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&, Use of seturel ges and other Hiest eldisives L0 Lreaneling.

Baturel gas 1o the Best populer sdditive to the Viest 1o Whe USER, I%e sonsuaption
pemges fros %0 to 100 ru. s, per ton of Lron the Aserade Le 85,1 su.#, per tes of ieanl.
fhe primcipal effeot of its use comsistecf o decresse of 13-20 pet La gpesific cole rate end
¢ simultaneous gatn 1n blest furnaes sulpul by P4 pet,

The portlive offect of using naturs] gas o6 bl ast Turmeds process astsiata 1a ilneress
18g the amount of reducers per unit of the Gaterial being reduced, Whioh lesds to lowering
the Cegree of direct reduction of Fe frod ite aride,

Consequently, the subtstitution af the cole corton Wurming et the tuyersa by the car
Pen of natursl gss iucresses e asount of coadustion products and the gas proseurs~drej
18 the furmace can overcoMe the permiccibie values, Hence ®hen injectiag neture: gas inte
furnece the asount of blast should bde decrensed 18 ecconriance to the predetermined oharv,
Due to the heat consumption to decospise natursl gas the teapersatu « in the hearth lecrssses.
fo compenaste thia hest consumption 1t is Becessary to ACresse the leaparature of Siast orF
$e decrease its husitily 'oliowing lhe leveioped “hart,

The best sffictency isobtain 1 by ‘oatined 8ffect of (pjecting Aeturel gas and s18uitancous
exygen enrichment uf the viasl, An crygep snd Datu:a; ges effect the  emperature in the
hsarth and the amount of gases 16 the furnace Lo spposile directions ineture. gas id%ere the
Semperature ic the nearih ehi.z diygen ratses it neturs: ges incremsss the smount of com~
Bustion products whi.c xygen de” reases itl, Lhe oxygen efiviohmant af the biast sakes 1t
possidble to increame ihe natlurel gaa . neumptlion and tc lecresss Lhe voke cons.mpion, Ay
{nereasing the nature: ias consulMplion the SEygen cancentration (n the hisnt :an e raised

that Allows the Turnace sutpul to te extended ecordiogiy. The reistionship Betwsen the

eonsumption of naturei gss and that af ceygen ranges from J.n% te J.0% got provided that
gas dynamios ani tesperature tn the Bearth oy id be fapige et o Tha sEymen, netural ges
and blast consumption : jetermined by caituinlions

Coke-ovren gma 15 ome of lne effective additives %3 the bDiast, Oue to ibhe high
hydrogen content {57 -6% pet) (it may be considered s & partiy converted natura: aas.

AR experimental operation eith the use of cole-oven gas having beenm zarvied out,
the output of furmece inoreastd By 4,2 pot, the spectific cols rate decressing »y 9.6 peod,




e sole replosencnt retic %8s equal 0.0 Bg of soke por su.e. of soke gas. An experinen-
tal eelt enen NAIf of Batural g40 Asoun! sss sunstituted vy tne doubie smount of coka
€28 sap secaapanial ;4 waln ia produntivity By 3.4 pot and eitn the decrease of
agenitin ~.n. rageg ny 7 po bt

Decressing the apacific soke rete say bde alec schieved by the powdered-cosl injeotion
i8%e She heorts of furcece., An eXperimented speration carried out {n the VSSK showed thet the
sutput of the furtece incresssd 4y ' .7~/ pot when the ooal dust amount injected into the hearth
of farvece encounted for B0 kg per tom of irum, The coke replacement retio for powdered cosl
*ge slese te ons, It le %o be lakes irts secount Lhe cocling effeet of powderea cosl and the
B8oed for preper incressing the bSiast tomperature i the sone >f bdurning st the required level,

To deorvase the apecific cole rete it1quid fuel { ususlly fuel oil) {8 alsg {njected into
She Rearth, ; injecting A7-93 sg of fuel oil psrtaof Lrom the specific coke rate decressed
W 14,2715, 7 pet, the output of furvece inoreesed by t,1-6,8 pot, One kg of coke 13 eubeti-
Suted by 0,650 k¢ Rg of fue' oil, There e oiso esome inforeation of ueing the coal-fuel oil
onepeneisa,

B, Ugpe of nsturel gse and other types of fuel in steelmaking,

The folioving aain tppes of fuel are presently used for the open-hearth heating at the
fvrs end otes!: wourks of Ahe Ussl

ts The mtyture of cose cven and bdiast-furnacs geses heated 1o chequers is ueed in
speR-hsarth furneces equlpped *iih t®o pairs of sleg porkels and regeneratore and with three
uwptakes

2, The neturs! gas ®ilbBout heating bul with it sslf~carburizing in the central up take
18 uged in the open-hearih furtwces hested ewriler with the sixture of coke~oven and blast~
“furgece gases.

3. TYhe neture. ges *ithout hesting but with the carburising of flame by fuel oil ts
weed ip the spen-hearts furneces equigped wilh one pair of sieg pookets and regenerators and
14h sme or two uplales.

¢. The nature! gas without neating “.! With the seif-narburizing tn fleme or the fuel-
oll etemised by the neturel or cose-oven geses ls used 10 the Open-hearth furnmces with one
uptake

The imst siternative of heating i1s the sost proxising andi versatile as it allows the
epsn-hearth furnsces of the cut-of-date deelgn (vith thiee uptakes) to he reconstructed
enlarping the hearth ares (withou! cnanging the dimensions of open—hearth furnsce itself),
This, sccordingiy, iesds 10 IDocresaing the welight of charge and to iaproving the techno-econo-
81¢ oharecteriati®m of s process. This aethod of heating provides for using one of the high
boet eutput fueis or of the amixtures of thes, sl wlso contributes to improving techno~eco=-
RoBte sharesteristies,




UBR OF WATVRAL AAS, FUEL OIL AND OTHZR TYPES
OF YORL IN IRON- AND GTEELMAKING

A. Use of nsturai gac and cther blast acditives in ironmaking

Fasurel gas 1o ihe most commen ilact adiitivo in the USSR propoged by the Inatitute for
Porwous Netallurgy of the Ministry for ¥ecrous detallurgy of the USSR end Lhe Petroveky Iron
sl Btesl Woke. Its extunnive implintating in blast-furrace practice vegan ia 1937-1948 aftor
tha blest furnaces of tns irun wed steal wOrke near the Imiepar were supplied #ith the natural
tas of the Shebelingky pas fic.d. Por the fi08t Lleem uaturs? ¢r was used ac s additive to the
bleaat on oue ¢f the bla,t furnocee of tae leirovsky Iron snd Sias) Forks in wotiler 1257, Others
blast furnaces vt thie works ag wel?! oas tnoee of “hg Igwy L4387 and Ahose 0f Suc Zuporoghsatal
1ron and Steel wor¥s woira sleg 8upplici with ngtural gee f1m Sherelinkn ln 1958, A extousive
natural gas implaniatior into .lasi~furnace vpsration alme proceeded during the fol lewing years,
By the beginning of 1965 more than 8 tlagt furances wWooa wupplied with navursl zaw, P
the natural ras tnjcotion im uped 1n (M olant Luiin 6y

The practice cf sany blaed fumecve shiows tbat the asadn effect of uLing the

resently

uatural gae in
ironmoking conaists ‘n trs sppreciapie JetiemBe Of the gpecilic coke rate {hy 10 tn 0 pet). The
output of blas! furascee 1g fiugultaneous !y ‘acraascd sy a rale by & Lo b op o4,

The avalleble dnis of the natuiel £as dngaction into viaft furnaces sbow that tae average
natural gee consumption for all %he iron and 6tevl vorka amounce te o4 or Dopet Lo pelanion te
tho blaect snd tn 80,7 cu.m per tan of drom. But at the Boparute worke the consvaption of ire
natuial ges varies frox %0 to 100 Anu more Ciem Der ton of iron. [t eppears that toe apecitic
conewmption of the nsturel gae eatatlighed st the works may Le seen as opiimul under existing
conditions and that its furtuer inoreasing not only doesn’t ead to the adequate reising  the
oharecteristics of Irougaking operation but it 1g acconpanied by decremusing tae autiut of Liaat

furnaces.
Relative tn thy e«tengive use of gatural gas injection in Ieonmaking it 14 esaant:al to

a4

alucidate the tisuvieticel fundarcnuala of new method of operation and ihe individusd reguiark -
ties of Lhis process or wali as %o eotabliah the optimum relatinns betwean the blast comnonentys,.

EfZect of th natural ges injection og ggnerating
lhe incdirect and direct redu. tiopg

The theoretical considaraticns and tie parforned investigations give grounds for suggesting
that a positive sffent of paturs! ga8 Lnjection un hlast-furnacs process cunsists in increasing
the emount of reducers per unlt of redvced materinl, As a stault of incressing the smount of pre~
ducers processes of indirect reduction at tigher and medium lavels of bimat furnece would inten~
8ify. The direct reduction et lower levels of fumace would accordingly drop, whieh ieads to
the decreasing of ocke rate by abou’ 5.5 kg par 1 pct of direst reduction decrescr.

The amount of isducers ‘r hearth geses in locreased oy abvut ¢ cu,m per ~u.m of .aturgi ges
injected into the hearth of a Tumace; the coucentretion of reducers in the gases is visuitansoug-
1y inoreased. Both the factora lead to the ircrerse of indirect reduction and to the rdenrease of
direct one.

The relationship beatween the amount and the concentration of reducers in ths Bearth sases

-da




and the consuaption of noturel sas ie shown in Fig.1. As can Do zcen from thie greph lucrensing
in relative amount aud concentrutior of reducers depends not only upon the cousumption of Retu-
ral e dbut also upon “Le specific coke ratc: the effect of natural gas cu those parapete~s i
increased witi ds.creasing n the gpucif.. oxe rate,

The referrad data of iscreas's . the amount of recucers dve ta th. Iajeution ol natural .y ]
into furnace xiven above are contimmed by Lus aats of Tavie i. Thage dr%a wel - derivel From ~Ale
culating the emount of reducers {hydisgen and ¢axben wonovide) vnder Lhe 7501 ¢nditions of [ ]
bisst Iurnawe operation {Jr several perlocs sach with “ha vuried agount ol the injected natural
gas per ton of ivon,

Table 1

The awount of reducers per ton of iroh deperding on the ampunt
of netural gas lnjected Into tha C[urmsce

Naturel ?s : €0 amourt at ¢ Hﬁ amount ai. : Tctal amount of
copwumptlon, the bLlest tuyereas, ; tho bDlast tuycres, : raducers,

cu W/t of : cu.i/t of iron . tu.m/t of ires . cu.a/t of iroa
0 g4 % 1044
124 847 e 1195
170 “nz L7l 1280

The data o1 Table 1 shor that In third psriod the sarmin* of cerbon monowdde produced the
blast tuysres due ‘o the inijection of metural geo decrcasad Ly 4Siu.p ve~ ton of iron{as p veault
¢f decrescing tne totul anovat of carborn buined at tne uleat suyeren)whiic the amcunt of the
other reducer, viz. the uvdrogen incressed by &8 eu. ®m oper ton of rom, The total azount of reo-
ducers increascd by -4, <.z per ton of irur ar by S0,7 ot

Calouietions anow thet ¢ o ragult of the natucal gas ini2clion lobo lasy furnsces the Al
rect reduction of Fe fiom 1ie Jxicde (rd by E.AFavlov) decrezced n thess furueces rrom 50-60 to

30-35 pot.
Bri-ct of ‘he nabuy8l gos nge waw o tbe
liast furnacy gga Lrnamicyg
At toe conslant blaat conaimptian the spuunt of €. Bbusiion products yroduced in ths hearth
prr ounit of tige Lo reases in gropartion vo the canpuaptisn of uaturel ges injected Lnto the

hearth, In this case the veluriny of gancs an Lo 500k 20lemr and bl r pi2sevrs  drop in the
fwmeaee proportional, as .. i3 Liown, Lo toe gguers of gam velao ity
An approvisate - nuaugiog ¢ valocisy snu Ppresaure rop of gauel In tha furnace at the con~

s 1zeicage,

stant blast conguaplioan depanding on tue cAtural gas conswptlon per Ltoa of iron is illuairgted
in Mg 2, The pattern of curves shows that dif7urence in Speoific caxe Tate escentialiy affectw
the chunglng of velocity and prosaure arop of gases. Wheu addiug nztursl g&0 °.¢ the hlast end ab
the lowsred specific .uke rate botr o  indexes increags Lo higher walues. Thia graph shows that
when injecting 107 “u.m natural gas pac tow  { fron she gas velocity san loss of heat inorease
by aboul 7-10 and 15=00 pct respuctively,

Bffect of the paturs kpjection on the blask consuwaption
apd on tbe ntengivy of coke vurning

In wost caser of rstural ras Injeetim it 18 nucessary to decroas: the ¢onsumption of blast
Por wnit of time for thas pressurs itop 9. gases in Lne furnace uct o saceed an optimum valus.
-2 -



Besreaning the conmmpsion of bieat ioads %o lewering w2e Latensity of coalis cembmetion and “y
result in fall of she fumsce output. Tig.5 shows the Aecreass of blast conewmption and shat of
the intensity of cake ocombuesion deperiing om different amow s of natural gas injectes tuse

She furasce at the wpecific . oke rate of 7% and 00 kg per ton of iyen 1f Just the same leavei
of pressure drop of gases al.ould e kapt ir the furnace, %.en ‘nje ting, for instance, 100 cu.m
of naturel ges par o of {1 the decreans ol biwnp: SOusam Lion By us eXDected dspending om

the specific coke~ rate, Huroxisetel. vy 8 0 ol and Jow., Cing tae coteasity of goge purnine .y
1925 pot,

Bffoct of cthe naturys gaw wlevtdoan on ne plast Domece SutRyt

In spite of lowering cne ntensity of L Ghe wowmburtion when ‘iscting uatural gas the oute
put of the blast furuace, fav froe ferweasing, tr sccewbat higher, Whep injeciing nutural gas
with the lowering ¢f coke combustio- intenaity the dssreding 0 wueciiic coke rate simv)taneous-
1y cocurs by tha sneme nighe: value, "nla furtor 4 “prtyg e TREeging of fuompoa outjut ! the
direction cpposite to *th. mciicn ar ‘owering Lhe coie BHTLiRE inteisity, The .ctual output of
furmace ie ostablished arpending on tue ‘eigloonsllp Lotweesn the o oke Durnlig intepsity and ite
apecific rate,

Sifact of the tmiursl 08 Lpjgction on tue BReCLic coke pate

It 1e established thu: ~n-» cu. o nguural Btn GeCreusan the wpeoific coke rats by about
1 kg. The spacific ceoke reta ig i reaced, aninly, . r veg.lit ., Luwaring the degree of lirwct

reducticn and, pearily, dus to Airect suhsiicuting Lue c0ia cupoon combustioe at the tuyores by
the natursl gas cerbon, Moreove;, -l spec i l'ie ~oke rate {a watreasad as a Legult of lowering

the nolsture of blast and raleing 185 taw, aveture, wonlch 'p vrust ehay adding natural ges Lo the
blsst.

Bffect ot chengire gog and atock vomposdtionr ¢n Lue LOKe c«.»ﬂ_g.vgaa.igg
fntensity and tne riroace outius

When injscling natural €85 iLGO the furvace some adu' tionai fectorr nocur that tavourably
affect the coke combustion intenslty snda the “urnace Juiput incroesitg  them mgainst the cal-
culated velues. One of tieme facter g upgradiog the heaith gapas ny hydrogar that decreases
their apecific waight ard viscasity, An a resulit o pPossitiiity grimey t

to lncreane somewhat the
blast conguxption md,c‘onner:\,vnﬂy, the cuné ~ombustinn intensity at tio Doavious | ressure drop
of gases in the furnace.

The second factor la licrecslny “he burder ‘utic ag ££3UlL of dacreagirg the coke upec i~
fic rato. This factor wncresseu Lhe a0tive weight of stock celuan and accordingly mrestes a
possibility to operute wiin the highar—tagn-nomeal pressura drop o' gapss in the furnace, i.e,
with the higher blasi consumpticvi and Lhe .igher intenasly nf couke hurnicg, lue *u the positive
sffect of the fnctors shown above :ha real lines Characterising the blasi consumption and  the
intensity of soks corbustion shouid be located on the grupin of Fig, 3 whan Injecting the different
anomt of natural gae walil abova the lines piotted in Fie3 an accownt of tolenlated data. It
mey be concluded that taking into account the iate raction

T of all the fartor: the condlbicna ot
gas dynamice of thr rfurnece allow for lncraaning the consumztion of nstural ges aaly up to : hat
value at which the loworing of the coke carLustion intevsity i1s atift rompensated by the derreae
sing of 1ts rpecitic rets ond the ontpul of fuiqsce ia mALL

eVen somewhat incressed,

Lrfoct of the haturel gas injectiog on the temperaturs in ths ncarth
When 1 kg 3f the carbor of Suke Incompletely burns (into CO) at the Luyeres iue heat libe~
ration is equal to 340 Koal but when 1 kg of the carbon of mathan (the Jominated pact of natu-

taived at the previous ievsl or 1w
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*al ges) bume, 1t liberates 758 Tcal of neqs ®ly. by buming BN 4 7O pet mors saoen s
rroduned than when burning the carbon of sake. Consequently, she theoretical tempevature of as-
Pume) gas combuation 1. “orwiderably lower than Luat *f the earbon of caoke, Wuen buruing .ogethes
BALUrRL gas anc coke at the tuyeres tie higher tpe relntive Consumption of natwisl 8%, the Jowep
We temporature o ERBeE. Iy ‘ocroaming tne specific coke rete ine affect . f nururel &%2 o0 the
Sampereture 4. the . ries oy Du'tidbg v i Femved. The 1.4 “tive d8te o Lhe theureti. gl de. . vane
n temperature of TORPUBLION YArRUA .- pat AL @B consumption gt Lis AN cake rele ur
N0 awd 00 kg . ahowr 4, Yigau,

T™he theoret.ca temperat. re 3¢ Collviationg st te FEEYIOuG [evei ca1 Lae Foavided by tne
sdditional Leat Log o1 biumr anl/or By fecressing 1t. umidi Ly, *he rated value of neat G aegres
or decreasing tha bamidit: ar > .4 deread.ins on the Tatural gas CLDaUMDt o me Lhe Bpecific
ooke rete of U and o RE 4 oWl G Fig, e

WL the uue or Lae sBaL . rmounte o, neture! gas . up to i cu.m per top of 1ran) added
0 Lbe blap+t 3¢ TR e WLt gt Lhe AX'rA  eatine af Rase LY Lo aming 1ts numidity, The Sage
iz that due to POCTRRSILE Lhe mmoow ey of TeSUR AR in Ui beartr gszee wha oM astural sun
inte the furnece ihe AU o0 Gvoreaseg At the upre:. .na 8L tie i gdAle ‘oaveln or urtace ime
PpPOYS and materigis snterirg th hessth offer Lt #ure degrae or reduc t i, deacy they reguire
1ess heat 1o treat thenm Tirmily, it ay . te ar A tecaine o1 e tamie utire ip the hew-~tn aaterials
mtering there rec.ive TR Zmew eroug: gt . TOBRIRte Lta | iocess af FMAC 10N o) pmal (er
SAMuNt of Cxidee mrd ot Sran oand SIME cme | ing,

dowever, the fyurihe, N rCans of aatura  cnp PUMBMELLIOL i jewd 1y ng leSpera.iure 1y
e hearth tg te | wered e ow » Primicaibile ‘evel, ot "hich At can sparate sormaliy. In thowse
CaNes Dlocking ur aceupp - Vhe o8l i apd alag tuyera, Teglin to byry eavily an: Lhe Fare
nece 1dle 'iges SOALLY Ancammne. TF ce ng, “are Lt le taraseibie to Thime

5w

the teaperatyre ¢
blast wid to Lwe: 1ty moiaty e ontent +p. 8Pl voke raLe

the officiancy of Teturel gAas Lliliuation,

Lo he lnd ressed thet Ae:reases

Cwbequantlg, fram Lue peint ar vlow o1 temrers ture conditiong iy toe Learth of the furnace
the naturs) E88 . onsumption cgn UILF CARy WP o wagl s valus &0 which the smount of heat trange
ferring from gases anc depending o *the - MOUBLLT tesporature I8 suffi:'ert to meet tpe heat
rulireBeLt Of legry,

combliied uge oy s L8 gae Lo lectdop and -2RYAS.. ehrichment
Ol Liest in vigst- .8 Qf i

By combined uslng patursl gas mpd ClyEen—c.ricoed tlast atrd)) Rore favourstle offects can
e ebtained than by VLI TIEING natura . fue alone both i rataing tne Liast fwnace productivity
@M in reductng the LRCL e CoKe rete, e ape g AL oxyger and natural #a8 affect the basic
parameters ~* 1 intefurnac e HIOLese, V.o, Lie Lemperaturs in thy nearth and the pressure drop
of games in the fummace, in Proeite dives tions, whico magkega §t yrasible to conaiderably raipe
the Comaumption of both of (he.e “iaat comnonents wi thout changiag neliher the tempersture in
the hearth noy tis Pressure drop of gases o the furnacs, numy, for tastan: #y the natural gea
injection lacresses the aasount .of KFa8E 10 rhe Learth, which lesds to increseing the pressure
drop of gmsen ip the Turnace vhe Ayger anriciment of the Liaat decranges . tn nitrogen content,
which leadn Lo the adouUnt of gmger .1 ha hearth and th, bressure iy of g#sen in Lue !'urnace
to be lowerwd, cnge vently, 1t s jousivle Lo chooss puch a telationship tetween ustural gas
and oxygen addsd to the blast the: tye BROULY Of gaken produc sd In khe hearth per unit of gmmag
would not be changea, lnjactlng Latursl gus and OKYgAn eXort the gledilgr oppomsite effect on the
texperature in the hearth of fu.ngce. natural gau loweis thig temperacure whije oxyzen raisems

it., The correct selection of the relationshipy between naturai ges and GAygen allows the tenmpe~



rature in the deari! of furmace to rveain unchanged,

Dus tn the oppos:te efte:i of aa'u al zee ana oxygean on Lhs blast«furnsce prosess pareme=
Lers shown a%ave it is posmible o0 it .ge consusplion both of naturel gas and of OXYEED CON~
niderably, Decisusing Lue cpec ific coke rate anculd acedunt ror the aatine! 3 inisction but
increaaing the lur.s s ipat Tur the oxyge. ear!loment action,

The reecdia vl a 0t f BXPATIEEr .nl Gperationr Ju.'cBte Lhal Ghe !LITACe output riaes by
aboul 245 pet per b pet of tuureasing (he oxypes coucentratic. in the tiant, The mpecific coke
rate dacreasen n propuct iR D Kbe cdee Mmoo rpeciiie canurg’ #RE Ccrasuaption by about 1 i,
af (oke per cu.m o netursl Zes 17 jed oo,

Derelndning 12 uebtured e, valied en' blost cogeump.’ on

Changing ia the - out of “leat oy the won~cumpe ated fujecting nature! gas, oxygen and
Glher . fferent sdaitives 'ewis % the ivregiiaricies of éas yrami.g and 'amperatu-e cond.tions
¢f blast~Turns e procecs. hetires ra o lectlng, .ot eXMup s, 81 the previour tlast coosumption
Jeads 15 the rise (i pressire urop ol gases in tue luimacs, to Lie perd drivany ot %the Yermasce
and ptock lianglugy the oxygen- eni-iche’ vlast incieeses th- tewrterature i the 2oLes of cOFDUsw
tlon mna contiihuter Lo ~he sul)liaatin. ~f clag- sroduc - ag complaerte of the burden inc “uding
sriicon monoxide, whiulk . ibo Cufn, @aifG lem08 (. The hoil aciviae of Lue Imepace,  angliaga
and sllppirge of Lhe eteck., Hance in auy C!Buging th: rleg® =5 .tent ‘1 e necentary to ‘ake care
to keer uncronged ‘e Ras LYLBE LG tna CSRPE . LL. e o 0ncdl b, ol 48 6U1iBhad LU the furnuce uvnaer
congiderstion. ¥hen in:c tlg ubiare.l ¥a3 guwh zeesurss ar. .l decress. 0. biapt consuzption
ana the rise of itr temperature, whe cing Iyjsen-eniioted L.ast, the raturel €% dujscting or
the wcistening of ke bloal, et:. Some aatiods culsidered beiow Are to chauge the Liast rondie
tirns 2l the furmute wher nntural gss  oeoting ead GayReu APULCRECNT LD suCL v wry Lhat  gas
dyqamice and btewposature o witiwra 9l ‘li wmelo would Cemadin Lnntaged,

Rele.wAn:p tae hAabulu. g o JidWaphi0n al the nonued
fatpogvner:. ;¢
The natural gez rensumpt '~ Bl ke Lomil Piast 18 detemmined t; tw grouys ot factors:
the tempe:nture group and th~ kaa dvnasi-» ane. The iiprst giuup of factors fucludtes: an inidial
developmer. ©f divect redu.tion, wr A giral sxrent o artir.ctal molalening of blast, reserves

for lacreasing the “om,. caturs ¢ Llaat,

1f tco proceed from Lids srda f Cacic e ihe higher the . r1ginel #x! ¢ a1 di:rect reMuciion
of ke Irvom ferrous ox'de, * e prester the cpti®icial wolsteuing of blaet sud the Ligher the rae
BEIVe O Lo iw BN 0 1's Cadpe e turg ave, ‘Le more natureal gas cooaume, tion maY e amsiuuad,

the seconu Zroul of fac? re 18 characlerized ey tne origirnai va uer uf 5 pas pressure drop
In e furieace wnl by taat of 8 CLoke LT ng o Lenaity, by tle Acuive me @t 0F stock column
und by the tu; gas crmpcec:'ion,

Thirn Acicas the cousulpi:on of nataral ga8 Lo be incressed 'o surh 8n eXteni when the Out=-
put of furnece becomes Ligier ur remains €Jual to the output uvnder rorms! “oncitiona, The de—
Cresse of furnsce output reiavive to Lhe timesl coruibions iudiceres that an optisum value of
natural <8r consuepliun i excesu-qd,

bstersin:ng the pstural fas CORPUE lion at tae
LAYEe menniched Ylast

When criming tur xygo concent:alion in the Siast the natural gaer corsusption im to be in-
¢crenned in a deflnite relation. 1nis dependenee ta siown o PiIg.c for the apecitic coke rate of 700
&ad 500 kg. Keeplug thir denendence buivwesn the 1ise of oxygen and natural gas consumption the
tempersture in the hearth and the pressure~drop of gases in “he furnace would be constant.
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MM’L&M&Q
dependipz ~"_Ehe nakured gew oonsgcion

Men increeving the astury! BRL Congumprtion . ig NuCessary to deoreame the normal blast

in 8 relstion thet in deterntined hy the recuisenar sy o karp conmban’ the vulus of £83 preasurs
Arer in the fumece, Tha tentative capaniuige o vlaalr e, n3vaptton chong!ng i,'.5 pPer nlnute) on

the naiure; Bae consum.tion (m- DOy noW} b smhown 1n fre 7

e
Loversizin: cne co ALERLILE of 9xvgeu- :DT.ohe R-20%
delonddag, 02 the attuwg pac o e MEption
“l.e blast re uiremant iac veases b bhe ague [ atural
o¥ygen. Thia may be seen in PLg.7, muure o0 PRI P
highsr the lines indicating 1t ava Jocated,

vas conectilion when it ip suriched by
YRy E6D onceutration of the blast, the

ChapRing tue welgns L coke chsige

Wlen relaing tue naiural & ronsuwttion voln (. tne nuesl apd the CXygon-anxriched blasgt

Vit mpecific coxa rate 19 reduref trac lomga g the tozxsaming of runien ratio PeLy unit of
Luke welpht, Wheo the tusdes ratla nr 1hs Conetet weighi of ore paTy of burvisn is controlled
by the waight of coke (hulpe B depergence W Le et virateo betsesn the mount of nmtural gne
1ajeciac 1530 the fwmece and fes vrsnin. trha vooke Crarge

T.timating rhis Gepentonsa lu g NEIPSBLLIT L0 tuge nte w4 count

the ccefficieny or noke
fubst.tuting hy natural B&R “e.culated : ~vicusl. for 1 .e &

Luan s Lons,

¥ . \ . - a Py
T T By I " <y NP e T
ORIV 20 Lot into olsat farige e

COLs ~Ovan xar ig ons ot Lio efiact lya awdt Yves to the kb 3t ¢ o ributing Lo tha decresse

of rpecifir coke IBLe. Jus to tpe rubstans s Cantent of 1ree hrdrogean (h2-53 ¥ty and relative

tonatinged go g lertly convarted naturel
£a%, Its cnlori e value iy QGLUY Lve tiges cwep Thos tart of naturel gee, vhig RBeans that when utie
10210 1t in the hent Instal,a%icne f apear “Ullers of gtean POower nluats, woeking pits ¢r ~oliing
nil. slenta, etc,) 1 eu,m of ngturnl was ig BPiivaiant ta 2 cy,m oof

SOKa=cven zas, that cen be
Alrected at thig CRAE ol Plaet vinmc e, g feulaticns o PADOT L eLtA) malh in ong vl the blast

Tuvaces of the SAROTOCLALA rer wnd CLERl Forim ware cavrsed OuUl DY the

s

raell cortert of Lethag (P9=20 pey) TOKE=dvan i e

institute fap Ferrous
Metsilurgy «f the Minlsirm I Ferroua Fetmilury o tne it to Ceterairg

the relgtive eftfici-
rady oF utilizing coke-oven es: (i, DY usl futunces Ir 1 Islicn te o agural gar, Haltl »f the pnetu~

18] gre amowst was ¢ etituied o otLic cgee B e donsle amount sk g8, The calculationa
alowed Llat (n aubrtituting Y ¢ ¢ natural gas amonar oy COBE Vel wan ag 1% wea descrived sbove
a8 +d-1.0 pet wain 1n furnece wLput enu 8 L5k po eCreane ol apcciiie coke cate nayY bDe &b=
Lalned, Theee values unidlie vhes natirel pus Culpitel? suostiiuted LY Coxu~oven %8s in the
hIMe ratio, An sxpericsntal celt when heif of natural gan ariunt was subslityted LY the doudle
oAt of Coge-oven gor leads to Whe more fevoursble festlua: Lhe gean in outpur smounted Lo
4e® £CL, tho spesitic COKD rale s eng. g 97 el pot,

The firet eriu of N30 Iug the (the-sven gar Llong werc tarried out on the vne of
blast fumaces or .ne Kuztietal'y Netsllureica Coghine 1p dog 907 end in Juay 1358, The tokKew
LVen gai consumption as 5.5 Jou et o Lnat ot birgt, A BEPaTate peTiods of .fme the gain in
the furrace o .tput sBounted to 1.1 oL oapa b, epecific calm ;ate Gecresuel Ly 7 06,0 pct.

More exteusive ta-in Vile carried oun al e rane Comhine in Gnd=1%48, 1t gus Tound out
that the averana of uresce driving was iaproved Lo tnieting the ‘w<e=0ven gar into the “urnage.
Fith the use of “+* -~y x coke~oven ga: per tog of ~ron produced the gadr ir output swounved to
%,2 pcl, The s e ific “0ke ale decrensed by 1.6 pot, The coke renlacemsnt raiio was C.u3 kg
el CU., m,
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Pg.6 Depandence of raturel vas .1 suap-
tion cn oxyuer rFurpticn, =hmp
Keaping the thLeoretics. ltemperature
wf Burmnicg 2 ¢ presmurs 4drop i1s the
furnece a. I- same levael

mer-w specific coke Tate o wX rg
= = « gpecific coues rave . “OL kg

Pig.3 (Jeft) s)addicianal Neating of
Blast when injecting meturel

. 1286 the hHeerth requirsd Mlz

the previous theoreticel tempe-
reture of “:eming.

ulDecreasing the blae?
bumid' ty «her 17 jecting natural
g. isue the neartt equiveient
its Peat sffect 1o lueressing
the vlast tempereturs

- origloal gper 111c aoke conewep-\
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Pig.7 Changing tne Liest ~onsus,tion
(cu.® per zirie) dependise om
oanging the patural gee L ou~
aLBptici, o .& Her hour! when
k«eplig tre pressurs drop of
ghdes Ir "ne furmac g gt the gope

stant lev
. rw- 0? Lo entoavinn Lo Biagt =
1,8 oot
- = = 0, “oncent-ation in bisst =
29,0 pet
22 AT Oy comcontration in blest s
50.9 pet




A wmbutanisl decreess of srecific ~ore rete way he edta’ned by i81ecticg powdesed cog)
el into the uearun -1 Curmes s, e She mibetitetes of cuks 14 e mast sipedient to use in tale
tane Lthe rround anthres ites o 3. wcOMiRc toaie WLk a Traglble Yomer  ggrert 2f ask snd  that
6. sulzher and witn il calorific valse,

e falli-ecais tonts L7 ju ectin: tne FORIErmMI C8nl intn the Beatia of iimace were airied
e L the U8R - LreT ius¥  lroma und Gtasl ®oreg L 55 Ty wround sntirecite dust econtain.
12g 16=16 pas of age L B A A1 ¢ AL DM mee uhilited om ok fue .. I\ wan gooume to tha airne
ol 205,03 ma, whicn piovided oy the Coaplete J0aburts g in the zams of . abuat| . When g9
tirg powderer 6ol in vhe SAGUL . uf Tedy ot g Leogd fontraule . of Loke Wiis cgnm HELIion reaused
<} AB0LE Lhe seme 9alue

In 155 Lowisred Cums ske Intectsd intc oue ~; the tluAY furiaces pIoduced ierromsugsr.eas
& ths NowowPulak: [ron K. Jtes] #rrea, Thg TOMRED L1 Y Nt ey g ped LB 1 S 1 2T IRy
L. %romsnyang=e,

br tlot-y . ap in e sing the [ wue ol Cimi LBtO the “emivy, o «a8 calre Blast Cnace ese
rriied out by TOVIITIM et &t LOIBgand.auXy mp. my o frpg: TRV in 1A 1965, 11 was  abown
PAL @ pert 6f ~oke Bay De principe. Ly DL tutel 1y e Pudtcred ~oml, The powdesec cosl one

LT

suaption was fncrapged S (T TR CTen. The cnoe wilacsment rai ;o {rezalec . atey te
catlon) wee _inge o waitye Ta- fomaace utpus Lrgreasel by L. 6 pe.

‘A er.erizanta; PRV T @ESh the coatined G- liciiom of PPLBTYE coal and aatarel gae wie
caTried at by Lie lnetitute for Mariine Petulluigy at she heporoghessl Iroe 01 S3es) Worke ji V5i7
43 & resul O Lujection rto Lthe crxvue o slast TR 8 Che g round #3114 fuel of AB v iear
in & reta o1 <00 RE per oton - Sl o The mrec fin e AL de: enmed vy > Pt st the ougput

&7 fumeace Lne reqaed 1y Pt lho coke PuL.acemant Pt mpowted t- ke of coke e kp
rf ccal wnabend 7 kg per “a by cajenlats g,

MMen injec ting powdered o) fuel .ato Lr. PerLtia ol furace g DAt Rscary tu Ltexe lnty
&euunt ths SQosuny affect 5f pomieiet ~oal wnop A Las sopent ¢ enleilrg lats tra ivpeace
Lan & temparsturpe azif,":'.‘ wilie .he coke BULBLLLULEC ¥ 1 anters Wi tr 1 me 9% ¢ Rbugtiom with
¢ tomperature LOVC, In orde: o prevent tnpe rgi} la burming Lempers‘uce it '8 NeCenBiry Lo

riee tle biaat texpersturs Ly & value weuanling on Lhe JUALLTY o Lowdered -ogl injected, its
hmidity, and ches cay

FoMteRLtior, which an.uld e cajoulates s aretely fo; emsd Cana,
;ngtzzsg,;im.ﬂgwﬁ&ﬂgsw& o

Along witr ingeting war an: featd Tuales (nra 1. tumases the

taleeting of dgutd rae,
(usuaily fasi ot ,pe. “he hemcta alsg Count oan ELleln Ve uae, dccrdingly to the date of 196%

e 170 blase furneces ! PV B, Yrage, VSR, sreat sritegs. Sermar Pedarg) “9Pputlin gmq i ovhey
ctovntries operated vy th tae tmjeciien o liquid fug; .

Tha afficimn.y ~r uelng 1850l e, areniie un tue Wl it lann, 2t tna Nizhny Tagar!
Metrliurgical Towblie Tibie mdiN wpen o ting B7-47 xg 0! Fue i per ton oy ftrem, Lacreasting
e Lexperature 3 o, agt VY S L7 ana tecresming iga Phlatuie cunreay by des £ per :*ins cthe
Bpecific zoke rate decrepged -y Bl =V 07 e, ne etPLt b roaget vy SuT=h. 8 pet, Pha Toke po
piecermat ratio by fuel o1l Rasunted 0 6 o4 g i fue 05 cer X of cgxe,

Racently r.me attonpty . 88 Uni,e L Ug the COsS <y 9Ll alugpre i bisat fumaces toN
place,

B. Use of apvural sas an. o NI trpes of Cie
o .‘;!’M‘ ne
The Pifth Year Plan of t. national seunomy d-ve'cpment of the UGER 1a 1961970 sakes PR~

visions for nigr rates -f 8teel prodaction, snicn wijy &liow more tham 120,000,000 soms of steel
- .3..




C: e predeted da 190 afiualag wore e 0 pot 6f aper -peacth steel,

The Wiz, par- of opan-iaarti stsel la total etoe. inluction 1s att:ibuted to She feat tegh~
SRL PEORCe 4 in trie BoieoP LT gteeinaking 80073 sll due to the iatenslfication of produetion
roseses tie 3 T3 OxyRed 8Bl CATUCSL .8 LslBR; Y Pescrves of the Lagtar our esantry ogcuplies
Cae Tirat piicoc o in o toa Wl

Pre~o. clr Y tre GBEN [ iy ‘notha simiem Al Furerprisgs «0ord nated to the Wlatry Jovr
sroous ¥orad o v of ths UT24) gore ol D70 TRICLE o Denonewrt’ [ Graces aperates with ngtus
‘Al game TTe vest Y rumaces (Ve LbaL Ome ALI @) STeatas #ith miFLUTY 5° Coxs=oven and blect-
‘arnAce g o A e.l of 1aoreces sparating with ratiral g.2 BAg U, Loe-u-taxe design  and ases

Tucid ol $0 (2rGusITe ths Tiawn, re sirar DeTt T f ciLefiedote dastgr wu'n thres uptakes mna
Aif=cazbrrising ot 76 I ibe sertoml gpbase.

Frany o she Louoral s acplring n ferm™us setali.,,® Lpe yiintapel L gpc8 6l open~bearthn
QML OWESS 8 P LYY 18 0 s oky - veq 1) Blasi-luitene masen, Tue all spu rroducer gaa with the pre-
Asdeary hoaileg of ge e fed, silen o oualdesecly compiloated the Cumece dotism,

The gatirel ges velag %' ~ultebio =o' nwdy 2 LUIDK ALl ws the Livhe: LecLnOwesonomic
coarerteristice to s ohialred Gl T Eh Casl Aty sence *ha suhstiiutiag o all other fuels of
a ealoTAfie waids Ty ~utural pes 3af mn exogowie sdvartese, Tha 4 oretiadls esrranplon of nee
JT&l @PY A9 wn Open-dar .. "uel duriuy the aat Asr wde npeved b pvpedierce Lf 39 teevl. Tha
iheotelate Shr.e~uLtake Ofe -fe rin IiMmaces gl trehecting of fue: have Deen seplaced Ly the
‘9% upen=haul B Turvaces mirv ' il L ‘e g ard aclotensice, Theae | irmeca:s bave om~ or Yeo
JedRAS une one Tar. oF regencrelive £o rart (e Yagned atr e S

Fremomtliy only ne=y: (8k2 “pen~issvih Curne ern woe conet e ool aud i Lhree-uptakes {upre
inm ora graduslly rercretructad fnto e spteks Tiungce@. In f0 eiun Steslmesing the Wy~
it fometes o7 opc-uplase 4p31en A inats MBces Lo furneces 0 oo per Jepian De*s n their
<At T3 @l La tra g RS 1 etael oG ed: Lo Leet (hess Ty oneesy nalurel “ay an. fuel oll
e usrd,

The eiys.s.2a of onz-ictade - 20 he 0 furracmes is dus 0 wore simple cieaign of At
Saioomt down struckure AT furisce, to ML TRNLInl Lese ~estsience of af-—and . ums wAye, to
waadel conptnailon S reTIATL saew Por atiling apd weicienmance ~f Lo, t. Jercemuing the
' oF repuirs, Woreovor, in motermlilug She Uhrwa—uptass Lprn-hesrtl furn-ces ‘n%e thoes of
s bty desla 18 1e poselrls to enlarte LBe feurts aree ty cUA0 et Wizhinat subsbentis?
wgLn s vae Umened s of fuciece Ltaell and, conceq a tiv, o Laciemas L weiyght of snarge.

Viwaver, whun Pealliry ota~t7lr Tulfe” . 8 ) ZATILRL mis LYiow tle oD W iC thnda, the
2aw 18 MEneluBioiong and 1o tu'e taae e Taho-econrals charectarigtics datariorste,

Ity rataral saces 30 Sas GGLL are bar.caicy 7" ar cemd.ly .ooduce (caln’ous flame §f
< LM Aogetuer W okt Ligale fae. o foel tl, har,,

dost of Lue b ororr Lratslleliqom uAa:t Lo et the Samsurbake OLeu-ReArts Cirmates  are

srchonne. <as-tusl ail U ners witD tre U» treal reediog of {uei oil. Homawver using °*he
4 oTup! ¢l henting ‘'t 18 LAt esBary 10 eve K3 lua: caprvieces 1. the shoy  aod two types of
s blig IRstallaticue or ore Bt 30 e fntoliere oo omhired JAStALLAY.0h on the furrace, whioh
Ces taY aparstior of urmaces atTe cosl s and o wrlicated, Woreover, upen-nsatilh Dumeces
HaANe Lan Low~guphur fusl oLl toe 3 mo e tnan neturel Las. Hence ire setnris of sasursl
13 Yu.ving are jnteneively cavelusnd crovid ag for ottalrirg the amlcyoms flame withouk fuel
vie

‘e eHanging ‘he ruel ha ‘lree—untake gica-teartn furnsses heated wit’, “he mixiure of

= an OBl Llast=fu.uace aues & 85 tal.ed uathod ¢ sel? woburtzing 7 atursl g8 in
CM6 5Tt Al uptate was uesd, Ll h ®RC leve lopad t» *oe 116 1tate fur Ferrovs Metailuigy. In

oA s tle Lut elr FIOE rEsenarREOTS I8 Ted invo tha Tumecs vreper nat throngh tewo uptasges
ve $100gh thiree vues. A rert Of gek 0~ W pel) 8t LW pressures (3 1000 ma 96) is supplied

T




$6 tde sentral uptake (previously & gas u,take) at the level of charging floor and the rest of
6as is supplied st the low or nigh pressur: higher iato the ani of caleson. In this case the
amount of air antering through the centrai uptake should provide for burnjng of thia gas with
d= 5.6 and the temperaturs of air should ba 1050—1.&00("'\:. it wvas estabiiamhed that the lumi~
nlosisy ol seif-carburized satural gas consilde.ably increames and exceedsn the luminiosity of
tko fisme Of heated coke-nven ard L amt-rurnace gas sixture, A aore eas-ntial advantasge of
the met.iod demcribed 18 tie fect that ro coanging of “uwinace dagiga 13 required as well an
giving a poseidiilCy t. have ressrves «f fuel, Howaver, tiis metasd of heating lossn’t allow
tor improving ihe design ¢f “urmace ojerating with nsating of the mir »nly and, ccnsequently,
te odtaln all gains from tle natural ges itlilsetionm.

The oew mathod of cpen-hearth fuirrace hamtisg wiin the relf-carburizsd nstural gas de-
veloped by the Instituts for Perrous dealiurgy (see Flg.3) 1e the most promising one., The
sasence 0 tuls meiuod of nestlog lles in srganizatiou o° flame (rom twe stTeamst an upper
flow of natural gas of lew [rereure tLat emerges with a iow velocity (50-150 m per sec,)
from the nvosxslie of 2 large Lixzets with *he purposs o create conditions to decompose the
hydrocardons into tre subastarces (450t ca:ceon, acetbylene, Lensene, etc.) providing the flame
luminioeity: and the lower Lign-smpeel f.ow 5f the ustural gas of nigh pressure and of the
high exidizing blast {(cxyges, cowyresscd mir, 3uperheated ateap,etc, ), A3 & reauit of inter-
sstion of both these flows a muarT grazing flame ie produced baving » Nigh~tempersture low
odge »ith the suffictent lualzniosity and the nigh oxidising abiiity,

The priseiple of “wo-layer buralng of ruel snd the simpis and reliable devign of gas~
aXygen mwunere of highe and low pressure alloew ‘for controliing over a wide range (through
thanging the bummer angle of inclinstion wad the natural gas redistribution between them)
the oxidising and rediation cuaracteristice of flame Laviny tom high aerodynsmic properties
depeading ou the pariond 7 & Leat. [n thiw caga OXYgen ana oiher oxidizing components of
flame are used sngt offic ent)y.

The cew wethod of bBaating ailows the opec-pearth furmecen »f out-of-date three-uptake
desigr 0 be effectively recoreiructied 1nts LiLe iurmaces of amE-uptake ‘sriZn with the aie
sulSaneous enlargiig the heerth mraa anc dounling the welgn. of charge without ~hanging the
dinenslions of =he furta.e., Aliltlousliy, :t ailows for eliminmting tue nezeesity of constructing
the fuel oil taomtaliastan ahicn is Alficult to L.cate at an operating iroun «nd #%esl works, It
can also lead giving up the costly and deficit [ue. (! w-sulpbur fuel oii) in the one-uptake
open—-heartn Turnaces hested wilh tuel 5i: as seil A sisulianecus lapr-ving the techno-economic
charecteristics of thei: operati~n,

The deveioped design ¢! bartier installa%ion nakes it yosaitle to go cver tn the heating
with any ~nneusption of fue! cil witheo' retocilng the furnace 88 burmnecs are 2quipped with re-
placeabie fuei cil noszies. [t aleo sakes i: poestblie w6 partly or compiotely aubatituts aatu-
2ol gas by coxe~uven gas produced o comsidererls asounis at 'he integrated irm and steel
eorka; the heating capacity of coke-oven kos &% tie sCme WOIKE lncTeases Lo o000=2000 Kral per
tu.l Whan separati g oydroge to produce ammonia,

™™o setionis of Spen=hear*n [iMmase Laatingy with self-carturized notural gas have teen de—
veloped and (utroduced, The asthod of Leating th» Lue-untare npen=hea-th furnecer having the
poert sads of one~ - tens chennel and jerat.ng by e.LTep-ors process uxing hot irom wnd oxygan
to Lnteneify ibe . wbugtion 2! fue! and %0 plast toe aslt hog been introduced in 640-t fur-
aeces of the Krivorigas.al [ron and Sissl #ores &nd lo the Fd0-50—t fwinaces 2f the Deezjin-
a3y endt  Bapor.gnstal [roa and dtesl ¥urkas. Tnls meinod of resting is uased at the aetallur-
gloal cuabinas and wulks LAVINE OXYRen.

The second zethod of seating 1= degignated for the lurnaces dperstlug Dy screp process
with ¢old iron but withou' using oxvgen as well er loOr iron sslting furnaces. This method is
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used 8t the iron and steel works operating without oxygen and ! the sachine-building works.

 The advanteges of the developec methnod of heating are confirred Dy tha techno-eccnomic
charecteriative of furnace opsration. Thus, *he output of 640-t open-hearth furnaces of the
Krivoroghatel [rou and Eteel Worke opereting with tis use of oxygan rose under otherwiae
jdentical 2oniitione by S pet, the oxygen and fuel conmusption decreased regpectively by 9
end 3 pcty th: yield increased by .7 pot.

The reconstruction «f twoe tiree-uptake desig. open~besrth fuinaces of the Zaporoghstal
Iron end Bteel Worko witn the uas of new heating method allows the - :tput o be raisced sore
than by 35 pct at tne sisultsnecun eniarging the charge Ywice as much; L& alno reduced the
tise of repalrs as well am ‘omered lhe compumption of vefraciories by 25 pot,

The metnod ot open-hearth fwimace aesting with nAtwral css pelf-ca.ourived { tha flane
doemn’t changze the grades of stsel produced. The suiphur content in netul decreases in thie
case, which is also confirged by the reaclt. experisnce of thres-'ptake oran-hearth furnaces ope=
rating with the natural gas snd ive gelf—carburizting,

A8 8 result of tnorough investigetienc and generalization cf ths axperience of the open=
hearth furnsce operations with dlffecent types of fuel 1z .as Dwen astablished thet lransfer=
ring the open--hearth furnaces to the natursi gse heating iaproved the techno-economic charag-
ceristics of their operation.

It may be aseen from toe most important Lechno-=COnURic charscteristics quoted in Table {1
thet the bighest ouvtput weg cbtained at lhe opseuptoks npen-hesrtn furnaces using navwral gas
with self-cearburizging in fiame ae well as using natursl gas with fuei oll. The autput of threew
upteke open-hearth furnaces baated with natural gas wich aslf-cerburiiing in uplske a n little
leas, and three-uptaxe opsn-hesrtn furnaces hested with the mixturs of ~cke~oven and blast-fur=
nace geses and the preheatlag of fuel have the lowest productivity.

The further development of one-uptake oper.~nearth furnace design as tue most advanced
allowe their output to be raised and other charaocteristics of their operation to De 1nproved,
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