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UMM ARY

The paper pregorts o brael deneription of cov tewnorary me thods
involving the use of Lop. Llowing or inwenteification of the stecl-
making process in open=hearth, twin=cath, wd electric-arc furnacesg,
arr well au in LD converters. A reasonabiy de‘aaded account e raven
of the methods themselver, the melting technology, and lhe results

that cur be nchieved.

In addition lo quoting rerformanc.: fipures tor individual
furnacea, the discussion of open=hearth nteelmaking alvo containe
general information on the eftect of blact tatensity on furnace output
and on the consumpiion rate foy oxygen and {ucl. The paper cxamines
the rule of heavier turnace charpee and facter charcinge raten 1n the
attainment of betier production efficiency, articular attention s
focused on the performance analyosia of the twin=bath Purnaces that
have bren inctalled, in place of open=hocarths, atl exiuting planis.
beepite the acknowledped Lechnical and economic noundness of thin sub-
stitution, this approach throush the modernization of' the open-hearth
shop 18 not at variance with the basic irend, which 1¢ one of primorily

geekiny the expansron of LD produciion.

The basie LD shap i the Soviel thaon ie the Lhree-vessel shop.
In the beal Loviet vhopry Lhe yearly production per unil of total rated
imptalled venoel capactly cxeceda 10,900 tonneg. The paper contains
data on the operation ol Lhirer 1D shops 1o 1971 and discuicer wayas of

improving thie atecimavaing ae thod .

In Lthe aectron on ol vteehmab ngy, invormtion o prenehted
on the upe of vxygzer e the produetyon of very low—carbon, slainlens,
and eleetrival ctec e (with o © contont of lean than G,0% per cent) and
ot Lhe el'fectivenone of vipplemenbarily heatinge e charen by meane of
fuel burncre anetalled an the root ad tharsine apertnrs of sthe furnace,
Phe recul b Baviner o an orleeles 0 sower gm0 Lo W pereenl or

Lhe  onery Peogrip ey ko ool L AT

The vieer®s bev 4 con bidngs et o ot puted Lieom et o

Of bhe moet mesed i te onliook o Mo exiaean o ol tmal g 1 the
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The us: of vaygen has been one o the mosl offest.w moans ot inereasing
the productivity of rteel mille and of tmprosvang therr tacomeal and economic
performance, It would b 10 exagieration to sy that, by stimiating the
dovelopmunt of now techingues wd radically modityin: olde: vaeiy this method
has revolutioniued the oleclmikine procesie The advancer 1n the developmont
of tho oxygen-convertor Stoelmiking mothod s marked the calmination of o
dofinite stage during which the neceoeary data were gathersd rogarding the
interaction of /avcoun Vaypen wilh the Conecarbon melt ard tae 1ndustrial

methods wer: devicea [or the acquisition of lawse amounts ot UXYCN o

The Soviet Union addressed itrelf 1o the proviemn of an oxyyon technoiopy
earlier than did other countric:, Oxysrone oz to ove used 1o the liquid-~
fuel open-hmarth (ON) bie, awd verap proness an the USSR after 194% ae the
reault of exporimertu carried oul =a far bick wii Lin: prewar periods The OH
fumaces of one plant were compictely converied tu u ayntem of oxygen injection
into the flame and refining bathe 'The 'ndustrial uwie: of oxygen in liquideiron
O furnacee operating on tie fterap=ore principle began tn 1950,

The next period was marked by the rapid introduction of oxypen to steele
making by the conwrier, OH, and electrio=furnuce methods and by an 1mprove
ment in furnace performance, The auchievements of wmdividual plantu in $his
area hawve been widoly discussed in the technical Litevature and thore 18 ne
nesd to dwell on them atl Lhin point. AL the precent time, 62 per ccnt of :tll\
O ateel in the Soviet Union io profuced wire axypen al g apecitic rale of

about 48 1 per tenne of tter?,

Steel production by the oxyren~converto: (1b) svstom roached 23,2 million
tonner by 1971, or more than ) per cent of the totn! quantity of the atenl
produced in the country's iron o gleel plantu, Uxysen hne Lkowine won
wide acoeptance at mille Wiing: clectrie furmaco:, whero 1t b contributed
sinificantly towarde nisnlityine Lhe protuct  n of jow=:arbon (:vlmntn:m.

transrormor, etce) ntectn,

Thie report will doeat with the modam vlatemasthemart o o variety of
chunlrakim: procense: RELyT oxyeen, witlh albiention glog goywes ba wbiuclural
modifications: of the acnocratel couapmente Do ovidviame the dovelopmont

tremds refleeted in ditforant production provcescer, cactan parkicular




fuot rec wintah hove oot ol the patae of e m~epneppry the Soviedl cron snd

steel tiduslry must by borne vnominde One of Lhene gpecial factorn consists

tn the fact that when the Ltechnologleal restructuring ot the eotaliurgical
+Auntry bepan on o woridwide taswey the Soviet Unwon kad o very ronsiderable
nteelmakine capacity concentrated in relatively riew O mills,  Rather than build
new converter=proce:: plants, 14 was cconomically more advantagreour and simpler
to achieve increaped oulpul by chifting the OH furnaces to unteppodsup

operating conditionis The second particular factor had to do wilh the

abrence of renerva capacitien, theroby excluding the possibility of cubstituting
one method for amother with no break in production, The over-all developmont
policy for forroun metallurgy in the USSH provided for a gradual chift in magjor
emphasis Lo the more advincod oxygen=converter process, along with a larger
share of steel produced in olectric are furnaces in Lhe total production

balanco,
OPEN-HBARTH PROCEUS

In recent decadon the use of oxygen in OH steelmaking has been the key
factor behird btochnical proprevs in thie areae At mills operating with
the nerap—ore procens (which wceoountn for 85 per cent of OH ntecl), by far
the greater part of the Curnacor are equipped wilh devicer 1o inject the
oxypen into the turnace chamber and directly inkto the bathe Both thene
methods of proceuss intenmification are cmployed cither separately or joint ly,

ap local conditionr way roquva,

The delivery of the oxyeen to the flume for the purpose of boonting
the heat action of lhe furmie ¢ 1o accompliched oo Aifferent waye i differently
firod furnaces,  When Ligaid fael and inghecaloriiiosvalue g 1o used, the
oxygen i fod to burnerey while an the ease o f furnices having three=channel
portn heated by o ene wixtare,oxygen baneer e onetalbed stong Lhe cidor of
aowaterscoulnd jackely  this oo alpo the practice with turpacer fired by
natural may o porbion of which wrlerroe: thermal decombor thion in the
vertical fluae (comcallod o Pmcntbusabion)s e coplain inalaneel, farnaces

arc eotippeas with ool rathe e Ve o buencors, on b nosades Toratod

in Lhe Purticioe oot e aeed Lo injet th oxy oo Gito Lhe chrnbor,




e < .

4
.

The intreduction of axygen to the flame hoy o proncanced effect on Lhe
thermal operation aml productivity eate of O furvaces,  With Lhe combuntion
air enriched by oxygeny Lhe amount of flue sun o reduced and Lhe Lemperature
of the flamo 1o tnereascd, whnile at “he sune time the thermal wnd aerodynini c
characteristice of the #as flow within the furnaee chamber are alvo modifi od e
The fixed oxygen Jeba contribute to ot abilily ami good batl wwyerygre on
the part of the tlame, while the murked difference in the flow rate of the
orygen ard the basic gas—air stream promotes a betler mixing of the races in the
furnaces, As o renult of those changea, conveetive amd vl ant heat exohanpe
botween flame and bath i: improved and the oxtdizing procesves tn the bath
are ptimulnted, Ultinat ly there 1o an improvement «in the furnace%o fuel
utilization and an over—all increare 1n the thermal efficiency of the active

chamber,

With the blant only ulightly enrich.d hy oxysron (1‘3-{“) per r‘cnt) and
with this oxygen injeeted during all cyecles of 4he heat other than the
fettling and final refinemont stagey, furnace cf'ficicney inercasen by 15«20

per cent and pgeneral fuel conoumption decreases by 10=14 per centy More

intenne oxyson injection inte the r'lame recul b in sonsiderably higher

furnace productivity (Ly v0 per cent and more); however, the implementation
of this method under actual plant conditione entolr sroal ormani zational
difficultics along with Lhe need to uge welleproeparad scrape  Oxypen

injection into the flame becomes incificicnt ot low furnace charring rates

(lmm than 100 tomu.-n/lmur for furnaces with up to 200 tonncs «:upacit,y).

Expoerivnee indicatorn Lhaly in berme of Lhe orfeet on furnace productivity
ad el consumption, oxy;en blowirgs of Lhe bath in an oot twicn e
officiont av flame onriclmenly Moreover, this dioparily in effectivenony
Frome larrer ag the blowing prate tnereacons  The caplanatinn for the wider newe
af what 10y tochnological ly Bpeskingg the bene wlvantagcous melhod of malt
tntensi freation liey in tha #aat bhat this techmique mkon 14 porittble, ot
mille wath Limated throwh—pat 10 cortarn ool o Biwe cowede pangse of
tlrels Lo be produced, to maintoan o valber et devel o! pradneticn, te

rohodul e the ne by o U micomiove the Canggie e gt Dienon Mgee ety




Ais the somcollod Thepfem .y oon e elitantod, Lhe porcontage of uXyeen

usnd for Lhe divoct ogit v b Lokl i ncraased o

In Lhove cicrea in wbicn e wiyeren teowed with hoth the “lame and the
bath, high~cnrichmen:, Dhowires  coaues only during the wnitind poriods of
the heat « up to the wdditicy A bhe hot s tals Oxyeon injuction into the

flame is normally diuvcontinued when Blowing: boging.,

The use of oxeran 1o achicyn moro inbense hoat ~ordition: in the furnace
constituten a basi. overating proceduce at, Soviel steol works. As this
method has undergona |ndaetrial devetopmont rud improvement, the ncocesary
cquipment has been desigmned to provide fuilure-froc operation during the

entive furnace cycle,

At the prosent time, Lhe major omphamic in ragearch aimed at intensifying
the OH procese har shiflod bo dicect oxidalion of the balh by blowing
oxyeen through the liquid metal, The oxygen ia introduced into the buth
through water~cooled lancoo located in the vooy of 4he turnace, Two or

Lhree such lances are enployed for hipgh oxgpen flou- ralen,

There i mreat shrnclural variely in the larcen uped at Lhe millo « an
the number am diameter of the nozzlery wheir antles of inelination with
recpectk bo dhe axit cuel oylindrioal surfice of Whe fance, and aleo with
respect to the location of the nossle oubtlet seot vni,  foviet authorta

certificaton (p;ztm:b::) have beew iniued tur o nupber of original lance designue

The reduction an hed dural iog with oxygen blov=tirough 15 achicved not
only during: Lhose perion: when Lhiv blowine. oceurey bul also during the preceding
pericdy when Lhe faroanee o clinvrerod uwd ity ally wapmed throwthe Tha
reason for Lhin i 'o b Lund iy dhe Fact thad i oxyeeneblown heats there
le a subetantint voduction in o sk Vi coneumg! Loty while a Loworethane
usual required lovel iy b adepfod for L heotige of the charpe prior
bo the wddi! ion of L. D1,
Hno dean and e oot cven rend fmport e, in Lho achievement of

high shep pradneti o, bye Lo B orianl s ten o the tnrbial eycien in blowne

Pt a opponad Lo by which 4o vot e blowin: op DXV U
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The blowing ratey adeptod ab Soviot dteel works 4y 0t torn

illy nxeoed

6~8 cubic metarg pur tame per houry although ut cartain 250-tonne furnacea,
b

including mome with two bathe, o specific rate OF 150 m ’/t/h ig

ohcounteroed,
The maximun blowing intonsgi Ly for henvy—loid furmacee {4 no mora than

10 m3/t/h.

Some idea of the effectivonens of those forced operating comditiong

can be gained on the bavis of the following duty referring to the performance
of individual furnaces in 1971,

Rated furnace capaci ty,

Parametor to B
40 ﬂ% 200

- Actual weight of me:1t, tonnes 241 634 913
Yearly output of gtecl, thousanis of tonnen Oy 031 | 128
Standard fuel consumption kg/tonno Y 39 84
Oxypon concumption, m3/tonne 40 5 47
Idle time, percentags of calendar timeag 14,8 9.9 944

incluwding cold periody ‘ 844 4.9 6.4
Main xoot 1jf 2y No. 0f hegts 196’ 254 230

* To intormediate partial ropuir of the roof,

Theoe figures attect to tho vory subutantinl possibilitien for improving
Ol furnace output by blowing oxysun through the bath a4 ntepped=up hourly
flow rates, In an approximation, whyeh naturally wakes no nllowance for the
specitic operating: conditions of' individunl plants, turnace productivi ty P
(tonmn/hour) can be fouwr for o meld welght o (tunmm) aml ppecifia blowing
intersity [ (ml/tonm':x/hour} by using rformul ac corrorponding to o normal (1)
ared high (?) lewl of shop organivationg

Pl (20 4 001 1) Sy (1)
P (2h #+ 0altt 1) /3. ()

Po rmulug (J) arxl (9) woere derived from .o eenerabivation or experionsy

in the vperation ot Ol fornnces: with chirgres of 900 Lo 900 Lonra,




For the consumption of a standard fusl g (kg/tonnes) onc may approxi-
mately tako:

g - 100 = 5,1 I + 0,08 I'; (3)
for the oxygen cxpended in the blowing K (m3/tomxe):

K - 146 Ij (4)
and for the total oxygen consumption K§ (m3/tormc):

Ky - 40 4 1,375 I - 0,03 1%, (5)

A factor greatly affucting furnace productivity is the charge loading
rate, takirg into account the hot metal. In furnaces at different plants
a two-fold inorease in this paramoter is also matched by an approximately
similar increase in productiviiy,

The usc of oxygen for bath refining fundamentally alters the tradie
tional OH steelmaking technology in that it awffects the kinetica of the
transformations andl modifice the material and thermal balance of tho melt,
The fundamental change consists in the fact that a process whose rate was
basically determinod by the diffusion kinctico of the oxygen'sc ponetration
of the metal has been replaced by one in which the deliwry rate of this
roagent in controllable ower a wide range, MWoreover, the thuermal ceffect
of direct oxidation has lead 4o a reduction in the bath'n requirement for
outsido heats, On the technological lewl the change has primarily concerned
the per-heat consumption of oxidizors amd slag-forming materials, ac
noted abowu,

Oxygen blowing of the bath rosulte in increaced metal loouen
both in the alug ardl with the Clue gancs, Also obuorved in a fanter rato
of deterioration in the refractorien of the roof due to the offect on
thom of the ferric oxidess A number of measurces have been alupted for
increaped roof stability, sach as altarations in roof desipn amd
attachwent, the introduction of rulen for thermal conditions: and the use
of the oxygen, techmiquen developed al certain works for the acrodynamie
protection of the roof , and the likee To provent the rapid fouling of
Lthe chockers by furnace dusty Lhe dumensions of the repenerator chamber

cells are wnercaned, the vlig chanbere are cleaned duringe the run of Lhe

furnace, wd the chechor o thomael von are de-ckailod,
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Furnace operation at 1o rma) (08 m /torm-t/hour) wad haph oxyeen flow
rates for blowing hao become a wtandard Procedure at Sovict ipropy and niood
works and may now b regarded an g thoroughly roaton A terted intringie

aloment of evaryday practice,

Becuuso of the great amount ot timo and labour required to roparr the
lower atructurc of Of Purnaces, wd in the interesis of better adapting
furnace douign Lo high=rate biowing opurations, considerable attention hao
been directed in recent yoars to the development of naw tystoms of heat
reguneration by uome; non~traditional meann, What ara involwd heps apa
the kind of twinwbath furnaces that wepo placed in operational soryi ve in
the Soviet Union in 1964,

Inl1972, the USSR had in opuration at itu iron amd uicol faciliting
four fixed twinbath furnacos with a bath capacity of %0 tonnen cach,
The 1971 performance figuren for threo of thom (the fourth wan made
oporational only in 1912) are given in the following tatile,

Parameters i ﬁr____r_m;cvm ’

Ycarly output of vluel, thousunds of tonnes 1,137 [PERY 1,018
Mean real weight of melt, tonnegn "3 49 M
Standard tuel congumption kr/tonne Al 13 13
Oxypen conusumpt ion, m3/ tonne 80 0 61
Bxpenditure of refractories fop ropair,

kg/tonne ‘Yo ) 4.7
Lining lite, no. of heatn 575 711 or
Maximum Lifo (42 904 90,
Consumption or metal charps allowing for

50 pur cent oxidant irony kyyftonne Iy 130 Ly L% Lybiy
ldle time, percentage of cajondar Limes 9ol ‘Y 14

inelwding cold periods: 1194 140 )

* Became oporationa) on & Jaruwary 1971




tthoperpect vy ppodent wily tatesy dwlisbath oo g have yet to
achiewv, therre Himrgoye o 1l coitiery ac o cvpden el gy bhe wtool production

¥ i .,,(KK) b

fimuror for o ins o vidas! wonlhin,  Feoon: Yy o iioWimge ot !
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000 m por hour hee beoy whopbed, whtor g0 o Line wily ogtaot ohed
furnace oporabime conait o ong vn tha chops howewver, deareme mody Creations
of the equipiment el Smprovemente on work e procodures will reitail an

higher blowing rot -,

The replacenent of OF fuariacer by Lhe Wi essbio s type han the effect of
freeing considerable ooy gpuce in the chopy which can then be used or the
installastion of alditicnal cquinment = clageuel !, furavesy electric
furnacer for alloying, ared the like, Thiv weil Tactlitate the production
in twin=bath shops of 1 wider rvange of steelny, tneiading low=al loyoad and

alloyoed types, ud will contribule lo itmproved cibeel quality,

Wilh the twinsbath Ceaace, charges of varyin: serap content ean be
procesuai hy eupplyinge addibional heal 4o compengile for any insufficiency
(with 4 high motal serap contnt)e In point of Inely the furnaces at the
plants cited abow operale will o (=03 por ot conrumplicon ot liquid iron,
the thermsl balance in thin s being achieved by o sligkl aldition of heat
by meano of Duners anciilled o the furnace roof, or cven with

no add . tionad conewmptoon at o,

A typical low=fuci—coneunption bt (Carnaee A) o ocharseterived by the
following parametors, Mo robia chawre recuiver 110=130 tonner of serap and
10=15 tonn i of Limeg  (von o cwployed anly Jorinee Lhe hol running of
the mett during the vovinmee porgode P Gigund a1 opoatel oo com
1H=20 minuten hefure Lappin: rom Lhe wljacont tath,  Plate Jampore aro goed
to vary the dircction of the grasecy uel the blowstoeoweh of She bitthy into

wiich the tirel ladito o Jton g i beoy ponrely comen e, The blowing pide

durinys the: syele o Dy N m : afoxyeen por howr, Mo bpormeed pood during:
Lhe ol ool cliorpmine drope Lo Tety b loon g e howsy Wi bl el

debivery Lo the workogs cumbers o8 the furniee Jionhomed b L. vl of
cliargige Mol o oot gl d Lo b Mievee e darioe e el Lhe oxyomeyn

&
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vl 1o maint dned el v by pefineent corrod han clapseds When the

cirbon in L saouag ho boca catgral L gbeut Ol pot cent Ulowing coapen

Puel io ted into the Farvcen during: refiuomend, o, up Lo 10 million Keal por
hour deponding on tha heod Uyt ot the sedal,  Whil. the farhace 13 beings primd,
the thermal load amownd: to o S militon Keal per houry, standimge at

30 ant 20 million Keal per hour durive: ihe Sreef peviadg of o1 chareing arsl

heating, rveepectively,

Technulogicnily 4 cukir;, the dwinehadh “teclmaling process di flors
only slightly from the of procests with higherate oxy.wn blowingr of tha becth,
On the other hand, a higher forric oxide content has been noled in the nlae
during the heal amd prior to the killing of the vteel (Lhe difference, when
converted to lerroun oxidey, may be w: much ag 10 per cont),  When producing
the more important rrades of ateel, a bath "hoileu et technigue in employed
towards Lhe erd of the eut by adding pig tron and ferromanguncse, thereby

more offactively flughing  the wtcel clean of gares wid non-melallic inclusiong,

Acsuping the yaua) ~ulphur and phocphorus content in the tron used, the
desulphuri-ation and dephusphori sition procenses tuke place in twin=bath
furnaces wiih an acceplable degree of thorowshneon aad do not conetitute a
limiting factor in the production of ctogl having n low content of theus

adnixturcs (for example, wory dep~drasing atecl),

Rimoed wed balunced stocls por the manufacture of sheet struciural shapoi
are the primary Lypes produced Al twin—b ik ahope, Al cortain shope the
borcentage of kiliod carbon and cov=alloy stecle weounle for only 5 to 3y
per cent of the nnbiec productiony for bhe vicon that there are muffieicnt
ON farnacor at i ohic, o Lo m oot orders for this motal, Allhowsh in
principl, "Lh«.-rcw e o probleme tnoproducine w o wilep rang of cbeels with
the twin=bath fum e srebomy b doen codui ) A loweringe of the rate of

nruductivity,

The quality of iwiiebath metal tooon dopar with OH me lade There Lo no
difference in the Ny conbent i Lthe mebal i ther during the heat, in
Leeming, in the Lol or b Lhe Fiuinhe ! potlod ctecl, I Lochmical oxypen
with o purmily rotine of D=2 por cenl ivoared for bhe blowing, about o
00N por cent increans gw g Leogen conlonl s obiorved,  The produclion of

towenitrosun rheel require: Lhe uge of 99,5 per coat pure oxygen or betier,




No substeniiac curcity diftrer oe noye been fowss in the wetual! uce

of O and twin=hath o' sheel,

The inrot cintd ab twen—baby shone Lo approxinaicly TeH per aont lower
1
than at Oh facilitre. operabin: with soft plowing (o= r ’/tunnf-/.‘zuuz‘), but
ig close to the yicld achuewed a' O farnae o workinges wdoe forced intenailicas

tion comdibions,

By prupuriy timing the work of dwinetath shopre to turn out frequent
but emall heats of metal, a1 more unifurm lowling of oteclmaking and rolling
mill cquipment is possible, with an tiendant series of additional xlvantages
(incre.'u:::d handling capacity for Lhe casting bay, less iron luac in ingot
hoating for rolling, bettor coaking pit productivity amd lower fuel

cong tion in bhe pita, oteg),
* P)

In the very ncar future, new and improved twinebath furnaces are
acheduled to be inplalied at Soviet iron amd rtec! plants.  Although this
poliey of replacing obnolete cquipment with mere moudern units will continue
to remain in foreey, it decw not reprosent ooleparture from the major trend,
whichk i one of emphiwizirgs the devolopment of production by the conwerter
procenie AL all newly constructed steel works ploans <ail tor bhe installiation
of converter shopey whichy, once thiey have beor. placed tn cervice, are to
provide the bavie peoduct _on crowhh fustor, On the nther heady the buildinge
of twinebath furnncee ab xsoting OF chops ooontitutes cne o the menpure:
atmed al modormicing chopa cwrcentiy in operation we ge rotention in deemed

necenigary for o lomg Lime Lo come,

The performance iphicatoer o0 the twra=bath Minaee: operatimge o the
USSI attest to the Vigh Lowvor of cxgrmrecrimy envolwnd susi to Lhe thurough
doewlopment of the aneae cabed provein, Noverthe L tny expericne chown that

Ltheee andicntore can bo gipmi o ant iy amproyed,

PRODUCTHLON BY THE CONVRR PR METHOD
The Tieet cxperimenie inviv s e aoeen bBlowire of Digaid 1 ron were
comducted vn o the HEER oo 1o vy The frest oxyoon ootoa ri e owne actiovabed

in 194, Mollowa 6 1790 ry the otarbige of e v tenveprte o chop with
Lheoe Meebopne woeneiag cael e Tl wibe Thos o e gy ve i, There are

precently e oporatonn twenby-<four 100=tonn: Lo Tiktonn uwi fw . 2G0=bonm-

vaonvierbors,




The threc—conwrter shop is the tame oxymineconw rter (LD} shop typ-

in the USGKe At the present time, in the bort shopit the opeeitic rate of

productivity (the shop?e yearly production por wnt of 1to total rated
capacity) is more than 10,000 tonnes por nominal tonne of capacity por yoar;
in a shop operating three 100=tonnce converters this corresponls to o yuarly

output of 3,0-3,2 millicn tonneg, The following table reflecin

the performance

idicators for two converter shopt 1n 1971 wd refined
new 290-tonn: converter shop .

doesign data for a

Plant

Paramctaearau Nowolipctsk® Wost Siberian  Kar: randa

Number of converters 3 b) 3
Rat~d convertor capacity, tonnes 100 100 0
Denign capability ot tthop,

thousandn of tonnes por year 2200 2000 6000
leal output in 1971 3045 894
Real weight of mely, tornes 142 124
Mcan duration of melt, +i1n 45,0 4244 45
Nominai running versus calendar

ti.3' per cent 541;' 0y el 66.7
Per nent of idle tim wrouas }

nominal time 4ed dots

3 -

Uxyren contumption, m [ftonn 66 el HYed 6
Consumption of mtal charp. per

tonne of stovl, ke 1150 LR IS 1140

inciwding ton 840 43 Roo

tncluding scrap Y ¥ o vl
Lining life, heato A8% 1) h00
H:fractory conoumption rat. ,

for liningy, keftonm: bl lets 140

* Matorial concumption fiomrcs are Cited for | tonme of sonlinsow:ly cast shale,
** Drabren data tuv citod tor Lhe Karaguasia Plant conee contmcbion of Lhe

plant had not yet b b complobed 1n 1971 uel L
brok:n in during this perood,

rectal bd capaci by wa e e




in cortaar ot the conieter chope Lhe blowirng: cate juas al the present
time boon drncreased Lo 1 0=1,0m "/*!,r;nn.-/l;our, recuiLper Do cubeiantial

reduction of “he blowing tiae (vdy connequently, troeronter tbesl outpute

Liv the now 290-iorn: eanvarler chop of the hapaggond o Steel Plant o blowing
rale of 4=H m ,/tnnm:,/mur Lt popcable with no aft r=burmiug of the pan, Plans
call for all new shons tn e desigmed in the tutur using gas-oxtraction

gystems having ne after=pupniigt.

Inereacing tho woiyidit of the charge has alse proven {o be another cffective
tochnique For higher corverter productivity, 1Ln poind of tuct, all conwrtoers
having a copucity of 100 tormes and more are operating with larger-than-

nominal charges,

In their lewl of technology and operating procedures, as well ae in
termp off the use of convertor cupacity, the shops of the Soviet Union are
not muach different from “he eajority, o similar fucilities abroad - the blowing,
slag-formation, reduction, oni stcel=casting methods are the cume, OF
vital importance Lo the achiovemen'. of' 1mprowd convericr-shop performance
are the menmaren, 1n ure ond planned, for onhancing raw-material quality,

stamlardioang the burdeny, and roducing converter wdie times A paramount

concern ia the need o onsure that the 1ron is of conctant composition and

that the lewvel of heormtul ipeluagtions in 1t e lowe

The ruye ol ptoecln produes? an bhe converber chopa of the Soviet Union

ie beine conctantly expandedy  Atong wilh rimmed, batanced,and xilled steel

uf' various composition awl parporc, there shops are aleo turning oul lowealloy

aad alloy steal (aboat 10 prr ceat ),y LD aleel i empioyed tn shipbul 1dinge,

in the convtrmuction yrduntey, e for the manataclure of tank:, larre-

diageter o pipelines, s many other ttome copared by different branches

of the nutiapal cormomys  There 1o, ol Ahe procent fime, 2 progeamme under

wiy to bro~den the rone of oyyiuen~coenvesteor stecl further, primuily by
expanding 1t to dncbde omeaber o0 stainlecr, eluochrre, and other steol bypes for

hiph=alrors applicat v,

In receprt yoars, as o moaadt of rocenreeh and dewe pmendt L Fiopts to up;rrade

the guality of tarssiciomt be pelractory matecoda el umpreose me L proculurao,

thers b beop o eaenn Siount toereare Ju o converbs o bonee cbeorgth,




Factual lat. on . Povte sl v L e e pim te e
sontainel an che tasle oL 0 IS FERCI et oo o penr an mind that,
at severa' plontu, whon by opee g0 ovananee g e gver the nominal
value, thie van aceoc. ni. | by oooncttoeall s ehusiion 1 linivg thicknesa
(at the Nowvolipetid: Plant. Tov oy o gy re U e tm pona gt rength loane ‘The
rreatoct endurance e sl oud 4l e deee witorien lant = 750 heatn, One
of Lho tarks 0% (he iccedin e £ otws Lqqd e tu orase s firure to 1,000

nenats,

In 1971 the coannation of mat . churge per tonne of oxygen—converter
stoel averaget 1,130 kg, atthows, aonanding: on production condibione at the
irdividual works, a vide wariane ey be found in wean plant figures - from
1,124 to 1,154 kg/tf)rn«; far convesters with o charge o 100 tontien and over,

Yor all shope the apecifin ovygen coasambion averaged clofe to %9 m“s/tonna.

Avtomntion 1w destined ‘o ploy o vital role in enhancing the efficiency of
the oxygen—con*vr.er process, ! th tie conmverter melt under static control,
the number of brutr viieh w1ll fall wy+) tn the wwigned range fHr carbon and
terperatura cun be iv.-ganed Lo 25«70 per cenl, By employinge dynamic rontrol,
thie figure con te raired to 35-00 per cent. Today in the 3oviet Union a
nunber of research .. siarning organisatious ore vorking on the development
and improvement of iy -ic mycbana and the de e of Lhe ppropriate sensing
wits, In the 1971=1075 hepigd comraterized ottomation will tnovitably
brcome ane of the mor: irportany tronde in t'e propress of convorter production

technology,

One mesns ot irgieo g Feofurmance wny be o increase scrap consumption at
individual convurier fuopse  In 971 this im0 wan close t o 2]0~280 kg/tonne

for most large convertors,

For the r:w shopr Lo be cortructed, plane <211 for ncrap charging by

muans of boxes of sulficient capacity to permit » onu-or two-step operation,

For sevzral years “h¢ Soviel I'mion has ansi sted a large number of
countries in the plaming, construction, and runine=in +t iron and steel mille

incorporating cecnwerter shopa.,

With the ansistance of Sovied smpecialists and according to blueprinte
provided by Soviet plamning organizations,converte: shopr have been or are being
built in Algerie, Bulparia, Irdia, Poland, Finaini, kgmt, Iran, Turkey, and the
Democratic People®s Pepublic of loraa, and pimiinar projesta are i1n the design

stage for other countring,
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ELECTRIC CTEELMAKING

The use of oxygen Yor the decarnonisation of metal and the tntensification
of the charge melting procees in the praduction of atloy st le in o lectric
arce furnaces begar. in the Suviet Union in the lute 1910%8, At the present time,
as much as JO per cent of the «lectrio stecl 1o produced i this manner,
while in crrtain caren decarbonization by oxyeger blowing constitutes the
furdamental production technology elemert permittinge the acquisition of a
prescribed steel comporitiune Oxygen iv primari.y usced 1n electric steel=

making practice in the production of rngot ntocl,

Oxygen conpoumption in the shops averape:s some 23 mj/tonmv. The oxygen
is deliverod through the :harging deor by means of fireclay-lined tubing or
through a water—cooled noyzle in the roof. The optimal oxygen pressure is
8-1C atmosphere: ,

The ovygen 13 first led to the scrap at the end of the heat in order to
melt the charge '« tno furnace banks, The metal 18 normally blown cwen bafore
the complete melbting of the charge, this being justified when producing
atecl with a fresh chirge and when remeliing - medium-nlloy ctecl croppingse.
Early blowing of high=alloy steein 1o not cconomically jurtificed wince the
additional «comta frr the alloy=forming clementsy, consed by their incrcasead loss

in burningy are not compinpated by any decreasc in the duration of the melt,

The use of oxysen resulte in a 10=145 per cenl increase in furnace
productivity and a decrcase by about the game order of mymitude in the

sonsumption of clectrie cnergy.

In low=-carbon stainiepe and eclectric rteelmaking, by introducinge
gaseoun oxygen ‘nto thr bath the temporaturs of the metal can b rapidly
raised, theroby creating bthe neceassary comditiune fur velective carbon

oxidation,

The use of carbon provides the tuchnological bacis for the production of
electric ‘teel with a carbon contunt of leas than 040 per cent in clectric
aro furnaces, What ig important 1n thic connexion 1o the fact that, thanks
to the shallowneser of the bathy, the oxygen doelivery rate in the below=0e05

per~cent carbon concentration range can be lowerod with no perceptible




dacreare in the rate of decarrontsntion, [0 the

cenwrter procoes, becausc

of the depth of th. bath, intensive mixing reguir.: that a high blowing rate

derarboni zat Lor, procet, and the
production of lowecarbon metai wrompanied hy

be maintained throughout the ent:re

G considerable loas of
1ron on ignition and owerheating of the melt, leading to acoelerated lining

deterioration and problems in the deoxidation of the metal,

The process of the deep decarbonization of the unalloy»d melt 1n a

100~tonne electrio furnace o character:zed by the tollowing parameters:

PDuration of the blow i6 = P2 minutern

Oxygen consumption 950 « 1400 normal m‘i
®inal carbon cuntent 0e012 = 0,070 per cent

By combining a rational met of blowing conditions and deoxadation
technology, it is posrible to produce Armco=type clectric steel with a

carbon content of no more than 0,07 per .ent and posressing the required magnetic
and engineering propurties.

Together with the use o oxysen to decarbonive type 18-8 chrome-nickel
steel, which has a chrome content of 14-18 per caent before blowing and
0406~0,08 per cont carbon in the finished metal, the oxypen blowing of
iron-nickel melts in vlectric arc furnacer ensureu u lowering of the carbon
concentration in the metal to 0,005 per cent, thereby operning the wny to
further tachnological advinicer in the production of high=alloy steals of
especially low carbon content,

Such high-alloy very-low~carbon nteels are usually considered to
include stainless steels with a carbon content of less than 0,03 per cent,

Steels of this type offer corrosion renistance without the nced for
titanium-astabilization of the metal,

The development of the chemical industry and of epecialized branches of
science and enginevring has brought with it an ewur-increasing need for
stainless ateels of particularly low carbon content, This nced cannot
always be met through production in large induction furnaces because of the
lack of charge components which arc pure with reepect to carbon and other
elements and because of the 1ncreased conmumption of clectric power (by a

factor of 2,5) in comparison with arc furnace production,
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The task of enourirng: a ~arbon conteni of lece than 0403 per cent in
the production of utainloes uteel 1n olectric are furnaces congtitutes a

diftficult metallursical problem,

Several tremds can bt discerned at the prosent time tn the development

and establirhment of an optimil technology for the production of these stecls,

Of the familiar methodsy the oamplest, moct reliable, and moot
sconomical, in our view, .0 refinmg in arc furnaces with a capacity of up to

50 tonnes usings carbon=pure ferro—alloyn, motalu, and sperial alloys,

Studi1er conducted by the 1, Py Bardin Central Scientific Rescarch
Institute »f Ferrous Metallury jointly with one of the iron and steel works
regarding the production of chrome—nirkel-manzancse stecl of type OOOKh20N16AQ6
1n a 40=tonne electric arc furnace uming a particularly low=carbon (to 0,02
per cent C) chrome=mugan:te alloy demonstrated the poseibility amd attractive
futurc potential of producirg this eteel with o curbon content below 0,03

per cent,

At the came time it wis ecstablished that by using high=quality
graphitized electrodee the carbon content in the metal during the alloying :f

the bath 18 raiced by only 0,01=0,01% per cont,

Work is presently boinge carried oub in th - direction of exparnding tho
range of ctainleoe oteelo, whooe production by thic method 1o exceplionally

efficient,

In recent years, much attention has beon directod in may countrics to
the problem of increasing the powsr of the trancformer: for clectric furnacess
On a 140-tonne furnace a '‘rans{ormer power increace from =30 te 80 thousand kWA
makes 1t pursible to raise furnace productivity oy oO=/C per cont;  thie means
an inercacce i1n annual productivity to 400,000 tonnen, DOpecialiste in a
number of countrien have wiced the opinion that specific trancformer output
should be 500 kWA and abow: for every tonne of furnice capacity, which is
more thun twice the power of the transformers normally used for furnacesg of
100-200 tonnes capacitys It i to be noted, howevw v, that the installation
of ultraehigh=power transformers 1o tranclated into capeciilly high productivity

rateg only in the preduction of the conventionul UH stoel typusse

—
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Although o4 Lo bn Lo Lo by Lo DL ai e melblg period
€ - ¥l ’
oh Lge of oxgae o foo vioplp brottriee D0 0l te, vtochankige has Tomewhat
inereaased amlbal lows CETOLET L .
in the abeonce or i grhemrioy e h'e.;t;:f‘u=,w,w..:, Ve uen of Sar=oxyean burnare

is 1o be 1eccormendad Yor Ahe ingenei Plostion of biee Gl co melting poriod in

electric arc uroooee .

By redacing “he o ub oy O the e e relt witel accountn for a
significant portion o i ety 6oy only L the vroductivily rate of the
furnace increancd, buy bhe song apiton af cleetric pow.r g alno cut back,

Une means o accelurabing ila Charee melbig: rate iy o wlditronally heat

the charg: in ihe slectrie an frrpae throush the combustion of liquid or
gaveols fuels Ar comparcd 4jith otlior rethodn, the combined use of heating and
meliing of'ters the forlouing advant s e Toes capital inwveotmont than
required to incre-o. sranafop e p vt o nerd for additionul floor space
for scrap preheating otardn prior iu furpane loading, and practically none

of the relenped dust Lhet wocommanics Lhe oovren cubtivng of the chargn,

Recent worll v the Sovie. o han been ainned b bhe selection of
mitable Zau-0¥rgen burner doripne ard installetion siter 1n the olectrmic
furnnce, reaearch inio 1je technological ara tiermai features of ateclmaking
in heavy=lo d elceirie foenaee 0 o run’=lurning devices, the determination
of technical anl coonom. o periodmance indicators of ihe procency and the
developmant o predustion "reknolosy towlving the asupplementary heating
of the charsu, Particuiar abte Fleny um witly ties of the npecial features
of the hoat, has teen focumd vk shange s r the cowponition of the furnace
atmosphere, ignition loss ir theirong, the offoct of +4. process on metal

quality, and proble-; of tmprove ] burser oparating cfficiency,

Ao a recult 07 Lhose otudies 't bPou boen ootr blished that the most
rational locaticn for th. fue l=buarning devieces ik in the charging door and
roof of the furnace, For ‘nitallation 1n the charging door, powerful three-
noz:le movable burners hawe bu~n developed which provide internal mixing with
10 water cooliig: und with o loy noise lewvel, For roof installation 1t ig
alvisable to employ induetrinlly developed and Lested inlernal-mixing multi=

nozzle water-cooled burnerg with elongated mixing chamber, using them in place

of the oxycen lancen,
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The «rficiency of the charge pre=heating process, determined as the

,otio of the caving in elostric power to the heat of the as, i8 0s44=0e630

For 100-t nae furnaces with a 25-MVA transformer for two-slag
rteelmaking the use of such movable and roof burnerc with . gas flow ratc of
3.0=943 m3/tonnc makes it possible to reduce melt time and electric
connumption, in comparison with the process of intensification by oxygen
nloney by 1.5=5¢1 per cent and 2.,6=9 per cent, rcopectivelye Operation with
an oxygen and gas flow ratio of Vo/Vg= 2,3=2,4 leads to cven better performance

fimureeo,
CONCLUGIONS

The directives of the Twenty=Fourth Congress of the Communist Party
of the Soviet Union call for an increase in stoel production in 1975 to
142-150 million tonnes. The fulfilment of this tusk requires the improved
cxploitation of exicting facilities, the further intensification of production
procedures, the remodelling of a number of equipment systems so as to
inoreacu their productivity, and tho conal uction of a large number of new
cystems with high un. ¢ output. By far the greator part of the stoel
productic. incrcaces planned are to be accomplished through improved labour
productivilye

During the current five=year period new chops will be placed in uperation
with converters of up to 400 tonnes capacity and with electric arc furnaces
of 100 and 700 tonncs capacitye By inceowiing transformer output it will
be posvible to boost stecl production in the cxisting shops or to rcduce tho
nunber of electric furnaces in those being activated for the first time,

During thic .ame five=year period fundamental changes will take place in
the uteelmaking rector, There will be a nignificant increase in the share of
LD and electric oteel in the ower—all volume of steel produceds Plans call
for a vharp intensification of cXygen converter operatinn by 1ncreasing the

per—minute oxygen flow rate from 2,0-2.5 to 4=6 m3/tonm: capacitye

At the OH shops ac much an 80 per cent of the steel produced will be
processed with the use of oxymene For greater efficiency in the delivery of
the oxygen to the bath an! flame, improved charging devices will be used
oad the bulk weight of the scrap increasel throwch better preparation,
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Improved technical and economic pertformance at alrealy operating electric
furnaces will be achieved, spoocifically thirowh a more extensive uge of
oxygen for metal blowing and charge heating by meane of gas~oxysen hurners,

The key task of Soviet iron and steel making in the 1971~1975 pariod
is the radical upgrading of the quality of metal production through tho
introduction of .wdvanced production techniquers and the expannion of tho
range of rolled products to achicwvn . gubsiantial improvoment in the
effectivenese with which thie product is employed in tin national economy,

The fulfilment of these plans in the technical restructuring of tho
Soviet iron and etee]l imdustry will groatly enhance the technical and
economic performanve of thin branch and will lay the foundation for ite evon
more impressive acceleration in the foreseocable future,







