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ELECTRIC STEEL MELT ING
M
by
I's Grossi and G. Seoiti, Techint, Italy

Premise

The subject concerning electric furnaces is too wide tc be dealt with durin-
one only conference, without running the risk of becomin,;; excessively slow and ;
“edious for the patien. auditors or without omitting many information and data of some ]
importance in this particular process of steel nanufacture.

We have therefore restricted our explanation to a particular aspect of the
electric furnace which fits in well with the scope of the Symposium to which we have
been invited: that is the use of the electric furnapce for the manufacture of stoel
in developing countries as well as its suitability to the locally existing economical
and industrial conditions.

I. Basical principles of the glectric furnafce and its doveloopment

The threephase electric furnace is esseﬁtia] ly based on the Joule effeet, that
is on the heat produced by the electric current run through the charge, and in a
minor way only, on the irradiation effoct of the are resulted between charge and
electrode; therefore it descends direct, even with its structural modifications,

from the Heroult prototype and not from Stazzanc furnaces, where the thermal effect
wos secured by the arc irradiation directly resulting among the electrodes.

The first industrial type arc furnace was put into operation by Heroult in
France, in the Savoy, during 1899; the first furnaces were of stationary type, of
8 very limited capceity, in the re;ion of one ton, fitted with manual adjustment and
were used, owing to the rather high specific consumption (800-1000 k'h/ton) as well
as the high cost of the electric power, for the production of high grade steels which
were very difficult to produce otherwise.

Successively, the productive capacity has mcre and more increased, raising to
10, 20, 50 tons and finally, during these last 20 years, it reached limits of 200
tons charge,
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hilst the ol iy fuinnees were fitte? with sholls of a dismeter up to 3 mts.
7 b ©onexinue instolls poser of WOL - 4000 &V.., w oinereasin  the char e
conieedity the Yimensions heve inercnse’ us to 7.5 mts. an' the nower reached
w0000 KV, ns 0 eensequence Lhe cleetrodes' Finmcter have risen irom 100-110 mm,
toe 606G muie owin to the muoutoeture o1 synthetic srovhite clectrodes,
the are cleeirie fumned consists f o newellic shel: lined with refraceory
w,terial on’ oicee o n e eradle vhiehr onables oseilloticen, oed! shell is Titted
wilth cpe or twe Coors anl one ouring shouts iis un.er ort is covered by o veult
of refreetury aetorial hovin o, os o rule, (hree holes allovin, the passage of the
c¢lectrcles ant ols. there may be oy ndoitienal hole far the fumes suction whencver
¢ substanticl wount of oxven is usc’,
weehteleetrode ds woirte! Ly a mobile jow clamp whosc openin:' is controlled '
by & nneumatic or hy'raulic systers, the clanp is con.ected to ¢ e¢olumn by an
horizontel arm,
The threcelectrode sets, vize: column, am ond electrode are subjeet to up
and down movements accordin- to the resultin. are eurrent zenerated; such movements
are cantrolied Ly sutumatic <verncrs eof viraulie or electromechznical n-ture.
Tie cleetrolc amms are connected to the feedin  transformer by means of cop-er
czbles and bars; the fumace transformmer picks up the high voltase current from the
neins, lowerin  or reisin it o velues within limits Trom 96 V. on’ 500V,
The teehnol. rieal improvements which sermitted to inerease ihe charge capacity -
from one ion up tv 26C tons are as follows:
(a) Instclintion of transformers alwoys with o biscer power and having hicher ‘
power ner ton of furneee ecapacity;, a -5 tons furnace hes nowadays o
speeifiec power of 30C kVi ner tea,
(b) The acoption of more efficient and fully automatic control systems;
same cen be cither electro-hy'raulic or clectro-mechanieal type
(Pirures 1 = 2 end 3). |
(¢) The menufeeture of raphitated synthetic  rophite electrodes. In faet,
the use . these clectrodes, which are far more 1i,ht than the Stderber:'s,
ave enable? the construetion of slender and light structures for the

clectrodes and have, as o conscquence, simplified any control problem,




TULEL SY 4, 1983,
T.ebicul Paper/i,22
Pl 3

The compactedness of said material as woll as the low resistivity ensars

P

a good and continuous operation whica will result in an inecrease in the

P furnace output per nour, whilst 1ts low consurption, about 5 ¢ t kg/ton
of stecl, has levourably affected the cconorical side of the proecss :
in guestion,

(d) The construction of top caarged type furnaccs, Formerly the furnaces
used to be charged by hand, in a second time tu. charg: used to he made,

always through a door, by means of open-hearth chergors aml later on was

adopted the to) caarged type by means of bottom oncning buckets, This

practice allows the reduction of eharging times as «ell as tne furnace

' Sl i

heat losses, nlso ullows a substantinl increcse in ' ¢ cornactedness of

the charges and consequently permitting a reduction in the number varying
between 2 and 4,

(e) Refractory materials used in the construction both of the shell and the
roof. The shell linings which were formerly made with aeid material
(silicon dioxide) have now hren replaced eitaer by a enrome=magnesinr

material or by Jdolomite prefubricated blocks, "ith tiis method the

linings have a longer lasting life, that is, from 4 - 50 heats to

about 206, At present the matérial used for the hearth consists either
of sintered magnesite or culecined dolomite in powder form, At present
hearths will last for alrest 3000 heats, is far as it concerns the
roofs, these are¢ no longer constructed with pure silica, but are instead
built with a silica=alurinous material having a 73k of alumina (AIJO))
content, whilst the central part betweecn the electrode holes are formed
of a preased plastic refractory material with more than BU% alumina,

A further factor which has enabled zn increase in the furnace production wvas
the use of oaygen during refining, wnilst the improvement consisting in the use¢ of
gas~oxygen burners duriny the melting phase will permit an increase in the output
per hour which is already above lu {ons/h in & 45 - 30 tons furnnce, using oxygen
only during refining.

All the above mentioncd improvements which have s)ceded up the furnsce running,
have enabled a reduced consumption, in particular the electrie pover (560 ¢ 58C k¥h/

ton of rimmed steel ingots) as wcll as the electrodes' (5 ¢ 6 K /ton of steel),




STEEL 5Y.aP,1663/
fecinical Paper/a.22
e 4

sidd dmproveicnts hive 11so perrdtted the ,roduction by electrie furnace of earbon
ateel 1t o conpetitive wrace in respect to the suwie Hroduced by the open=hearth
furn-ee,

The pedn advintase dn the use «f . eleetric furnace rather th-n oren=hearth's
o oxyren blowin syster,, s in {ts sultability to produce a wider range of steels, ‘
In fret, e to fte girticulir chareterdstics ~nd fts tendeneinlly reducin;
mrocerty, 4t cuslles to oroduce steels havin. - smdler oxy,en content, hence of »
hi her gradeg “lso, coiared with 4r Llowin converters, {t ennibles to produce
steel nlmost free fron nitro en,

The posainility to oyt dunl sl Jrocess, the first one bein, oxfdizer and
e seeond reducin ;, onrhles it to croduce hi;h rece earbonfun steels ns well as
the eomplete rai ¢ of alloyed products, The followin; steel ty,es nre therefore
produced by electric furnace:
- #1amed earbon stocl, sedkilled steel and killed steel
- Low=nlloy struetur:l stcel
- Langenese stcel
= Sdlicon stecl (5 stlicon content)
- Aluninfun steel (4.5 alumindu content)
- Hiyh speed steel suitable for tools -nd a1l rengze of stainless highly

nlloyed anl heat resistin, steels,

Il. Ilron and stee ndust und electric nower production n devel eo @

The structure of the fron and steel industry in developing countries s
charneterized by the prosence of nunerous snnll and nediun sized 2lants, which will

probably aecount for & notallc pereentage of the production also {n future.

T 1ake tise mosning of "smail, rcaiw ad iﬂ.rgu eized D1 2t" eleor, we consider
"larje 3fzed" those steel plants having ¢ yearly production of over 300,000 tons,
and "neddun and snnll sigzed® the ones with » capoacity below thias figure,
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The reason for this tendency towards small and mediur: sfzed steel plants are
several, and vary 4r the different countries, cccordin; to econosfenl and senernl
condd tions, Tentatively they my be reneralized ~n! suinarf{zed s tollows:

- difficulty of concentratin, larie eapitals of (4fferent sources on the sanc
promotfon, and sbove all the non partiedpaticn, or very small contribution,
of the fractioned capftal which, {n fndustri-lly ond econonietlly hihly
developed countries, _er ~rally forms the bulk for the most {oportant prowotions,

- In Latin Ameriea, thet we consider to be n very interesting exnmple of nn area
in phase of developrient, the great {ron and steel projects ure pLenerally
promoted by the State ~nd financed with publie capital, while &n the snme
field private initfatives usually butld sianll or mediun siged plants,

- Developing sountries nre cherncterized by 2 low consuaption of {ron and steel
products; 4n Latin inerien, for {nstrnce, the consurptlon 4n 1962 was 43 Ky,
pro-copite. Consequently although h{;h percentual {nereases are to be
expected (and cecur in fact), -t least for nnny years the absolute value
inorecse will be rather linited; this mnkes §t ~dviscble to build plants of
sizes correspondin; to the incrense of the mrorket,

- The inftial small or medfun size of rrny 4ron oand steel plants, efther already
existing or under way, ensures nn harmonf{ous developuent by successive steps,
proportioned to the hecessary inerecses of enpital and the rise of the demand.

- The large iron and steel slants are enerally suitable for rnss produe tion,
whereas in developing countries the consunption is not only low, but nlso
much differentiated; so that suall and meddun sfzod plants nre better suf{ted
to the narket needs,

If we examine the sftuotion of the electric power production, which s o very
foportant factor for the fron and steel industry, we see that in developing countries
there are particular conditions, that it {s advisable to point out,

In these countries the produetion -nd distribution of electric pover are
usually reserved to the States ¢onsequently oro;rans are studied and carrfed out
not only for present necossities, but also 4n view of short nad lon;; tornm
requirecents; {.e. the electric power plent is consfdered an infrastructure of
publie utility, and =s a factor for the promotfon of other tndustrinl activities,
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which ~re possible only {f electric .ower fs ~v-ilcile,  'nder such conditions
the capital {avested 4n the electriec power ;1°nt shows n profit cnly ~fter sever:l
years, and foreover in the siale ot eleetric power the State ean e very
wivintiojeous rates, ot s enlied "Holiticnl" prices, Yecouse £t con apyly very low
awortizetion and srofit rates, bedn,, reeowrsensed by n ddreet {ncoiw derivin  fron
the snle of clectrie Jower, nd by on fnddreet income derivin, fron the nrisin; of
other netivities,

© nother interestdn . ehinracteristic of develodn countries is the fact that
iener:lly lor e reserves of unexplofited hy:'raulfe wower ore availeble; ‘therefore
there s ~ definite tendency to buiid lvilrcelectric plants,

The exwmle ol Venozuel- anl .exieo is si. nific-nt: althourh these countries
hrve » considercble production of hydroecarbons, the hydroelectric ;Ower plants
Luilt 4n the Dnst years or now under way definitely outnumber the thermoelectric
vower olrnts, '

In view of the subject we are denlin: with, we wish to stress the fret that
hydroelectric plunts ~re usully charscterized by lar;e invostments for edvil and
hydraulie works, and by eorparatively s..w11 {uvestnents for the purchese and
fnstallation of cquipnent; and that enerzlly the first -hnde covers nll works
necessary to hurness the hydraulic power which is naturally ovailable, and the
srtfal urchase of yenerntor roups,

The purchnse of equipment can be completed Ly successive steps, in weordence
with more nceurate previsions of the rise of the demand. , 'I

1t should be noted that, for ressons of investments and efficiency, the present
trend is to divide the totrl eopaeity of an clectric ;lant into few hish powered
units,

i1l these factors hove oreated n ;jood availability of electric power n
developin; countries, In faet every new power plant senerclly recches its maxdmua
vroduction cnjnctty only aftor some years, wmd the same thins occurs 'in every
subsequent expmansion, ' '

«“ith re ard to the charncteristics of the ccnsuners' requirenents, {t 4s known

thet hydroeleetric ,ower )lnnts, fe!l efther by flowin;: water or Ly tonks, are more
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scnsitdve to the lond faetor th o theriwelectric Jlentsy o o0 U counswoers shoy

the seoe sensitivity, L ag. o wy b oher tixed eher os vop acirecleeteie Jwoaer

s
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thie tor theriweleetric SOWeT,

e hnve scen thet wvelosin, countrics surlly hinve v d ity of
Conperatively low riced! cloetrie Jovers  but Glthoa ok - very duportant
feetor, 11 4s not the aily ane whieh 45 Beees==ry 1o cusur the suceess o0 4 steel ;
fndustry,

~ecorddn . to the various vEOCUsses usedy onocetdvit, on tids Cield sust have
constant and econcodienl sources of suioly o8 Aror Lrey et oor e fey sern;, fluxes,

finsl w4 tions 1 sntor,

the use of iron orc -u! conl {is chareeterdstie o inte, rote. olants: the

sresent trend of losi on en dncers {s (¢ consider n yeorly orotuctdon of 506, S0y,

tons g the miuiﬁuu caseedty for nn fnte ratoed Hlant,

the lotest exjperfences 'n! the wst nedern teelndgues (dueresse of 1 onerate
Jereenta ¢, inerensc in Linst furnsee size u)! Jrodue tivity, use of oxy en
converters) arc,raisin this sdndiee eopoeity to o yearly ratuetdon of 1,400,000
tons of steel,

It 1s evident then tht the inte, rated process, requirdi.. . rssive use of
iron ore and conl, 4s not the most suitoble for ginll nad veddus sized olonts,
3ut atso leavin ~sile [or - wonent the size of the slant, o cust consider the
externnl facilities tor the sug ly of raw nnteriols,

In the first plece, the quentity of necessory row v-terinls vordies notably
weeordin; to different processesy for the inte reted, usin oo qunlity ores and
conl and econsiderin, o T5-6i,. pereenty, o cf hot ehar, o, soproxiontely 3000 4. of
rw uaterials (iron orc, corl, [luxes, iir~1 ~dftdons, sern.) are required for the
oroduction of 100G ..., o© stecl, whercus {u the ecld chnr o srocess only 1200=-1250 X;.,
aproxinctely oi prw anterinls are neelo! to obtrdn the s~ne quolity of stucl,

The iron orc -n corl nay be edther oroduce’ loc lly »r da.orted from nbrond,

In the first cose, 1or o investuents -re necessary to exploft the ore demsits or
loenl beds (infr «structures, cxtrection slontsy elissitietion ~nd first Jreprration) ;
in the seeond ense 1 r ¢ investrients rre niso necoessary tooaske sort frellities for

the unloadin,; of shi;s troasportdn. the rov nnterinls, 1o Loth erses these
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inst2lletions, 4n order to be ceonvudenl ~ad efifeient, iust Le built for larie
production, and therefore they are disprojportioned to the type of inlustry we nre
now considerin,,

1t is evicenc thot for steridng w. steel industry, or Liused ou smnll sized
plamts, to he fadependent iren fron ore ol conl su :livs is an adventoge: of
coursc it is necessory to wau and solve the protilen of the sup . ly of serap.

beveloping countries, ¢r those widen hove o sbeel industry of 1lenited
dimensions, with : _roductin lower thon the consumpticn, enerally should heve n
ood quentity of iron ser-, sceuimlotod 15 the course of tine, In this case the
problea will consist *n orownizin the cullection of the seres, and in arranging
for the seleeticn -mid pre.ar-tion phesesy 1t will ~1so be advisoble to make
awreetients with loenl centres whicl cuatinuously iscarl serrp, such ns rodlways,
0il fiellds, trinsforuntion industries, ote., to yurchase this SCEL.

ifeedless to sry, iF Whis nnterieol i exported, the necessnry steps must be
token to sto) this escoc .v SCT s,

17 loenl sup,.lics nre net suificient, the recndnin sern will hove to be
fuvorted fros abro~d; ox,.ericnce shows thet it 1s advisable to have at least two
sources of supply, cither beewuse the custoier is in stronger bar,:ining position,
Wil beeause two or nore sources of suyply are more capnble of overcominy the
inevitrble wnd unforscenble erdiscs thet for zortieular economiczl and politieal
circunistances veeur in the uartet of this rr. uaterinol,

The steel lanl wanegers must un'io clenr contucts, with re_ard to prices,
coraneters for tice enlculntion of price “arictions, 'nd tyue of sernp to be
supplieds  they should nlso e crrangenients ior an effieient ins cetion in the
ports of embarkment, sc os to ensure thet the inaterinl ship.ed eonforms to contract
specificntions,

After ail we hove stoterl wbove, 1t seens to us thot the electricanl furnace is
very suitable for stecl _roruction in develorin countries, In fact the electric
furnnee weets well the requirements ~a.l conditions whieh rre charncteristics of
these countries; it is suft le for snnll or nedjun sized Hlents, it is sufficiently
clustie for » lav,v ra o of sroducts, 41 eon he wdooted for srouuction increcses
hy redunl ste sy 4t does et recuire iren ore cnd cocl or couike, rnd it needs -

Lir e quantity o electirie cewver with o orelatively hih lood ‘netor, naturally at

tow riec (ﬂpgrn:imrtulj Lsu.ul/hhg,
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Til, The actual r8le of the eleetrie furniee in countrdos hvia

\ ifierent
industrinl levels

The dnercasc in the out ut eopnefty of the eleetrie covnecs Loa rocy eded
ourellely with Ahe cx ansion of thelr weey Lo the Jdolrdnont o the g ea=hesvih
turnncece with smell cupnedty cwd eoll ehior os, lso in the oo uetion of coonon steel,

s hos Leen e ossihac vy the netusl reduetdon v the el of clectrie power

md 1ty renter avedlebility, Dy the {nere sel croduetion e

cefty consequent to  the
aeitioned {iprovenenis nd Ly the lover eost oy chroos i1 the cleetrie [urnacos,

L1 this finds coniir .t n by ooeloser view of the aetu b ostrueture of the
steel industry in the Unite! 51 -.tes ns well as in the other countrics of the CECA,

there 4y nowndiys in the Undtod states o sreat aueher of non inte roted steel
works with » Lroduction veryine froo o few tenths of thous nls of hours to nore than
holfl o rdllion tons oer yeury sorie of these produein: esusion steel for conercte bors
st strueturnl steely sone of these rro loentoe! iun ceceentrie ;’sitfnns with respeet
to the inte roted stecl Hrotuction centres, thus foein rrke” ont Hrotuction

convidtions similar 4o those tyde-1 ol the dovelo in, countrics,

Therc is seeningly siill o gre.t poreibility of oxpansion ior tLo .leetric steel
industry in the United ntotes ns 414 4s confiried by the duerc sed production of
electrie steel which steppod frowm 8.4 10 9.5, on the totrl Jroduction fron 1960
to 1962,

Siniler consider tions con Lo droem fer Lhe countrivs of the UNCL,  Ia fnet,
if we talkc Into consider-tion the stolisties of the Lost ten yonrs .roduction, it
is possible to note o considerable nerewse in the sroduction 8 eleectric steel
(sce Table 104l),

althoush sirictly connoeted to the inere-~sod sroductd o n o8 hi D quolity earbon
steels (sce Tabie hoy2) ort of whieh hovever are s1ill proaeced with the opene
henrili furn-ce, =s well == to the grofuetion of - 1loy steels (sec inble Lo,3) <lmost
exelusively proluced with the c¢leetric furncee, this fnereese L5 still paridy due to
the percents ¢ ol cowiwi stuel produced with the clectrie furivier Lhstend of the

open=henrth furncee with ¢old charies,
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Coaffractica ¢? this ¢n four? by oxomfadn. Tole Lol v pine nuLibrer of
electric furn~ccs nnl o, cn~he-rth furncees oger~tda * tac TUCL Croc 14953 to 1962,
It has to Le notel that the ‘eereose {n nunber of th. o onehe-rth Jirn~ces is
resiricted to sinli units, e eleetric furnrces [ oetive ~t present are nostly
nbsolete ones or furn ces with - Hogied e ettt

TXL.'s [orcensts reechin, ns far -3 1,05 Tores.o - further mrnsfon of the

electric stecl u> to ~  ~x4ian of 10,-. 1411402 tons v yoor oaucl to 1C, v of the
tctnl steel proiuctdon, “ids grorovenent 4s justdfd ) Ly 4l dnerc s Jroduction ;
oi hi :h /pale steels nnd vy the ever 4nerensin v 414244 ot low qunlity li:ht f
sex . that will De foun:! on the twrtiet ot eonvendent vrlees owin o the expansfon of
oxy_en converters wlierc the use of scroy 45 rotlier 1ofted, -a! corres,onddn;. {n
m~ldity :nd quantity to the hoie seroye  ahte techindesl develoment of Llast
furncces nnkes the use of 14:ht scro) less +Avante cous.

The elcotric stecl incustry any lay the soue r8le, with resect tc the OXY( un

converters, sLlaye. Ly the open=Learth furn.e. with res.cct ic the Bessier converters,
Besiles, 1t hus leen forescen to 43t 1l eleetric steed worlis 4n those zones of

the CaC.. which ~re cceentriec to the dn srocueiion centr:s, tius resentin ceononde:.l

o ~abient eharretertstics simdlr to those presofldn fn the devele 4 countries, _
Further consiceratdons e~n ¢ ‘r-wn on the structvre of the 1t-14n dndustry ]

end 4ts recent develo nent, ihe ~ponrent consw.itdon ro-c Mte hrs  one frou ‘

b6 .li. 4n 1983 te 245 .., 4n 1952 whieh nc-ns th-t in - lrpse of thie of 10 yers

It2ly hos surol fro: {ts srevious con'{ti n of unlerievele el country to that of a

country with 2 consilerchlc fndustrinl level,  orc “re sotc datas the 1953

production wrs as follows: 1,143,000 tcns eest dron i 3,500,00C tons astecl of

. whiel 1,505,000, equsl to chout <¥., clectrie steel. In 1052 +he c~st {ron
production {nerecsel to 3,304,000 tons onc the stool Jroduetion to §,46:.,000 of whieh
3,697,000 tons, equal to 3%, elcetrie stecl. The roile e-st fron/stecl hos moved
frou 32: tc 3T kecpdn  still well bLelow the avers,e oi .he (. ulieh &s ahout 755,
but £t 4s hoped that = further fmirovomont of this &n'cx will Le J0s38ble in the near
future,
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It 45 H08s34L1c to coserve thet uherens {r 4. fIrdtd 1 0 4 Crouety o g
cleetrie =tecl throu % th. se i osere s chdels rende 1 Loy stoent ot
¢i steel Crslueed he caserionee’ -+ pet E SRJPALE RTINS NP E St sor setied e
trenl tovnr s the srofuc tion o0 fite rede st 1. et o 1, roecbly
Eclloved by arivetc co cutdesy (e sthor ane 1. SR T U S R LT Ty tat,
vhich {s _r-ectic ~11. wwverntent vt In o4 iut. .

< osdedler sftuotion 5.0 T the e e b no e afe b ctet ol v, e
be found {n the Lotiin cherde s el in ' tevel 4o ented. o, sl he e 0 fves
the totel croducifor i stucl o e tde L rde L ocounrd sy tae quoati{ty
cleetrie stecl srotuee’ it the Loreent ¢ w01 L 1 e o oo,

v, Cot:zg::.rison Letwcen ihic cleeirie furn-cc . utler systis - G 4t
mtgﬁrat;cm

Before drvin  uw - euinpnrdson Letvoen Invostrar (v oan! wwo lue tdon contx
X ¥

reforred to the J{{ferent steel (ro'ucticn systoenmy, 0 s Leeeis o to “ntfef (.
ad stress thot suel - corrdsen {s uerely fndetio, ' G s 4 4 on the
averae valuc of the hecessory dnvestiwnts, e eoqt op poo coterf ol ' ecasumption
w.terdals,

The followin prices hnve lien ossVed ¢

- seroy [313%5 el ot ton U1 ,00,
- 240 dron Quported) " 25.00 7 "

- coke " I 00 0 om "

- electroces " 560,0c " ¢ "

- power " Collll por Wk

- workmcnshg ; " 1.0 ser howur

2ll other {tens vedn; basel on the aeturnl #rlces 4 foree {n Iinlve

Objeets of this com.orison ~re: the cleetrie furnnee, tie LoD, converter fod
with hot=blnst cupols pd. 4ron rnl the col: choy oo oqenehcarth furnoce, this I-tter
srocess havin ~n historicnl vaiuc, for three M ifereat Toruction st en, that 45
100,000 + 255,00C 'nd “00,00G tons/ye-r,

The comprriso: hos been Jurposely restricte’ to the Love ro 'uctions, stnee
over 500,000 tons per year it {s no nore convenefent to roluce stevi ifpen sere. dron
in comparison wit) the inte rote? lont, in o $ite ot wlont set of euuol
furnaces could possitly suppnly ot of the 4. Iron wn'er o rtdeui r conidtinns of

the serap nnriet,
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§ teble § shows the conclusy ne receacT, Athort o et 4le’ o cwsis of the
sin le {tens,  the fnvesiients require s the Doy steed Lot daelude cusil
furnace an’' oxy con sbant, Jooreeditdon e i v oL Lo U SRS T TEN
It emn he o s81y unersto L vy U o tae e ae i Grs teen tolen futo .
consider:\,tion, vhere tho iicrene s lu vooda, Iot ey Cerdnd ey
Inlluence the ceuncrdet . oo voeoniy sur dnvstd tdon b s onot roache?

entronie resulis, huwever iv or coAndes 40 s el ply veeier tho converfenee o

mlupt the eleetrie furn: co proeess £ 0 S5lent wit coorly cutput of less thon A
| 400, 000 tons (sce ory .o, :
||' froa 03,000 wvons . clLove the L., JTocoss s recereLle o sceount of the

recter possibilitdcs of {ater tion oficred,

Under jiortdeulnr conddtions or the finninednl sinrtet, the lower {nvestnent
requested for 1ts ro lz-tfon, Lesdles  lower sroduetion cust, r.ay constitute
deterudnin, elewent fa the chodeo of the orocess (5o Crw,5) . the utd ity ot
the cleetric furnuco oy £+Ce under saetdeulor cubdent ane rov nisterts 1 oorket
conditions, ilcvertheless 4t {s fnpori-nt to un'erldne tvo rore iretors in isvour
aof the wdontion of the eleetric furncee, wiideh crnnot be ut dnt real velue Lut

definitely influenee the oversil utflity ~n? esfr-idlity of the orocoss:

1. ensier oueration which werns the necess{ty 1o ennloy o less s%ille!

workiuonshi, , this 4s {amportat in develordn, countries

a 2. possibility tc ;roduce "Ny type of steel, llore oondn we hove
acventooe Dop Ceveloodn ' ecountrics - here the existd nerpiet conMticns

do mot cllov for - Mfferentdatdon or s ecfalization of the steel

production, wherers the.request for be & rede stecl incroeases to, ether
with the industricl cevelosuent, ‘
The ensy operztion ¢l the eleetrdc furn~eo 4s » consoquence of the {nprovenents
both mechanicnl nn' eleetrical wplied,

The oper~tion is s=Cer thanits t5 - nwder of [wetors sueh as molern construction
of tronsformers, the cr.loynent of cip Ll-st or Jedomtdn, eells switeh enrs,
efficiont srotection, quic: -l sofe - Ljustin: 878bes oo wiell us the use uf ensye

to~handle control prnel:,
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“he oneration 1s slasler, AL o heet aen cadstdn il 1ty of i tekos
thanks to the oleodyn-rde syster Sor HMtdu . w00 roistdn rooi "urmoco tiltin,, .
safety »nd elanda Jovices dncornor-te. i Lo eontr eireuits, - “he onerntion

is 2180 quicter th-n'’ Lo tho Tooehnrdn s svsee hiie conprred Lo door ehnr; dn

wenigiisir

Ml requires olso les . s 411 ies he o i,

«11 relreetory womii sueh o sheil Slreortie’ Hndn , sulb Mnin, enc root

by the souae dronvorlers ith the ~sedstenee o 0 8911 bew of bricklayers,

the prensratdon of clectrec e luns 15 eostor thends o the fiproved wniiue
facture of celeeirodes, 4o 4 use o toporvel 4 alen rd the use af t1 htin
devices fitted with yn-i. wetor,

THe eleetric furn-~ce con Lo ¢..84ly stonped nld starte: rondn without any Jwiece
bedn;; enused 1o the fustallatioa »n? the ifirebrdc Mnin ., Tids cllows o one dry
stop every weoh for ilie usu-1 ardntencaec vort,

1he open~=he-rth furtcec on the controxy, e i b he ensily hondled fn this Wiy
Loecuse of the M0fteult of 1he {ndtd-1 heatin, ~nd the conscquent oipsnsion of
the various components whieh les 41 neeessary to rmintedn the hent ulso turdn
the weekly or foringf hily sto, for tmintencnec,

The coubustion nn? the dnversion tloe must Le enrefully cheeXed and so does
thie pressure ~nd terier-ture of the he.rth s vell ns the flue tewpernture, the
slag chembers, recuperstors, the fuues wid the denressfion ot the oot of the stock
which require o const-nt control,

The fuel ofl puning units, the notursl as decompression units, the burners

and thedr re ulators, the ir pires and ntondzin. stern oi,es, the slag choambers,

reeuperctors, [unes suneks ~ud the basc of the atnel: eull lor an expensive il
contdnuous adrver-nec,

The reconstruetion of  furn-ec tesns nrLout 5 dnys worlh ~ad the enployment of
skilled nersonncl so it 41t lon, run i1t 4s »nreferolle to entrust the work to
speedalfzed couwp ndcs cnernll weifve dn industri 11y levelo.e! zones,

8 Tesnr's the convertoers, we woul! stress - Tey Miideulties both of
instnllation and redntennnec, sueh ~s the celferte ~ir -nd oxyren conveyanece ond the

suction, coclin; w.' funcs surific-tfon systens,
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«1so from the technolo: 4e-1 Loint of vies the electrie furn-cc shows lefinite
charaeteristdcs of sfi lleity 5! ¢osy uuerstion,

The vleetric turnwce 1lows ool sl colrol, stiiple oxidtion, carburation
and recnrburntion, control of Loth tew.or ture o' the possiidlity to queneh the bath
in the furnace or in the 1010,

In the open<ieorth rurncee the o Ltdn o) the vefindn, phoses rust lLe
carefully fullouwe! by s 411ed Lersoinei t. hove the metsl chsors the neeessory hent,
to correet the sl , t. correctly pro ortda the guastity of oxi'dzer, whieh enlls
for an ~dequ-te re nwr tlon 0 the het! s - s to wolll exeess ho t4nn . of the Lasin
*nd reneh thus » corrcet ¢ .rion e ni Ny coeorreel cuth tesporiture nd o suffiefent
sln, Tnsfefity.

To operate the converters, the workers rmst e partfeul-rly skille! since bosed
on the type ot ehar, o, the rnulysis of the lesire! quality I stecl, the blow tine
chd the fleme colour, they rwst leef'c -iout the wltien of 510+l the tlue and
lindt of refinin ,

So f£nr we have teden 1nto constlor-tdon the cleetrie furnice fod with ecold
ehmﬂ;as, uoinly eonsisiin. of BCTopy il the olvonte e derdvin  fror the {nenendence
frou the sup,.ly of other row interdals sueh as iron ore il eols Certnin ‘
cirewistnces however, thou h not strictly ccunvule I, sueli ns the necessity to
reduee the {mportation ot serrp to {rprove the balmuece of trode of the country, or
the necessity to reduce the use of serey to produce o quility of steel Jdevoid of
fupurities ns f£ar <8 jossible, 1y su est the tnte v tion of the steel plant, .s
1t is well knuwn, for nelfum and sinll sfze! 2buats the Wdoption of o blast furnnee
would not be suitable lceruse o the hi h fiet-11:dden nd nroluetion costs involved,

Based on the expertencc aequire! {n this fiekl, 1t 1s possible to Jdeelnre that
the adoption of the cleetrie arelting furniec -n? the new cthols of direet reduetion
represent the best solution tor the s 1l ~n' cediun clants,

The eleetric s wltin. furn.co syster: his been widely Ynown il erployed for many
years, The requircient {or every ton «f e.st {ron produced 18 2400 to 2600 k'Vh and
SO0 e 950 o, of ennl, 1t {s coonrent thiet the electrie smeltin - furnace {s an
~dvente e there where there 1s - 1ar e “voilability of elvetrie power ot low ecost

(¢ to 5 :d11s/% L) - where it s possible 4o oltadn sup lies of ev~l »t convenient

oriec even if not dn Lre queontitics,
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Various methods hove Leon Intely stulfel »n? exoerinente! to pohe o4 on!
prereduce the orc charie vith » view to deeressc the emsuwi s tion of eleetrie power
il inerease on the other hana the sieltdn . furnceo sroduetivity i exploft rore
rotionlly the furnice . wscs (“tout SO to TUO eugri/ton ot fron, with 250 to
2600 Cnl/ecu,tiis) o

)

There nre ne news of Ay ol these systens suecossiully cuployed on i fndustri o)
se~le in the steel inctustry,

The eleetric nec furn~ce mry e ded up te 50. with hot actaly better {1
preceded Ly » proerefinin . Jhrse,

The results obtadncl . fter varfous experiuents show the vollowin Mffereices
with respeet to the culd chor o ogerations

- reduction of electric power consumption,

- reducticn of pourin: tine, with & eonscquent fuprovesent of the

are furnaee nroductivity,
- inerense in the oxy;ien consunption,
- inerensc in the conswiption of refractory nateri-1 used t» line
the furn-ee and erown,

although iron ore direct reduetion nethods hove Leen stulled nl expertrmented
Lor ~ ;;00d mony yenrs, only aflter the socond worl! war this rocessin: hos
experienced » renl loon developdn,, real {nterest in the worlid of the stecl {ndustry,
Ve tust antiedpate tint rost of those orocesses nre still {n on experfuental stwe,
However, sone of these rocesses *prlied on wn fndustriel scule hove jiven | ool
technienl and econouicnl results, Ve would further 1like to stress that these
Mreet reduction methodls request for their npplie-tion some Lisie condit{ons, {,e,
~vnilability of noturnl as in 1rre quantities anl low price (consumption of ~hout
600 eu.n per ton of ore rejuced) and aved1nbility of hi:h qunlity iron ure,

The eost oi transformntion of tho orey relucel by ddrcet process into steel,
i1s hisher than sery transformntion s - consequence ol the inere:se of sowvery fluxes,
slagidn:, uaterinls <nl refr etorles consw.ption s well s o conscequence of bty to
top time inerensec,

a8 fnr us we know, the 1iwst interestin. nroption of 'n dreet retuctfon proecss

is to be found! in - steel plont in » Lotin stierienan eountry,  The steel plant with
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cooneity of haut 300,000 tonsgver woris o, other with + Tireet reduction »1 nt

groluedn, 1ndly TOC tens i s on o iron (the Lt is oger~tin i two lines, one
with 200 tuns/l v n” the  ther 4th S0 tong/d oy retuctiing .,

«8 @ eonsequence the sieel dlat 40 consi ntiy (o D76 swn ¢ iron ~n' sbout
Juoserap, nost Lf ohteh 40 han ser

desfles these inte v Un rocesses upseresi e dun ~ndosnell steel plants,
slso lowmstren dnte r 4 roesaer rve o oon suceessfuils n’ 1ar oly engloyed
"s of late, e reter {n portdeul-r to the ecntinuous c.siln ' rocess which hus
crove? to e sulu 1le for e metfons o reuce . seele of scrdiindshe ! prolucts,
In substdtution f "loorin adils, s1-1iin ~ills, "l ecntinucus billets mills,

The coptinuecus e stin is eonw de 11y oovioave cous for yve rly Lroluetions
f21lin - Letwenn 5,000 n 300, 000 tons, deoenddn;. on the nuler of eclurms an) the
sroluct seetian, an’ ciirdoste the use sr' the ~bove nentdon.’ +411s, which ~re
costly anl vhoss dnst 11lien is veonoide lly justific’ only for lor e proluctions,

411 these inte rod4or assit il ties for ose01l wd ne Muw steel lants hove
olvyed © loefsive r8lc 1 ovour L0 i eloetarde turn-ee, r.t only 'ecruse they
hove »llowe! the re-1iv-tdon of siell nt owe due steel workin . units with - rore
el more eciplete and dnte rie' eyele, but lso eeouse - #17nt so conceive! hns
~11 the possibilitics, storudn Iror the {nftd 1 melous o re~ch eonsidernble
production r-otes throu h successive e nsdous,

%

ve Twe exormles of rwdern cleetrie stecl aors inst-lle 451 Lotin Jmerienn countries
SR m

Before enln  these notes o out the 00 tdon of the eleetric [urncee in
developin  eccuntries, we woul! 1iie t. shortly 1llustrete two exumles of olern
cleetric steel works ercete’ - successfully ooer-tdn 4n Lotdn .oierde .. ‘hese

ore T.usi, verweruz (Lexied) wmid LIDEW.,; Craaan (L entdne}.  The procuetion of

%
sotl these stecl worhs 4s .inly “Lsorbed By iy 1oaits Lreluein, se..iless plpes.,
The ~enersl layout (¥{ urcs { n. 7) forgsecs tic fincl instrll- tion cf four
eleetric furn-ces of 50 tons ¢ eh coverin - rearly ingot precuctdon of fron
260,000 tu 266,000 tons,

abthou h the twe 1osd ns sre cufte sindl o weuld refor in rarticul r to the

.. steel=shoy, sinee this 1:tter has leen uyeratin . Oor » loncer perivl, T.ud.

sterte! $ts metdvit, 5 yerrs « o, in rreh 195 y while 3156l vent into oper~ifon

et ene senr o,

.
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TiuSi starves with one ¢leetric turnasc., in Geteber 1930 1 see 0L cleetrie
furnuce started evernting, and . third -ne in Uetober 1961, Verythine is reody
for the instoliation of o fourths unit, whenever aceessory, e daencees have o
nominal copacity of 35 tons Lut in rreetice the caarces rote, us be 33 e %5 tons
and each heat vielis from 8 to 19 tons i inyois, e shicll's divmctor is 154,
that of the electroivs is 19" .nd tho transt-reer oo ity is 12,000 =0, ihe
rlant is provides with ~ 150 cuer /i ur oxy o instlll: tion,  Cayr im bein s
blown during thc r.finin- ~hase, "ithout the use «f oxyoron th vrosuction s
been of cbout | hents in th. 24 heurs, i,ee s1i Gtly rore then veng,our eaeh
furnace; wherezs Hy using oxXyren in . 3 to ; eu,n,. ton rotio, it sus heen possible
to obtoin morc than 5 heats in the same seriod, whieh neles shout 10,5 tons/hours
each farnace,

With two furncees end - fPoree! running it s been possinle to obtadn yeorly
outputs cf more than 160,000 tcns, By onepating 3 furnaces it shoul! be possible
to easily obtain yeurly cutputs of 20C, 00C & 210,00C tons,

Vhereas the usc of oxygen is nomel Jreetice dn the LS. stee) shon, various
experiments have Deen earrie! out to cnalyse =n! identify the bost ways to inerecse
the furnaces proauetivity, tc diminish the conversion eosts an: to rench a eloarer
vie?' as to the most ccnvenient integrating systems, voreter Lere Lo the use of
oxygen=pges burners cnd t- the .rtinl substitution of seren with hot metal nng
sponge iron, The results obtaine! ver: ro21'y interesting and hove confirmed
the noticeable ndajtubility of the olecérie tfurnic. to new teconclogienl systems to
inerease it productivity, t. the mcdifieation < its tr.liticn:l econsunm;tion rate
in view of a more ccononicel operation rol el b 'ifforent cnlbient cenditions,
and to the integraticn viéh varicus iren - ro resueing procoss,

The plen of the twe stuel works hns een stuliel beerin: in mind in varticular
the dimensioncl chorncteristics of the in;~ts, f7.334 manufretures inpgots with on
average weight of B0C ¢ 9CC ¥g,, the avercre numoer of incots resulting from eaeh
heat Leing 6C, The ninimun unit weight per inget is 00 Gt nl the moximur

number of ingets per heat is chbout 120,
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As regard SIL..C4, the minimum anc average weight are still jower and as a
consequence the average and maxirun number o 1ngots manui'aetired :8 higher,

TAdSa's produetion covers all the ran ¢ »f stoe) quaiities in conlormity with
A.l.l. Standards (yrade a, gsrade ¢, 4o, =wty =32, Ved , o=55, -8, =105,
£~11U, grade U and grade ! as well as st-ei for the mass production of high
quality produets suci ax tool-joints, rock~-oits, dealld coliars, amd Ligh pressure
gas bottles, The steel sroauced nas alwa, s a limiteqg 1oleranc: on the
specilications because ot ti. suce ssive o7 ocersihg and 8lso because of the mevere
working conditions the finished pooduet uas to undergo, ihe irmpurity content
rates are cleariy specriicd by the various - tandaris {net'eley ae*sTivey “eAoke)
and are kept withii rataer low values,

We would like to add that the higher tne coaracteristics of the stcel, the
higher the bearing of tne jualit) of the raw material charged, hence the necessity
to by high quality scra,. and to carefully select the serap coning rrom outside
and the home scrap, in this latter casc to make 8 better use of the alloying elements
contained,

As regard the power supply, TaliSi is fed by an hydroelectrie plant of four
45,000 kVa each units, with the possibility of expansion u; to O units, The
granted capacit, is 34,000 ki of which Byt ¢ 1u, W0 k are absorbed by the
rolling mills and by the gencral and auxiliary ser icos,  The total monthly
consumption is about 14 ¢ 15 million k''h, more than 10 mitlion of which are
absorbed by thc¢ steecl works,

As regards S510.0C., working at present with two furnaces (12,50 kVa each),
the necessary power is supolied oy a thermoelectric plant with a 37,500 ki’ and
the possibility to double it, The thermoelcetric plant feeds the steel plant,

the rolling mill, the gencral and auxiliary scrvices as well as aome nearby

transforming plants pertaining to the same ETOUD,
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It is interesting to note that all of Ta Za's installations can be fed through
one single transformer's set thanks to the paramcters stability of the electrie
pover produced by an overdimensioned hydroeleetrie slant, ith SlbkdCa, on the
contrary, ii is hecessary to scnarate the stedl sho,. transtformers from those
feeding the other installat ions, in order to deaden the o lcets of sudden load

varistions of the furnaces o1 the other processes,

Kilano, 11th Soptember 1563
8ID/8Co
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