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INTERREGIONAL SYMPOSIUM ON

THE APPLICATION OF MODERN TECHNICAL STEiL SYLp. 1903/
PRACTICES IN THE IRON AND STEEL Technieal Paper/a,2)
INDUSTRY TO DEVELOPING COUNTRIES ‘' ‘uibor 1903
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11-28 NOVEMBER 1083

ELECTHIC PIG IRON SMELT ING

by

Cs hekar, Director of wetallur.ical Institute, Ljubljana, Yu, oslavia
and
M. Stare, Chief Technolopist, Store Ironworks, Yuyoslavia

1, The reports and culculations of the United Nation's Eeonomie Comnission show that
the produetion of erude steel is continuously increasing., A further increase is to
be counted on, e suppose that already in 1970 a production of 600 rnillion tuns of
erude steel will Le aciieved or even surpassed, Now as lefore the pig iron produced
in liquid state froii iron ores with reductants will bLe the principal raw materiual for
the steel production, The annual quantity of pig iron to he preduced is almost cqual
to the quantity of finished prodicts, But only o small part of the pig iron is used
directly in the foundries for castings. The bigger part however is converted to
steel, Waste and scrap are continuously circulatin,, Their quantity is bi;;per in
industrially developed- and considerably smaller in the undeveloped countries, The
quantities of sponye- and ball-iron as raw materials for the steel production hesidc
the pig iron are not irportant,

2. iy iron is produced today riostly in Llast furnaces, in electric piv iron
furnaces - representin; a further development of the by Thysland and Hole created
construction-, and in Llast low-shaft furnaces., The main quantity of pi.-iron is
produced in the Llast furnace which has durin, the last 10-20 years developed to a
production unity, that can not e compared with any other regarding its dinensions,
capacity and thermal efficiency. The Ylast furnace requires as reducing, a;ent and
fuel a stron;, not toc reactive coke, having a lunip size of 40 to 80, respectively
120 rn with a very hixh static and alrasion resistance. The production of coal
convenient for the pro‘duction of Llast furnace coke is pettin, more and more diffieult,
so that the increasin; requirenents are harder and harder to satisfy. In the
industrially higher developed countriecs it is pettin;, difficult to find miners for this

production, This results in a continuous increase of coal- and coke prices. Not
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long ajo the expenses for coke represented alnost 1/3 of the price oltained for the
pi;e iron, The necessity to lover the coke consurption became the First demand for
each blast furnace plunt, The ~last turnace experts have leen successful and the
cuite consurption in the Liast furnices vas reduced till to 550-600 kg per ion of
pi,~iron, when apilyine to well knovn mensurcs. /. further reduction of the coke
consumption is linited and ean net Yo oxneeted owing 1o the rencral requirements of
an integrated steel plant on as, fuel and therral ceonomy.
3. lefore the last U.ovld ar the electric plf iron r'urnace wis limited to units of
srinll effieiency nnd to countries dispusing over vast quantitics of hydroelectric
power.  The experiments ofi that tine hove Yeen bound to the fact that the eleetrie
furnace ean use normal coke and also that of simller iranulometric composition,
decause carbon is reducim iron ore in the electrie niy iron furnace only
direetly the carbon consurntion varies from 310-320 ki per ton of pig iron, That
curresponds to 1/3 0 2/5 of the coke needed at that time in biast furnace. For the
production of one ton of electric furnace pig iron, beside the coke still about
2400 Wh were necessary, Therciore, roughly taken, the electric pix iron operation
wvas in comparison witr the Hlust furnace operation economicel when the price for these
2400 LVh was nearly equal to the costs of about <50 k;: of Llast furnaice coke. In
spite of this even tiaen tle eloctric ener.y prices have '.een too high for the electriec
pi: iron Furnace to obtain a rore universal siynification for a reyular and
important steel produeiion, The cupacity of the electric oi; iron furnace has been
in the lust years inereascd tc 2., 35 and 50,000 AV, and ray have as a covered three-
phase pi. iron furuace iis limits at avout 65-75000 KV.. ith help of rietallurgiecal

practice und neasures used with Llast furnaces the specific power consumption ger ton

of pi. iron has been reduced,

—

. AMUEr the var in Yuposlavia - electrie pi; iron furnaces with a classical low

translorier capucity of about 12,000 V. have been constructed. These furnaces are
now hedng enlarped, One furnace cf 24,000 iV., five furnaces each of 35,000 KVA and
othors tre under construction, The reason that the Yuycslave iron and steecl
industry, vhich his till now erceted some Dio Llast furnaces, continues to build them,
has provaded so uany clectrie furnaces to incrense the pig iron production, is due to
the foet thit tais country has ne eoking coal but disposes with considerable water

powers and sionificani deposits of aard rovn coal and li nite, The deposits of
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brovn conl are estinated to atout 3, and those 0 1i nite o s 010G p.s b .

These niines are situated over the whinle countr.,

wxtensive tests and studies, 5y the Vetallur deal institute in tgubld g hiae
proved that it is possille to oltain v c.rhonizetion - sroduct 0 the originel shaoe
of the used nut or lunp eoal which has o sufficient static sng & resion recistanee to
v oused in piy, ircn lowe-shaft furnaces, It is indy necessery 1o olserve very
strictly the drying and rehestin,, conditims shich are chorieteristic for enc. rort
of sueh coals, which differ from wmine to rine Tud ean "o oxiori: entally fixed i

advancoe,
*

*

-
In the clectrie )i, iron turncce ut Store so.¢ theusand tons of g1, iron have
been produced to test the abuve VYrown ecul ind liraite coke nad it has Neen proved

that they can fully replace the metallurgical coke and that they even pronote and

‘;’

increase the silicon and nan;anese reduetion, With regard to their reducing ability
the brown coal and lignite eoke is approuchin, tie nearer to charconl the your, er its
origin, In rigel the reducibility of a aormal Llist furnace coke is shown in
comparison with a typical li;nite coke, Tith this Jdiagrao elsewherce obtoined results
and experiences are confirmed and even enlared s shown in dingrars Fig. 2. he
lignite coke is intensifyin. thc carburation and the desulphuration of the reduecd
iron in the sclid phase, Since the electric conduetivity oi sueh cuke is lower as
that of the metallurgical ccke a smooth furnace operation and o lowerin;; of the power
consunption is the consequence, Figs1 shows the reducilility of a norual Llast
furnace coke and o lignite cole at different tenperaturcs.

The brown coal and 13 miate coke can e under ‘u,oslay conditions generally
produced und carbonized cieaper than - normal cokin, zoal, Usin, sueh coke in
sinterin; plunts, prercduction kilns, low-ghaft and electrie pis iron furnaces, only
about 2/3 of the produetion ecosts otherwise paid for the imported coking coal wiil be
necessary. Such coke naturally eacnnot be used in a nortal !last [furnace.

Sumarized: The Lrown coal and lignite coke produced as above ean equivalently
replace the netallur: ic:l coke at least for the production of pi., iron in the electrie

furnacé,

5. The experiences of experts, en.aged in pig iron production with covered three-
phose furnaces with immersed eleetrodes, ajgree thit a eertain ecntent of ,1203, at

least 8-12-, is necessary not cnly on purpose tu lower the melting point Lut alsc the
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conduetivity o tae sl. The piaysic .l and ehenidenl compositicn of the ore and
Lurden with its eleetricnl cacracteristies should e taken inte consideration
particularly shen fixin tae Jdancter of the eleetrode eirele. ihe experiences
aoree alsy recardin o rather hich quantity of slao, of about 52C k., per ton of pi;:
iron and the silicon content in the pig iren of G.7-=1 1o have a rost regular and
veononie furnuce operation, a8 in every shaft furnace, nlso in the cleetrie furnace
the dust is un enery 51 the regpular production, i granuloretric conposition of
the reductant can b varied fron 10=<C o and e:n be jenernlly the finer the hi, her
the silicon percentase in the pi iron nay e,  The experiences obtained with tue
sest ooperating, Tu sl.v eleetrie Tumiace at $tore =nd those in other countries show
a dependence of the ener,y consumution to the iron percentage of tie ore - as it is
shown in Fig, Ju, This dinsram is worked cut for the production of 1low silicon
pii=ircon with a sla: having already the necessary 41503 c:ntent, and when the
necessary lime is added burnt or in self-iluxing sinter, For each 100 kg of slay
over the slay optimunm of about 500 kg an additional quantity of electric eneriy of
aso1t 50 ['h can be put into calculation and of about 100 &h when charging liheatone.
The differences bLetween the lowest and hijhest enceryy consunption of about 200 :7'h per
ton of pig iron depends on loeal burden conditions, furnace constructions, and
individual efforts and experiences of the engineers, Generally we can state that the
pre=war consuaption of alout 2400 [Wh has Leen today deereased to alout 2000 K'h when
operating with o nediuw. rieh burden, The eleetric furnace operation in thé iron and
steel plant at Btore has durin. its lon. periud of practice proved this.

The followinyg table indicates the power consumption in ["h per ton of pig iron
an: its dependeney of the hurdén yield at the Store - 12000 iV.. - piy iron furnaee

durim  the last four vearst

Burden yleld KWh/Ton Production
in . in tuns
1959 ‘f}. 5 2, }6‘0 27,241
1960 wleid 2,342 24,787
1961 130 1 2.23“0 35,62“'
l*)h: u’-.? 2,203 %'53’&

The burden contained -8 to 51,5 of self-iluxing sinter and 52 to #8.5. of erude
vree  The busieity uf tac sinter was C.7 and tihe rest of the lime was charyged as
lirestone.  Sixty per cent of the furnace production was basic pi, iron and forty

por cent toundry ot droen,

o
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Ficure 3 illustrites vith its curve tie relation: 7h comsunmtion to the bmrden
_y'i.eld baged on the exnericaces <f the $tore ilant for an avera » pioarom compusition
of 145-2.5. c¢f Si.

6. Because the carbon eonsumption of wn eleetric furnace ean nt leo essenticlly
lowered Loelow 38C=«C0 ko of e ke per ton of i dron vhile the sane has Ceen in Blast
furnaces lowered to 55%0-60C k., & comparison 'ctoeen tac ceonomy of an electrie pig,
iron furncce and o Hlst furnice dopends even aore than 'elore the war on tie priecs
for eleetrie power, Ii at that time the costs for 2000 0% od to o cquivilent to
thosc for 450 & of "last furnice c: Key this relation has today deervosed ot o normel
eleetrie pi, iron furnoee oporation f 2069 ' 'h per ton of i, 1ren to only 200 % of
cokes The ecusts ior 10 {7 should approximately eorrespond to the costs oi 1k, of
coke, There are very iev ¢ .untrivs here cleetrie cner;:y could [ e obtained at such
a low prices  Thus the thermnl cquivalent for 1 0 7h has conscequently Loecume more than
before the mest exjensive heat ener ve St 4 note or loss permanent price o ore the
hi her custs for the cleetric eners Yy ecun Lo oppesed only by means f lowerin: the fuel
ecsts wnd the snecifie caer vy consurintion,

48 already menticoned noove the sroductivn oi liynites or “rown conl coke will
frequently bring o loweriny of fucl custs, Too lowerin, of cnerpy coasumpticn is
possilile - suun.se o rieh und casily reducille 'wrden is used - only vhen the shaft
vork defieient to the eleetric pi; iron furnwce - is done outside .1 it and the
c¢heapest fucl and its cun furnece /os is used,  That neans thet the reduetion of ore
in an clectric pi; iron furncce should e earried outside of it ns mueh ns possible,
7. The latust netiiods to combine the so=called dircet reduetion osrocesses vith bive
pig iron production in an cleetrie furnnce bhave the seope to use for the roduction the
cheajpest fuel as anlsc simultancously to discharye as much as possihle the iy iron
furncce from the reduction wiork, In this -y i) savings f enerpy vi11 Le obtained
still usin; toe expensive cleetric encr only for the reduetion of silicoun and
manganese for the censinin. quantity of iron oxy, en and P the meltin. nd overneating
of iron and sla,. oily the comvination of such rocueti n proecsses with the cleetrie
furnace when operitin, vith in orsed eleetrodes will L discussod, The processes
dependin;; upon contact seieticns wnd open badh, as tor instunes ST ATHGIC UDY should

not he taken intu ecusidiratin in tiis roport,
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Host of the rentivned piercduction procossos zre using for proreduetion the
rotary iciln, et olso the U= LEGYD sinterin. cocte s propisiong pood results,
Lur ore, sintor er pelbiots ure (o e reduect vit: o solic earbon earrying, fuel, as

1

lignite, irouwn c-.al, anthrceit.e, senie=cohe or esfs “roeze: alsc toe own furnocee pns
Y y 1 y 3
13 ]

and furnazce il enn T uved, St proeesses use the eheroin. of hot prercoucced

burden, tic others orefer o cocl burden aftor sercening it from tae fuel ash, cXcess

conl or coke, reducca i'ines ote, oo rirst tull seqle ipdustricl plant started to
operate enly this ronth and ve are not vet ontitled 4o ive any jud.erment or oninion

about the vilue and cenvenience alrut any oi then,

liowever s the existing methods for enleulatin,, the wmeterial anc heat balanees '
are well proved and  cnerally used, it is justific] to wurk out enerpy balances and
estimations ol producticn costs alsc for sueh combined processes,

In Fige . the encryv cunsumption curves in electrie furncees, if the cold charged
burden has been prereducs i to 5U. (eurve Ii), and to 75 (eurve II1) are shown,  These

two ecurves are culeulnted for tie seaae eonditions ag the curve I, of diagram in

Sueh processes are lowerin nat only c@sts for the reduction earbon and those for
the cleetric energy, but also vint ey be sore imsortant is the faet, that vith the
sane transformer and the same furnnee o I'ar luv er quentity of i iron ecan te
produced, Jeeause of this the ameortizotion rote and the fixed production costs will
be lowered, Also reparding the totel eonerey consumption per ton of piy iron the ‘
electric furnace operation can he well compared with that of a nodern big blast
furnace, The blast furncce is up to &y needing for the thermic Lurden preparction,
the overaeating of tac wind and its produetion esnsiderable quantitics of heat;
increasing the extent f indircvet reduetion and lo.ering the specific coke consumption
the quantity of ;as and its calorific volue is nore and more dininisaed,

For the prodnction f one ton ol piy, iren in o ﬂi; %18t furnace about 545
millien ealories are neecded (after the deduction of the calorific value of the furnace
ras being at dispesal for other consumers), Fer an cleetrie piy, iron furnace using
up to 75 . of prereduced rieh pellets a sinilar total heat CUnsumptiQn of 5,5 million
calories is reckened, Using the cheapest reductants alsc the production costs of

Loth units beecane sinilar,
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The cleetrie b ivon fuarnaes i s e disadvanto oot coan comparis ot the

podern suner Ulast fureae stil) oo direon croduecr thou it sheuads

expected tant o b, furnaee 0 00,000 10 Wil ta L le 1 produce qhon) e=5¢ tous of

s

pig iron per hour .ith prercduecd oitericl, Phis ds o0 course o quentity waiteh hos

3 been estimated 36 yvears a0 us v i oreocduetion,
On tae other side the eleetric i iron rurnice hos in e siatrksoin with the o
! Llnst furnace the advantns e 1. i o Sroaueer of gquality pioodiron espeetadly Lo the

test and speceial foundi quatitios, The oroduetion eosts o sueh pi,. iron are nore

avourable as those o1 2 Llast furnoco wid this even Yy somewinit aischer prices for tae
Q’ electric ener.y.,

B many natisas have heeore dndependent and have founded their own States, most of
tiuose countries are disposing uver iron “rey tut st wita cokin, eonl ter Lilast
furnaces, Lhany of those Strtes othersise Mspos. of cwni, whiieh ean Lo transformed to
lump coke, t+ be used in liw=shait furnsces, 11 caoush cleetric cner,y at a

reasonable price i svailntle the clietrie i iron furiiee will “ceoxe for sueh

territories an important pi,, ivoe or duein, wit, Bt owill De the  asis tor the

i foundation of a foundrey, ivon and steel swehine and tool industry and for tw peneral
industrial developiaent of such e untrios.
| RESWls:
The presented paper deseriles the Jevelomment of tie electric i, iron fuenscee and
‘r’ during the last years oltained results in carbonizin. non=-¢cking cuals 1o be used in
such furncecs, The s.—cnlled diroet srucesses used for prereduction of iron ores
vutside the elcetric furnuec ane eombined wita this tor piy dron pruﬁuctiun are
discussed.
The cnerpy consumptivn and production eusts for elcetrie vip iron nre confronted
with those obtuined with the bLlast furnaecs., The possibilities offercd by clectrice
pig=iron production fcr the industrinl Jdevelopment of countrics in development are
' puinted uvut,
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fig 3 b

Store eleotric pig-iron furnace
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