,boa nonoxide,  „roducod 

by the .aturas  action,   ,hilo otàors  *,:,,.t0  'xydrogoa by  ¡): rti.lly oxidising 

natural 2ns vith ,ir.    still other« us. ,, .yntho.i, ,,s.    ïho ^ ^ u-ed for 

producing tho reducing g,Sfc, ls ilot iß.ort,nt, hoover,  ,.r hydrogen ;UK1 carbon 

nonoxicto can to rordo fron rm- fu.l.   ~ i«<   t'm  f„ i   + •,-* 

obviously would bo uso,I   for cr-.oh proses.. 

19.     I„ „.KHtion to ;,rvinK n r.lr.tiv.:,- : cu or.pitr.l coat  ,„! boln,,- „Mo to „,, 

Wr „* ,,.,,/ov gM0OUH Í.U, ,!lrcot.rcilu<,tit,n I>roca,S()3 o.,.or ot¡jer „lvrnt 

*» »i' Partici,,- ,ismn^ r„ .lM oi. ttt lulit i;n, nuJll,,..ity oî 0„or,.tioaii 

SWr*,. U,st ,um,.„, nuat b„ ,„„ ,lv; k,vt o,jor.t.^; oollt.ijiiouaI_, to Vj cco¡tm 

it I. .«.oi«*!. «r.t „»o .r tho .Urcct ,«,...„. .„i bl. ,„m ln „ny ,llf wl      , 

operato,, at r.ny r,.to „oocs.cry to .,«8iy roo.drono,«,,.     0 ¡„v.lopor cl,ir:, th,t w, 
proco,» .„ bo   U.8i6Ilutl f„, „„u, th,t ,ln pro,lüCü rs mtu  B> 5c toii> 

.hilo „»ta., 0,imc)ty i. „„^^    AlMf pl8i)t! Mida b[ buut in iracticaiiv 

«ml«, a .upjly of iron .ro „. fuol  ,„ nriin,, «..«t^- „„.., „.«,., than b(ling 

"°"M *" th0 "tco1 *","tor« »h"° l">n «..• »a cow;« ..a uxiet or cnn „„ 
econowicrlly brought together. 

10.    Anothur adv,atcgw thr.t soma of the direet proc«3,o, «iûto U t!liit ore sUe 

i. »ot critical th,t either 1^ or duat .« bo proceed.    Ta.y ccn ci«, tendi. 

e«^leH oros era «oloctivoly r0O0ve ?hösyh0r«s, .ulíür, and oth.r el^rt..     ^.r, 

-orna pr^aw«. do r^uiro .^inlly pro^ud or03,  and the ttuidL^d-gr.««. n.thod. 
er.n rotnovo only oxygon .-ad ,«  li+tlt   sulfur. 

bo 0bt,la„,, by „.tin,- ttet,   lB the tnite„ SUUt „,0nci bo(or(¡ i9j       ovep ^ 

~» „tente.    ,:„. .r........  :ic,„vor,   ,ro m vor,- dlfforoat .t,eo. of ^u^m«, 

';      "n-V ;   "'   """ '"0l"f; 0;',ír,'-te" •««»i-'-»* —pt tho,. that proauo. .,.„2. lron 
lor j:-o-.ird,;r ¡¡utrllurgy. 
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VI'    ^h9tÍÍ^- ** "^d" Cok,   i, +,.   ^8t purn^„ „^ 
22.    líotwithstanding all  th, rose-rrh -ni   i      Ï  •„B„„....„,thí_rnbl—- -:-:: ::-„  ,llroct. 

«u» .(,*l^ lron „Q, on „ ,'M    r "°      "C°;,0miC'Ü 

-nt ^.„, ^ p„rticulrjIy ti 
r     ; -    °" -- '"— CT-t.y I. 

•»«1*1.,  »nJ nuoh offert ñn, t °°        ""  "^ °r '"* 

ft- aoncokin* eopls.    As fr,.    . "7       *ok"' r c"rt°^ briquet pr0(luc0(1 
Mí owpis.    AS ínr bock n«  1939    lr,r-0-scpie hl-«*   r.. ^    . 

«oaduet««! rith to-erüw fnrm  ,     t *t-furmieo tc,t» worn 

«•tftUurgieal bri,**, from high-rolr.til. nonooking coal.    The Polish • 
ooii«i.*.d e.sentiii.lv «f *w      * ,   * Polish procès« 

—«t * nJÎL .IT« Th°KrnufMtUM of n ch" of •—.»*„„ ny  JimrrtEeü carboni nation of trw* «..i     /-»*  .»•.    *.   . 
«. »« pit.» .».i», „ (1) „,r, h  :,( 'th" brlq",!ttl°ß of «"• "h" -«• 

**ing atmosphere et temperature* of about 2«5C° r      A   #ä   *U    . 

«*rd bri,»t. .rtfc,M. for „. ln blMt -, ?°U"h Pr<"""" "• to 'b»«i» 

I—. . «i^ .„..„ .roauot .nlUd onlcinnt      t    OLH    Z ' %° 
Í«" •!» ...I during Pro....im,. «h . U<,U"" "° ""«»'•" »nos proo.i.iiig; the go, i« used m „ f,.., .„- 1K. 4 
t. *W. uqula biEd.r „..„ ln bH * *"| "• «- *« «' P•....d 

Mni« a»d tmmi int. bri,urt. ., 1    ! ^ *" °0nM°ed "lth »»«" 



SU¿L 3ïKP.i963/Technic&i ?r.per/A.18 
pago  IG 

I 

thon cured and coked to produce n low-volatile  (1.9 per cent), high-strength product. 

Results of laboratory tosts indicated that these briquet, might be suitable for may 

applications, including possible replaceront for metallurgical coke.    Accordingly, 

a joint research and development venture was established in 1961 between ÎMC Corp. 

and Uhitod States Steel Corp., end a 82.5 million plant, designed to produce 250 tona 

of briquets daily, was constructed near Keraaorer, Tyomira, to process local sub- 

bituminous ooal.    In 1962, nearly 2,000 tons or this carbon product was used during 

on 18-week test period in United States Steel's experimental blast furnace at Ubi versal, 

Pennsylvania.    It has been reported that the briquets performed excellently over r. 
range of wind rates. 

25.    Obviously, nearly all c-f the formed-coke processes roquiro nere than one 

«tep.    However, most of the »tops do not require expensive and elaborato high- 

temperature plant equipment, and each step is continuous.    A physienl characteristic 

of formed coke that cculd make it an ideal blast-furnace fuel (if it t»«ts al. u¿:.«„ 

requirements) is its uniformity of sise and shape.    The cost of forüied erke VU 

govern the extent to which it will replace metallurgical coke in blast furaae*-. 

If production coats of formed cake can be made compatitivi with oven coke, the .ai. 

of formed coke for metallurgical application appear* premising. 
v".  Substitution of Other Fu«ls by fn;!-*.««- 4» thtf Blftat ¥utatuta CQBtbtl,t<ftH 7rr,3 

26,    Other research programmes aimed at improving blast-furnace operations : 

succeudod in greatly reducing co« requirements, and the modern blnat furnace ««?-. 

less coke today than at any time in the history of ironmaking.    In the United Si-*»r;, 

coke ratea hr,rô decreased 24 per oont in the post 10 years, aad current coke 

consumption por ton of hot-metal production is less than 1,400 pounds.    Similar esalta 

have been accomplished in the TOSH, Oreat Britain, 7est Germany, France, Japan, rt.A 

many other countries.    A number of technological dcvelopnents have eonteibutud to  ohi« 

reduction, but the most promimnt are«    (1)  Improved burden preparation, both by 

increasing the iron content of the ore and by producing a feed having superior 

physical properties, such as pellets and solf-fluxing sinter, (2) higher blast 

temperatures,  (3) humidification of the blest,   (4) oxygea enrichment of th9 b»a.rir 

and (5) the injection of hydrocarbon«. 

E'J 



If 

• <-•..    „ le   li. 1 o*» 11 (>; >   f. f    Su'»«».' 

TU»  fir.t ,o..,l,.,,.y ,„.,„,„,,   ,,, ,_,„,.„. "      ,      ""'    '    "'   "-""•'" r ti. 

*i.» «,. «... „!Ult „f. _o,..,;, •'J'Ml< ' *•«* «••• •«- :M  

«t«t,..  *mttrm,   of ....    .   :       ' "   r"',rt   '", ••"">  «'•    '«   »  . I-..-,   ¡V.i,.  , 
'   r ni-nT  0I  *i¡''   interior.  -V  ih .  .vu   * ¿..^  * *••»» »       .F-    l«ii'      ritti"*   S"t;*4*- i   ****-.   I   r<». 

•I..M  .*d 1» t..ireJ.«,,l  ,„„ «h..   I«,, MO«I.«|.„ „r.   ^ 
ialwetifiu am****.     «      *„ »««-«wMUion  zonk  fcv n*»-a»  <¿f    .i 

llt4Mél . ^      ae *   t*r-«o©l»4  portimi 6f w,^h w.»,.       TH 

**  '*•*  •'•A  fp©B til*.,  tuyorp.     «i»  I .*•*** 
W (M4.NJ ccr.I  i. r»r^ lari,i1-<tU, . i^^tlen 0f PuU,.r4««.I 

29.  n. iaJwtlÄ cf wlid „^^ - 
intriga «.-.t-ftm^,  flp^i6rs ,6r miìv '    ^ "• °f r- h^ to— h- 

  "    rml e^«-«M» »tortai. i«to ih« M-,1.^, 

«»•irei >,y Afl ,^ „:    ^   '1t^f> p_f: 
<*twf«>  «I ?.L. -^if.     j^ 6f 

•^ uTff T" -"# "^ ^•»rt«»nV.I Blilt  L^      TÍ:    »Mf<f^f S^«,i ^*- 

w< 

»»•au of ,iM, a^rt ef î^rtîftfc^.^. 
?P«# 
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j.ctu...  ..x... rirv-.t*   «-«•  rt-porto.í   in t,v  Soviet   'i.ion  ir. 19 A, -*.'•»— "'üil  —f'l.-I:      ÍliJ»rti(. 

.'•        :;.lveriZ,,l en  1 ,,-*  jnjw.ct-'   ,vr   ,hort   (1. HCKíS into a blnst íurnr.c,  rt  th< 

í».*r,Wlu*ti ,,-nt,  ,„,;.   ln  lw,  th>,    Pc .^^^ ollperinoa,8 _,, continued or 

r.  bl^t   fur, e     £th rol   inj. tt   i   iate-aitt. ntly through  .,  li.itod nun^r   of blast- 
furnr.ç.-  tm-.'r- *.— 

K..     Th.-   f.rvi   ».-:; :./•.. i   i-jj  ,.t:f, ,     x'i.-riri-'if-.  in   th     T--Î+--   -+.+ H    ,11.1  in  ni,   t »ito.,   otates  vord 

,   UM in..- .nthrrcitu   fíaos  in r  pilot-plcnt 
ctmt*ueU,l  in 1'/i » hv  tiu- j.-i •. f... oí  :j 

bl^t  r,PtliC, ,.t PUt.bur,,.   . ,iaSvlv,.i. .     rh    n ,,t eor-l-iaj^tion „vter on a 

7       blnBt ^^ ft  'Wffrl0?   : V V^>   i;i  1C)^-     Thi, system uaol coal cru-hod to 
Ritt«»   I/»   inch,     -Ut!   tc*t«   jlhOWO.l   thrt   -   eorl    trw«:,      —   i * . 
., _ r*      eoni-to-c«*, replacement rato of approximately 
1.1  m** «btlirici wb#n eor 1  vr*  iníf»«»t   t  {„*„ *t    »..    ^   - 

*  in-octí  «to th* bln*t fumftca    t n rrte of about 

.n;,:r: ;;,::;.:;T "^T* ^ r"uíro"unt,•m- •-*-» "-*» - 
tai.*.* .„ ,   ,     . •   ' '••••, r"I,lr'°"4: *° " "« — « *• •*> -*» tal-*.... cor.!.    I„ ,,,,,¡ll0.„  asUorK, „».„,  .„,„, t„ <M 

P«.,duro tkr.t .h.,,M   lu,.,or.,, t„0 nr<iporlioll cf oorl *'" 
• .«., ,  „ A ïiu* c •" b<3 injected into the 

U.    Tb. Mfc, ..vir«,«  th t ,,n b. obt.ino, at », particular blfirt furnia depea(l 
o» c n«bt.r of faetor» *xwh rm the «urHt« «í' *I.    K     , dep6IKi 

Brod-etl«» ^* ... y bUra*n ffií'teri^»» the furnace 
prortwstion rrt«f anr! the rmximm attainable hot-bl-.+ • ^      * 
rflf^* i    *, 'MMvoie ftot-blf.st toBjporature*.    Bucnua© of 
differeoee» in those f ne tora,   re.ultji  f~«, «^.« ,     .. 

^W« to vr.^, however,   lf allows«, ,rc. «,,,„ fer hUg% t %W-    blr.t hu^idit 
•« »! «ote burina, rníf  ^t mtni        1U 

P r-tttr--' ^ ÜUaid"y» 
.t«Mi^tai. *i^ *«•**">,   «turi eokt   «-Ting» r.re in all ease« 
pproxin-t, ly the »nao.    Aecor<!inp U P^leul-tlnn. «, i    u ß *c " .^ul.tions nwlo by n research onginöer of Q 

I >-M W .»^J -Wl» ,.int,ini„, iron pronti., efficieney ßre Rs follov8|U/ 

•       Awmr ¿isonhuttenwouen,  Vol.  1, pp.   ié-32,   ÜH-1928) 

Str.!,  V.l.  u. Vf!   l-^jV t.°Li! C,d'"lj "•"* ^»"- "»•"*- 

•••'..  .-.••:•:».  6.:-VA-í;,.   ,P„..   ,.,„,   ;w°; il^1" ' -Wi»«., ;„» !„,,, 
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fuoWn, V^ t:'° I",t0ntí'"1 ')Cn0flt!' *** ^ b" °bt?-l"--! f• M"..W*•.„.. ruol injection,  a co-O.K.-rat i ve ^-rn-.nní  J« «     i    * 
on *JIfl   .   .     . -«-oorrent   „o conduct r. comprehanaivo  ro^reh pro,.TW, 
on .uol motion vus consult,.:  in -rch 1%2 b^twron il,,  ^-i   rV - ,  " 

«last Furncce Ssscr.rca,   Inc.,   rn  orr-M-t--^ 
„_ . ' ' orr4..ra^tAon .-uprose,«!^ ¿2 r^.jor  iron and „tt-ol 
producers An the United States -nei n-i-vi«      /T   • *•    , 
+1%    B t..u.itla.    /.i,   invitations v,-ill  1,0 «oiwluctou in 
the Bureau's expérimental blaut furmoe at B•rt„      n , 

turntet   at Bruccton,  Pennsylvania,   r,nd the t,.8t 
programma,  which ptf»rt«4 in Auront l'lfv»     J,, 

AMI«*«. ,.,.,,„.. ., ,„.,*" "    "*""* "•ri1 y°"r" *" c°m?l"t,!- 
includi»,, t-     .-. '"^    •"•,-:T,,v •"*'•- «I»nt-...t,,rls  injoetion, 

will bo    «u,, ,!,„.    »fe, W(uW. „, iht, „ork wlu bo 

ropresentetives of Blast Puniceo   V«u.~rftb    -^ ,  *      „ 
««ml« 4 4 *u     , -v'-«^r«L,    .,;c.,   ,nd t.u  Bureau of ?.in,-s h~Vo 
ovaluatvid the data obt-> inori   in  M       ^     • 

fu.1 lBl.    lon.    3oufthly, .,, Mwt ftwco> >w ^mi _ 

7, «-1 oil, ,, , *..„„ or oil ^ 3f,; .;iv! ,( T,ouik.ru(, oMii    Aa ^ 8- 

pr.vio,„ly, 0o;K ,„Ti„g, Trri#iI bMt,ui(i oi. o•,r.tll.. condltl„ , 
tra-, T¡  »»  «n    .     j "pir.Tinfc conditici:«  r.ivj   rr,!««.! 
iron /j  „o 350 n»w»l» tior ion nf Iiot irstr.l. 

M-t »•«« „.,.-„ thl. m t„hBlqlMi    tawwr> dw 

y..r. u.ta«t. iK,t „up?]oBontnl „,., t^tion rtlJ ^^ ^ ;>; -«> 

ilTLi; rruirmont" •u!,*t'i"ii^i>' '- «••• -=••* —• :* t., **.„*,„, „ot 






