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I.    mVíMNG APPLICATION Of 
ò? ma  

MCTRIC MC rtlRMClS TO fîFrtRCW KT WS 

It ib very well known that  t   » electric nrc fu> ;acc hi»s been 
specially used lince  the beßinninp Wt». .  t.:u invention        chin  furnace by 
UI-jROULT (2) for alloyed and special stcela. An an example,  in France, the 
production of »11   th« electric nrc fnrn.-ic.es was, up to now,  mainly Alloyed 
and special otéela   (4).  In 1971, Franco produced 2..J14 Millions cons special 
steel, among which  1,526 Million tons   (i.e.  66 I) in electric arc furnace 
w-n  the other hand,   these apre ill  steels vere 6¿ 7, of  the  total production 
of   French electric arc  furnaces (i.e.   2,379^ Millions tons stoni). A brand 
now electric arc eteelmakinp, shop, suchas the one at ISIIERGUKS (5), ii a 
good exanple of auch a classical trend around the world where the ore fur- 
naces are usad, in all the countries,  for a large proportion of special and 
alloyed steal« 

However,  In the lène tin«, electric arc furnaces aro used for 
bit« production of coaason steel, either in large steelsiakinr, s. ops or in mini- 
steel plant!. 

Fit.  I gives an illustration of the expansion of electric are steel- 
making in the world. 

X.I.   Ufo J-if«! planta 

the continuous grm/ln** of »ini-stecl plants is very veil known and 
Cable t gives »«a« ••timac« capacities, at least for th* most important coun- 
tries'I»). This leads to a probable world capacity around 30 Ht st^el/year, 
i.e. about S Iff the world ateelsiakinp, capacity.   I*, imwt b* reinwnbered that 
«ini  plants «re covering a rather vide range ©f capacities, starting fro« 
•rttttnd SO 060 t a year and so«« time s rvan lass, to plants with capacities 
oyer MO 000 i per y« ar. 

f*e classical flowsheet of • »(«t-ateel plant ie the following   : 

- electric are stee leaking ualnr scrap ; 

• cae ting wnteh «as nede íori-wrly in snail  in*eta or billetn, and 
which la new, «ore and a»r«, continuons casting in billets 5 

- rei ling Mills, sMinly for bars, wir*, rods  >r etorrhant profusa. 

•or wen niants, elsctrir arc  fumica* «•* usually  in the range of 10 
to •§ ton«! «nd fig.   ? gives, as an eaanplr, the «mnhut i»-n of all the electric 
arc furnaces in Italy.  Tn<    «tanartc«! dal« wiMt   wd in   u»runu  (0 
retar», of teure««,  to all  Italian electr«   «rr  fuman«,  i.e. including thos« 
rf«*d%irinf> «Hoye«!  afiela. H©w.*¥f#r,  t»ie f.-»»,,    f»*i  of   \\i  thin» furnaces e*n 
>• divided apptoaiifeitMy «i   t< .    •-« 

- J Ht of  special vini al 
• * Nt  af  c««atH atett, 

toy   t   nl «r I« , 
» attui r !   i n «im ». i •ti  planta, 
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TABLE 1 - Eatimtcd world capacity of nini  staci pianta (fro» Luth     (5) 
«lid additional data). 

Country        Capacity Mtataal per 
w 7       ; year in mini «teal 

planta 

Remarka 

USA 

Italy 

Spain 

gvittorland 

Padaral Rapublic of 
Gernany 

Braill 

Japan 

Mexico 

6 

4 to 5 

3 

0.2 

1.2 

2 

8 to 12 

1 

S S of tit*l atctl ef 
thia country 

25 »     " 

40 I     " 

36 t 

2.1 X     * 

31 t     - 

tox 

25 I     " 

Approxinatt vor Id total 30 «round * % of world total 
production of ataal 

1 

I 
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%of orcfurnocts   ( more than K)t. capacity ) 
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FUMI»-,*   7  ahow rlcarìy   th.-.r   :r nroun.•!  G0r"'oi-n.    i   r«..«-.   *r   ti #1*. 
ihrr^^-c «T-ufT   0 >ir:r«-.-,. prJ-cLir    . ,v   .ill   of   th.-M vif,   'M'."    IL       *•»•*« 

1*1 »ni    0  MIM.   !h,> ¿nti..;.ion   ir,   niv.-.Mcal Jy,  "^';|y  <"»• •   "* *'   "•   '«r »» M 

••»iii.--i.'Uv»   I, nnnv   '•  °n t»"'  °^    " hM:11''   !'M' ,,cv'"*'     i""'   "t,*":   r'*nt 

l«  It-iW  «m!    b.p.-.n  ."':TTr¡i.j.   in C:v     '•,   Unirci  Kiî./.io-       .   .\..   »'*P  *     -»• 
I.Vî  fumic«s  sliKhtly òir.Rer,  6dy ¿i.-und  00 t uv to  M   i   f.»r   ,tw   *»   t»»* 

T.?.     Development of Tarpi ^ lecerle nrc_»'f_''Ir^iLL!'^..*!££? 

fin the other und, compared to the mlui-uto-l ^1 ou«, * n«t«f *# 
Uiy.9 llcetric  a*.c  ctaoiwa'tinr.  »hops have been bui it   í'i f#« toi  #«•#•, 

» rw«n electric arc nt«n'.lm ikina simpa in the raup»- M  0. > f«* • *•» f## »•## 
: ..'«}««  p  .»:•.'.   tU  f»ivft soné idea-  uf  the number of iti.h p*. m* .  i*    *   *. *«* 
Utt§4«« aiwlh*. Un; tßd  States.  This  situation ia rt>f1erf.,t   i.i   •|i. ^«Jf, *    < 
it can be»   :îearly,  seen that di-mibutiun of an-  iurtui. n  »» *.«ll   * il> 
a*c«rdinfi tJ «izee,   i3 different t'r->r I'.aty  (net. £i;J2-f. n   ****   !Npa* *' 
fitur«  J).  A number of them hive «ten described u» t.i.   t»»* <••»..*;   I%f#i#*«#» 
4tfrTai recent yuars and  it i»  interoatinp, to    law that  #**•# «t •*••» *••» 
M*« feuUt not only for   soctwnn, auch an bar«*, pefilít, ••#., "Nrt •••• 
f»r fUt producto, specially platas  (ti). 

1f •    ffffl k>AVf^ OF RAÍ" MATtgJ^j. F^P ELCCTglC W ^|n*VJjg 

At !•: in very well known,  tl--> electric ar    fur art   »t •**»»*lit 
«olid cold ra»» material, and mairiv  •   rap.   rn   i r*» i •#    «-**• I**IHNI **••« 
ft it thovn that scrap riikcs up to '</ or 98 r, oL" the H,.» .Ili- *«•**** ** #•*•* 
trie «re  furnace.  On tlia other hand,   Che uk'cfrir  .-tv  »» «w-- t *• t«wt • 
s*#rt er lesa  important part t    fh"  j-u-ap» dopi-pdii...: "«* *   * i »I  ##*••#» MM# 

p#fislly,  the relative part ot  the dit'l^reat ••.eclwikift« f*—*—m •«•» 
»til» IV). 

Wtth the rapid di**ppcaranc* of cponJí^a*f« ftf»*«»»,  *,*        • 
»ve fumare» arc  the. mi in \ta»:rn ut   xrowiji/, comi.iKc  of • »  r *     -* *•«  #•*#•<§ •• 
itduatriaiiisrd countries. Th« cane of ^„: y ;;,A.        I« *f*H-#n    .!**•»••• *•! 
I« thi»  respect  and  it ."J« bft'n Sfvcral   tirrn'R  |iubl<«)iv«  •;.**   *# *•*  »**f# *4^>* 
up to 40 to 45 % of  the n*-«! production of      hi   '],. ...      _-^è    * «map  l# 
• lectric arc  furnace* by mei tingacrap. 

However,  scrap en* ta  : 

- <ìI  inatiffiricnt quality C<J prooure quality «r<»rl    »f*. t»    t  *#*^«* ••«*• 

- Insufficient   m   quanrity, specially in ut.dorduvi.Ut|«-J    *  #•»«.»»•% •- 
«lucre the  evolution n,' \o> -.1   !':rap  • <  nlow. 
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TAB ir IV - l'tiliaation of «crap in different uteeimaking proceoae« for 
tlirc« teli'ctocJ countries in  !%9 

Country USA Italy Japan 

Ut« of icrap Mt/year X Mt/ycar X Mt/year X 

in oj>en-l I Ht 
haarth J( % 

28 
43 

2.6 
25 

3 
10 

In oxygen) / 
convor- }]Je 

tora   J {* 

It 
27 

1.0 
9 

14 
45 

in «lac-? iMi 

furnacta/ [ 
20 

30 
6.9 

66 
14 

45 

Total Mt scrap 
T 

66 »0.5 31 
X too 100 100 
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About   thin   1/ist   point,   several   Studies,   su.-.h  .tri   t.b«> un«'  n.v!.-   hy Vr   K'X'A  (10) 
show clearly  that,   if  a  riven    coviriTy or  n  riven m.-.i   i -i  <lo«-elopinfl very 
faut,   speri ally  a»  rer..ii*ds   iron  an!   -fuel   <i» i l ir   t > <-n,   thr  f-i.intity  of   ari- 
sing scrap will be  in<iuf t icient  to sustain  the product i on or   electric arc 
furn.icca. 

t > uae : 

In this context, a i rr!»or of  sto an«! ;• • rie • have be*n dfvelapfd 

- cither hot metal or pig iron. In i>\in  respec; , wo must mention the 
interesting work done somo times âpo in ( ¡lIMHuli: (Peru) and, mora 
recently, at ARMCO STKKL Corp. in HOUSTON (Texan) (II) { 

- prereduced iron ores. This is a,n important subject te which va will 
devote more consideration. 

II. I. Prereduction of iron orea 

During recent years, there has beai o p,rodual increase in production 
of prereduced iron ores, Ft pure *> shows the development of production of «ft* 
reduced iron orea, considering only prereduced materiata Uui* ;ire used in 
electric arc furnaces. In this respect, a number of interest ins development! 
have been tunde, specially to charge continuously mich r.ramiletcd material M 
prereduced iron. It must be noted thut such developments can also be applied 
to fragmentized scrap auch aa shredded scrap. 

Fipurea fi, 7^,and ß rhow    three typical designs and layouts ef 
continuous char Kino, equipment used in electric «re furnacefi. They are leading 
to interesting development in the way of eharßinft and meltinp, continuously 
the charge of electric arc furnace and open the door to automation (12) (see 
figure 9), 

II.2. Scrap pricea 

Another advantage in the development of prereduction processes could 
« a stabilization of tho cost of the metallic charge of electric arc fur naca«. ,i 

Scrcp prices ate, as it is well înown, fluctuating in a very wild way 
(leu figure 10) (9). More recently, scrap prices liuv<\ , in Japan, as an example, 
increased fren the ranger!' 40-50 fî.f^, dollarr,/i delivered to plant, up to mora 
than 80 U.S. dollars/t within two mo ¿it lis I 
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##**#»§i«« «f i, ,m ,,   e *II.J#I   m oxygen convert»», 

-  it        *f  ü*»*íi»m, wMeh ti in th« r*npe of 20 dollar» por ton 
•I  M*«}  «»^í'^iwi ri»l!utR ni fit) cr«pnr«H to more than  100 dollar» 
i*  » « #a  lWjíw. f,nlin|. »Uli)  for th« combination   hJaut tiirnac* 
•    «Iti»«    *tOO («Milli lift     I 

<**tlla«tU« of rttrtrír«) »««my, %»hich can be prcJuce.l tro« many 
«•M«*««t_fcl*.'» of pri«¿ry fnoig, eoatparad to the classical ftew- 
«%»**t» oM*h    i «atng «tilt a rather     l.ir»      quantity of hiih~ 

«- - %%t 
!• r«»t, ataMi»* fr«w* wr«, tl.*«trtc »re molting nacdt only nbout 

to<   *.•.*#   fita  fi   li^í.f  ltef.|#   t#ti   , 

*?***£* *k**1 •swWotwt p«r «lótHc ton of üquid afcool, 
$ «O.   I »ft itV)   i 

******   »»*«.* niroi  M ftr-fic« fhtt electric«! an«r*y in « 
•i-**: p^.,  »i..,.   |lt4i  %#é w p^ 

ni« *•«* ».o»,    * »•*,,,,  h nr*   f«lP  In chat th, «itc*rlc êre 

"r¿o*!.Tl'I *¡'*T?*' ¿' ,,érr nr ÜST-Vi^f- " *« »«* t« »«• Ito« 
-•Ü!Ülíl    * " #*#' **' r#w *,•,,,•*'» •* ^  «rwa irot* «r« with total 

•   *    U»V*, *»:' «»••*. »• IM« sofort, r^n.»»ig0n of the energy b*lanc< 

•#     «•   <*a**~.-«a   »,   t*-1*^t.   l#  llw  fcoot   "C|«||M¡   ,ihc-Bo«  OBOtltioftt 

rl»§ itLÜ **' U 'mmmt       * «N| •••». «**» <** «onesti for í«WMí 
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yötfl **^ '»>/* • ; TUM^ÙJL i'ElíJLñÍf.B^wcM 

-* *     M*H 

• •-    »        # 
*l"  *     • '»«•       »lO.M'rll   of*   Nflt 

»'    4 « MM«.,). n{   |# o ».'trir  r« 

•*•   *-     '       »   •» • '     ». *|. r»  St««I 



u>. 

s 
'5 

m — 

m* 

« - 

/ 

/ 

/ 

(Z 

/ /  / 

/ ./ 

\ 

\ 
\ 

\ N 

\ 
\ 

N 

\ 
\ 

K\ 
\ • 

•  / 
/ / 

v/ / 
/ / 

/ 

o 
o 
u 

m 
i. 
tu 
c. 
ai 

u 

u 

s 

s o 
O 

M 

S. 
E 
3 

15 
z 

ni PI s S\ 
,\> 

\ ^ 
\ 
V | 

\ 
•:> 

_j 

M 

a' 

.A 
a- 

• 
tu 

<> 
. I 

I 

l 

If 

• * M 

• 
U • 
c 

« a 
*2 c 
3 ai u o 

o» *• c en 
c r je I) i) L. 

JE û a % j .* 
Cl e 
Í 

1 
Tí 
• X 

a 
e 
« 

••-» 4_ M c m « .-• •o wA 
u 
C a il 

.M u U 

u U a ti 
j 

4-1 

V £ fi 
lu m tu tr U. t. J 



îAiif f  -     U 
fr*» vi*^' »»i totti»*** (•*} 

}    ptfrarHr 

IT'—. -•.-— IS 
I« II 

IF» #.ê 

H •• 

tU 9.1 

í tUtM 

tfli i#l 

#.4 l»»-!B 

ê,#     t 'm m 

\n 

r 
H      /.i    j i* m 

I 

ff 

• It».«   >•* -> 

ta 
#     f*t   * -r j 

—«•»i    i-friir-niii    i. 

i V 

»•If 
ri-il 

«VU 

»MI 



jted   m "iiini-if.Hcl   niant«'.   '»IT. teline   ì«rt',o olmeti ir  arr  ftunaces,   table V 
fro«   >'« hwjha  *«v*     4)in»im   <ìtt)) ! i   il' i v   v !ì •in l ir/'rr .UT!ri 

Urp '.«p.icitf.   I     thr  »flPi!   ti'io,   ti Tr vas  an  iir.rorl«« u. dovi« lopmcnt in 
elçtrt»   aupply tf'urh  ir ivf.r 'If • 

If.I.    Ultra l'if,h Pow»r 

M        Hae bttn pubi i »lud many  timen during the recent years, one 
*f IIMH win navelopewmr of   the dec-trie  «tc furnace has bean rho. u*e of 
largir  awn. er inpnt! .The classical   t iovah»*et published by i)r SCHU'ABF.  (I4)(lf>) 
•fa» c what  la  Ih« éiíf>r*>nce butw^en ennventior.éü  *!eetric arc  furnaces as 
tîï- jr war« built  t*n or tvmry yeai•:> ego,  and  the m v Ut!P  (Ultra High Power) 
futr>*c«a ix-.'-r-  fc   i;ï  jt   ih«-   pi-cnw-.t. timi*      (figure   12). 

ff.1«    fy*H>MfHyity of electric are  furnarej 

tflth »Hit v« ha vi' aid about aira of furnace« and power of trana- 
*mrmmr. it it * leaf that tHi; productivity or the daily production of elcc- 
Itig  *r<?  fttfi».M* a h** » Hr#n  mc i»^   »'««*   t r«r.t<ndou ilv.  Coning ap.titt to a recent 
p.ftf of  Set*««*«  and l*«»u»»©ti  (U),  f_ifure  H   i-howe   it is:  -tow possible to build 
•re fprwMtf f>r«*l«<*tmi I Ht  atael/y-r. 

tt«f«f4it*ft antrat In« tit**. frtwa the normal 4 to 5 hour a t*p in tap 
fot  nwia tt##l  I«« jraai«,  ago a m¡-éer of recent  fumacca ar«; la the   ange 
•tini i/f t»#ttfat i.e.   10 to 12 h at* a day I  (t) 

IV.4.     iatiffl »»»c-tliiatou»  ¿1' 'liti í c j,rc[tiitef liking 

Ha •!#•!?»    iff«   turnara    aa        daarribed  in our pep^r  f« tlieuoual 
*•••"* tteHWC«.   fl   ta «ana!«*' rh**rr! viti» nn.tp or   my other raw ruterinl   in bucket! 
*m.  m$ e«%ra#t   *•   *• taw»-»*» vHc« #«it»i*a. and luí luiii»; i« conplotrd.  In 
**••*«  f#ata(  «>**•   h».,   tw«** «tMpWr  >*t  atte«pti  io r,et a bitc*!t utilization 
.»   iw  #i*«iftt   a**   turtle*« »a a »attimi anil,  thr retming cpi ratio« being 
a*4* »tffcat   to ta-« l» m  %n at«»tha»   ftirn.ita. 

I« *    «   »   iii     *«.       •••>!! a  rti.»*i«r of aH.mpt*  to modify 
•   «i^a-l«  1la».    ^#i   ••**-.»   *J »|».-* i r t.-   » *>'   .«-•»»» ly.   It   ii,t>f course, 

4vt   |i*it    », fHriti «H   ill  I»»    |»i«|-»**d pfucfeitaea Hut we want  to Mention 
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Figure 1¿_ 
Range of specific pewtr levels üt \:r "urnace 
(from SCHWABE and ROBINSON ÍM) 
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Figure 13 ° . 
Daily production figura of lypical UHP furnace, producing «ingle .la«, 
low-c/rbon .tceU .   Lot.on  : m«imun, meiwlown power (MW) and specific 
power levels ¿A functions oí fumaci *ì%* 



Furnace A Furnace B 

1. 
Charge molten. 
The burners hca\ 
the slag.  The 
charge Is being 
refined. 

The beginning of 
melting down. 
The gas burners 
are in function. 

Tapping into 
an ASEA-JBCSIF 
led le 

Molting down 

3. 

Fettling 

Charging 

Melting down 

Melting down 

5. 

6. 

Preheating 
of scrap 

The beginning 
of melting 
down 

JfctiC 
Ä^i'Fn!rf Jfc Th€ tait pmt * 
^j   MM J   to¿?  .h« melting down 

heating 

Charge molten. 
The burners heat 
the slag. 
The charge is 
being refined. 

Figure   14 
The   S K F   double furnace (from TIBP.RG (13) 



secondttagc 
grading 

fir it 

transformer 

www«    • » 

Figure 15 
Th« 1RSID continuo m elect i c arc furnace 

hannel induction furnace 
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- • firat lino o E approach was the continuous charging of prere- 
duced maturi-ü or shredded «crap, an      mentioned previously 
in parap,, 11,1. und figues (S, 7, 8 and 9 ; 

- a lacond way o£ operation ia :he uae of the electric fur naca just 
to melt the charge, tre rcflv .ß ojKirntíon being transferred to 
• ladle (17) ) 

- a possible further step would be the uae of two furnaces,one being uecd 
for mcltiw, the oecond one for refining, or even with «or« com- 
plex division of work between the two furnace«. In thia class, we em 
find the SKF process (aee figure 14) (18)* 

• • further trend could be the development of m continuous electric 
•re furnace incorporating continoua charging and continuo!» tapping 
in a "nuanceur" or grading furnace, such •• wna developed by 1RS», 
both for continoua oxygen eteelmaking and «Ito for continuous are 
ateolawking furnace«. 

figure 13 show tho basic design of auch a furnace which 
atarted Bt the end of 1972, at the rate of 100 t steel/day (4 t/h) in the 
»SID experimental station of HAIZIERES-lôa-METZ (France). 
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CO.XI.USTONS 

This survey shows dearly the growing role of   tho electric arc furnace 
In the Iron and Steel Industry.  This is due to its relatively low investment 
COtt and  to  the uao of a energy  i^mco   whioii ^.u Uicoiuxntí ^iiortiauin/Tly plentiful 
and ie relatively not vory uxpenuivu. 

The basic feed of such electric «re furnaces win  remain  Urn inure«t- 
alng amount of scrip paneratcd in the industrialized «s well as in the  develop- 
ing countries.      At tnö **we time,  the Anticipated development of the prere- 
duction processes will give a new feed Notorial, enhanced perh«pe by a moru 
stable prie» than the usual «crap. Furthermore, the use of  such a prepared 
burden con change design and practice of the conventional arc furnace by 
taking opportunity of continuous charging devices and improved automation 
schemes. 

It must ba noted that tho name   technique apply to the use of nhredded 
•crap   and, more generally, sised raw materials. 

For the future, we think the electric arc furnace will be more and 
mor« devoted to melting, refininp being transferred to another apparatus. This 
could, ultimately, lend to continuous «lectric arc steelmaking. 
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