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city of good, mediu^volatile coki«* coal. *• K    , ,Ca'~ 
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*    Chief,  Division  of Coal  .«search;   C.S.I.».C. 

**    Senior ?.eaoarc!i officer;  Division of Coal   ^search;  S.S.I.Ji.G. 
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possible  to increase  the  efficiency of blast-furnace operation.    In future  there 

will  b« a variety of coke-making techniques  available, and it - ill be possible to 

produce coke from almost any  (low- or high-rank) coul.    In the  developing areas of 

the world the choice will  be determined by economic factors. 

A review of processes  involving the injection al  alternative fuels   (finely 

ground coal, oil, coal-oil  slurry, natural gas, coke-oven gas)  into the blast 

furane? ,bow8 that they are capable not only of reducing the coke consumption per 

ten of pig iron but also of giving a significant increase in biast-fitmaec capacity. 

0» economic grounds coal  appears to have a more promising  future than coopetitive 

fuels, and coal injection represents a major advance in blast-funace technology. 

i.    IMàUXXXlL* 

(l)    In the present eentury, rapidly increasing Jemand s for steel ani a shortage 

of «nod coking coals in ¿«rope have stiawUted research on raising the efficiency of 

blast-furnace operation, widening the range of coals suitable for the manufacture of 

metallurgical coke, and developing new iron-making procoaaes  (set Fig.l). 

(2}    The blast furnace has retained it« supremacy, in face of competition fron 

•nay ne« iron-naking processes, inter alia because of the following inherent 
advantagesi 

(A)    High thermal  efficiency  (SC-B5^). 

(B) Quality of pig iron (noiten setal» «s opposed to the 

•ponge-iron produced by stest non-traditional processes). 

(C) Continuous iaprove**ats in technology (achieved by »re 

sintering,  increased bla^t temperature and  pressure, 

oxygen enrichment of blast) have led during the past 

decada    to a decrease ©f the rate of coke consuci; tien 

fro« 0.95 to 0.7 ton (19 to 14 cwt) per ton of pig it*« 

(national averages), with a simultaneous increase of %Jjt 

in specific iron output. 

(D) Further iaproveaents are expected through « wider adoption 

of fuel-injection  techniques   (a coke constanption  rate as 

low as C.3 ton (6 cwt) F#r ton  A pig iron is anticipated). 

(2)    iiy making USO- of recent advances  is blast-furnace technology 

it will be posaibl*  to »te? ur the production of iron 

without building new blast furnaces. 
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t'3)     It appear,  likely  that ^oUcation  oí   th,; n. •-  irari-uaki«K ,»*><•..*.«* nli  U 

confined  to art-a*  #h^r,   ,loctr4city,  „U,   >at«r«l fri*.  <u   non-r.án* cal,  a,,  «bu». 

d4at »^  eh(*$ ««apar«* *ith coking cori*  oí   .her.    only ^11  ,u..t>un;a  of  tro« ar« 

r^quirtd, which    ould not juíti.y tk* couatruction Oí   \ar¡t,  :4«*b   »UTOíMU*. 

Í4)     /orM ..roduftiun oí  std-l  i«  imrenmn^  ut juch a na     <y.; ; tíf    o»,«,,    OB 

tft« »•»ra<f»)  thit,  er«u allowing  for further  reduci i»,,  in  th«   /OH.'r(w»plion r*t**# 

tk. 4«uá fer íok€  in ¿tí-2» yBftr3'  ti«« win  «^ual -   if M* ^....tf - t»w t>r*.»*i*t 

»arid *©n«iwptti»* «*  ->«r niHion  *.&«» t,«r WÄi, 

(5)    l'ainf the conventional  taeh.iifüt of ctrbwiMUon, «nly th« low-Mdiiwi 

rolattl    eMli  <reUtil« n*tt«r on *ir-drim biwit, 2U-1ÜÍA;   B.S.  »»elling Mb«r 

¿  4) yield a streng,  hard cok». »«Atable   for metMlWgieml •••   <»#« Fig.JJ.    3***«. tfc, 

/••erre« of tfc«»# „cod e>kin« coal. &r«  r, l»t*v«ly »all  (in,  y»» H^ of total 

r»i«nro«), atteepti ar« being B«4« in »*ny C«BMI«  to ê^Up or»ei>n»i for iktf 

«titration ef ai¿mUtilt> coking eoal.  an,*  -..vakly er non-caking coal»  l*   u*„ RMH. 

f*et»re of «otallurfiral cok-j  or. alts*»»ti*wly,  to «., »Wa« «oal. <iir*ct|>  fo, 

.iron-oafting without  fir.t  c<..nr*rt)ng *•*» int« !.«tallnrgieal  cok«. 

Cfe)     S».e of tfc.,  result»  of  this work .. obtain«*  til «uatwJ t» .uni ..|.«.wn.T.. - 

•r«-- itoMrtkMrf ia tfc* pr#««»at p%,,r.    W etoio ia fi*ad* to »«wpirWrnr««, «an i„ tm% 

rot»ry-kilft ané eUrtrie-trr pro««..«   (in «»*«» co»! » cok* br^,lw,  »«d ^h*r «** «•*• 

botto a-  r«l«eii| a«*»*» «*i M «w» of  «ft#w; *.,„ «»»roiêaoly „wl^i. 

(?)     înMe l a«t. ©«t  the «aia natures ci   ¡.»CMIM for Bakiaw a «-tall »ni« a!  eoa« 

fr«a coal- not uomally onjlayod for Uu,  pv^ae,  «hU,  ^i« ; giv,«   t»    pn*.*!»»» 

ef tk# rewriting cok*». 

<»)     It kca been kmvu   .   r f,»ore thun a e*t»tury  tkat  th,, c«*.!«« pro|K*rtti-*  --»f 

kigb- olatu. eokiaf Soai.s> *yCä Bor«ally yiwàrt ».«K f*»»nrtd eoà«»,  eag» itt. flatly 

úiproTefl  ig- Mcw»i»f tfc«. <4i»i» witk lr»w.»oi»tU    e»rl«>ÄÄr#aeii  «.Iditirer  «uch a« 

aatkra*^. , e©»* ?„*«le,  áow-t^^^ratttre  càar  «st,bi^-ok«.<>v  asá  lowvoUti ì*   or «at- 

coking eoal.    ^«„arck »n thi*  fiela i«  b. ii^ ^ontiru.«]  m the Uit.d Xmgé**.,  l,,iUd 

3tot#»,  S«TÌ#t UBIDII.   Franti,  f^nnai^, Jopan.   ¿Mí»,   »wi  austral »ai  -airt  r#e«»jt 

pttblications de^i *ith *k¿ «*. of rhar1,   antttrnc.U     it,^%  coke  brv.,„rf  a«d bla«t- 

fumac» flu« duat  . 
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' •    M^ndmg with Cayaoflftcjwi ¿t^rt udditjvea 

<9)     Auatrnl.r, bn«  ,-xtfnsive d <•.><>« its o*" higo-vola til r  coking coal»  in itmw 

Se«ith "ele* and Que on« ltnd,   and  in vi**  of  the importane« of cokt-nakiag  for Uta» 

rapidly growing iron and »•?*!   industry the r.S.l,   .( .   initiated 4a 1956 a couçr«- 

keaaive  inr*stif^tien int*, the r&rborixition of th*>ao eo©l§ in bUads with carhon- 

«ceetM  inerte.    Ta* teats wt,r-- carried out on 21-C  lb »n@r>let uaiag a Uchnical-scaK- 

carboaisttion plant,    Inforr-lion waa sought en tac- effect oi   (1) prenertian»  aiae 

gradin«, «ad mintile content of Miditiv,»;   (¿} properties of parant coal  (volatile 

coateat,  swilling, fluidity),   O) carbonising condition«  (temperature, bulk éaasity 

•f eaargu).    ¡stalled result« of the a e  investigations kave be«« described  in several 

publication»4'11. 

flu)    Tfce scope of thi» papar make» possible only & brief wmrraf ef the aaia 
12 

results    » waiefc are shown .li^nv^atimlly in Hf .1.    "Ml« tèa overall etreagth ef 

cok» »a«« fro« nigtt-vnl&tile coala ©f mmaimt er high fluidity waa considerably 

iap roved by blending, thai of cokei frew nigh-volatile eoals of lo« fluidity aaa 

fraa coula of lew*«editan volatile coatertt vas not. 

(11)    Ih* fel'owing rul*»a have b**«?n formulated for th* preparation of oven 

ekarge« ta giv* cokes of  improve strength fro» high-volatile tealst 

M    »• i—rt additiv* for blending .he*Id a« suitably «hese* in 

accordane *> with the cok im; propensity <t tac parant ceal. 

(fev*«aAparat«ge fluidi ¡red-bod e bar  (volatil* stattet 15*) 

far coala of sediuet fluidity ; Batk-teaa^mttttre coke hreese 

(valuti 1» aatttr i.¿£)  f« • coals of blgk flaidit>.) 

W    9imt "iaiiM üí   *»• putire  i« essential   (between  K and 

120 B.S. öoafc»  i.e. about €.}-€.1 arni t# facilitate ita 

incorporation into tk# cok* aatria. 
<f)    Tea in^rt additiv», aaouiitiftg te 10-lfl» cf tka tetal altere.. 

should be  thoroughly nixed *ith tb,     imi«  l/i m.  f.j es) ««al, 

and th# fiiKtar** rarbonised  fit a *mtü>!*   h#<»t-f»«aet ratina rate 

(about Q.ê  in./hr for blast~furna«# cok*  and about C.e im./ht 

for foundry cok«»}. 

<1¿)     wptiiruu iir.pr»>v.*i*?nts attainable und^r th.   ahovi- coaditioaa fet ceke nade 

from  w*  Fouth   .--.l• hi«h-vcl.mi* coal»  of o«di»-  fluidity wer* §-10 poi at» fay if i». 

shatter  iud. » üII«!  1-2 point»  for 1 '4  in.  hard.*«»* factor. 
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(13)    «non«?  t,chni,.;l   and     tannic   ádrente« of   th..   1.1,-nd-rarboniwtioi. nwrew 

er, ih« following    Hr.,t,   the  MH.ttr, ew  h, na»,.,  fror, „ w1(î.   ran*,  of coals ««»ng 

¿afferent technique,   (flutdirod  b,,l, .tatic  h*d,  rotatinp dm», travel Un. grato)  or 

^«B fro« »incral oil >'".    S,tcnd,y,  if th„   ,M4Ur..  ,,  ^^  ^   % ^  ^^ 

alatile coal,   transport   co.,t, of lewmhtil.   rnnl   (which coal« b, «««i  n. r.n 

alternati** for blondin«)  ^   b, SWod.    Tni«  is important  in r^n,*  like 

*i,i,Rllft' Wk*r* rt*»^<* *  ^ *»«•.    Thirdly, the seal* «n  the bl ^-carbonisai* cm 

plant ew» b* varimi aborti*« to requirent., - a ho*aiv« ov»D or a by-Pr«du,•• typt. 

©v.« can W u»ti!, MKi th* pree»a» may thorefore find useful application in lo«*. 

4^#lep^ arc«, wh-r, th.  priant cap«itio« of the coking and «.t.,1   industri*, are 

•»all.    «willy,  the blend-carbonisation Wnnioue i« applicable to all types of 

high-volatile ««k4Bf Coai,t  providing the odditis is suitably chose». 

(14)    Large-seale trial»      hare proved th* appi ir ability of the eh&r-bloiidin* 

pro**., te th* carbonisation of hifih-wolrtiK- ¿few South    aim coals.    Future applies 

ti«** «ill d*rp«i*d en th, ws^ici of the ?roco«., as w«ll as on th    mitco*»*» of oth.r 

ii restirations d««ipi*d te obtain i«provesj«nt of coke strength. 

»•    V** of  Jmo^artemzeemiM »dditiv.s 

(If)    By e*rboiiitinf hi...«* of high-volatile coal with iron ore,   fgrro-cofc«.  is 

pr**te*4, la which th. im« or« is already partially reduce.    BlMt-AirM«o tim dust 

•»• iron »crap fro» founün * haw». »Is© b«#n used »is additiv»». 

fl*)   Th« coa. proéuot frc*. this pro«..* wually hn» inprorod .hr.tter strength 

•art a. r»latiir#ty s*ft, «»• iftw^ro .<« b.   «.^ only lR low.»haft furnaces.    I» « 

à»»*«« blast f^»«w««,* «p  to êfl£ of th« #oh« »a„ suee^mily repine«! by ferro-coh,. 

Uod, .jjà lô.** tlnst-fu««*., flu« du.*).    Th. M%f fcf forro^okt,  in  lmnmmmiAm 

eupola*     ma hlaat furies1* it   ^)0htJi   - viW.      ,'«-•••••-•!- 

to haw* gi**» ia%r^»4 fumac* p«rf«manee «„i reductions  in cost of iron produce. 

»• introduction of ka«mtit# -inrf %nm(tit« (5-ic i)   and hiÄst-fum^,   fiuu dust 

0fr4C#) iato etrt«rt.m efaar,,. is b*ir« studi d in th.   Ur»it*d iCn^ic« o« e pi,ot. 

Float s*al«    .     P*rr*-*o*.   h-,*  b^u ..ad.,  froa  lipvit- ,-.,d   âron r,r»o  in  IndtaJu. 

ÍIT)    Snecsful  t«sts «ith frro-cok. r«ll„tM in   . »n ,11  «ap*rir.i..-ntal  blast- 

**•••>  U, »«trmlia21 »Mk.W th« :>o..ibi|ity of d^ioïiwr n ^rden preparation 

Fl«rt «hash s^W  emhin.  th     functions of   eok,  ov.n. an,.   .intor»nf ««»ts,   «HI which, 

r»»tfc#rwr., would ^roduet -. burd n atrial w*th r. h»gh r„ í%xm ruto. 
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(18) ïhe addition of manganese ores to Donetz gas-coals has  been practised in 
22 ' 1 

the Soviet Union    ,  .vaile  in Komania*    high-volatile coking coals have been carbonized 

with J^££ to reduce the sulphur content of the  resulting coke. 
c*    Continuous and Controlled Carbonisation 

(19) A better understanding of the mechanism of carbonization, and particularly 

of the part played by the process of volatile-matter evolution, has led to the 

development of new techniques for carbonizing high-volatile coals. 

(20) In the process developed by Sslem-Brosius Inc. and 7j»e Coal and Coke Co.24 

th# coal is carbonized on the rotating hearth of a ICit diamoter furnace, with heat 

derived from combustion of by-product vapours.    Owing to the reduced requirements for 

coal preparation and labour, operating costs are essentially lower than with other ( 

carbonissation processes  (Si per ton of coke fbr single-furnace operation).    The capital 

cost of the plant has been given as ,10-12 per ton of annual coke production.    In this 

process a high heating rate is used  (1.8 in./hr)  and therefore the coke product is 

«mil  (< 1 in.) and porous. It is...¿njy  suüoU. for or„>-sinitrin¿ and the production of 

ferro-alloys.    * similar procesa was developed in the 3.1.   .endelecv Institute of 

Chemical Technology in ^oscov^5.    ¿reheating of the charge to 15C-20C°C and a ioni? 

carbonizing time (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 lo    of heating surface for an untreated charge, and 

18-20 kg/hr for a preheated charge.     (The corresponding figure for conventional 

carbonising ovens is 7-# kg/hr.) f 

(21)    In the Hewcastle  (Australia)  #orks of the Broken lall Iroarietarv Coamanv 

the production of "coked compacts" is being studied*6.    fhe formed, nearly spherical 

compacts are produced by binderies» briquetting of high-volatile coking coal under 

¿*v> kg/c»   pressure and are carbonized in a continuous stream of sand (alternatively, 

haematite fines, sinter fines, or other iron-bearing materials can be used).    % meaos 

of controlled heating  (high heating rat« in thö first and final stages of carbonisation, 

slow heating in the ptaatic  and semi-coke stage)  » strong non-swollen product is 

obtained.    Th»   caud compacts have boon used succ«ssfully for the operation of an 

exjieruiental  coll-ilast cupole'  .    Smoother operation,  botter heat transfar,  higher 

metal   i*n;»eratur.'s, and higher thermal  efficiency were obtained than with coke made 

from the  saue  coal by conventional  carbonization techniques.     Studies of the nigh- 

tewperutur.   combustion characteristics oi  cuk* compacts are in progress with a view to 

;>ü*sit>U>  use  oi   th.-> contacts   in blast   furnace;,. 
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(2?J      ¿'he:   sitine   couvmny"     >s   al^n invf.«tiio+in»  ««„^ • , . .    .* rtiso mvtstit.atin* j^tiauoua^coging.      Ih*1 ^u.-ri- 
msntal unit involves  fii»iri i ~ ,i ^ .-• ^    + • 

'       U'1'J*  0I  tlu   ''iJCl,   continuous   íW<linr> oí' 
,»w.* .„., •.„ *, „w, an„ c,ntron„d hf,i<inK ot t,i( io(j      w        "   a 

..««.»bV i,,,•.-,,, *,„„ ,tr„n;!tll bu1 „is!itly rodiinwi   ^.^ ^^ ^ ;__ 

rom 

yoars  in two Soviet   ¡-in,,     r,,,  c,- tv,„    th, ,,     .      ., 
„    A.   tAl-S0?  tn* ^?^2^ìx>r iìrocasa,   *» ascribed  in 
«¿eettoo   y,i nc tlu   >rcr«v «  rr/irv. 

(53)    *part trow high^olatii«. ,okinf coals,  other i^o^w"*^T¡Lt,.,ifti,  f 

which «tr0ng «.Ullu^ci  ecke, e^not b. prod«««, by ito contiena!   ^hn^ 

MtaBtJmms coals, >>rov.i ?o»,*,  and  li^rit^      <ïi**s „„»i„ ' "gnit©;.    suc.j coals are, howevor» usod instead 

of eofcxn* coal,  i, ,nariV ro%1Jr a.voiopod -,«,«.»„. for the ma.iufa«tur* of  iron   Í.PP 

Teble 2),     la aU ti- thüSO>  i„i>roVfeIi1ent oí  ßdang  ,,miy la ^.^ ^ ^ ^^ 

o» by otht»r rumns   ím¡*ñ. homing, hydro^natíci., ?«,„„„.„). 

(24)    B^en^v.^ „ th, volatil« citant MUí enktng pnm¡r of tho WoaMy cakJ 

••d, e«b«,t*t:8Ä ,u< , Wadsl. iB cithfcr 1CM.,Ii. diriíntly |r> .; „.„^^ 

eoal i« rirat martially .i,v.ir.tiMz.i ,^  ,h.n ^u„u, rJ   ilk. f ^ .^ 

(2!í)     :,v..,ïr.tu.,.«n-   M'   ,C W)  „j u,,^,,,,,      v,klv  .^,^ o.,,« 

n' K'4' ^" "    li::     "°^-d  ctk"»  **^bl*   for •«•   „. fnun.lr- -,   (..o-,„itv 
25-35^)  wul Mast   :>-...-.     •   0v,.-'tv   *w«> 

carril w,t Uth ^ i,??, of ijKíu cokt. to 19fel 
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(¿6^     The "O-iuntan process     ,  developed in Japan,   enhances   the caking capacity 

of poorly caking or non-caking coals  oy blending   inora v.ith a fixture of tar and finely 

¿round non-poking c :al   (the  so-called  Bojuntan).     If the ¿arem, coul has a high volta- 

tilo content,   lor-.uraperature char   (sei,i-c0i;c)   is also added to thy carbonizing charge. 

Large-scale  trials IK ve established  the technical feasibility of   the process  and any 

future ajplications will depend ou economic  ¿actors   (for extols,   for the process to 

be competitive  the price  of local  coal muât not  exceed tvo-thirds   that of imported 
coal). 

(27)    Extensiv© experiments were carried out by the U.S. Bureau of ¿lines30 on the 

production of metallurgical coke frou anthracite.    Best results were obtained with a 

ternary blend containing 8£& antarafines, 8e/¿ pitch, and 10JÉ bituminous coal.    The 

blond was briouetted under 2C0 atra pressura and then carbonized at 950CC.    Th© product 

proved superior,  in resistance to impact and abrasion»  to premian foundry and blast- 
furnace cokes. 

Ai«    ï»Q-»ta«» ;>roc assay 

(^8)    The development cl  processo» îJT the treatment of high-volatile non-caking 

coals which httv.> to Le partially d* volatilised before being ^riqtietted and carbonised, 

hß» followed two main patterns,     in the first tv*>y of process a char is produced from 

the coal  at hj^ ieup..rature and  tli „  briquettes wad® vith the ground char are 

carboni md at a Jog tessera tur* » 

(2*)    In 7i.-atorn Mistrr.lia, pilot-sfAle studios31 htva bean carried out in recent 

years  xn *hich th«» local suh-bitutainou.i coals were carbonized at  1CC°C in a two-stage 

circulating-^  retort of  th« Lurgi 3ptiî<p. typo,    ihe char was finely ground, and then 

bri,uetted uad*,r a pressure of 30C kg/c»2 with the tar and liquor recovered freo the 

carbonisation stage.    Tfa» briquettes w«re aatured at 2C0CC in flue gas diluted with 

air, and were then carìwnised at 5CO-6Ct°C in a tunuel oven.    The resulting fariacofce 

product has baca tested in suall iron foundries and found to coapare favourably with 

imported coke.    It has also proved suitable as a locomotive fuel.    Detailed data on 

th,  oconotiic. of  the process are not y*t available, but its further development would 

be  of importance   to   /».»tern «ustruli* where tlic  local coal  is of the non-caking sub- 

bitumnous  type.    At .resent, metallurgical coke  for smelting this State's large iro.-- 

deposits has  to in. brought from 2-ew oouth 7alos, a distance of abeut 200C miles. or.'  d 
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(30)     ¿he mï.(ï»l^)U  and  Blister   (;^ani.) » ,„,„,,„„„  nr,.  .,lr,osi 

id-tieol.    Thay have been ,pplit.d not ünly to su^bitunimms ^   ^  ^ ^  ^ 

coal. and lignitos.    The  lattar had  a high ash yield, which .as  r.-ducd io  ÌC< hy 

washing prior to carbonisation.     Th,  clean coal was  (!r.rbon«e,1   in   t „haft   f»^  (lt 

850 C.    mo char was ground to „inus  3 ,,.,  and briqu,ttrd  with ,Hc„ or bitten under 

a presure of 3U Vco*.     í!ít! resulting briete, w,ro .«bject.-d to an oxidation 

mtoeBt at 25Í-3ÜC C l0* 2-4 *•     *« *«•*,  shaped coke ha. b,„n .«cccfuliy Used 
in foundries but not yet in blast furnaces. 

(31)    In the oth^t^e Qi  tvo-stage pmw„„,  the noni  i, devolatiliZed „t a 

Jlï tarature and after char «rinding and briquetiing th,   final carbonisation  U 

carried out at ^ temperature.    „n ,xar,iple  ls  the r,tJ.coke flrMM.34. ^^ 

Jointly by the Food ^ehinory ,nd chcaie<tl, n,^,^ Qnd thd p.s, 8ieel CnrntlM.<ftt> 

*be parent coal  (lignite,   sub-bi tumi noua coal,  or high-volatile bituninou* cnl)   i, 

ground,  treated with cat.ly.ta,  and carbone at low touporaturo.     The  ,„.„, ,inR rhQr 

» ealcin.d and the  pitch used Tor briqU;tting the  char.  The  briquette* ar, „aturod and 

finally earboni.ed at a high tarature.    Coke produced  in the 250-ton/day capacity 

k«u.r.r (Coming) plant performed well during th,  18-woek trial  tn a small blast 

furnace      tf.ing self-fluxing sintered iron oro as burden,  the  rate of. cok, conation 

WM 5* (10 cwt/ton)  on hot metal.     It U claimed that the capital cost of the plant 

i. only 5m of that of a by-product carbonisation plant of .lHl,ar capacity, whü, 
operating costs are cor-taxable, 

<32)    The Otto Co„p.m  (::o.t.rn Sermnay)  has announced the construction of * plani 

of 1 .UH« ton* ,er year capacity for the production of netallurgicel coke  fro, South 
-cot Hgnit« .t Neyveii, India"'36.    ,hs lisnlte u devolfttm,i;d ftt ,„ ^„^ 

ih« roditi«« char is ground,  uri,uett.  (with tar or pitch or a fixture of these with 

coking coal), and the briquettes carboni.„d at 95C¿r.    !.. cupola %tinU with thl, 

1*1. 3# w**tior in coke conation and 3^ increase  in noting capacity was 
acfti«v©d      coopared with nomai foundry eoke. 

In-tittttu Cheaicznej frserobki 7,gle   (Institute oí  Chemical Treatment of Coals). 
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(33)    Crtnin „cm-crJuns coal., can be converted into .ha.od .trong coke without 

the u,„ of  , .,lnd..r.    ^io„,ori„., .tudio, on the carbo„i.,tion of bíndc-.-l... brown- 

••"  ""*»"« *•» "^rtakon ir,  .•,,, ,y during th(, nineteenth centum,   anTT^r 
•everal improvement,,   r,,ong , U.h t,„ „, icu.tUn,, tf „ard  j,^, „m r_ ^.^ 

typ. pre., hy ,..r6lot. i„ ( „cho.lcvakte »c perbnn. the oo.t important,    led to th. 
devient of th. ^-^.pp .roc,,.,* 1B the mo,t      fbe ^ >tep!   in tMj 

-» Ho-h-drying of the co,l .ith »i„ultaneou. ration „f partie!» .!„, brii,.ulB. 

in 0 ring-roi, ,r3S, under Ugh pru..»,o  (2OOC-30CC kg/co2>, and carboni.atio» to . 

'""  "7»*" 'f '<« c-    ». «.„Hing herd lurap-o0k9 i. „..d in „....^ „,„, 
fur»«.. (Ceibe, „ib.), i„ lim kilm¡ or in e,Mtric ^^ ^ ^ „^^ ^ 

carbid« and phosphoru,.    Further dovei ounant. nr *h„ -»— «cTeiopo.nt» of the proce«. wer. r.port«d aft.r th. 
Second   ,'orld ï/ar (fuuml.r and Bilkenroth 9). 

(M)    Inve.ttg.tion, along .tallar Une. „r. ,tart.d in th. 1950-, i» Vi.tort. 

(«..tralia), wh,r» large «„., of ycuné brown coal, a. well a. t,„ ,..„.„ „f local 

.uppUe, of cohin8 coal and the high co.t. of »reporting cok. f• New Sauth M.., 

provided a» économie incentivo to th. production of cheap r.,„tall„rgical  fuel.    I„ t„. 
proco« developed Jointly by the Univer.it» „f ^^    ^ tho ^ ^ ,,,., 

^f";;' W-^W- *• — »- - ~ - bH^rtSrlS, pro..„ro. 
Th. br„„otte. are oar.fun, pr„dried and then heated .lowly to «ft.  ,„„ .p„tMMï8. 

Wxng give, a .tronger product).    The coke produce in thi. .«, proTe<1 to b„ . ,.M_ 

factory cupoja fuel, ,,ho„ te.ted in a 24 in. diuaoter c„p„,a,  except th.« Mtal 

toaperature.      wore lower than with ordinary foundry coke. 

(35)   another inportunt development in the binderte., treatment of „aMy «akin, 

^-volatile coa,., in which the „e* t.chni,ue cf ,,t„.ion hri^ttw ,. „..,, ,. 

«.. sw.tnikcv proco.,      (Soviet Union, India).    fa thi. pro.... ,,„.„ fnmi ,oM 

i. heat«! in a fluids-bed carboni.er to ju.t below if „ft.ning point „* w 

at 38L-400 C for l-ic uin.xto,.    The re.ulting char i, extruded at 400-4»0°C und., . 
pre..„,e „f 15.16    „ ^ ^ ^ ^^ ^ ^^ ^ ^ ^ 

5 C/nin to f.CC-75C°C     r;u. VfSSH ha.  n nilot „l»„t „, „en *       I. pllot 'lant oi «0 ton./doy capacity in operation 
at ,<har«ov,  „^ i, plwming t<¡  t„at  lü(¡ „¡„^ ^ rf coal pw ^^ ^ ^ 

process. 

mam 



f ehm ral  * a»»*.r/*.!*» 
, ;«      li 

(36)     ïot  »^i   f3„.i  -,i   buvlcrl,.«   bri..u.,Uii.s   i»   U.^i   !,.»»  v t ..-r  ¡îi »*»r -.Hiñe 

«aturing of the triquctt s  ir-   «m    -. rf„i,,       * '* 

increased tile .tr<.nf;th  of %.,,,  „k,    deduct    ,ht   , »   . . 

C*    Ati-£lAl ? rue >.||pa 

(37)    ft,.*  *„,,*„ a ftilr teeh»*^.  f„ iBfi .,n,f .tur, „: -..iMI^IcM «*, 
|                tre« v#6ilIy eafctoi? coaUt    A,|r cmmemi     ^,i^,t ^rt,tWll"  / „ ," 
I m*^. «. bu „,.. msIy than „,, „f otK,r rrwt< r v(M>|y   ^ ^ 

rt? "   ;?ur• ,MI "-- •<•»—.•.« -« „-..„,.- „r .,„. 
«ri.« p.,lrt. „„,.. ,,.JO ,^ljf^,rtlnf r,„lti   m, ^^   t V! ^ _ 

sir TT- "u:i **"* H
* "f *iuc^M -'••'"•• •"•""• •"-"•»"'-' «- ..»^tt,. ,„ 7-14 „.,. «,«„ „i,... . pr-Mt ,n,te4ll,. for ._ .,  llw(riMi    t  _ 

•m^w^w^ipjitActifli 

tej»eti00 of alitnmt.v« fUtl. i* ,^%m „  lflet. i;iftt Bf «n                                   ' 

w«r# e arrie« out %n tlw nin« te^nih c^iun-    h.** *\. 

«tit •*«,* te« jraar. ^   u».  .;fffcr„ „r^  ^„^^ |f|j..eiittfi mtkM    mm^ ñ    ^ 
u^*t> *».,«. »«J-'--***»» «ft« proved t« fe», 
both t0€Hoi«6lIy Ktxi «conoLÚcally ^VIBI^^, 

<»)    Ut.  uWoin-d with  ta     *^.cilollf   u t,  ,|:..t f(|miceB#  uf  Ummi9 g^ 

âïSLâsii«ta«us*a^m.fcrtrtAÍOB^¿^alMwito^^ijrrLJ'.-   . 
,     •> »est»   -1 *ii   f><Mii*tBrAttf,»M   ftf   tjp j8   fût-!* 

fc*T« -hown tfcat up  %o 20-3* ^ of  fit r   *.   u--l   »»  t •      • i     • ' 

•iti, a .i^lta^o«,   .u„, incri..a ir  4r ft ovVut#    ^   ^tft. nrteh^ b|-t 

r.dttc.d   to  m  (6 c.-t/t.r.)     r .....M    .»^t.     ,?.  ri:   4. 
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to th« extent of Tvjlac. œ.ni of  coke l>y oil or gas.     fhis  is determined by two 

factor?s     il)    the need .or ceke- to act as a support far tuz- burden and  (2)  injection 

of oil or gaa ru^uiroj increase in the blast rate but this, beyond a certain point, 

»ay batsper the J^wnwavd i low  ci*  %ho burden. 

(40)    In assoasxnj; the  „cunosics of the U8t of alternative fuöls  it has to be 

taken into conaidaraiion that tho overall effects of fuel substitutions depend not 

only on ih« crJorific values  involve tut also on the reducing efficiency of the 

various fuals and of the/r ducemp^sition products,     in blast-furnace trials carried 

out recently in  the- US., it was confirms t!iot the attainable savings per ton of hot 

•«tal art íl.ü? IM coni, Cu.51 for 6ú% coal-40^ oil »lurry, Dû.22 for natural gas, 

and    4..16 for ai)   ~.    für ti lar savings w,rB obtained  in recent coal-injection esperi- 

*»i*t£ la Enfiativi,    it i., therefore clear that in this field coal has advantages over 

€>th#r fuels,    it must be admitted, however, that the coital cost of equipment for 

iaj'ctiiig coal is higher than forfluid fuels.    Together with other recent improvements 

(hifh^r top presure and blast temperature, belief ic i ation  ,f the burden, oxygen- 

mriehoû blast)  th. injection of alternative fuels constitutes a major technical 

advaoc«, r.-pr-s«uting in «one eases an incr«a»„ of as auch as 5C^ in the capacity of 

existing blm* Turnees,    ä»w,r, these techniques aro still in th¿ testing stage 

and amplication is confined to  the more hifhly developed industrial areas «here large 

Must furnace* are already in operation. 

(41)    With cupolas, fuel injection has proved leas succatsful, and in the United 

Unga« injection of fuel oil ha» in fact been discouraged for technical and economic 

reasons,    tec out ly, «wovor, mor« promising results wore achieved in the Soviet union 

and in the Chi tod States'5.    In the latter, Miction of natural gas is said to have 

reined fuel costs ly £l.7€ yer ton of Belted iron. 

i 

IÍ«1 i 1    fit ?oî     Tït   . "V"•**1» •••rtlUhsd replacement ratio» (fe, 
coal   1.1,  for m coal-40^ ci.  ^tirrrl.u.  j ,r oil  c#75    ^ f      nuUkrml   .e- G#M  lb/ 

lb of*.*.),  a nomai coke  »to of 13CU ib pur ton of hot metal, ï?l ïï, 

Ï I ¡5«     ^'i^'/""'Í *>riccs *er* «curtly quoted as:    coal, 27 per tonj oil, 
ton.        * «-tura,  gas,  ^u conta por thousand cu.ft.;  and coke $16 per 
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• •cnic il la» t-r A.1Q 

(42)     In s-îitw  oí   t.-.. 
1 ^, n,rab.r of „.n-WMiUcr.J  iron^Ai,*  .rut,.«.., 

aevolopod recently tlïv- SU«'\.'ïîWV <>v th      i     * 

tor so»* decade  to cosu»,  and  tKrifur    r«k    B1n „ 
»        .   wicrv.or    cok.   ml   ...    rtquirc-l   m   ixioimt*   i-nur.Uiiu  or 

ev#n oMtìodinif the preset consumption. 

(43)    Acaults  tbttiin-.-d  vitli prêtes««;*  f-r    -k  n»  ~ „ i       *   ,, *   t-^scs  i   r 1It„^na p,oI m*tallur¿ií-»í   a ko fra«, 
U^Uttl. coding coala,  and „ r, v4íW ûf ,ro€„.... . ßic.  ^  b    ^  ^ ^ 

future for product «,,tall,r8ic:.l  coko fro* «„«b.tituUV  fot  collii»«   c.,1.   <«., . 

low- or higL-r-.nk, weakly c^hiuz    nd n-rw-Hr i   i      • 
*a      .A*ng ..m iK.n-c.Jwo*;   cual.«), si.ow  Uwit aod^rn t.-chniq»..» 

£» »"<»•"* -•**»*•«* - d^,^^ 0, ir,n. „, st, ^^ ènamiïUB 
•J*-***.  " coal which ^ * ._ic,lly ^ lo |oM (,_lop a  ._ of 

th* .and.    ,^r .emotion, f th« cok^aki», pWe-. slloliId .^  ^ ^.^ 

*«i bili* of projet,, ,,»t ln ^„^ eo|1I|trifc,t ^ ^„^ __ ^ 

than technical consideration* will decide its futur,. 

(44) T., cokes produce  fra« the "substitute  ,r, not only of  wfflcil,t 

—**•* JlOHlh. but («Ilk. conventional e« c,„ K obtalr>,d  s» ^  r^lf„ 

• Wm *MM>-     rh«  latu, facers „ .*  a ^„.^ tniìu^ m ^^  ^„^^ 
I« the futur,,  th, «... of forced cok. in preformo to conventional  co*, «ay „,.„ 

prov, advaatae.au» both in blast-furnaco and cupula operation. 

(45) ft« p„e.M of m<?*n• of finely irüUad COÍtl in,0 ^  í>1<üpt   furDac 

though «till in th«. tutine *t—       i.    .*,<„ 
"  *tl"*   '   ls  ^Vln* pru»***nf.  r,.mts corf offer*  a r*,* outlet 

for »«aMy-caking and non-caking coals, 

(4é>    Ike pr».,nt r»id „t, of progrès. in ^t.furwc, Wki»ol0<sy, «, ** 
extension of th*i roiur- of rails *-*,««*, „„,« v .   *> 

Ca" bi US*Kl   *   r Cok' UMin«'   J«»tify  eamtiétm* 
*» th« futo of coal  in the  iro«. «4 .f.J^k4at tolu.tr>'. 
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