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LUARALI

The continucns expansien of slectric arc stesimahiag in the warld

1o vory well hmown .
12 surt bo remmberad that elenivic oteslmaking on the ene hand
u‘mm-ummrhud sre the only processes whish ave
in the same time ar Mmere ancienl procenses such as 8ir converter

duveleping
(Thomss, Dessomer) or opra-bearth sre grodualiy disappearing .

Thie pager will be divided ia four parts, deveted respoctively @0 ¢

'~MWerkth the predwstion
of sy G1fferent \ppes of steel;

*““dt*”dmuﬂnu&thdﬂnrk arc stecimaking

. the ensegy sepoet of slectrie~’ steelmabking, ehhor with sevep ov with
presedueed lven ares |

:mmsmm*mmdum"‘m.

Thie survey will b0 based o recont papere. peidicotiong and
-onununications, specially te (he Lisstric Are Conforence, srgaalsed by
IRBID ., i CANNES () rance) 1o 1771




1. ('TDENING APP.L_!_C"\TTUN OF ELECTRIC ARC TURNACES TC DIFFLRENT KINDS
OF STELL

It iv very well known that t » eleatric are fu :acc has been
ap~ecially used since the beginning woo . tou invention .. this furnace by
LEROULT (2) foralloyed and special steels. As an cxample, in France, the
production of sll the electric are furnices was, up to now, mainly alloyed
and special steels (4). In 1971, France produced 2,314 Hillions tons special
atcel, among which 1,526 Million tons (i.e, 66 %) in electric arc furnace
-n the other hand, these spreitl steels were 64 7 of the total production
of Mrenchelectric are furnaces(i.e. 2,379 Millions tons steel), A brand
nev electric arc steclmaking shop, suchas the one at TSBERGUES (5), 1ie a
good example of such s classical trend around the world where the arc fur~
naces are used, in all the countries, for a large proportion of special and
alloyed steel.

However, in the eame time, electric arc furnaces arc used for
<he production of common steel, either in larpe steclmaking siops or in mini-
steel plants.

aaking “l: s Lz{:n an illustration of the expansion of electric are staeel-

1.1, Rggi-ugcl plante

Tha continuous groving of mini-steecl plunts is very well known and
table 1 gives some estimate capacitics, at least for the most important coun-
trles (6). This leads to a prubable world capacity around 30 Mt steel/year,
i.0. sbout 5 % of the world steelmuking capeciiy, I' mmt be remembered that
nint plants are coverinpg & rather vide range of capacities, sterting from
‘round 30 000 ¢ & year and somctimes rvien lass, to plants with cepacitiee
over 500 000 L per ycer.

™ classical flowsheet of a wini-eteel plant ie the following :
- olectric src steclmaking using ecrep

o casting which vas madc (ormerly in mmall inpots or billetn, and
vhich (s now, more and more, continuoun casting in billecs ;

- relling wille, muinly for bars, wire, rods or merchant profiles,

Por such plants, electric ave furnieas a'e usually in the rvanpe of 10
te 60 ton: and fig. 2 pives, an an emanple, the diatribation of all the electrie
ove furnares in feely., Th: statistical data pu'ily ed tn Waruaw (1)
rolars, of courpe, to all jralian electr.c arc fuinaces, t.e. including thoe:
reoducine alloyed staels. Hovever, tue prow  tior of il these [urusces ran
@ dividod appronimately 4o 1w

- 2 Mt af opecial end sllny 4 nterle,
« 6 Mt of common ateel, rodicet in min nierl plante,
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TABLE 1 - Estimaited world capacity of mini stecl plants (frow Luth (5)
and additional data),

[ | Capacity Mt steel per
Country . year in mini eteel Remarke
" plants
Usa 6 S % of total eteel of
this country
Italy bdto$ 252 "
Spain 3 40 % »
Switserland 0,2 36 2 »
Yederal Republic of "
Germany 1.2 2.6 2
Brasil 2 10 ¢ "
Japan 8 to 12 10X "
Mexico ! 252 "
4 around S 7 of world total

Approximate world totsl {7 production of steel

]
3
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Fileure 2 shov clearly ther oroarcund 30 pini=atc boplans e foaly,

AN v i Amon

there oo a cut L0 arnseeg praetiv o oov all of thery Wby capes Tie 3etw o

td oend O tous, the l)l',“lmn o F . proctically, exidc dly th s sn lap em a8
Chiwe aotnd b 1":Q;4J- On the oo v haad, Lie newes  wvn, stev’ piant

in Ltly and Japan it oo in Cove v, Umired Kiigios oA, Pian o e

vive futnices slightly dipper, 6dy oteund 00 € up to S0 tor cone of fhes

1.7, wa%mmt of larpn nleetric are 8 e 1o zhm heps

tn the other and, compared to the mini=steel plants, 4 sosher ot
baiga electric ave gteniwaking shops have been built in recenl poard.
3 mean electric are steelmikhing shopa in the raupe ot 0. te & W rep yoot .
sies LYV an! (11 pive surme ideau of the number of such plant. s it % kel
kin;doa and tho United Stated, This situation ig reflected dn o are + ohe¥e
it can be, Iearly. geen that disrributiova of arv furnaces in TR i e,
according to sizee, isdifferant teon Lealy (8ed ’iii ﬁ“% anl ‘span lowe
figure 3). A number of them have Leen described in Ui tecvmiai bifersters
during recent years and it is intercating to Lo that sues of thea hWgwe
teent Burlt not only for cectionm, such an bars, piofiles, ste., ‘wt site

for flat products, apecially plates (8).

11, RIDER RANGE OF RAV mrt"u FNe ELECTRIC e '?*tfim:n

. e B R

At i+ in very well knowa, th- ¢lectric ar tur ace in eommisily
wlid cold vaw miterial, and malnlv - rap. n 1 reciew  rom Usited Sl tane
't {s shon that scrap makes up to Y7 or 98 7 of the not blic shatge =k ghuss
tele arc furnace, On the other hand, the cloctric are (v ha 4 ¢ w0 comewe @
~ore or lesa importernt part ¢ *h~ govap, deperding on oo sl feetars b,
pecially, the relative part ot thie ditferent s.eclmakine proacosnte (009
tahle 1V),

with the vapid disappearance of oponhearth fagBusee, six oo
are furnaces are the matn uders of yrowiuy tonuaces of o v @ » <Rk ¥ - iotag s
ftdustrialized countries. The care of 1. U1.1,4, 18 aper el o1 Eem mes g
in this vespect and it bas been several times publisied Tias we fhe feog S,
up to 40 to 45 7 of the steel preduction of b M.o,i, iewmld e wede be
electric arc furnaces by meltingscrap.

However, scrap can be
« ol insufficient quality to aroauce quality areel ere tv ¥ seiten ovsmd

insuffi(ﬁi\!ﬂt n (';uanﬂt‘,‘:‘. sf".‘CiiI?.l)' i"\ ut,derdu\”_t““i L ¢ dEwe o & g PP
where the evolution of local ecrap v slow,




i o

e

%

| B o N | wary tBan DY agaety)

~ A

1 yendeee
s % % T g W e
- SR RN ST VW T -

&3 L

| R ]

€ aptsily af ofe Wurnaee




w * Raphes oF Slants o Wnived Blapdur sting only sisvteie QP¢
faraiegs & ; ~uee s88ei Tat ol - 18I

t*ﬂ; | ' m;ﬂmi 7
i h***“*“‘m:‘ ]
i Poap 01000 40 e e * ’
’ Poan Wil @ | . 09 * ¥
@ove | w29 W9 * '




$ ¢« Y.eve ale eriv are 2tealnaking plents in the

ar oy BARLNRE IS IR W ) I8
ST : Furn.coa Production 1970
capacicy 1 short tons short toans
R Sts&L .
ERT LN LT SR &4 175 ¢ 957 000
tLATLYDE STLEL
Alton,l11{uecl 2y 2% ¢ 763 000
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TABLY TV - Utilization of scrap in different steelmaking processes for
three selected countrics in 1969

Country USA Italy Japan
Mc/yecar X Me/year % Mt/year X
Use of scrap
in open.{ | Mt 28 2.6 3
hearth 4 4] 25 10
in oxygen
conver- {:' 18 27 1.0 . 14 .
tors
| ::121“-“““ 20 6.9 14
furnaces 2 30 66 43
!
Total Mt scrap 66 10,5 3l
4 100 100 100




About this last point, several studiecs, such s the one male by Mrobocd (10)
ghow clearly that, if a ylven country or a ¢iven areas 14 deceloping very
fast, specially as repards iron ard rteel arvhiven, the guantity of arl-

sing scrap vwill be insufticicnt to suatain the produciion of electric are
furnaces,

In this context, & -cnber of stg and sroctic - have heen developed

t) use ¢
- cither hot metal or pig iron. In titis respeci, we wust mention the
interesting work done aome times apo in CilIMBUTE (Peru) and, more

recently, at ARMCO STEEL Corp. in HOUSTON (Texas) (11)

- prereduced iron ores. This is qn important subject to which we will
devote more consideration,

I1.1. Prereduction of iron ores

Duting recent years, there has bem a pradusl increase in productiom
of prereduced iron ores, Firurc 5 shows the development of production of pre-
veduced iron ores, considering only prereduced material; tha' are used in
electric arc furnaces, In this respect, a number of interesting developments
hauve been made, specially to charpe continucusly nueh pranulated waterial as
prereduced iron, It must be noted that such developments can alao be applied
to fragmentized scrap such as shredded scrap.

Fipures 6, 7,and 8 rhow ‘three typical designs and layouts of

- continuous charying equipment used in electric arc furnaces, They ave leading
to intercsting devalopment in the way of charping and melting continucusly
the charge of electric arc furnace and open the door to automation (12) (ses

Li_gul‘c 9) .

I1.2, Scrap gricel

Another advantage in the development of prereduction proccsses could
he a stabilization of tho cost of the metallic charge of electric arc furnaces.

Serap prices ave, as it is well Ynown, fluctuating in & very wild vay
(see fieure 10)(9). More recently, scrap priceshave , in Jupan, as an example,

increnrsed frer the rangen{ 40-50 11,4, dollars/u dnlnvercd ro plant, np to more
than 80 U,.S. dollara/t within two meiaths |




Capacity Mt Fo 1n prereduced won ore
to be usedinelectric arc furnoce
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ke st dovegteont, vhich (2 {n the ranpe of 70 dollars per ton
ot cteal terinding relling mills) compared to more than 100 dollare
fa n on udin: roiling Qilll). for the combination bhlast turnace
* eirgen vtesimaking ;

*wtilisation of clectrical energy, which can te prcduced rvom many
#iftarent hin's of primary fueis, compared to the classical flow-
avi, whirh + waing 9011l & vather lurce quantity of high-
reet celle,

ts furt, sterting from scran, eleetric are melting needs only about
&7 WA for mav .8 f@n ¢ figuid .te"l. Y TR

© kst 8,000 N keal equivelert per metviec ton of liquid steel,

Tt 1 ' Mokrgl 0y predaceo “hig eleetrical energy {n & conven-

Pie comos Tese, ! ewmre, {1 et folr in that the electric are
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veed 1a "mini=grec! planta’, Pecarding Iorpe olactiic are furnaces, table V

- ——n

(from Schwaba and  doinsou (1n)) 1 v oeom b trean tows e Larrer gnd
latpe- carscrty, 1 the mare tine, tsre was an jurortaat development in
electric supply vwiieh {r . .o I AT A7S A GAN L A

iv.2. lerea I'iﬂg:h Pover

As has buen published many timea durinp the recent years, one
af 1he anin development of the clectric avc furnace has bean the use of
large ponet gnprito . The classical tlowsheet published by Dr SCHUABE (14)(16)
shov ¢ what in the difference betveen conventional «lectric arc furnaces as
t% y were built ten or tventy year: ago, and the new UP (Ultra High Power)
futnagces b 7 b 1. b 3t the orapet Lime (fiﬁ\u‘e 12).

V.Y, Praductivity of electric are furnaces

Wigh wial we have _aid about size of fnrnaces end power of trans-
forwer, (t (0 -lear that the productivity or the diily production of elce~
tebe are furnae v Ma heen (ncres e tremendourlyv, Coming arain to a recent
pepet of Selvabe and Fuhinion (16), figure 11 crows 1t 1 ow pussible to build
ere furnsens producing | Mt steel/year.

Pegarding operatine tine, from the normal 4 to 5 hours tap o tap
for cvaman sterl ten yoars, ago a nuuber of recent furneces are in the 'ange
of 200 2 1/2 howee, {.0. 10 to 12 hata aday | (1)

V.4, W&lﬂ&ﬂ-’ ;lentyic are steelmaking

™e slo-trei. arc furnace as described in our paper i« theusual
seter turmate. 1 18 wenel i rhareed vith serap or any other vaw material in buckets
i, of eauroew, U ie tapp=t vhin ceiting and telining is completed, In
ted=RL Joars, th:1 @ ha.. Beopa marhor of attempts to net a boetcer utilization
o Ehe wlegt¥ir @i furnace se & eelting wnit, the refining operation being
s2de sithay 18 latie ot tn anethet futnace.

a - A T Vg a nustor of att.mpts to nodify
oo akEmle flew ot and i D GpeFl e Py et aoptly, It 9,0 course,
- é:f jewit o wemt:en i) th  pioj. wed pruceancs hut ve want to mention
the sate $Pond in this fisi,
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Fumace A Furnace B

The beginning of
melting down.

The gas burners
are in function.

Chuarge molten.
The burncrs heat
the slag. The
charge is beiny
refined.

Tapping into Melting down

an ABEA- &0
ladle

Fettling Melting down

Melting down

of scrap Jhe melting down
period. 8uper-
heoting

._Z‘s_;!' e
Preheating ﬁl}ﬁ;’tf F{?” The last part of

Charge molten.
The burners heat
the slag.

The charge is
beting refined.

Figure 14
The S K F duuble furnace (from TIBERG (13)
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The IRSID continuo 1s electi ¢ arc furnace




- a first line of appreach was the continuous charging of prere-
duced material or shredded scrap, as mentioned previously
in parap, 1I.1. cnd fipuces 6, 7, 8 and 9

« a second way of opuration is ‘he use of the electric furnsce just
to melt the charge, the refir ug operation being transferred to
a ladle (17) ;

- a posgible further astep would be the use of two furnaces, one being used

for melting, the sccond one for refining, or even with more com=
plex division of work between the two furnaces. In this class, we can

find the SKF process (oee fipure 14) (18);

« & further trend could be the dovelopment of a continuous electric
arc furnace incorporating continous charging and continuous tapping
in & "nuanceur” or grading furnace, such as was developed by IRSID,
both for continous oxygen steelmaking and also for continuous are
steclmaking furnaces.

gigure 13 show tha basic design of such a furnace which
started ot the cnd of 1972, at the rate of 100 ¢t steel/day (4 t/h) in the
IRSID experimcntal station of MAIZIERES-1de~METZ (France).
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This survey shows clearly the growing role of the eicctiric arc furnuoce
in the Iron and Stcel Industry, This i{s due to its relatively low invastment
cost and to the use of a energy woutce whicl .6 becomung .noreasingly plentitul
and is relatively not very cxpensive.

The basic fecd of such electric arc furnaces will remain the increa-
sing amount of ecrap penerated in the industrialized as well as in the develop=
ing countriecs. At the eame time, the anticipated development of the prere-
duction prucasses will give a new fced materiul, enhanced perhaps by a morc
stablae price than the usual scrap., Furthermore, the use of such a prepared
burden can change design and practice of the conventional arec furnace by

taking opportunity of continuous charging devices and improved automatiom
schemes.

It must bs noted that the same techniquss apply to the use of shredded
scrap and, more gensrally, sixed raw materials,

Por the futurc, we think the eleetric arc furnace will be more and
more devoted to melting, refining being trensferred to another appavatus, This
could, ultimately, lecad to continuous elactric arc steelmaking.
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