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ABSTRACT 

.««i. ¡»«»„V,:* í;,, *ra/taToV-taVírtT¿arbon Th- "— 
thermal energy previousiv B..nnii^ ¡TT-      ,    L 

ls ÍOr a Port">n of the 
*nd prereducfion^f the chaí«

PÍííe.nÍ*    Y ^«'"^»'V-     The preheat.ng 
larger and larger reduction unitT.í      U P°"lble to meet "»• demand for 

-on may be ¿-lic^^X^ £r^•^ *» «« °< *. 

1¿ 





i.'\"i KODl (  riu.x 

Th.-  <-le<tri;   p:g  :r;):.   ,,.,,, t>_   . __   fjf. t       , 
to the conventional bla~t r, r\- •, j ,. ._' r ~ "   ''"  "¡V     "  ,bt' vt rv ,tw   *He ¡natives 

Electric  pig ,o, p, od,u !lo, ' V. a^/.'^; ^/Vrt     " "^ »'   »^ P* — • 
countries *„d .his lyp, of s.nel.n,  ^s  h   ^M    ? '" r^""" d:,,"r"" 
countr.es.    in tn,s p,pt r th>. ,*; ^ ,r   *  h-       ' '• l,'(l^"«  '"r  -h-ee other 

thi. qutte wîdt. »spread .clopuT.n of \hV e*e   i'' t* " "du";"": °'    "'    ""'^ ^ 
industrially seme-hat  Jess  develops! a ;

: ea s'.' "'     p"rtiv   '"   renmte and 

Hit ]ectr:tJ'    MH.-ifni;    O^.r-w    i:- 
technical  progrès n- ,h.   ^s-  Í        --^       vT '"'""V•  ' •-•^-m« M and 
smelting vv,,s\o supph    „,   .V, .        ," ' origin; *or.rep.10„ ol.kiru 

-nergy and the chern^ ^   J.   ;S:::^ ^P•  •>- 
*-v«-r,   is  to substitut, carhen -,. ,.tu... ..J   \      lb0n-     lhv P^'^-nt trend,   h 

"^¡^^^'^-'•-L'^^-tH^^---- 
The 

elect rif    • n-M 
D   ...   »..v.   ,JUV   v-iittrye   wi i i   ti.-   Hi,., j . i 

paper. 

THE H LAS! FIR.\A<  E PROCESS 

Btíore discussriB flu   «'e, fr ,   r,-,~ 
yard-stick for campar-       tVbi-^t \,        P"'4">s !' ;- US<U,[ toh-ve a.s., 
Pig iron field until tec-nily       Th.   avT'-?''" P''    *'"* *hiih h-" d»»nmat«.d the 
operation i„ USA «as per Lu,   v .I       ^0^ " '•«>' "2 ^ ¿66 b,;ist '""""«•* ,n 

Western Germany 127 bïJ'Turr      - ^ """^   !ons P" da>'      I" 
production of Ss/tons per dav       Woï m /," "P\ «¡¡¡T "  J % ' W¡íh an —»*" 
a typical  production capa, .ty for  ,• ^    ' 'I   . ^.   ^f ' d'<>   'PP--  to be 

very few big blast furnaces with capace '• i ..p ,',    /00o' ton      " TV" "•   howt'V4'r ' 
integrated iron and steel work,  recent lyer^dnTd,    ^ lbr<" 
approximately  1   million tens  per veir /     i      n-x Wawties of 

blast furnaces designed for a.t/ iW^,   ^L'^X^oV;^'^ ^ 

The performance of the blast fur,    ..   u       v 
¿ft years,   mainly by installation uY 8t„/er „'îlr,;*1.; Ï!"", îm^v^ "—' «H" 
With self-fluxing sintei  the coke rnn .   P   u       . argt*  stt"el *ountn«-s. 
1000 kgs per ton of P g ,   on to 600      800 k" ^ ^ r€"dutt'd fru"' **. 
consumption of the rather exp, n    vt   M     , f '     Thf' ,mP«,rtî*nt   re-ducl.on in the 

by the use of abt.   ZOO £ ^^Vr^:^^^:^ ^^ •P-.- 

coke consum^-^^ot^;,   M;"
1
 ^ lhe ^ ^^ ÍOr W"* f— '• 

or even impon of coke   ! ¡ toi \T^ ^.T"" "^ ^"^      T^nsport 
dependence of supply from ^r^' d WlH ^hh** "'«h.-r costs and 

Pa»>   » 





The eiec trie 

! U Ml, 

3.    DLSÍGX F?:A i -, RES OF ELECTRIC  FL'H\A( ¡ \S 

bins by u-arisDort wit;,  ,H   hn:'..      ',      .   !hl   ^h"rg''  -^ chst r ¡bu!. <!  ,,,,„, 

electric  furr.,\e rh-   V >     ri       In' " ? U"iP"Cr bUCk<n'     Fr0m ""   >""- -b.,v,- ,h, 
in** m the  rc,,f,   W        ^ , ^'^1'"' 'f' th,rCU*h the ch"^ '- ^, l)p.     . 

'        """U"*   kt'"pS th'   ••'«'* tru-   furn,,r,i,ll,f| wi,"h  t |, , ,• ^.. 

last twent-w^íí   '^ "°*   -^:ch have  been built  bv Elc-ktrokcmi.sk dann, til.. 

electrode ;r-g;'i;^^rurtUBtVUrnrt^  T "'^ ,h^" ^ ^ - quantities  o^(,kifaoat in u /J•' ^ s 1
Bt"1^'  l"ath  ^-trod, c .o„s,u, r.. bl,    ' 

from (he . U ctroH.      f -~     i   .1 ,   F '      lh'   ^i''*(nKr ujrrcri  D,,S,S 

ductive ro I-; - SYty '"-°?henTfTÍ ^l  °f ^   <*"«*•   *"" " -      «- -u>,   arci  then through the coke  bed and the  sUi>. 

i.'i - vicinity ^X-^Z!^^^ r: U7 i"-" ^ *^ 

furnaces!  because no a^ rTs blown'fn   " ""^'f^  *•"« than  in bias, 
reduction take place inth    eetrcfcrn " ^^ ^'h^^ *"d CO 
porous  charge. '"'  furn*ee,   except with a «penally pn ;>a r,d . 

the furnac ^r^tJ::^;;-:^^^ *»»« '"""  ' "" ^   • > 

CO gas was^L^TanJ^ operation with col,,,,,, of Hflburnl 

the outskirts of Oslo.     Th.    furnace w»>y Christian.- Spigorv.-rk   1» 
inspiring leadership oi  M      Gunna• ScllZ^^TJ^ l^U° ' 94? u"d- 
electric furnaces of^s sland^e and ELKEZ'        ^^  ' prtiStînts * H*1 <>< 
under construction.    In this table are »^      Ì^T, M °Peratlon *nd presently- 
built by other furnace manuflcturers or theY 'Y•'** f°r 10° l° l S0  M* 
themselves.    Excluded are also     „umhVr «f          n      T'*1 Produtl»g — panu-.s 
war by the Japanese steel work«                           «mailer furnaces built after the 

4.    ELECTRIC PIG IRON SMELTING TO-DAY 

Pig iron fu^eai:^at:n;:Ptl0n ^ * gÌV6n here °f ^ *«"« Metric 

by develop^o^: ^^ ^-ed in electric Pig ¡ro„  s„,lt!tlg 

Bremanger in Western Norway tn    952     HerlT^Jvl•?^ ^ *l 

a new sintering plant was instilled in 1959      Th^f elCCtrii iurnaffc ar,d 

a special grade titanium and vanadium      aringig^" " *" pr°ductlon "» 





just after tte w^VnìLTV0"'*8*0"8  ^ W*S  takeR bV A   S  Norsk Jernverk 
ater supp earned wi h      f       ZV• ^ "18ta11 '^  ^'^   ^  4•» >-— uppitmenttd «-ith a iourth furnace unit,   each with  iì MVA  t ranstorn.-rs . 

has  b,en     •is  state "«»""«J Plant in  Mo ! Rana,   just  b-lo.  the   |>o!lir  <   .,-.!.• 
aa»  Dun in Cuntmuou., operation since   IQsi;       ru , , , ' 
360. U00 metric  tons     -,   r.l       n/.i . vearlv prod,ui:„n is ,u.«  .,bt. 
„ale. P      lU   10rth€'  n,mP'UlvV  "w"   ^•-'  ««rk.    ...d  partlv   tor 

Typical data for the present  operations are as  follow.. 

Fu mac  load ,n    , 

Power consumption for pig iron 
wit"  1% Si abt.   ¿QUO kWh  per  nu-tri,   ton 

Coke consumption 
(8 5%  Fixed C) - dry basis i 50  -   *<»Ü kgs 

Electrode paste 
=>  -   1U     kg s 

Down-time 
ii   -   S   'I 

Labour man-hours per ton j   ()       , 

total annua! capacity oí th~ six furnaces will then  reach 70(f -  7S0   odi ts. 

planned and ^ItZlnrZ^ " uf tht' ^ Int4'«rjtt'd — -J ^- plan, 
33  MVA   EI KFvJ Jnn.ocent

u
1'   Ml1»"-   **«  started up in  ]%|.     Her«   e,A, 

famou, c,rro BoIiv„ .,,:• Motma.n" r," ,b ,ir:rrld^,,:,;K;''',r' "" body  so far discovered. *orld s  i i. best   iron or.- 

for  Israel S^M^^a  H VMVI í"^'" If ^^ Ve '""  lH  MVA  '— "* 
Mining and Smelting» ¿,i"panyof ctnalLtd*"      K^ ^ ^   C«n»"^'« 8 ipany ot Canada  Ltd.,   in Kimberley.   British Columbia 

5.    PREPARATION OF RAW MATERIALS 

materials tl! "T- "V fUfnace °Peratl°n progress  has been m,lde »„  ra, 

Systematic charge preparation has improved charge oorositv   .„H 
gas distribution.     This provides a wider reaction ^nH «•,V       P^osity and 
furnace as well as smoother descent of the• cha?«      sJS   !    * •• "    T H"(,ri 

calcination of raw limestone and dolomiteX p^"r^p^tÄ''*41^ 
self-fluxing sinter has increased chemical reactivity ihich is reTlect^\l tgher 

iw 
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.emper„ure in the „dc £on•% £."ï.• ï.r.bu'.hïdT'"'-   Wh"',bV 

'•    C HEMISTRY OF PIG IRON SMELTING 

I) 3  FeA t CO 
¿ FeJ°4 

' C°J 
¿) F,304 • CO 3 FeO * CO¿ 

3) 

4) 

FeO t 

+ 

CO 

c 
Fe 

2 CO 

- CO¿ 

Hematite: FeJ°3 Oxida tion degree 100 % 
Magnetite: Fe  O, r                             ii 

'• 88.8j; 
Wystite . FeO = >i 

¿>6. 7% 
Metallic iron: Fe =                                            M .. o   n 

production^t^t^;^^ tok" P1*- -ring th, 
prevailing technical and economül    o„d , understand properly the 
the well known s,ep by step       duct    n nf   '        '    Tht' «=«1»»"°"«   I   - ¿ represent 
in the form of red hemante    nfs the en    ^ ^ l° m"tdlh(   "»"•    »ro/or .. 
-i 100   *..    In thlstvpe of or,',  fron r/at^rh'r ^J Hnd " OJ"d-"»n d,gre, 
oxidation stage i. Fe  O       wh,   H ' * hlght'st ox^»-'on  stage.     A  lower 
w,th a oxidatfon degr^oi g? Ï Í. .OC ^for^ul ^ ^ ^'^   •«~>~ 
oxidation oí 66.7*1.    Wystite ha'* 1     ,       formula  r eO corresponds to a deuree  oí 

-on ha, a d,gree of oxïîa^n of S^"1"0'^ <l— »o FeO.    F:na,iv m.?,-,.!,; 

*e ore wi^^h^ ^us^a^V^"" ? " Plg • *»- - 
3 equations the ore reduction may be condir T***' At COrdin* to the first 
sohd iron ore ami CO,  with formation orn' "l"A?""'-* "-üon between 
react w,th „olid carbon re.ultingT re^neífr   Par* °' «»i. CO       however,   will 
he equilibri«,« and velocity oÎ thJ  relcZl h T       C°'    In tht pi« ,ro" P'<»i *«««•« 

for the gas composition and carh«/ between carbon and CO,   is decisive 

reaction 4 is complet^^y^pTa^rtr^hr- f *' I000  C  and *L*«' *' 
oí reaction increases rapidly      This ri,       ft        Í0rmatlOn of C0- and the r.te 
100 J CO is formed in the ione J of »^2'        ' m PÌg lr°n *"'»"„ dose to 

1000bC.    The reduct^n of re7ro:Vx"deCh
aiv

rLe ^ ^ '"»P«•"* » *L 
concentration of CO,   m the aas a     th.       gJ increasing equilibrium 

that the equilibrium^ formation of „iS'fo T fTrr   "" ""^    ThlS ~ 
more favourable at the beginning of theftdu °l C°¿   in tht' gas ls """"" 
To simpHfy the matter th^ chem^s^r^t T,^T^Z^ "*"" 

chemical reaction a°nd°hVaünío^he^-^ ^ •mPrisei- *ndothermal 
The energy requirement is covered      ^    , ^7* '° hlgh te^P«Tature. 
«t»on of the heat from carbonoxidaUOP    ar ci «    rV   K"

1
*'"'   Partly by utl11' 

the extent that C02   i, formed in   he cha'rach ?*      Y by eIectrii  P°wer'    To 
2 in  .he charge by reaction between oxygen i„ 

Si i 





the charg.Kv r^(,lln D,..v,.t.r .„     ,„, _ _   # 

higher       The ior-r,..». „•  ..." CO     tlkt.H  ,,•,   ,     . \ . "•''    ' "  l "'*:d* rablv 

9^0    .     The   r,.,.f...        . \¿      ^«»P-«    '    ••    "'• ''HiHr.-ur,    ur.urHOllfo 

i let • r Lì    *.».,.-,   ..       ,.    „.   , . . ' •   «- 'ni 

rit;on   -. r   , r c! < r • O,    Urin- 

ila  ;; 

aggiorr.f" ii •   .i.   th,   ,;.    - 

by ihern.ai ,^< n , h< ¡> •. ¿ • 

•adopted - pri-i t ,; j i t 
siPter-.r^      .M• .   .....*, r>. .i 

!'      Me   pft, S"   1;   . Y .1    „ 
r.     ».g   . r<"   p- -j. t .„   .. 

p*     reafmenf,     Hif f'« 

*  r .        Prereduction  r 
Ut«   ¿Hi« iomei *'WV«. 

p !l 4 f; * 

«i V 

,\   -«    .( n;ng and 

-*  *   » Ms   . iiiprovt'd 
.   a  :it'w  pro- »•>>   *f «p has   to be 

v.av be  .rrroduí.d   m   idd.tion to 

aft^mpt.d  ».. „..v.l«a ^    -'„. Y «/.tutear..« pr:,-l!(   ..VM^P.,,  hiv, 

-i-«'roup, ; ;;VìY,..* ;^4Yr:*Y»roup',r LSA-"<:
—J- -i 

„re  redomón.    Th.   ub.^  Y^'eU    ^   -1   "'    '"»"-"'-« 'h*   -•—".   , ron 
CMvrr.tionai b.aM  fUrn.»    4 rY     •       ? P   T *"*"  -'n'P^"^ *'th the 
Comprenez  veYY, Y   »     'r* a* "»"'"»V applied  w;»h thermal  power. 

.pienti*   \t    t«*s»|%   ».ave   »>#     r   mddf   Wìfh   th<     S''dlroit      IM«   .,-„ 

With  a    .p,CHl!.«hllniH K '«"*•''   «>"      to-   oued   bv  eiettru    smelting 

*nd allow, the   Y.M C"   nY Y v  fìV: red,"f""' "f • —Pi«- ores 

«Jf'V-   l.-.f 
Indt-pendrptly.   K'f-K»rok- .-rjisk  h •• 

us« d it rid h  •m 
e:  }í 

' > • •> 'j ! * • •rj* -, Ha i-J •v;íj 

e ur.'cjtrt-ikt tt  F»-,«-,¡r< h .<nd 
'••       A    -'•'!.te- , rV       t    .}..     „,,  fh|#|Jr> 

«     SHAFT   PKLHEA I IXC, 

A ' '•nsidt-rable 'unib»*r of {<•,-,   (-,,«. h.-*.r   ^,   -4 .L    ,  ,.- 
iron ore .nd  sln». r  charge,,     R.^.-c" «•*. *ith d.fl.-rpnt 

production ,re obu.r..-d    r„,  -ïrK   rl,Jt. to ,hf   s,.r „ib ,. hf.-t ip f|> 
rMjrnptior   ^nd .n< r*-rtsed 

< hargi-     bul *l«o dur to m-.re indien   r.-UuM^.-r     <,K^h,.'r   '   V T 'n-«narße     b 
reduction!.   i„,h^H.-..r:.    ir nace" M'.rm*.,on oi CO¿  by gas 





6  Fe « CO,     kgs Fixed ( a \V h 
pel ¡,,-r 

met r ;i M.< t ri. 

Magnetit«.- Lump 
Ore 

tu- 

>ö 9 ¿«^ 

'Olì 

"O 
Sell -fluxing sinter    M I4 3ü8 i!0sn 

( 
H o t    »  h a rj¿ • 

v1 ,     kg-,   Fl Ned   ( kWh 
per per 

•tu' r :i M « t r i e 

- 
tor. ton 

< JH1 1H00 

1 Jst. I ^80 
• - -        .---.. 

Th e rru-n purpo.se ci the  p: >ì-, ,: *rn 
T, - -    ••'-*>!'-     -'••  }»r' !:•••»'   th.-  : h.iriif. 
Ihe preheating is accompanied bv   i srnaP   im..   -,     r 
carbon pellets.    by s ^preheatng    T   ons*e7hl   C:o ""f       ^ "'"•''-»•« ''- 
electric furnare ouur,     This  ,s due to .h    ie      h      ,1.   ¿   f,,"nwt,r" 1!' ,h« 
charge m the ele- trie f„rn..,.l        .? ? ,k*   rt'«''-fi"'   »ime < i th. g     m ini.  eitvtrif   turnare m »he :mport,lr»  •••moe-.t••-,    ,,,   ,     „„„       (1-„o 

increased       Hereby ,   ^duced cor« Jmp4n of    , rb ^ ^  .    •,        t " accomplished. «"Jon a-,   A,   I ,â h p(/W,,r ,„ 

The combination cf preheutm«  sh-"   nd t i, -ir       * 
respects  make, the electric   HnvHva „r ,   , .     , *   ,,ir':"'     "   —'»»• 
i» the blast .'amare or«. -".t .ti.,g pr.>. .-,> „d.ipt   s,,n»e oj »he , , m.- „,, ,u res 

r        i 

then Kept ln the^ptt ^ ternit ^ " " r<:j'!i°r  '"^ ""*"- »"   <   *»""• 
with CO at 800  -T50°     and f nP   i ",r,irïgt  lur :nd,rt'lî  "•dation m,,,,,!.,., 

furnace the Ce     O        ,p.l    •      V ^ ^ '"" ,a,lwrU,'d-    In the blast 
electric   smeltm, p       Z^C^Z^T^ '*" ^     '" ^   ""^ 
of the charge,   thereby improv.ng ttoC -V   , '    ,  '^rr^  ' " ^ ^ '^ 

ì».    ROTAR V  KI 

on uxidi-s 
heated ,o abou,  WO "V ,„ r„IL"" £"„'  ^„"h""   '^ ' "'   U" :"   ""j!> '» 
and carbon !. s,ar,ed.   wun""^.^^h.chà rT "ri" &"""" 
transferred hot to the eiectr.c furnace ^'JZ', ^l^       "" '* 

the charo.-»      Ti,»,  u    *u . K ua  ls ot low tnt   (»olu-nina point at 

prW«¿gfto^r^7^hu.«•7rr:¿lra'i-,, of r«",s av"fd;!;i-co«- 
burnt above the - hargebedTn thekT„ hi ?  ?" '" ""' *h*r«" '" 

Raw coal is a preferred reducing aaent for kin »r..r.H.    . 
By feedine raw roal (KM,,«!,        1 *    * in Pr* r* du« tior¡. 

.£...   ..ïn-un^r^r»nin"^t"", 1'"V'j Ttf ^   >"" 
between the coal and the ho. charg,- ir the ko       Her ' " """-" 
.he *,» Hnf„g !. avotded even ^ ^^^ ^''"^ "^Z "" 

Pane &. 





coal charging sideways mt , the kiln hb-rate,  volatiles  iron, the , o,    uhnh 

reduu:,n  i„ the K:¡n. --m.-v.   ad, ..„taW«-..ll8  ,.,r nilln  r,lt(, OI 

furn, .. .. . BV loI"t>uSt:on oí ai! CO ßa.  lormd in the kiin and eie,tru 

"r; ^^T:rf;;:r?;t drr ;r;iv wuh —p^lng in. r..as, in tht. 
Algeri   aJd    :;jr,,d:;      ,'   :C^,L?"M

f
?; "  W'th h^-Rr..de or.  :r.,m 

lu".'!,;" V,  r   ':   v nu0 <Wh havt" h,,'n »bt-;.i.-d. WMh h.-^.d,. sun,ou* ore     th-.'  r-.'.itv   i -On   -   1300 kWh  ,s  'vf>.,.il. 

fumar-      »      »,  f^ ^j»*'r,i,J u*e ot tht" combination  rotary kiln   elt , tr„ 

? iE"«« íía«; r¿ •* ir;;"; v plriun -~^> t»gh round-«,..,,, tnarge  sno.d l,t   transferred direitlv to the electn.  i,r.<       .     i 

.o,hp:: ir;, d
iu";!:c

r;t^b,;,surge bin and 'ra,,•por•,n •-»""•«""•» 

10      NEW INDUSTRIAL INSTALLATIONS 

to SA.   ."e Nltkl., al lhe r Ne" cal Ju„'.     m     .      LT      ' íurnar«'s ^longm,, 
and op.r   tier, in W   "a édorZ i¡       ¿ ¿'i   î dtlit "P""" <•< th.- plan! 
March 1 ,*o ^-ledcrna has bien publish«! in Journal „f M.-tal». 

con,,.,, o« S . lír'uS;•?"'' •'düP"'d '" ,h,S Ur*- <"""•  *h"h "°* 

heated 
Morro du 

A plant  with one 4.8  MVA i-rronak,! fumare smHtm« pre- 

du^nTA. rUt,iry k5ln ^ b<tn *UirUÚ   1P r*    "n"v »•  »r."ï,f by 

installai* 3      ^i% MV^r""0" ^ Rudn,ír: ! Ztl^-^ SKOPJE »,. Jugoslavia ¿. 

Äby !í; ."hor¿raCÍÍ'   ""í WUh *  rÜtary ki,n-     further expan.foi 

nvdro-cartrikd^h^ ^S^^ÍA ^.tíí^X^ 
xrr,  fîrying and heating oí thí «^ - ^ - ^, í; partial reduction ot ore and calcination oí limeJtone. 

kiln and  li   2  Jv'T' ,Ma,ng*n   8t? Corporation have recently ordered a  rotary 

and 
heat 





fe- ron .*„-    In.Portu8al a  l>-¿  MVA pig iron furnace installed  five  veurs   ,ß. 

he TzlTTr   Plg "M" 8:-'í;,tÍng 1S nOW being  rebUllt for ^'<  I-.«, -.     „c  Í the  .karge.    Presumably th,,  plant wiil be ln operation within the end o,   lMt,J. 

tpo  v -,.   „      , In add!ticn t0 ••hf>st' '^' F.LKEM installation*,   iurna.e  V»    u 

5 ra ,;'i  ud    aSigKirn Pla?  1S PreSently being  r"bUlU  in -»P-ation w.th tma-  Ltd-   and  K°PP^rs  Inc.   :or the use oí the St r.t.-o,, . t 1. .... ,  

n 

P«r"^.-U« a^^;;S '"' •   '" "" ^ °< «"> S.r»u-.u-l-.ly .« „„,.  ,„ 

J ' .    THE ECONOMY OF ELECTRIC  PIG 

IKON SMELTING 

Production >A IZ^lVf^^ ¿£«r ^r^ ¡" "'í ' 

the largest si^Ôst ^ ^u«", ^f"8 *" C°St °f th" ^ " -rv «iu-n 

ore by8mechanfcal ore dre" ^iVeilr^o^1^ T^"• °' th" 
Sintering of the fines i- cLLf f I »melting low-grade ore. 
of fines     Cener- "!?" 1S Preferred f°r prereduction and smelting 
electric  njc '   the °re COSt ls the same ^r blast fuma« e and 

is a i vj .-•posai. - „i„   » 
electric pig iron smelting the field ,.f ores that ar<- 

«...   -s wider.     Particularly the use of titaniferrous ' iron 

sand c. "      PinTeecoa  tar,PÌ8 iron P"*"*°» •»«» «n «he cheap Iso- 
electric     metti• „f tastai areas of many countries of the world      So f ,r 

Howlver,   wl^dt eTnow^ IZsZl^ ^ ^^ ^^^ '" J^» 
beach sand in the electric  nfm»       • TP Y Prereductlon the utilization of 
in the coming years industry is  likely to expand < onsiderably 

and SUpply o£Ä 7^?^ ^^iS ^!° .L°\— <" -?«• «on 
on hard coke wit1 

100 mrn. 

mat /        J    lttuur 1S  ine cost °*  carbon for  r.-du« tion 
mal.. ,ergy for the process.    Here the bias, iurnac e depend 
high  resistance to abrasion and lump size between  30 and 

based on gas Äj^ smelting has  n.a.nlv been 

and higher reactivity than metallurgical coíe and   ,    r,     n" abraS1°n *,r' »*lh 

reducing agent for the electric f„r„• n "actually a somewhat better 
prereduction,   raw    oaliven high volatüe   % /ntr

H°duCtl• of preheatin« and 
reducing agents.   Raw coll 1S cirhonf    L K ignites,   may be used as 
or prereduction ste^     Hydrocarbon^^.^/»««"ve heati„g in lh, pr(.heatinK 

in the prereduction    and*supplvheahv     hyd/08en are developed and parti, ipat< 
and prereduction process! * V COmbustlon Wlth ^ for the preheating 

difference be^v^^c^UZ^f0! ** "^ * ^ s«bsta„tial pn, e 
favourable as reducingagentTor o^ /„""^r^- Thl" n,akes •" <-<*' 
of carbon and the use of raw c«l cït dow/rh T'    The l0W"r < — ption 
electric,  as compared to Z^LZ^sme^ng!^ CO*lS '"nsid"*»>ly ^r 

Before prered^n^^^^^ °/ f^tricity has to be ( ons,d,,d. 
introduced,  the electric process was only economi« al 

Page 8. 





for areas with supply of cheap power.    Wah prereduction ot the .run ore     the 
power consumption ran be brought down to the same order as  tor electric" 
steel smelting.   Llecric power produced in thermal power „t.. turns co„n-. 

of °oaie PoTn7 T' f°r  elettrU   Smeitl"8-    In areas w.th cheap fuel  ln the    lor., of coal,   oll or nalura, gas>   powtip can bt> prudutod   it low or  Mu.d 

modern power states        The dugr.m of Fig.   9       show« the , o.t oí thermal 

MO  i'Vd   f|
,Um'tl'Jr* ^.,h^   '^ P»--.    The  ros,  of installation  t, esUma.ed   to 

140 LS dollars per kWi; and the fuel consumption ¿ S00 keal per kWh       The 
fixed charges art   ¿.7  US mills n-r kWh «-*,,'..   ,u     (     \ ' 
to the nri-,   «f f     i     V !, P ht   fuH  l'xP*ns« ^ •» re prope- rt lona 1 
to the prue oí fuel.    ( ousidering for instance the pnce of ia-Fe tonnage of 
heavy tuel  oil m port, around the world as about  13  -    14 dolíais,   the Corre- 
sponding power price is abt.   7 US mills.    With this power pree the e.ectr" 
pig iron process is competette in many areas of the world. 

l¿.  FUTURE TRENDS 

Electric pig iron smelting is a special iron ore reduction process 
used and under installation in 17 different countries.    The el,< triefur„£es aï, 
used not only m .mall iron works,  but also in integrated iron and steel works 

riediate size with 300.000 - 700.000 tons annual capacity.    The obvious 
r electric sme tino of irnn «-« ,.„  .- *i_. ..._...     . 

of intermediate si 
H* H    f i ^U.UUU - 700.000 tons annual capacity.    The obvi 

coaf of ,úi^   hi 8,^elìÌn8 °f Ìr0n °re are areaS in the W°'ld wht- *^»ng 
available    lahf ^   J   ** Pr°duCtion of metallurgical quality coke is not   * 
is at disposal! C CU^U"   PUWt'r SUCh aS wat«-Pow" " cheap thermal power 

unit canaria ^l reduc.tion °f the Power consumption and increase m furnace 
n^rt nfPth      y' Plg ir°n Prote" m*V gradually achieve a more important 
count. T Plg '"T. Productl°" opacity,   perhaps mainly by expanse   to 
countries  and areas which have not so far developed steel industry^   The great 
tolerance of the electric  furnace with regard to quality of iron oJs „nel 
reducing agents will justify electric smeltin, for new mg iron pldIlts      Eil.h 

conTe;nertot0fibndethamhned ^ ^^ Wth ^-« "^ raCl^ï? concerned to find the cheapest solution with regard to instaH^on md operating 

A 





Table   1. 

Number of 
furnaces in 
operation 

MW 
Number of 
furnaces 
under 

construction 

MW 
Tota 1 

number of 
furnaces 

Tota 1 
MW 

Canada 1 10.0 1 20.0 2 30.0 
Egypt 1 10.0 1 10.0 
Finland 1 10.0 1 10.0 
India 2 20.0 2 ¿0.0 
Israel 1 13.5 1 13.5 2 ¿7.0 
Italy 13 101.5 13 101.5 
Japan 2 18.5 2 18.5 
Norway 5 110.0 2 80.0 7 190.0 
Peru 2 20.0 2 20.0 
Philippinet 2 28.0 2 28.0 
Portugal 1 10.0 1 10.0 
Spain 1 6.5 1 6.5 
Sweden 6 50.0 6 50.0 
Switzerland 1 85 1 8.5 
Venezuela 9 198.0 9 198.0 
Yugoslavia 3 30.0 3 78.0 6 108.0 

47 600.0 11 236.0 
 «s«M"ït«tïïiitïïîi::::s::;:;i:: 

58. 836.0 

September/1963 





Fi?.   1.   Fr on  ^r*:^ •T*:-î%n^pr   .w l î.ev«>ivt   .^velifen, 
»rw^y, 





Fir'.2.   ri  i 
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'ig.   3. From Corporación Venezolana de Guayana, Matanzas. 
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pig. h»    Pilot Preheating Shaft,  Elektrokemisk A/S, 
Fiskaa Verk,  Norway. 
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Flg.  5.  Pilot Furnace for Shaft- 
preheated Charge. 
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Fig.  6.   Pelletizing Plant it  Fiskaa  Verk 

Fi?.  7.   Pilot  notary Kiln,   i'iskaa  Verk 





m ^m*r41^ 
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i?.   8.  From rerronickel Flint   in New Caledonia. 
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Coal price US $ por motr. ton. 
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FIGURE 9 
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