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M

PART I

by

M, Finﬂ,
Ninneapolis letallurgy Rosearch Center,
Bureau of Vines, Mimmeepolis » Minn., United States of imerics

4
* 8ection of Coke and Coal Chemicals, Division of Coal,
Buresu of Mines, Department of Interior, Washington, D.C., USL; nma
E. Sheridan

8eotion of Coke anma Coal Chemicals, Division of Coal,
dureau of liines, Department of Interior, Washington, D.C., R

II. Pm‘m mIGN m H“MIGN ootoogiﬁoloto&ooo.in..vibo‘ottt

L J
L J
-
t ]
[ ]
[ 2
L ]
[ 3
-
L J
[ ]
L
-
 J
-»
*
-
[ ]
»
L J
L J
»
»
[ 3
L ]
L ]
-
L J
[ ]
-
[ ]
-
L ]
»
»
-
VN s w o




STZEL SYIP.1963/Teelnical Peper/l.18

,
prge 2

SULGLAY

The discussion on substitutes for eoking coals in the blast furnace is presentcd
in two parts. Part [ reports research of the Bureeu of Mines, United States Department
of Interior, to mnke prereduced iren pellets by simulteneous induration and reduction
' of iron-ore concentrate brlls with n solid reductant.,. The prereduced pellets were
evaluated in a smell-scale, experimental blast furnace, From the results obtained, it
vas concluded thct prereduced burdens could conceivably eliminate need for perbaps
%0 per cent of the coking cocl currently consumed in ironmaking.

The fumetions of eoke in a blast furmace and three methods of conserving eoke ure
deseribed in Prrt II, Gther fuels mey be used instesad of coke 1f ome of the se-salled
direct reduction prosesses are used to treat the iron ore. Pormed coke sy be '
substituted in the dlast furnsee staek for the metallurgicnl ecoke cbtained frem eoking
conls. Other fucls may pe substituted for wetallurgicnl coks in the blast furmace by
injeeting them into the combustion sene. Nomeoking coals, petrelewm produsts, and
natural gos heve beon substituted suseessfully,
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"n .roduetion - 2ert 1

s Cne of the most effective menns of "substituting” for something is to

oliminite or lessen the nced for it, . lesire to isnense with colo in ironm-king

woooeerieinly one .bjeetive of the crect riount of reseerch and develonment work on

dircet ~duetics vhiiel sought t¢ render the b1+ furac.zc obsclete, «.1though thia

e ov nt hes not eemw te noas, even th prospict of the elinminttion op the blaast

fur-~se Xas anu-rad etheT voscrrelicrs inte cffert: to improve ity operation,

“e & numbe™ of jnnovrtions in blast furnnee preetice heve mede signd ficent

“-woibutions towrrd 1aver eoko r.tes, Those inel'de Mghor hotebl-~st temperatures,
£V sufeetion, ond bencfici.ted burdens (improved both ehemieally rnd physieclly)

[

T vt gfzcd ore and sinter, fluxed sintor, =nd fren ore pellets, Bused on

Jublirhed ammouncements of rrojeeted egglomerating rlonts, pellets sevm to oecupy
W nest ‘avoured pesition in terms of future growth,

Jo  Crrntod thit fron ore pellets ere ~n excellont blest furnsece raw matericl,

sy o2 Do made even bettor by preveduetion, In wdditien to other bonefits sueh na
Ingrrased nroduetivity whie: dovolve froo their 188y prerveduend pellets drasticelly
lescen the nes? for eoke. This is, in r Souse, substitution, beecuse lower renk or

tﬂ,

T arpensive eenls ean be uged to effeet the rreredustion, rather than metallurgieni-

Fide veals whieh rpe relatively seares §n the United States,

. ..‘
...

4. The Bureen of ilines has devise! n method to make prereduced iron pellets by

itanecus inturitiem apd reduetion of green (moist) irom ore eoncentrrte balls
l 2

wili e selid relmtant .~ The nreduet wna dosigne speeifie~lly for the blost turnnge,
“3 melerete roduetien (7..3C Ter eent) wns eonsidered Wequete, but physiecl
ecopatonee vae ¢ owat. The fecture of eoneurrant berdening an! reduetion is unique,
Vher precesses ."./.?,/ 3/’ use nlreadyefire? iren ope nellets rs the paw metericl and

2 "fer only in the Spparetus recommenicd for iige redwtion, .lmest complute reduction

hagaad X SN

./

-

1/

Tlee, 1, ¥,, &, P, Ramsen, an! .i, i, lelebwr, Dreveduwsed Iren Ore Mvllets:
~ low Blist #e dev latericl, Bure-u of Lines Report of TavostIgntion 6152,

1Y Ppe, .

Jresmnn, L. Direct Iven in Concdc, Irana. Craodica Iass, Ein, let,, v, 59,
L.i.*.*ﬂ&al, 2. Gop C. L, “llﬁ*rﬁ'r’ J. J. ?‘8‘“!" el W, e Slens, .Jli.-(?hllurs

{geloveratisa-dedurtion . ess (,C.2 Sroevssl, Pres, ot neeting of &m
Zidekin, J, G, Dovel?nn of the SL Direet le‘uction “rocess, Dres, rt goneral
tet'ng of .181, Veu ok, Y., Wy 3, TR
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of the iron to met~l is cehieved, but ~ substantinl percentage of the feed mcy degr-do
to chips oo frogments due to reduction disintegration. This phenorenon, in vorying
degrees, offlicts .11 inlurated icon ore agglomerates.

5. 1ia tae laborntory, concentrates from the following row motericls wore
investignte! by the Burenus tegnetle tnconite, speeular bhematite, nommcgnetic
taconite, ond synthetie negnetite from roasting, Somples were pelletized botehwisc
in & 16= by Geineh smooth stool drum using bentonite as the binder, usually 1 per ceun’
of the dry concontrito weight., Green or dried 1/i-inch pellets vere placed ia
fircelay cruecibles, surrounded with reductant nnd fitted witl & loose cover, Tho
crucibles were hented for 3¢ to 12¢ minutes i ¢ muffle furnnee nt 1,740° to 2,2300 ¥
Botehes of reduced pellets were eveluated chemically by annlysis for totnl cnd .
metcllic iron. The enly physiecl test was orushing strength, the total lond in poUNG A
required to fraeture or deforn the 1/2-inel pellets as determined with o laberstor.
compression tester,

6., Both reduction and crushing strongth were generally vropertiennl 4o time
and termeraturc, Aidequnte reduetion res attained in seme enses nt x,ﬁoo" but ot 1.
2,100° 7 woe roquired to develop hardness, In n typiecl experiment, green magmetitc
balls (54 per cent Fo), trocted with lignite for 1 hour nt 2,1oo° F, had erwshing
strengths of 50C pounds, Tho redueed nellots onnlysed nbeut 80 per cent Pe imeluling
66 per cont met:zllie iron,

Te 4n importent varicble in the present nroeoss is the solid redustent, 1In terms 7
of reduction clone lignite or lignite shor wna equelly offestive and sunerior $o0 other “
solid fuels, Ainthrceite and metallurgicnl coke wore good; both petrcleum coke and
bituminous econl rated lowest. Cne would oxpeet this 4o be = function of the Cco
potentinl which in turn is relcted to recetivity of the fucl oarbon, There was me
simplo relationship betveen redustest cud the hrrdness (cipressed as ervshing strengih)
of reduced pellets, Tith the bettor reluetonts, satisfretory hardnoes wns ensurod by
the exponditure of odequnto time nt = mingoun Sempernture, Prrndoxienlly, seme of $he
poorest reductions with other cocls resulted in vory strong pellets,

II. 2ilot Pl-nt Production and Avaluntion

8. The process hos beon confirme? on - eontinuous basis using mnguetie teconite
conecntrate (> er cent Fe) ~nl North Drkote lignite with the followiag presedure;
1oist concentrote (8-1C per cent :;20) plus C.8 per cent bentenite wrs polletined
(5:3= %0 1/<eineh pellets} in o Seinch dise at the rote of 40L0-3C 1b/Ar. Other re.
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ITI, Coueclusions

11, 2rezeduced hurdens eould coaceivebly elinincte the nood Ffor sertans 5C »er
cont of Ve eolze a0 beinz coasimed in ironmeliing, In offeet this is o substitution
of tie lovor cost Juels (lizaite, anthrceive) used ia 4ue »rereduction for cole,
ienufeeture cad ubiliz-tion of orereducod iren iellets is o testod tec.inicue iiel.
ccn imorove i produetivity ol existin; blast fumaceos and do so itk considerably

loss eole,

1

IV, Iatroduetion - 2rvd ™
A AR - .
1%, The -rinei-le of Tedueing iron ore in Llosh Puracees Lrs rencinod besieclly
the some o8 when te blost furvicce o8 Jirst conceived more tirn sis conturies £g30 -

e column of irven ore, enrbonsccous suel, end flux deseending ia ¢ vertifiesl she.ft

tirougli o 1tize volume of Tocueing rnsos, wit: metellie i-on oad slcp being drevm l
from tle botton ol the Jurnseco, ;- 7 encages hrve ocousred, lowvever, in the tyses ol

ocrbonneeous Tuels usel, ond in the size el elfisiency of blest furncess, Tn t:
first yecrs o iroamnlzing in the nited Ctotes, w8 well 3 in othor countrios, blost
furncees vore smnll, eruco, Lundeoneratod convesiers et usod el cyreonl for Tuel,

£

/8 annlics of wood cl.oreonl dinirisled, otler metollur;ie~l fuels were tosted ond,

in subsequent Jexrsy rov vituminous conl, ratlwr eite, cnd bituminous cocl in tle

sorm of cole, ‘rore used os motrlluzgiesl Zuols, Cole socu Loerre tie srolerroed

blost.furinee fuel endy oieent oz soverzl countrics Tt currently oroduee chareocl

»ig irten beonuse thor lnva “ple sumlies ol wrood cad o coling eocl, cole is now

the osteblished blagtelurncee xuel ia fll eountries, |
134 Tke rocsons Por this nroforense mey bo cttributod to o ¥.000 necesscry l

functions it Herforms in & blcost fumcee, ns followes (1) Cote servos cg c redusing

egent, (-} 1t sumlies loot to molt toe iron and slcg, cad (3) it mointeins permecbility

of the stoe: column, Tn eddition, it must bo strony onough to sunort the burden s

1t descends ia 430 {urnceo, Coka, tlereloro, im ra iden Slestelurncce Juel, end its

unique »rope-tios hove medo »088ibla tle dovelomment o2 mocera bl~st furnreces. Tiwese

neclhicaiorl gicnts rise to o aeight of more hon 10C feot, it lLenrth dicmeters

enproce.iing 30 leot, and cre eeneble of srodusing more then 3,CCC toas of »i; iren

deily, .lequirements of eoxe in sueh furncces rya enormous; rougily 3/4 ton o7f 600,

-1/ tons of ores, ciad 1/« ton ol Jluiing motericl ero required to “roduce ecel tan

ol ig iron,
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1y Cole, aGovever, is o processed fusl ket roguives - speeinl-nvreose cokine
coel, und its monufcetuse is costlyve  A11 bhiturinous co-ls do not pussess coking.
cherccteristicos cad, coaseguently, coling cogle reciently “rve to e ternssertod
great distonces 1o the i:on«yroduciné conbors o carbotin, biop,  os encrole,
Japen ond “taly insort nmost of theiz coliing col, ond tac indi cacus coils of Indic,
Fronee, 2ol nd, Yugcrluvih, LG meny ethop countrics, riieh cro ol surongly coking,

must be bleadad 14 aizh=srede in ooted ey e rroduey Ligequ Tity meteline: iend
colze, 4lso, beecuse euking corls rast oot enceting soveilienivions, thev usu-1i -
bring oremium nrices in tho meriet oloce, Therevore, coke manufoeturing costs oo

neecgsoarily hizh beeause ¢f hh conl eosts trensrortotion ch-rges, ote,
(&3 * ’ < » 4

Ve Gubstitution of Gther Fuels by Use of Direct eduection I'rocesses

1%, Beecuse coke is on. of tie nrjor cost ilems in nigeiron production, iron

producers througihout the world have endecvourcd to reduce or renleee eoke in the
ironmnting sroeess, ond o vericty op 2F0ees5s8es nnd sehenes heve been developed thot
either reduce tho curatitics ol eoke requived or cliniante come coticely.  Fow
example, the ?ru)pnlunn, the lall, the Strotegic-lUdy, and the Brssctt procosscs

use reducing or srielting corbon in the form of ecoke brecze, or evon lovevolatilo corl,
instecd of lumpesi o netellurgiesl eurbo., Uther proccsses, such ns the LKyl nrocess,
the Helron process, the 'u-Iron process, nnd meny others, emyploy goscs s reducing
egonts, The proposed procossos vary widely, but cll hove tore things in common - taey
have o reletively 1ovw capitel cost wihon corprred with blostefurnaco instelletions,

and virtuelly =11 use reducin~ ~rents losg costl:r tli~n netellurgienl coke,

15, Generally, the torm "direet reduction" is incorreetly epplied te 1l
proocsses thot sroduce iron outside of o blrst ferncee, rother then to thos: thet
roduce fron oxide by renctin it dircetly with hydiozea aud carben rionoxide, The
torn, hovever, has found genercl uscze, and ~11 nlternete processes for meking iron
vill be referred to s directeroduction rrocesscs,

17. Thesc processes con be dividel into two gTroups - nothols thnt use selid
carbon for reduetion, nnd mothods thet omploy poscs ns reducing agents. The former
is based on roduction by solid fucls sueh rs cocl, eoke, nnd breeze; the lntter
reduces iron oro by reoeting it it extornnlly vrodue:d bydiogen, e rbon monoxidc,
or o mixture of both grscs, ™ some of tl processes, rcduction is aceornlishcd

in oleetrie furacees, while othors use rotary furncees, eylindrie- 1 retorts, loweshort

R o D i
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furncces, and fluidized beds, Lnother distinction betwoer th¢ orocesses is tant
some producc spongo irena tact requires cdditionsl aent for rerining, vhorers others
proeduce molten iron thot con be caarzed direetly into encn=henrtic or cleetric (uracecs,

16, Gaoscous~roduetion processcs ore ;orticul. .rly interesting in thot thov us.,
hydrogen wnd/or corbon rionesido obteinable by coaversion irom noturnl gos, ecude oil,
or cocl, Yhe tyme of reduetont, of coursc, vorios vith the procussd, but o nrjor
factor for considerction is ~veilebiiity s eost ol tho fucl from vaieh the reduetont
is producod. Soric procosses use o mixture of lydrogen rau e~ cboa inonoxide, wroduced
by the votorarcs renetion, wiile cticrs 5o 0o wdrogen by porticlly oxidizing
notural ges with ~dire Still otiors usc o osyntisis pes,  The rov fucl used for
producing the redueing grses is not imortont, however, for hydrogen aad ecrbon '
nonoxide can be node fron cny fuel, oad the fuel tant vroduces the chonpest gos
obviously vould be used for cneh proeccss,

19 In addition to acving o velaotivelrr low copltel ecost nnd being oble to use
lover grode nnd/ox geseous fuels, direct-reduetion procusses oiler other cdventnges,
Twe of particulas significone: ore sizo ol the wiit and lexibility ol onerctiens,
Whereas blast furncces rnust be lerge rnd hopt oner-ting continuoust, to b economicanl,
1t is conccivoble thrt some of the dirvet srocessus could be built in any eize and *
operoted at cny rote hecessery to sctisly requirenents, Cuc duveloper eleins thet his
process ccn be :lesigned for units thot will produce os little o8 5C tons por dny,
while maximum eupoeity is unlimited, 4lse, plaonts could be built in practically nny
area with o supnly of iron ore rnd fuel for ncking reducing grses, rether than boing ‘
confined to the stecl centers where iron orc cnd cokiug co~l oxist or can be 4
economicclly brought together,

0. Anoticr adventoge that some of the direet processcs cloim is thet ore size
is not criticel thrt oither lumpe or dust cnn be procussed, They ecn clmo hondle
complex ores cnd selectively ronove phosphorus, sulfur, nnd other elenents, lowever,
sone processcs do require sveciclly presired ores, ond the fluidizedegr.soous rmethods
enn renove only oxyren rad ~ little sul fur,

-1+ Sone ideas of the volume of cifort devoted to direct-reduction procaesscs can
be ebtained by neting tict, in the United Stotes nlone, before 1951, over 24C proccsses
were notented, The brocesses, Lovever, ore in very difierent stoges of development,
and onlv ¢ fos: ~ye being overcted cormiereinlly excopt those that proeluce sponge iron

for vowder netellurgy,

T S g T
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VI, Substitution of "Formed' Coke in the Bl-gt Furnace Stick

22, Notwitbstanding 211 th> resenreh and development work done on direct-
reduction processcs, the modern blost furnnce stil} represents the most ceonomicnl
means of‘roducing iren ores on n larg serle, <nd blast furncees eontinne ng $he
prime producers of pig iron. Blest-furnnce fucl costs heve inereascd groatly in
recent years, howover, particulerly in arerns whoro coking coels are limited or not
available, and ruch offort hns been expended in finding n substitute for coke. One
of the most pronising developronts is "forred" coke, r cerbonized briquet produco]
from noncoking corls, 44 for back ns 1939, lnorcoesenle blost-furnice tosts wope
condueted with sowcnlloed formed eoke produced from Yugosloev Tignite and in tho 1nte
195C's, extensive tests vere conducgod in Poland to develop e metho! ofr proeducing
metallurgical briguets from high-volrtile noncoking coal. The Polish process
consisted essentia.ly of three stepst (1) The menufoeture of o char of low=volatile
content by fluidiged earbonization of the coal, (2) the briquetting of this char with
the soft piteh obtnoined in (1), and (3) the mild hent trentment of theso briquots
in an oxidizing atmosphere ot tomperatures of nbout 25¢° Ce A fourth ston, tinnl
ecrbonization, ecould be added, but the objective of the Polish process wns to ub$nin
hord briquets suitable for uso in blast furnnces nnc foundry cupolns by mild hent
treatment nlone, Although no full-scale blastefurnnee tosts vere made using formed
coke elone, becouse of insufficient supply, n 70~ per gent oven=coke and 3= per cent
formed-coke mixture performed well ia n blast furnnce,

23, Grent Britein, France, Test Germany, Roat Germeny, and several other
countrios nlso hnve done considerablc resenreh and development work on the probler of
utilizing nonooking conls, Lowever, information is sketohy on the use of forme! eoke
in blast furnsces in these countrios,

24, 1In the thited Strtos o process bas been developed fop making metellurgien)
eoke from lowerank wostern conls, This process, developed by the FL Corp, to
produso n suitnble errbon for use in the redustioi of phosphnte rock in this compony's
electric furnaces ot Poectello, Idcho, is o multistage process, also, in which high.
voletile subbituminous noncoking coal is crushed, dried, carbonized, »nd enleinod to
produce a uniform carbon produet enlled ccleinnte, Gas and liquids are recovered
from the coal during processing; the gas is used os & fuel and the tar is processed
to cbtein liquid dbinder used in briquetting, The erleinnte is combined with liquid
binder and formed into briquets of the desireq shope ond sizo, The green briquess are

g .-
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then cured ond ecoked to produce a low-volatile (1.9 per cent), high-strength product.
Results of laborctory tests indicated that these briquets might be suitadble for m-ny
cpplieations, including possible replceement for metallurgiccl coke, Accorcingly,

a joint research and development venturc wns estoblished in 1961 between AL Corp,

ard Unitod Stotes Steel Corp., and o $2.5 million flant, designed to produce 25C 4ona
of briquets deily, wns constructed noar Kermerer, Tyomiry, to process local sub-
bituminous coal. In 1962, nezrly 2,000 tons ol this carbon product was used during

en 18-weck tost period in United Stetes Steel's vxperimental blest furncce at Universal,
Pennsylvanic, It hos been reported that the briquets porformed cxecellently over r
ronge of wind retes,

23, Obviously, neerly all cf the formed-coke procosses roquire nore than one
step. Howevor, most of the steps do not require expensive and elaborate highe.
tempernture plant equipment, and each step is continuous, A physicrl charasterisiic
of formod eokc that uculd meke it an ideal blast-furnace fucl (1f it meets cl. uilw.
roquiroments) is its uniformity of size and shape, The cost of formod ocke ' 1
govern the extent to whieh it wiil replace metallurgioal coke in blast furnnec-.
1f production costs of formed coke can be made compotitive with oven coke, 4he .ului.
of formed coke for metallurgicc) application appears promising,

VIT. Substitution of Other Fusls by Injection in the Blast Purnace Combustien e

26, Other rescarch progromnes aimed nt improving blast-furnnce operations ..ro

succevded in greatly redueing coke requirenents, anld the modern blast furnage ns-<
loss coko todey then ot any time in the bistory of irommaking, In the Unised Sinios,
coke retes hrre decreased 24 per cont in the past 10 years, and current coke
consumntion por ton of hot-metcl produstion is less than 1,400 pounds, Similar .esalts
bavo been cccoomplished in the USSR, Great Britain, Tost Gormony, Prance, Japun, rr.l
many other countries, A number of technologicel developrients hove conkributed t¢ ikis
reducticn, but the most prominunt are: (1) Improved burden prcparation, both by
incrensing the iron content of the ore and by producing o feed havimg superior
physiccl properties, such ns pellets and solf-fluxing sinter, (2) higher blast
temperctures, (3) humidifiention of the blest, (4) oxyge. enrichment of tho btz %,

and (5) the injection of hydrocarbons,
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The firet cornlet 1y suecossful fq lefanjeetre Xovrdioents b *he Tnjted agat, 4,
wiieh were th. rg: ult or - Co-0nur tive »rojeet het roun the fure u or incsy, mito
Statos Nencrtront of 4l interior, ~4' the migoo Stotes Stecd Cor ey vere urde in the
Burecu's experimontn) birst furaze. -t Pittsbur.t, Penasylvoni-, i, J annry I%‘%.;
These tosts wore eom‘im*e’a«! 112 natup-d £33, but in Irote - tosta, “athereito Fines »,y?
fuel o0il were u?efh-i‘g :‘f:.

243, Thu notied ¢ infeeting ~ o suens fuel da relntively mir obe, [y e &Y,
ecses, gom is fed tu ¢ afrel. sips creunt the furnces SV or opresrure Mghor then tht
of tho =ir blost nnd is iatreduesd iato the lurnree eorwustion zone by mecas of g
injeetion orifiec leading tarough the ¥ terweacled pertion of ereh tuyere, Th
injection of ofl 1 sindler to thet of xt8y being ceeorplished threugh r hender o-
civele nipa ayonnd the furuncce with an orpente for eceh tuyore. Sipee the eembustion
roto of oil ia legs than tic, ef k#y oil is gvnerelly jatrodue ! f rther brek fror
the noso of the tuyere or by mecus of ~oAnnes threugh the blowpipe, se thet g entors
e oy strean og nueh ~a one foot hrek from the tuyore, The Lijeetbon ot pulverigod
oF powderel ccc! i ner: eormplieated beeause of tho Hfrteulty in fooling aolgd
prrticles un’forrly irte the higheprossure, hoteblest ip stro s,

29, The injeetien of solid fuels through th. tuyeres of & bi-st furw e hew
Latrigued bl: stefurnae. operrtors {or many yerrs, rod $a literture frpoerts thet
attenpis 4o injeet soli’ fuels vere made ns enrly ra 1846, In 1877, = patent wen
issued in Gernony whieh porteinel to the injection of fiae Tuneofemin: co-1, eak.,
or ehoreorl inte n blost ?urnaeé.g’ Tn 1987, ¥, 1o, Bertr-n, ~13¢ of Gerneny,

deseribod the injeetion of fusible *ul combustible mr.torinis inte the bl atefurire.

3/ lisleher, Norwood Bep Jo P, dorvis, 2, 4, ustrowski, «ad 0,1, ‘'eelf, ise of

Naturcl Jrs in nn »*!-'_52;;2&:‘&4:1 3iant Jurises, Buseen of inos lenort of
Taves gations 1, Pre, L .

Gltm, E. J.; e B, Rmt; end L, Jo “Peié%’*‘. 1%
Smelting Zone of,!}_n_f_.;‘:%%‘iiinl Rlaut Furmiee, Burers
!m;ﬁ 1 3 (19T,

14
Ectvions 3648, ) PPey

1/ teelt, 2, Ley 7o Mo inhens Puel Cf1 In ee¥ion in rp -

8/

Bureeu of [‘ines leport of Invest grtions U150, D
Alders, X, Germen Prtent Vo, 6Bz, (1877,
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:':f’..i Sl mfuels et 1o ox o rire ot e reported in tac Sovivt 'nion in 19 3

b

valverizod eool wes injeet ' r'or short prriods into = blast furnnce n~t the
Dzerzhinssii sirat, 0, in 1495%, this  eco .l-injuetion vXperinenta wore econtinued or
n bliet furn e <ith ee~l inject. ] inte-mitt.ontly tarough ~ limitod number of bloste
furncec tuvop 8.-2—(;

ho The fira sl iud ctic o xmorisents in the uited States wore
conductod in 155 by tae Lac oo o cdosy using enthreeite tiacs in o pilot-plont
bloast furii e -t Pittsburse, . asylveic . The Fipst corl=injeetion avster on a
eorwereinl B st surncee, MOwever, wos dustolled by the intioncl Stevi Corp., on its
lioe . blost furnice ot Hufir o, ow Terk, in 1900, This syster: usel conl crushed to
minus 1/ inch, ~ad tosis showel thrt ~ conleto-coke replnecment rate of approximntoely
lel wrs obtrired when eo: 1 wrs injeetcl into the blast furnnes -t o rote of obout
17 per eent of the tot:1 blast-furncce [ucl requirements, This conprny recently hes
tnatnllnl r Aiffarant type ©F syster i its 0. 4 blest furnnes =t leirton, Jost
Vireini~, whick, {4 hoe b ropertel, ea renlres 4 to 13 2or cent of the coke with
injeetod conl, 1In rdlitioa, sntionsl steol rlens to 2dd oxvyea to the blast, o
procedure thet should inevers. the proportion of corl thet exn be injected into the
furnaee nnd further rocuco eo'le requironeats,

3l. The eoke mrvings th-t ean be obtrined ot tny pertieculor blest furnnce depend
on ¢ number of frotors mueh es the qurlity of th. burden materinls, the furnnce

produetion rrte, rnd the mrximun s¥tainoble hoteblrst tomperatures. Boenuse of

differeaces in these fretors, results from vorious pleats injecting hydroecrlon fuels
oppecr to very; however, if cllowrnees sro mide for blost tempernturcs, blost bumidity,

ore el eoke burdens, rnd hot metrl qurlity, cctucl eoke s~vings ere in o1l enses

rpprexinately the srme, 4Lecording to enleulntions mede by o researeh cngineer of o

:

lnrge fmerican iren -ndl strelenrodueing compriy, tac cmount of verious fuels that
ecould be injeetod while miint~ining iven productive efficiency are cs followsz-l-l/

S/ Bertrom, 3. The Injoetion of Fusible -ad Combustible iintorinls into the Blast
Furnnee Lenrth., Archiv Siscohuttenwosen, Vol, 1,
A e,

10/ luginov, V, I,, G. G, Oresikin, I, G, Polouehunko, i, 4. Sarokin, and
I, ., W rinsevieh, Inj-ction of Jowdered Conl into Blast Furncee Liearth,
Stel, Vel, 16, ppe 675- s (1956],

_l_}_ Agerwel, J, ¢, Toehniesl tonsiderstions of “ucl In jeetion into tho Blrst Furnece.
inter o nrgod voting, The amerioen Seciety ol |aeh- fginavrs, lew Yorl,

-+ -

cceleyg 4T Wt O, t’)r.',-"o.d:;.g:;’.,‘. b p?).. (‘,0\’. .33-3\1, 19"‘\&’.).

)




- e I Lo 4 . . v -
: crea . . .

prge 13

Sevings v ecoke consurptio.,

! Jouinds of [l ’ Pounds el coxe « LS Gl coke
Fuel ! Ljeeted per tor ‘ s T ey ton ' ved mer nevy?
! o c oy : L L
; CL 1roin J 0 Lot motn? eyl auel iijeetd
Ve A ——
Hoturel ooe H [ Les , 1.5¢
t +
! !
Fuel oil i Lt ! Lo | 1.8
| N ! N ,
Conl . O ’ 231 ‘ 1. 15

4

3zs To exnlorc +the potentinl benefits thet mey be obtained fror blrstefurnic .
fucl injection, o co-operative ng-cement to condvet r comprehensive rosenreh prosramuic
on fuel injeation wis consurmnved in Threh 1942 botwoon the sureau of idnes ry
Blast Furncce RSO, Ine., on organizotion “upresenting 22 mnjor iron and steal
producers in the Unived Staics wnd Conndn, 210 investigrtions will bo conduetod in
the Bureau's cxporimentsl blast furncee at Bruecton, Pennsvlvanic, ond the test
programme, whieh einvrted in August 1962, A1l require sever-l yerrs to complete,
Although the reocc:reh <q eenreria? nrimnpilv eith ~upploments l..fuels injaction,
including the injection ci pulverized solid fuels, corlenil ~pd cotlewntor Slurrieas,
neturel gns, and fuel oil, other opercting varicbhlos of the blnst furnrec, sueh ns
oxygen enrichment and humidificntion of tic blast, ~ng ehinges in blast tenperaturos,
will be studied nlso. Tho results of this work will be published eventunlly niter
representetives of Blast Iurarce ~escerel, Tic., and tac Burean of tines heve
evaluated the data obt-ined in Lhe oxoerinents,

33, In 1962, theve wer: 24 iron snd stealeprodueing comprnics employing tuyere
fuel injection, Rouphlyy e blrst furnncos Wrre usinge noturnl gegs 2y eokewoven gas;
7y fuol oil; <, ~ mixturs of oil ~rd gea; ond 1, vowierod coal, As explained
previoualy, eoke savings voried becnuso oy difrorent opernting conditions ned eonged
from 75 %o 350 nouads ner on of hnt ratnl,

34+ The impact of fucl injection on overcli blastefurnie: coke requirements
in the United Stotos has -0t becomv ovident thus far, becruse of the smell aumbew of
blast {urnccos usiang this now teehniqua. hiowever, dovelopuents in tha prst scevern}
years indicrte thot supnlementel frvel iajoetion will become widespread and should
reduce coke requiremonts substonticlly in the next dec~de, It is, theralore, not
unrecsonable Yo assume thet wit! the 232 2f speeiclly-prennred burdens and improved
opernting blrstefurnnrece toehiniques, anrtieulorly the injeetion of surplomentel fucls,
coke rotce cpprocehing 70U nounds 1us toi oo hot metel, or about hoif of vite qurntity
used in 1962, «I11 bo attniged,









