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From a comvarisen of wodern blast-furnace technologr with possible alteraatives

in the shape of ti» recently developed iron-making nrocesses it is concluded +het
the blast furnace wilj remain the principal source of ue

*g iron for some decnles to
come, and that metallurpical coke will continue to be *equired for blnst furpaces in

anounts equalling - ij not waezveding -~ the present consumption. Uwing o the scar-

city of good, mediuri~volatile coking coals research throughout the world

is being
directed towards the developueni of processes suitabh?-

for making natallurpical coke
from other conls (high-volntile coking coals ard w
Investigations by the Divisson of Coal

28i’y caking or hon-caking conis),
~escuarch, C.8.7.u.C., have shown that

metallurgical coxe of imnrovei strength can be obteined irom Australian high-vclatile

coking coals by blending thew with rarbonaceous inerts priov

Cther processes witi the e oujeetive inciude the :lending ol non-carbonaceous

to carbonization.

inerts (ferro-coke} vith the coking charge, sontinocus and copntrolled rarbonizatio:y

of high-volatile coking cocle, and the manufacturs 5 formed coke from : wide rang.:

of weakly coking or AON-COKing conls,

1y the use of formed cope it may vrove
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possible to increase the efficiency of blast-furnace overation. In future there
vill be a variety of coke-malking technigues available, and it +ill be possible to
produce coke from almost any (lovw~ or high-rank) cogl. In the developing areas of
the world the choice will be detemined by ceonoi.ic factors,

A review of processcs involving the injection of alternative fuels (fimely
ground coal, oil, coal-oil slurry, natural gas, coke=oven gas) into the blast
furuace shows that they arc capable not only of reducing tac 10"9 consunption per
ton of pig iron but also of giving a signiiicant incroase in blut-furnaec capacity.
On c¢conomic grounds coal appears to have a more promising future than competitive
fuels, and coal injection represents a major advance in blast-furrace techmology.

to  1nT<PU JeTICN ‘

(1) In the present century, rapidly increasing deomands for steel and a shortage
of good coking coals in Curope bave stimulatod rescarch b raising the efficiency of
blast=furnace operation, widening the range of coals suitable for the mamufacture of
metallurgical coke, and develo;ing new ironemaking procosses (scc Fig.l).

(2) The blast furnace has retained its supremacy, im face of competition frea
many new iron-making processes, jntey glia because of the following inherent
advantages:

(a) ligh thermal efficiency (3C-85%).
(B) Quality of pig iren (molten metal, as opposed to the
sponge=-iron produced by most nom-traditional processes).
(C) Continuous improveients in technology (achieved by eore f
sintering, increased bla.t temperature and 2ressury,
oxygen enrichment of blast) have led during the past
decade to a decreasc of the rate of coke consunntion
from 0.95 to C.7 ton (19 to 14 cwi) per iom of ;ig irea
(national averages), wvith a sicultancous increasc of 0K
in specific iron output,
(D) Purther improvenents are ex:ected througi a wider adentien
of fuel-injection ccchniques (a coke consumption rate as

low as C.3 ton (s cwi) ;er tom ,f pig irom is anticipated),
(Z) iy uaking use of recent advanmces in blastefurnace technology

it i1l be possibl. to siep up the productioa of iren

without building new blast furnaces,
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(3) It appears likely that «polication of the: mea Ironuaking procosses will lLe
confined to arcaz vhor: 2lectrieity, cil, iatural jas, or neR=calting coals arc abufe
dant and cheap comparec with cokin; coels ot vher only smcll aunsunis 20 iron are
required, which .ould not justi.y the coustruciion oi larg. vlasi jurmaces,

{4) ‘iorld pPuduction oi sta-l is inereasing ot such n rut- (¥ eFf "Ghua, on
the average) that, even ailowing for further reduction o the ook conaueption rate,
the demand for coke im 20-2% vears' time will equal -~ i not ewevod - the present
world ~onsmm-tie» o 220 iVlion «ons Q8T aRnMo,

(3) Using the conventional techaique of cardenisation, enly the low-mediwn
velatilc eoals (volatile matter on airedriod basis, 20=Mi; 4.5, swelling member
2 4) yield a strong, hard coke suitable for metallurgieal use (see Fig.lle Simce th.
reserves of those gcod coking coals wre relatavely ssall (less: than 107 of tetal
Yeserves), attempts are pveing made in uany couniiies to develop nrocesses for th.
utilization cf nigaevelatilc coking coals and .-akly er non-cekin: coals ir the £ M

Tacture of metallurgieal coke; or, alternatively, to use those conls directly Jov

.Aronenaling vithout first converting them inte wetallurgiecal coke,

(6) Sowe of the results of this vork - obiasined in austreltla and clsewhore -
are deseribed in the present pacur, ho cleiv is nade Lo coupleteness, and in fact
rotary~kile and clectric-arc proecases (im waich coal, cok¢ brevze, and ~har src wsed
both a= reducing agonts and as scuree of energy; «r¢ umavoidably exeluded,
. _wnlablibGlial CUk. Filie sf G y SOy CLals
(7) Table 1 sets ont the main Patures of processes tor making setellurgical celie

ftwi coals not normally employod for thas purpose, while Jable 2 gives th: preferties
of the resulting cokes.

(8) 1t hes becn known . - were than a century that th. eoking propertics of
bigh--olatije ecoking coals, which rormally yicid weak [assurcd eohes, can in greatly
improved uy blending the coals with lowevolatil earbenaceous alditiver such as
sathrecite, coke srecze, iovetemnperature char {scui~coke), and lowevolatile or nohe
coking coal. .ecsearch in this field is in 1hg rontiru.d 1n the Lpitd aingdoe, Uiy ted
Gtates, Seviet Unioa. Frenc:, (wmany, Japan, ind.a, and australias ond recent

. S , N | . -
publications desi with she use of cher » antaracitc ‘ines”, coke breeze, and bloste

3
furnace flue dust .
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(9)  australic bas . xtonsive deposits of high-volatilc eoking coals in fiew

Seuth Vales and (ueensland, end in view of the importamee of cokvemaking for the

rapidly growing iron and stoel andustry the ©.S.01,°L0, imtiated in 19%6 a comproe
hemsive imvestigution inte the corborization of those coels in blends with carbone
nceons inerts. The tests wers earried oul on 24 1b samples using & techaicalescale
carbomisation plant. Inforrctiion was sought on the effeet of (1) sroportion, sise
grading, and volatile countent of uwdditive; (2) preperties of paront coal (velatile
comtent, swclling, fluidity): (3) carbonizing conditions (temperature, bulk density
of ebarge). Detniled results of thes. invostigations have been described im several
Nlieauua"“. ‘
(16) The scope of this paper makes possible only & brief survey of the main
rcn!hu, which are shown dingrmsmetically in Pig.?, "hile the oversll strength of
etolios made from nighevelatile coals of mediw or high fluidity was comsiderably
improved by blemding, that of cokes frew highevolatile coals of low fluidity and
from ccals or lowwaedium velatile contont was not,
(11) The fol'owing rules have been formulated for the preparation of oven
charges to give cokes of improved stremgth from high-volatile coalst
(n) The ABsrt additive for blending should be suitably chesem in

nceordance with the coking propemsity o the parest ceal.

(lowetemperature fluidized-bed char (volatile matter 1%%)

for coals of mediun fluidity; bigh=temperature coke breeze l

(volatile matter 1-2%) f : conls of high fluidity.)

(B) W of the additive is essontisl (between I and

120 B.8. wesh, i.e. about €.3-C,1 am) te facilitate its

incorporation into the cok¢ matrix.
The ingrt additive, smounting te he &
should be thoroughly mixed with th. nimus 1/8 in. (=3 mm) ceal,

)

- &

and the nixture ~arbonized at s suitable heate=penetration rate
(about C.8 in./hr for blast-furnace coke and nbouws C.6 im./be
for foundrv coke).

(12)  ptirun improvements attainable under the shove conditioms for coke made

froo ses South nles migh-volatile cozls of mediw fluidity vere 8-10 poiats for 1§ ia.

shatter andox cod 1-2 points for 14 in. hardaess feetor,
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(13) wnong technic-l and conoiic edvantoges of th. blindecarbonization process
afe the following: First, the additive can he mode Cror A wide range of conls using
differcnt techniques (fluidized bedy atatic bed, rotating drua, travelling grate) or
even fron sincral ﬂi!“’“. Secendly, 1f thoe Aditiv. is prepared from o loenl highe
volatile coal, transtort costs of lowvavolatil. conl (which could be used ns nn
alternative for blending) any he saved, Tnis is inportant in countries like
sustralin, vhere distonc.= ~po grect. Thirdly, the scele oi the olend-carbonization
plant can be varied a~cordiag to requirements = a bechive oven or a by-product tyype
oven can be used, and the nroecss way therefore find useful application in lesse
developed arcas, wh-r. the present capacitics of the coking ond stocl industries are
'. saall. Fimally, th. blend-carbonisation technique is applicable to all types of

high=volatile eoking coals, providing the additive §s suitably chosen,

(14) Large-scale tria!s” hnve proved the applicability of the char-blending
) proeess to the carbonization of highevolrtilc New South *ales cosls. Future applicna

R,

tions will depend on the ceoncuics of the arocess, as well as on th. outcome of othor
livestigations designed to obtnin improvement of coke strength.
b, U [ . ous A

(13) by earbonizing blends of bighevolntilc coal with iron ore, ferro-coke is
produced, in whieh the irom ore is already partianlly reduced. Blast-furnace flue dust
end iron serap frow foumdri.s hav. also been used s additives,

(16) The coke produet frou this process usually has improved shaiter strength
.. but is relatively soft, and thorefore €inn b uscd only in loweshaft furnaces. In an
Aneriesn blast f‘!‘t&eel‘ 4p to 60F of the eoke was successfully replinced by ferro-cok.
(made with 10-20% Llast-furnac: fluc dust), The use of forro-cok: in largeeseanle
mi“" sad blast furuaces!® fr “zoehusloviida, Lol ad, il pd Sopee a4 roLorted
to bave given fmpreved furncec perfummance and reductions in cost of iron produccd,
The introduction of hacuctite amd wagnctite (3=10) and blast-furuac. fluc dust
(10-20%) tate enrbomizing charg.s is being studi 4 in th: United Kangdom on ¢ pilot- g
plant .‘“Giﬁ‘ Ferro-cok:- hose boen nade from lignite ~nl aron ores in lndlft'm.

(17) Suce.ssful tests with forro=cok: pellets ir . spall «Xperiricntal blast-

furnac. ia mtralmn indtcited the ossibility of developing a burden preparstion

plast vhiek veuld combin. t:  functions of coke ovens an! sintering units, and vhich,
fertberuere, would produce ~ burd-n naterinl with r Righ riclting rate,
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(18) the addition of mangancse ores to Donetz gas-coals has been practised in
the Soviet Unionzg, while in h‘.omani»,‘;‘3 Ligh-volatile coking coals have peen carbonized
with lime to reduce the sul)hur content of the resulting coke.

¢. Continuous and Controlled Cavhonization

(19) & better understanding of the mechanism of carbonization, and particularly
of the part played by the nrocess of volatile-matter cvolution, has led to the
development of new techniques for carbonizing high-volatile coals,

(2v) In the process developed by Selem-brosius Ipnc. and ‘'ise Coal snd Coke 9.24
the coal is carbonized on tic rotating hearth of a 107t diameter furnace, with heat
derived from combustion of by-produci vapours. Uwing to the reduced requirements for
coal preparstion and lebour, operating cosis are essentially lower than with other {
carbunization process:s ({1 per ton of coke for single-furnace operation). The capital
cost of the plant has been given as .10-12 ,er ton of annual coke production. 1In this
process a high heating rate is used (1.8 in./hr) and therefore the coke product is
small (< 1 in.) and porous. It is ..ialy suitall. for ore-sinicring and the prcduction of
ferro-alloys. . similar process; was developed in the D,1, i.ondeleev Instituie of
Chemical Technology in 1.0800!7;5. rreheating of the charge to 15C-20¢°C and a long
carbonizing Lime (6-7 hr) mede possible the production of metallurgical coke of
standard strength from high-volatile coals. The output of the circular oven was
11-13 kg of coke per hour per lmz of heating surface for an untreatei charge, and
18-2¢ kg/hr for s prehcated charge. (The corresponding figure for conventional

carbonizing ovens is T-8 &g/hr.) ‘
(21) In the Newcastle (susiralia) works of the Broken %il] lroprietary Coppany
the production of "gcoked compacts" is being ltudied‘é. The formed, nearly spherical

compacts u-e produced by binderless briquetting of high-volatile coking coal under

2RQ kg/ca pressure and are carbonized in a continuous stream of sand (slternatively,
haematite fines, sinter fines, or other iron-bearing materials can be usod). By means
of controlled heating (high heating rate in tho Tirst and final stages of carbonization,
slov heating in the n'astic and semi-coke stage) a strong, non-swollen product is
obtained. Th¢ cosed compacis have boon used successfully for the operation of an
experinental coli-»last cupola27. Smoother operatinn, better heat transfer, higher
netal cem exaturm, and higher thermal efiicieacy wcre obtained than with coke made
from the swae coul by conventional carbonization techniques. Studies of the highe
temperanitur, cmﬁ.wuﬂtion characierivtics oi coke compacts arc in progress with a view to

cossible use oo the compacts 1n blast furaacce.
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(22) “he same coupany™® i also investipating contiauous coking. Ihe wxpuri-
mental unit inval-es fluidizcd-hedn weheating of the coel, esntinuous feeding of
preheated eonl *o Lh- strond, and eontrolied heating of the cownd layer (stow heating
between 400 and fﬁtdC, ranid heaiing in the final stage of earbouization). (oke of

coneidorably inproved shattor *trength but slightly rodneced abrasinn herdness ean o
produced by “his Sechnique.  Similas processes have boon = Lndiod during the past foy

years in tiue 3oviot o, Opa * these, tho savezrdiiov p¥rncens, is deseribed in

Section 30 nf tho Hrere: TOVIcW.
Moo ERALIATRGT L L Lol ¥RG WL LAV -CaKT G aND _NGN-Caiiilq Coals

(23} apart trom high-volstiie Feklng coals, other imporiont —aw mnterin}a from
which strong weteilurgicii coke £zpnot be produced by the conventional techniques
of carbonizaiion ure the vaakly eaking and non~ceking coals (e.p, antaracite, sube
bi i nona coals, hrova coinl, snd lignite)., Sueh coals ere, however, uscd instead
of coking enals in manv rewly developed urocesses for ihe na.mtacturs of iron (geo
Teble 1), in ajl (¢ these, improvement of caking 2lvality is achioved wi th & binder
oF by other means (ranid heeting, hydrogenation, sremanra),

“.  Ebrocessgs Usiinu&iml_g_x

(24) Depending o tb. velatile contont end enking pover of the weakly enking
cocl, carbontzetlon ith 4 hindor is cither nossible directly in o single-giaze
Joocess, oy, alteenuoivily, v posns of & combined, two-strge process in whirh the
coal is First rartially doveintiVigzed and thor hrimustted o corhorised,
L. 8ingloea‘sge RI0L2sReT . P

(25) frvevzintile enats v < 18%) and highevolsinri- venkly enking eosla
briguetted wiidh 10-20% of or, nitch, coking eonl, n= hitumen, or with a wixture of
these, ean bo curbonized [n ury svep to yiold 1 stroy sazhed eoke.  The Gite Company
(?élt Gerions) has wullied s process swecess vlly tn «teon corls and anthracitie
cuaia < a8 well as to th o coals Lt mary Jeveioaping ~nuniri s (ores, srneeo,
Peru, Voucuucsn, e o une protiecd cokes suivable for use in foundri s (porosity

23=35%) end Blosh frwe o fovority 35%-45%) . succes 57 hlastelurnnee trial was :

carriad out vith H. t-n . of laornea colke By 1961
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(¢6) The :giggigg_ggggggﬁlj, developed in Jupan, enhances che caking canacity
of poorly caking or nun-caking conls uy blending them vith a wixture of tar and finely
ground non--aking ccal (the so-colled SJojunten). 1 the sarent coul nas a high vole-
tile content, lov-.cmperature char (seri-coke) is also added to the carbeonizing charge.
Large-scale trials hove establisﬁed the technical feasibility of Lhe srocess and any
future ajplications will depend on econowic lactors (for exuaple, tor the process to
be competitive the pricc of locul coal must not exceed tvo-thirds that of iwported
coal ),

(27) Cxtensive vXperiments were carried out by the U,S. Burcau of uinesjo on the

production of mctallurgical coke from anthracite. DBest results were obtained with a
ternary blend containing 82% anthrafines, 3% pitch, and 1% bituminous coal., The
blend was briquetted under 2CC atm pressure and then carbonized at 935¢°C. The product
proved superior, in rcsistance tu imuact and abrasion, to premiunm foundry and blast-
furnace cokes,
iis  Iwo-stegpo Lrocegscs

(%§) The develosment of Hroceases fur the treatment of high-volatile non-caking

coals which huve to Le aareinlly devolatilized before veing oriquetted and carbanized,
bes followed two wain petterns. In the first tyoe of process o chor is produced from
the coel at high teuperature and the briqueites made with the ground char ore
carbonizod at a Jow temperaturc,

{(29) In Tustorn ausirnlia, pilotesccle stuﬂies31 awve becn carried out in recent
years in which the local sub=bjtwirinous coals were carbonized at 3CL"C in a twvo=stage
circulatingegas retort of the Lurgi 3pilY2cs tyue. The chor was finely ground, and then
briquetted undor a pressure of 30C kg/csz2 wita the tar and liquor racovered from the
carbonizetion stage. ‘he briquottcs were matured at 200°C in flue gas diluted with
edr, and were then curbonized at 500=6CC°C in o tuniwl oven. The resulting brigcoke
produci has bech tested in suell iron foundrics and found to conpare favourably with
Liported coke. 1t has also proved suituble as a locomotive fuul. Detarled data on
the economies of tho process are not Yet available, but its further developrment would
be of iuporiance wo Vestern australis where tue local coal is of the noneceking sube

bituoinous type. at resent, metallurgical coke for sielting this State's large iro -

ore deposits has tu be Lrought from lew south ‘alos, a distance of abcut 200C miles.
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(30) ihe ighizi,(}a}anu)ja and 3lum-ilistor (Liomzmi::)H processes are alnost
identical., They have been “pplicd not only to sub=biiunivous ceals but alse to brown
coals and lignites, The lettor had o high ash yicld, which vas roduced to 1C5 by
washing prior to carvonization, e clean coal was carbonized in shaft furnnce at
850°C, The cher was ground to iinus 3 Wy and briquetied with iteh o bitumen under
& pressure of 3(L kg/cmg. fiie resulting briquettes were subjectid to an oxidation
treatient at 256=30C°C ror 2-4 hr, ne strong, shaped cche has beon suecossfully used
in foundries but not yet in blast furnaces,

(31) In the other type of tuo-stage processcs, the coal is devolatilized nt g
Ae¥ teuperature and nfter char grinding end briquetiing th. fincl carbonization iw
oarried out at high tcmperature., .n exenple is the I.lecoke gr0068834, developed

Jointly by the Food mgch;gegx snd Chenicals Corporation and the U,3, Steel Corporation,

The parent coal (lignite, subebituminous conl, or highevolatile bitwiinous conl) is

ground, treatod with catalysis, and carbonized at low teuperature,  The resul .ing char
is caleined and the pitch used for briquotting the echer, The briquettes are matured and
finolly carbonized at o high teunerature, Coke produced in the 250=tan/day eapneity
Retinerer (#yoming) plant performed well during the 18-wook trial in a smnll blast
furnace. Using self=-fluxing sintered iron ore as burden, the rate of coke consumption
wos 50% (10 ewt/ton) on hot motal. It is cleimed that tho capitel cost of the plant

is only 50% of that of a by-product carbonization nlant of similar capacity, while

operating costs are corirable,

(32) The Qtto Coupany (“est.rn Gormany) has announced the construction of n plant
of 1 million tons ser Yeer capueity for the production of rnetallurgical coke from South
arcot lignite at loyveli, 1ndia35’36. The lignite ic devolatilized nt low temperature,
the resulting char is ground, Qriquctte (with tar or pitch or a mixture of these with
coking coal), and the briquettes corbonized it 95¢7¢, |, cupola triels with this
fuel, 30% reductior in coke consunption and 35% incrcasc in melting enpaeity vas

achiev0637 conpared vith norual foundry eoke.

Institutu Chemicznej Frzerobki “egle (Instiwute of Chumical Treatment of Coals),
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e LrOCesscs Aot Ising ¢ dinder

(33) Certein non-ceking couls can be converted into shaped strong coke without
the use of -~ sHinder. sivacering studics on the carbonization of binderless browne

conl briquettes wepc undertaken in werncy duriang the nineteenth century, and after

several luprovemcnts, rauong ' hich .. oriquerting of hord lignites vith « ring-roll
type press by nerglotz in (zechoslcvakie was perbans the most important, 1led to the
developnent of the Luzpi-<rupp ‘g:-rocea!m:‘8 in the 1930's. The main steps in this process
“re flash-drying of the conl with simultaneous reduction of particle size, briquetting
in & ring-roll -russ under Ligh pressure (2000-3006C kg/cmz), and carbonization to o
final temperature of 1GCC°C. The resnlting hard lunp-coke is used in loweshaft blast
furnaces (Calbe, .lbe), in lime kilns, or in eleetric furnaces for the production of |
carbide and phosphorus. Further developnents of the process were reported after the ’#j
Second Yorld Var (Kemmler and Bilkenroth>?), , :
(34) Investigotions along similar lines were started in the 19%0's in Vietoria

(imutrnlia.), vhiore large reserves of yeung brown coal, as well as ¢.. rugeonce of loeal

supplies of coking coel and the high costs of transporting coke from New South Vnles,
provided an eccnomic incentive to the production of cheap rietallurgieal fuel. In the
process developed jointly by the University of melbourne and the Gag and Fuel

Corporation of Victoria4o, the brown coal is crushed and briquetted under high pressuro,
The briquettos are carefully predried and then heated slowly to 900°C (slow "protective”

heating gives o stronger produet). The coke produced in this way proved to be a satis-

factory cupo)a fuel, vhen tested in o 24 in. diancter cupola, oxcept that metal

temperaturea41 were lower than with ordinaery foundry coke., .. t'
(35) another important development in the binderless treatment of weakly caking

high~volatilc cools, in which the new technique of extrusion briguetting is used, is

the Sapoznikov 2;0cesa42 (Soviet Union, India). In this process finely ground coal
is heated in o fluidiz.d-bed carbonizer to just below its softening point and kept

at 380-400°C for 1-1C uinates, The resulting char is extruded at 400-450°C under a
pressure of 15-16 ot and vhe green briquettes are carbonized at o heating rate of
5°C/min to 60G0-750°C, ilhe USSR has n Pilot plant of 4CO tons/day cepacity in operation
at dhariov, and is planning to treet 1UC nillion tons of coal per annum by this

proeess,
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(36) 1t ancthes {orm 91 baalerless brijuctiang 1s ehaw 1o g R e S e ST T,
; - . ) i 43 ., .
slack coal by the Regiona) dosuareh koo r-tory, Svherabind, Indgn” 0, T carl 1 dried,
finely ground, wund tl.r ariquett 4 at Jde2% ¢ und p eIy gien” APSSEUEe,

moturing of the briquott-s ir. an caidizing atoanine - ot 2000 “or & he coumid. pably
increased the stronsth of -, eoke product obt gn.d .a subscquont carbontzntion -4

, ©
60C or 90C°C,

Cs

(37) Thesc inelude = fow teehniques for vhe canuf cture o cetellurgien) coka
fron weakly ecakin: coals, rthoir cosgiorein]l devolongent has not Yot been unde rtakon
and appears to be less likely than thot of other Proccsses por o viously uentioned, op.
is hydrocenation under prossure: oy this ..ans setollergierl ecke ean b .bisiped fron
non-caking eonl:‘“ and uven frap ligmteﬁ. Carbonigation under g»wuar@%ﬁ or with
hign heeting rate + (u to 150200 ‘;C/ain.; hns been shown te irrrove th- strongth .r
coke obtainable fron veaklyeeoking eonls. atural gm“ exn be used e the coking of
dried pellets madc fro veakly=eaking curls, This teebnique t Kos wdvantage of th
cementing offect of the ecarvon nvoduced by erackin: of the natursl ms At the egre
boadmimg teaperature. In ansther new teehnique, dov.lonred in I!ﬂ!i&4g. Bigiete: patyr.
chars are briquetted witl bout 1A uf silicnebascd inorganic binder, aaturing of th.
briguettes for 7-14 days then gives s produet suitable for w.ot llurvical une,

(33) The effieloucy of operction of Pleat furnices has recontly beon iaproved by
injection of alternative fucls iu sartisl Foplacciopt of eukj}; « Fiest oxperiments
We¥e carried out in the nintecnth cenbury, but the work was coandonce nnd 1L was pot
until about ton y:c:s o6 et fforos vor. renoved and fu.l lajoetion wes proved to by
both technieclly and econouic-} 1v 2Advanvsgevus,

(39) ‘esults obtained with ta. injoetiun, inta S]o.st furn.ces, of Pinely ground

MM in th: United Lingd ! *ith _pybrogite n th. United 3;41&;';53: with
w in the Ul, USa, " inei o Troaes rud It:gly”. =il LaSural gas wd cok -

YeR KGp in the USaw ond tn. Scviet t"nmn;&, i nlas Yith coovinntions of g fucls,
have shown that Up 10 20«37 of tie ¢ i used an il Dlaste jurntes rar b, replaced,
with a simultancous lee3 .. InCrens: ar ar.n outpus, Using DRYE D nriched binst sad
fuel-cil injection (2% - 3 cwt S0 Wn of Aot aetrd) the eon cnsu tion enn

reduced to I0R (6 cut/ton) or Sre=lren uvput. LhoTe s teehaae Ll lan t, bhowevar,

st i
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to the extent of reolacoaw.nt of coke by vil or gas. 1his is determined by two
factors: (1) the nced Jor ccke to nct as a support for tu: burden and (2) injection
of oil or ges requives fncrcase in the’ blast rate Lut this, beyond a certain point,
may hamper the l.wnwavd ilow o{ the burden.

(40) In asscssing the .conomics of the us. of elternative fucls it has to be
taken into consideradion thet the overall effcets of fuel substitutions depend not
only on the cnlerific values invalved tut also on the reducing cfficiency of the
various fucls and oi their deccmpnsition products, 1In blastefurncce trisls corried
out recuntly in the US. 3% was confimoa that the attaineble savings per ton of hot
metal are C1.U7 1or conl, 0,51 for 605 coal-40f il slurry, 5C.22 for natural gas,
and 0,16 for oi]ii. sarilar savings wure obtained im recent coal-injection experi- {
mente in Englant. It is therefore clear that in this field coal has advantages over
other fucls, It must be odmitiod, howevur, thet the cepital cost of cquipment for
injecting ecoal is higher then for fluid fuels, Together with other recent improvemcnts
(higher top priossur. and blast temperature, bencficiation f the burden, oxygene
sarichod biest) the injeciion of cltoernstive fuels consti tutes a major techmical
advance, reprosenting in some cases an incr.ose of ns much os 50% in the capacity of
existing blas. lurncces, Gowever, theso techniques arc still in tho testing stage
and application is esufined to the more highly devcloped industrinl arces where large
blest furnaces are already in cperation, ,

(41) ¥ith cupolas, tucl injeetion has jiroved less uu;eeuful, and in the United
Kingdom inyection of fucl oil has in fact been discournged for technical and economic ‘
reasons, Rocently, aovever, morc promising rcsults wore achieved in the Soviet Union
and in the Unitud Smts.»sss. In the Iatter, ini.ctionm of naturel ges is said to have
reduc.d fuul costs Ly €1.7C ser ton of melted iron,

The caaculation as based on experimentolly established repleccuent ratios (for
coal 1.1, for (0% conledd (i £ 1.V 07 631 C.75, wnd for natural cs G.63 1b/
1b of coke}, = ncrmal coke rete of 1300 b per ton of hot metal, and a eoke
replacencnt of 2U%, These velues refer to plonte on the eastern seaboard of the
United 3tetes, where fuel priecs were reccntly quoted ass coal, 37 per ton; oil,
¥ eonts por o o1, patural a8, 50 cents por thousand cu.ft,; and coke $16 per

ton,
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(42) In spive o i 1uiree puabor of non-tanditioncl Iron=nK1ng Lrocesscs
develeped reeontly the Supruuacy oY the nlest iurnac. is lik. Iy to remein undisputed
for some decadeos ts Coimey and thwrolor coke will oo Fequire! i uniovnts vquelling or
even cxeceding the present censumption,

(43) dcsults cbivin d with proccases frr nexang ool metellurgie~l e ke frome
high-volatile coxing coals, ~nd a roview of ATaCess.8 “nich night He used in the
future for producin: motallargicnl coke frem "substitut.s" fox coking c.als (cops
low. or higher~nk, wenkly c-king and non-coking couels), siow thai modern techniques
mako nossible thc .stablisnment ane developmont of iron- and sto. lemcking industrics
based on any tyn. of coal which may be ceonomically mincd in joss developod srens of
the world. &sropor seloction o f the cokianaking proccss should chsur.e $he techaicn)
feasidility of projected ;lant in developing countries, .nl thoreaftor oconocaie rmihor
than technical considerations will decide its futuro,

(44) The cokes produced from the "substituics" rr. not only of sufficiont
mechaniccl stremgth, but (unlik. conwntiumd cokes) ¢:n be obtained im any roquigod
sixe ¢. [he latter faciors °X It o strong influonce on furnceo ne rodynemies,
In the future, the us. of formed coke in preforcnce to convimiional coke may w.l)
prove advantag.ous both in blast-furnscc and eupola operction,

(45) The precess of ipjyction of finely ground coal inic the Hlast furnac.,
though still in the tosting stogo, is siving promising results cod offers a new outlod
for voakly-caking and honecaking coals, .

(46) Th: prosent rasid rat. of progress in blast-furnace tochmology, aml the
extonsion of the rang: of cunls ~hich can b: uswd §p cok: waxing, justify confidemec

in the future of coal in the irope o ste leaskiing industry,

)

2.

3.




STads Y. w J196G 3/
sechnic ] baper 4,19
page 1

4,

3.

6, et r’. “nl! [YTSE. ¥

...i‘l,

7. »«ﬁvttrlp x.L.. J)E’ 5’4.

c‘.g

R,

9.

2] : Symaoosium on Lovei mperature ta:banx:atien
Becoking (onls rmei Mgnites o Srigu. tiing ol Coal Pinos: C.8.1.4,
dogional s, Lib., livd. ‘tabad, Indin, saper (11,4 (“ev.1961).

1G. Tuyiar, Ualies :nd

snylor,

i1. M.?, P aned

4.

13.

14. Jﬂfckﬁﬂ, A. fop MY IR ry .»J.; o, t«li}&étiﬁg P n.tj., i
Co ; B : s for o} « Co L 11, 3tnt. & 2 . 1!’2. - » !‘le;

18.

16, LGrang S ) Gv, i:.f.fhg 090' anbd .diteh. 11, J.g
voko - Gms, 22, 117-1%4  (196C).




! 17,

18,
19,

v,

e

23,

4.

a3,

ey 21,

;
VT DU R TN %, i
- .
L earie s} Faner a1y
147 TR

Sulialy, 14, 1256 (19620,

] S el ‘Jf el Moty Ui et LFOC 88
s Eorings = Er;g'-br Cone.nlont.s in 51 hoslevekan, doland npd
- ey - Fd %Y 3 teg ) iE ( - e
aglens Jialil und C1s oa, cge 150, (1902,

sritish Col. . s opoy ~8%0¢L.1kon, __,; Lo o f ol additaun gt Iyp.s of lron
. st o DipRacs ohd “Vin doraouta .. C te e8e hopl, 2C, 116y

!’ﬁiﬁi, th., and lygiiﬁ'ﬁr, .b., Fo

South ladiz: J. Sci. Ind. ua,

BBS, Jamey Sregory, Joa., n! Torn. Ty ecey tom ond Iponecoke skl is,
:j.ét.Ec N Ch. J“’Io !6, 'L, }“I}Q ‘1‘)63].

il uros of

&!f@kin. Veney

i Donotask Ind,
i&to’ &Q 81"’,

E})"Q, | ’

cere, d.

) . ' p3tabes from s (. .in. Conle 0 Studii st
s o ?gc’ li » “5

Traggart, .J. ., Continu.us ~mifrctur. of Cok. G sctery hearth Prrnoe
;'ft'}’rlnt :32"'5""24; &0 cbl.c-;c sununl] ~<i!ftif§;—;, PR Ynl‘k, (:'Sﬁluc 19&;.

Shrsuler soorth;

Callcott, "x'.u., Ing - s, 1.1 . anl srown,
Stlgil i .ooc g1l o oly, Tren, w1, |

Calleott, T, G ik i&
28 201-3;

s arney Guoat

Calcott, T.Gs, .'z.n!;,@,
I(V‘Ch‘ D'ulx- ,\L.l}v. 2,

e ey n Seerty 0L nehescn

, . "y 1 rigquets, e, Dlagi rmna.cc. Cok. Cven
oL’ “aw  ~averinls ctian 20, 558K acril Yuslj,




SV.AL Sla 190y
T :c'nicul Paper/a.ly
page 16

32. ﬂmu wkiocwicz,y Joy Iopucd Cokc 8 0 oW ;.IW, loks i Ghim,, w.',

, (1961).

33. olua, Io, il‘*tor, sey uQrCn.g lr., end \(ﬂtdﬂ., ey Col:

¢ s inge oF wlllht;ro(,{.kng Cja! &hrou h Th Treostaent 4t i@
tiops Regerding the Use of orcwn toal and Li. 'tc; £V, leetrotaeeln, Fhorg,.,

accd, Wep. dos. wournine);  JE, 283-50, (19625,

M. anon., The Fiusl€ Colie crocess; iraphlol ~ubl, by 7 C C rp. (ow Tork) and U8 Steed
Corp. (iittsburgh,.

3%. 3ibal, D.i., ~nd Loronzen, G., Domgs . sie: b
ite; Syiposiee on Lovetoamore turc tr‘mnxz'xtlun of a-ct.king LS § ILTTS:
lignitus and E’)riquatiin& o Coal Jincs, Co5.1.3., aegiunal R.s, Lab,,
wydersoc!, India, Taucer le5; (Ciov.1961).

36. liovschel, H., The Drigueteing for the kroduction
te ur. Coerbonigation o South aFcot in
Lowetcuperatur Carbonizoaticn of i.\m-ﬂakmg Conls and Lipnites ond Briquotting
«f Cozl Fines; C.5.1.0.y .wgionil Zes. Lao., nydorebed, Indin, vaper le4;

(Nov.1961).

37. Schreiber, /., onl | ues, |

38.
omnposxmu un Lo'-t,mp roturs Corbenization of depecaking Conls and Lie!si%es and
driquetiing of Cocl Fines; (.S.1.l., fegional Zes. Lob., Eyderebad, India,
Faper II=21 (MNov.1961). ..

39.

40,

41. Higgins, R.S., Xfenn.dy, G.L., and Zvons, DG,y Tae develovment of Browneco-l

Char ? ¢ how swvellurgical Fuel; aust, inst. [in. .uct, froc., No.195, 103-116;
19¢0).

42, inndx, iteCey Chaudbury, §.5,, Iyongar, e ey fid Lmnn, hey a@ogg;kav irceups
of .btainin. Svactive Domestic Fu N inn ‘crklye

c".kxeg and_Mon-caking Coals; J. Inst, fucl, 36, 118-122; (1963).

43, agrowal, D.;., arishiiiy i.eGey ond Zohoer, S.H., irepsrotion cf Ear iguett.
Colte from . 'n-cokix}g Erthagudem Cosls; Syuposium cn knr-ueuperatute Carbone-
1zntion of JNur-csking Cozls and Lignites and Jriquetting of Cocl Pincs; €,S8.1.2.,
wvflonel wes. Lebo, lyderabad, India, roper i=12; (Nov.1961).




[—

’3‘ ;ém'! %krl}ﬁgig fgi .y HE 2 ;},.iﬁ§§

#
¥y -

¢ %

.tc?mi:al ta; er A i}

4%, Lissner, .., r o, Faedun s, L0, V0 fpan

“Q g‘m}é ﬂ’ * 1*;0, % -
fﬁf di%i TR

widally k- gﬁ.f‘»_,aliﬁ. b df-us”ul‘!‘.'ﬂr; o .rdﬂaguz t;uz £ &Maﬁna;
c@a*’ "d uf"ﬁi*ps LY TN o t’t;;ge “x th‘l é.‘hi‘!g e Teidel e Coy ogional s,
Lob,., o Trabady, inddt, Jases ii1=3  (%ov,1961),

p_+ 8 %ma"

-
k4

fhe ‘ngin v,

Si., Crawfopd, . Cedey
& Conl, 949-934.

13. \.tm‘ki’ ?’QJ., u¥els o stls, and f;i.f‘.isi‘\.ﬁt%lg Lgt}., i

Lo * ud ’*ir' calfie

s“ ky“h’&a; is‘ﬁ:g’ F1* 10 {E'jf‘,t;' -’,
: & - .

Ae ey
*, "

5.

et







2 iiif!g’i;‘i.
“A ket e A”
h s aEeelg - -
mm SIII.III!%!’“P“
u LS
!_I!b-"l.l!l?
ooty (' o —
RO - . 3!3%

o Puspunny
i )
o vy
.!d‘i.g ;M“!!qu ;
- ¥ l. i *
sdme 2 Sunppmibag () .1"‘
N e 'ii
—mm 0 r— - - T @ S e

...e
e R LI~ ot 17

g R o alng % Svgny cemye *yme
L AKX Y [y —-4 W — ——.. Py . .
.a.!-“.c.-iB;l n-"tipi;- .P“-J'm“hl:il.a - —m‘ (ovenmay awy (i)
.. !-I-lﬁﬁ F;;ﬂ ——nm gEgRLWg (i) - }llnlll-.’lg;
b W ey . ——— “ .J..-J.Il.:l-l
g, il.s"m.ut- — ST & g ehg.‘ -ll‘.u.”l!lu] :g.ﬂ
EITER Sungie WTiES. ~|Emes oneme
R T SRR L= S eam. Seas
™ m——e e ———
) " - Bl
e Hﬁﬂ .cﬂ.--“.(iu’ VSR wy » “aang ou Supenen e (1)
'f - 2 " N s g SIS N Sy ynpan N S = ey Oy orsesee-asy (|)
n Ny e g ] h )
~ gﬂ J'h.l!lr’ ..-!lr ! . ® ﬁlll.l-l‘.l-
e *ra) - e o) T oy o g, » a Pew iy
A e RN SN ——— T RER e 4. DN
) ® ”» © ) )
- ™ - - e e ]
| |
'
= [
..5 *s G







“POIS SSIAIINO axega 3denss ity ¥’

T(ewwe oy e eusepuays ong TR) PAPIRG TTILI 20 N LogeY .

STHEL SY)\P, 1983
Tecinical Paper/A, 19

STICO STRSTe.
Py yens-awy

LR

steoe Surwo
~Eaventos-yry
oTeI0 Tmeng

empuTy sTmlaswr wmta
Sugp -Sme-oPry ses; sang

Sutsasubran yey) Teeo
!mlﬂlfallnwl-o

sssvead

asqrevadeg wox; eawp

e Teso-mneig

- oy (Troalhy) smee oyrupyy
e *toamglity
- Srpapo. Ay men (vescesl-gui) saoc pemsng
St T
—<0°1 - - - L R apoodbrag
[ea} STWO0 WEAX
-00% i - - - - ¢+ b e TIey "o - e
(*TR “ang) emeo
621 - - - |- L9 i - - afranpuy oRaanbiag esqrrempey
1200 Supaoo
- - -] - » % - - { ST ITOMPay (sasdley) smoe Lapmog
STe0 Swpmes
- - - |- ” % 5*, - a STRSToA~30m | (TeiTeperINg) suco Kipuneg
2Tees Dwpnae
- - - - |- » % a6 | - - - CTTATOa~"PON | (SPUSIOPVTTNG) oo sovamyg
Stwes Sureee Swinoe snewrryues
- 43 3 £9-09 | 0955 @ 4 MR-y Teymeiasise wmay sy
] e o 3] reee Swraeo (‘orrre)
“96°0 - - - - al - - 66 - Py !Mreging AR Wi ame-gurty
1o Suppee ailg
- neti] - | oooaf - ?| o 1 - - . erryTenuiny - wmag
] e & rrealaiiyy
- t~9f - clawiow]| - |6 | - - N Svseaviey
B . 7] - 2
abds ] -~ a3y el .
sty O ay - o sy
5 2 ;e







gseRE|]r

L
S EEENENEFREN

{3338 88348}













STERL SYMP, 1963
Tociniea!l Rper/a. 19

(13 =

(3 2 3

-

g FY Fy i £ i L 3 Iy i H & i i k. L i i 0
-4 iR i | -3 L ¥ + 4 +§ (3 ] W
CHARGE N 1) M SHATTER  MDEX

P18 3- AELATIVE CHANGES N STYENGTM OF COKE PRODUCED FROM VARIOUS BLENDS”

TRE NGHBER OF THE COM B SFOWN AGANSTY LNES  NOKCATING vAMATION OF CONE STRENGTH

A SODEAENt % QUi SuFTER STRENSTH AND  MANDNESS B oPROMEMEN! OF SHATTER STRENGTH WiTHOUT CONSIDERABE (5SS N MANDSSC
€ swecvoum or s STRENSTH WH { RSOERMIE 005 B wattaEss O OF TEMORATION oF BOTH SHATTER STHENGTH AND +ARONE S5
E owsovtment o manomess wi'w 10%s i SeAtTER STRENGTH
ﬁl! TARE SELOW SHOWS PROPESTES OF TWE  UNBLENOLD COMS AND THE STRENGTNS 9F CONES OBTAINED FROM THEm

4 ce s cou e
SHSELED [ 1% " Y i anon
Mo | R i0d) Do e e | SNMTTER NG| racTOR
L ; ) + )
t 34! " e "
? ey re " 7
F X L 000 ” 7
¥ ny "~ " o
] »ns (3 ] " ]
® 85 STAaNDARD

"aAin ABDDITiIVvER S

Ny VMg g
", | 10w noveneruag SLUITD 800 4 !
! mgg!gc; O V0L COML "5

MOERLT 09°C 1
Su m-‘f'u '8









