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SUMMARY 

IRSID has devoted  several year«'  renearch  to the development  of a continuous 

pig iron refining procer.     A1   présent  a   10-15  tons/hour pilot  niant  capable of 

treating varios kind«  of pig iron,   ranging from haematitic  pig iron to  iron with 

a very high   (l.M  por oont)  phosphors  content,   it-,  already  in  operation,   and an 

industrial-^-.¡P   '' >0  tons/hour)  plant   i«  being  metalled   m   a  «toel   work:-   in 

Eastern  Franar.      Ihn:   research  ha«   been  carried  out  with  the   financia!   participa- 

tion  of the   Knrope-tn  Coal   and  f,teel   Community. 

The  author:-   ler-ribe   the  principle  of  the   process,   which   is   based   on  the 

formation  of  a complex  rnetal-s lag-gas   phase  in  a  converter.     The  converter is 

followed  by   vessels   in  which  the  «lag can  be  separated  from   the metal  and  the 

steel   can  be   brougnt   to  the  desired  degree  of refinement.     The  refining also 

create«  a  "pump" effect   which,   by  raising the   level   of   the  metal   and  the  «lag, 

make«   it   possible   to construct  a   two-stage  plant  capable  of   internal   r'cycling, 

which   i«  particularly  advantageous   when  processing ¡ ig  iron  with  a  high  phosphorus 

content. 

*    This-   is   a   summary  of  the  paper  issued  under  the  same   title  as   in/wo. 14/25 

1/ The  view«   and opinions   expressed   in   this paper are   those  of the  authors  and   do 
not  necessarily  reflect   the  view«  of  the secretariat  oí' UNIDO.     The  document 
is   presented as submitted by   the   authu',   without  re-editin,;. 

id.oS-l'V'/| 
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The results  discussed are  of interest   from several  different  points  of view: 

on the  one   nar.d,   there  are  the   dynamic results concerning the  adjustment  of the 

degree  of refinement and   the  automation  in   the course  of  the  process;   on   the other 

hand,   there   ,re  the  results of  an economic   nature  which   permit  a study of   the 

profitability of   the new procens   to  be made..     The   .esults  clearly establ ish even 

now that   thf.-  investment   costs   per ton  of   iron produced   will   be greatly reduced,   and 

that   the use of continuous casting will  be  greatly  facilitated. 
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The  process of continuous  steelmaking from pig  iron 
follows  logically on the  progress  achieved  over the  last  quarter 
of  a century   in   the field  of steelmaking and,   in particular, 
marks a  new  stage  after  the   important  development in disconti- 
nuous  steelmaking  processes  using   pure oxygen  which appeared on 
the   European   scene approximately   15   years  ago. 

Several   solutions   have  been   proposed   by various  research 
groups.   L'Institut de   Recherches   de   la Sidérurgie Française 
(IRSID)   has,   over  the   last   few years,   broached 'the  study  of conti- 
nuous   steelmakinp,  and  has  desipned   sevei al   entirely new   types  of 
apparatus.   An   extensive   research  program carried out  with   the 
financial assistance of   the  European   Coal   and   Steel  Community 
has   materialized   in the   IRSID process of continuous  steelmaking 
from pig  iron   of which   the   principle,   trie  main   results  and the 
current  stage  of  development are  discussed   in   this paper. 

i 



ID/WO. 14/25 
Page 4 

The study  project commenced   in  196H at   rhe   IRSID 
Research Center at  Haizières-lès-Metz was carried out   in several 
stages and   3   consecutive  pilot  plants have   been constructed.   The 
processine  of  hematite   pir>  iron  with low  phosphorous   content 
of  0.2  %  was   first   tried out   on  a   single  stace unit,   and th*» 
promising   results obtained at   the   end  of  I9 6 0  led   us   to  the 
conclusion   that  research   in   this   field   was,    for  the   time  beino, 
finished at   pilot  plmt   level.   We   then   turned our   attention   to 
the   more  difficult   problems  of   processing   pig  iron  with a   hic>h 
phosphorous   content   I up   to 1.8   i)   as commonly usod   in   Western 
Lurope.   The   possib 11 i t ies offered   by the   process  were    then   uti- 

i^f,?i-tni í     arÍy
f

dl3ÍT,OI?trated  on  a   two"Stage  installation.   The 
results obtained  from   this extension of   the   process  showed  that 
the   hopes wine« we  hid   oriRinally   placed   in   this   principles   of 
processing  were  well   founded.   Opera tint;   tests  usmr  a   two-staee 

ÏÏ5   t£2rf •   VrOCe?Sins  of.hemâtite P¿;.   iron were   also  commenced 
and   the   first   results  obtained  were  most   nromisinr*. 

At   the  present time, a  semi-production   plant with 
a  siateci output of  700   tons  per day is   beinP>  set  up  in  a steel- 
worKs  m  the   Last ot   France and should   start  UD operations   in 
the   second  half of 19bb. v 
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I.   -  PRINCIPLE  OF THE  PROCESS AND DESCRIPTION   OF THE PLANT 

The  principle of  the   process   is   based  on  a  considerable 
increase   in  the surface of  the  metal   in the slag.  To   this_Pnri, 

a  continuous complex pha3e of slag, metal  and ras  is  created. 

1. 
,•«   ^    *• C the   Prxn"ple,   the actual   process  takes place 
in   the  first   vessel,   called   a reactor,   which is   shown  in   fio. 
This reactor  is fed with a   regular, known   input  of   pir iron 
A  blowing  lance feeds   in oxygen   and li«   foraakinr     ïhe   sîaP 

ín,,íi->    *° Wtsheí»   the   cooling  agents  necessary   for obtaining 
!n   ÍÜ     i"1"   ln the   h*V balance-   The  coolinR agents   may he   added 
in   lump  form,   using chutes.   The   reactor is   equipped  with  an outlet 
connected   to   a device   for cooling and  cleaning  the   rase, which 
are   treated without  secondary combustion  of CO with^e a^iaít 
ît   i      2woverflow  aperture   in the wall   of   the reactor, at   a  level 

Spinoff  o?  S?1 ?f  the  P!ß   Ír0n   inlet'   Provides  for  continuous 
rIS  ¡îeel? 8l*8-~tal phase,  this metal being the desired 

4««+  ii   ^ A
1
Sec0I?d   recipient, called a  decanting  vessel,   is 

installed alongside,   the  reactor and receives the  slag-metal  phase 
This decanting vessel,   which   is chemically   inert,   or  nearly so 

SniaCS"S.L;h-n
i,"

flBl11? l0W PhosPho--   PiB  i-n,   sépante"' 
înd8, Ï?J?      I and  1S e<îV1PPed with an  orifice  for de-slagging and a siphon   for extraction  of the steel. K1,    8 

we   term *   The   "a?tor-decanting  vessel   assembly  constitutes what 
nuaíeí of ^ianenSfb^1' *?d£ ^««P^f   the installation, a 
be  ¿ddtdf indl8Pen8lble  Peripheral apparatus must, of cours«, 



ID/to. 14/25 
Page 6 

This peripheral apparatus consists of  the following  : 

-  Firstly, a  vessel  for continuous collection of   the  raw 
steel and  in  which  the  usual  additions are  made   for gra- 
ding,  such as   ferro-man pa ne se or various alloys  and a 
deoxydizing    ap,ent or even   a   recarburizing  agent.   This 
vessel   (termed   "nuanceur")   which,   as   previously   stated, 
serves  for collection and   grading  of   the   steel,   is 
installed  downstream of   the  decantinp   vessel.   Its  size 
will  depend  on   the  conditions of  steel  casting,   i.e. 
continuous  citing or conventional   ingot  mold'casting. 
It   is our opinion  that,   in  a  production  plant,   the 
' nuanceur"  will   be a   temperature holding  vessel   and we 
have  already  carried out  a   number of   tests along   these 
lines   ;  the  results of  these   tests are  quite   promising. 

- Secondly,  a  device   for repulating and   monitoring  the 
flow of pig   iron which,   in  our opinion,   is an  essential 
factor.  This   part of the   installation  has given   us  full 
satisfaction  at  pilot  plant scale and we  are  now at a 
stape where   the   flow of   pip  iron  is  controlled  by a 
digital  computer. 

- Devices  for  ropulatinp  the   flow of oxygen  and   the   various 
solid  materials   in  lump  or  powder form.   Here afa in,  we 
have   reached   the   stage of   computer control. 

- An   installation   for coolinp  and cleaning  the   pases which, 
apart   from  solving  the   problem:-- of  atmospheric   pollution, 
will   enable   UG   to  solve   t:.ose  problems  connected  with 
continuous   monitoring of   the  Carbon  content of   the  batn 
using   the  continuous  "carbonetry"  and   "oxymetry"   techni- 
ques  which   IKSID has developed  for the  discontinuous 
fiteelmaking  processes  using   oxygen. 

A  data  logping   installation   feeding a   digital  computer 
which,   using   material  and   dynamic   thermal   balances,  per- 
mits  control   01    the  steelmaking process and,   consequently, 
the   temperature   and   the   grade  of  the   steel   produced.  This 
part  of  the   installation   has only been   partly  studied  for 
testo  at   the   pilot  steelmaking  plant  at  Maizières-lès-Metz, 
but  will  be   installed as   soon as  the   production   plant 
comes  into  operation. 
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+***        -*FígUr! 2 shows a Picture of  the single-stage  installa- 
la J8  " hff  5een built at Maiziènes-lès-MeL.  Thif   inîïaïlÎ! 
lì îoïf n^ahled U8*î° prOCe88  Piß  ir0n  ^P^8  of beLeenì  to" 18  tons per hour with an average  flow of approximately  12  tons 
SSinhänIl•6   *CtU*i 8t~l»»k*«8 ^age,  as well  as iti   i^       te 
dì•?•Ì equxPn«nt mentioned earlier,  can be  seen on   this 
drawing,  namely  the pig iron vessel  and its flow-control  system 
the  reactor with the gas outlet and  the blowing  lance!  the  decTn 
ÎSf„rX#1 ï**? th\de-8laggin* device and «»•  »Ä  for coí! veying the  steel to the grading  vessel   Cmianceur») which  is  verv 

s"cïïtî;;: ^this pilot piant and which ^^ <£ £*"y 

The  adaptation of  the  processing princiüle describe 
previously to an installation of more  thaS onettïgt  il'  »notice 
2   stages),  offers a means of  simultaneous execution of  thTEocí.. 
sxng phases  in   2 different     areas of the  same  installation    aT 
compared with   the conventional  processes for treetí     î£e  lit 
i^tZXT^XyeQn 1heZ the   VarÍOUS  8ta*es  teke   Place  in  s«$uence 
ÎS-ÏÎÎH ?      ïtSSV" ^ Proce8s *« consequently  particularly well adapte    for the   treatment of  pig  iron with higí  P^osphorou^on-1 

ovhL'.cî; •   Jt    :    n Particular,   it offers  the  possibility of 
rizínfanH  °í   **!  ^V^.the  succe*sive  formation of  depnospho- 
£rí e>î?M      ?°  drUlphUrÍZÜl8  8laß6'   In addition,   it  will   be more efficient   and more economic  to run  if it comprises a  circuit 
for recirculation and slag-metal  counter flow.  By^ans of aU 
these refinements the process may also be used for t ría t iL he ma 
tate  pig iron where substancial  improvements couïS be  oítafned 

^  „•, 1       *?  the   IRSID Process»   the mechanism of  steelmakina  in 
a IZÛTa  lìti \m«t&i•á «as  P^ase  produces,  by a swell intact ion 
a pumping  effect  inside the  reactor which raises  the level of thS   * 
5 rL1íS «J.thu%P««it8f  by  the mere force of gravity! a meaís 
SLrSSïla^on-.In Poetice,  the  recirculation If the   second 
simSl* «!• place/ ^Jjlrst.   Scanting vessel which gives  us a 
rizine ^¡t?•nd-?KltÄwe.kinetic8 for complementary dephospho- rizing reaction with a limited loss of Carbon. '       *      r 
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In  fact,   in this  two-stapes   installation  including recirculation 
of  final  slag,  the  decanting  vessel   is no  more   inactive  and  can 
be considered as a  two-zones  vessel   :   the  first  one where   the 
recirculated   iron-rich  slag   is  reduced by  the  carom   contained 
in  the   intermediate   ,\.etal  coning   from  the   first  r\ actor,   the 
second  one   is   inactive  and  acts  as   slag-metal   sepa <-a tor.   rig.   3 
shows   schematically     the   two-stage   process,   and   il¿.   «•   a   pcrspec 
tive drawing of  the   installation as   it has  been   tried  out   in our 
pilot  plant.   The   peripheral   equipment  Mentioned  cirlier   i-;   Mon- 
ticai,  but  is   grouped  around an  assembly of   2   reactors  and   ? 
decanting vessels. 

II.   - EXPERIMENTAL RESULTS IM A SINGLE STAGE PLANT 

Taking  first of all   the   single stage plant,    we   shall 
describe an operation which   is  representative  of  the   ntage we 
had reached  in December  1966   at   the  end of a  test  program  using 
hematite  pig  iron.   Then,     we     will     made a  rapid   synthesis  of 
the  performance and operating   results  obtained after  aoue   50 hours 
of  processing. 

Th :  supply of  pig   iron   to our pilot   plant was  not  suffi- 
cient   to enable  us   to  carry out  testing  for a  period  of  longer 
than  ••  hours consecutively,  although,   as we  shall  s^   later when 
discussing  the  operating data,   the   results   obtained   led   us   to 
think  that an uninterrupted  operating  time   in  the  region  of 
150  hours,   i.e.   longer   than   6   days,   should  be   possible.   In  196b 
tests with   he.ivttito   pig   iron  were   carried  out  using  a   single 
lining diid   totalled   SO   ¡tours of operation within   31   individual 
tests.   When examining thf   results,   it   is  rather difficult   to 
appreciate   the   influence   (unfavorable   in  most cases)   of   the   stop- 
start  nature  of  the   tetts,   such  as   thermal   shocks   in   the   refrac- 
tory   lining,   lack of  thermal  equilibrium in the  vessel,   too 
short  an   idjuetment  period,  etc  
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Io)  Description of   the  processing operation of 
hematite   pig   iron  in   the  single  stage  plant. 

•   ^   Fifiure  5   shows  an operation  lasting  4  hours usine  piß 
iron with   the  following chemical composition  :   C    4 0  * 
Si    0.6   %        P     0.25   %,     Kn     0.8   %   ;     5   successive  loads'of   pio 
iron were   fed   into  the   pig   iron  vessel  and   the variations   in 
chemical   composition of  each  of  these   feeds was approximately 
nnf^?ntatlVe  0<   thOSe   that °ne would  usually   find  in  production opera.xion • 

The   figure   shows  the  curves corresponding to  the   various 
constituents   plotted against  time   ;   the  *   upfer curves  show  tie 
continuous   How of   input  material,   i.e.   pig  iron,  gaseous  oxygen 
lime  and  cooling  agents   (prereduced  pellets  and  ore).   In   this 
operation,   the  average   pig   iron   riow  waa   lb0   kg ninute  and 

the  corresponding curve   shows   the  satisfactory  regularity  which 
was obtained     After an   initial   period   to  obtain  a "thermal   equi- 
libnum,   facilitated  by   intense   preheating  of   the  vessels,   the 
flow  of   prereduced   pellets  was   stabilized   at  approximately   45   kc 
per nm.ute   or,   in  other wonJs,   280 kg   per   ton     í   pig   iron  which! 
taking  into  account  the   composition of   these   pellets,   corresponded 
to a  thermal   equivalent   of   JOG  kg of  scrap. 

, The   curves   in   the   lower part  of   figure   b   show  the   charac- 
teristics   of   the   steel   and   the   slag   in   the   decanting  vessel    : 

- The average   carbon  content  obtained  was   O.Obl   %,   for  HO   %  of 
the   time,   the   carbon   content   was  between   Ü.US0  and  0.070   %. 
It   should   l,e   remembered   that  we are   dealing  here with  values 
corresponding   to   samples   taken   from  the   decantine   vessel,    i.e. 
betöre   homo gei nation  was  achieved   in   the   "nuanceur". 

- The  average   phosphorous   content was   0.018   %   with  a   typical 
variation   of   0. .,0b   \   in   relation   to   this   average.   It' should  be 
noted  here   that   the   hematite   pig   iron   does   not  have  a   very   low 
phosphorous  content,   but   is   in the  neighbourhood,  on  average,  of 
U.¿50   t. it   can,   also,   oe   pointed  out   that   the  mean   value  of 
pnosphorous   content  within   the whole   running time   is not   really 
representative   of   the  degree  of dephosphorization achieved   ; 
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in  fact,   at   the beginning of each operation,   the dephosphoriza- 
tion  is not  so  good  as   it   is when  steady   conditions are   reached. 
As an example   for the   test mentioned,   the  average value,   during 
the  last   150   minutes,   is   lower than 0.015   %   P. 

The  temperature  of   the   steel which was  monitored both  on  a   conti- 
nuous and  a  discontinuous  basis  remained   within a narrow   range 
throughout  the  operation   i   the   average  value  was 1610°C. 

The  slag  contained   an average  of   2 2.7  %   iron   in the  case   of 
the extra-mild grade   steel  produced. 

These   results call  for  two  comments   : 

Firstly,   the  operation we have  just   described  displays a  consis- 
tency  in  the  composition   of the   steel   in   the   decanting  vessel 
and  in  its  temperature which,   in our opinion,   is quite   satisfac- 
tory.  And  this  despite   the  fact   that  computer control  was  not 
used when   these   tests were carried  out   ;   control was  entirely 
manual  and  we   feel   that  a   marked   improvement would  be  obtained 
using a  computer-controlled   process  at  production  level. 

As  previously   mentioned,   the   values  showed   in   figure   5   refer to 
raw steel   flowing out  of   the   decanting  vessel.   Consequently, 
we are  dealing  with   "dynamic"  results which do not  represent 
exactly  the  average   composition   (nor the   scatter) of   the   metal 
which one would  have   drawn off   periodically   from the   "nuanceur" 
when  tappmp   the   steel. 

Figure   b   qives  the  analysis  which  would  have   been  obtai- 
ned,  concerning  carbon  and   phosphorus  in  the   following  hypothesis • 
pouring  each  half  hour  the   liquid  metal  contained in  the   "nuin- 
ceur     (considered  as  a   mixing and   storing  vessel)  in one  ladle  in 
view of   ingot  teeming. 
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2°)  Results obtained concerning  the characteristics 
of  the  liquid steel. 

-n   in.       r1??   reaults "inch «e have  just  described will   fiive   vou 

ÎÏH     î\£f íhe  consistei^y  i" the  staol   composition oítai^ed 
and of  the  degree  of  purity achieved   in   the  liquid  sïeeî    ?his 

the   proems3 ani" "   °f  ?°   ^"«-choalcal  characteristic Jo 

converter.   There   is   a  v**<    fLin     *     »x«t-iMaxinp   in  a   conventional 

selves   lo  t.ie   ü^cuasion  of   two   important   factors   : our- 

-   the ¿^-.^¿ï:i}.£2î}tent^in_the_3toel. 

SrScIniiiriltil? !he c"bon'**y*• relationship obtained in 
to the "nu.n'^t«b,:ì dS Wel1 dS d »«»*»«r of plots corresponding 
xo tne    nuanoour    ¿tape,   ior heruatite   pig  iron.  The  eraoh ai• 

ss8rví5rt
tí1:

rv:?sV-tfi,ied i1•* LD
 

p*°c«&3 ^ «rsî tt3^ 
these   scuttL'^ones "  °btalaed  **^in«ntally   fall   inside 

be 

"  iiiïI'2£Si}-S22tent_in_thaAsteel. 

in íhe  cnnHna"  i0r n,xtr?Çen  Pick-up  renoval  should be   similar 
Vertical  ÍZÍ  steelmaker   reactor to  those  which occur  in  a 
"lllvllil? air°SinrfSr;   hOWever»     in   the  "se  of  continuous sxeeimaxing,  air   should   be   prevented   from enterinp through   th,> 
de-slagging hole  which   is  located   in   the   lower part  of   thí   ÎÎÏt 
consequently,   the   pressure   should  be   repulated      s  de   t       r^  L 
and  the decantine  vessel   to  obtain  *   «i V«HÎ in&iae   tf>e   reactor 
oaBeR   ,-nciHa  «..*•   ycöö*-L   lo  outain  a   slight  over pressure  of  the 
•  ^ vessels,   By this  means,   the  nitropen  contents 
are  of  tue   same  order as  those   in an  LD   converter. contentR 
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3°)   Description of   the operating  results, 

Maiz1ère 
average 
restinp 
cess in 
particul 
regards 
refracto 
criteria 
of  tests 
only be 

The results were obtained on the pil 
8-lès-Mrtz which, as Raid before, 
flows of 1? tons per hour. These resul 
for those who intend to know the main 
order to evaluate the possibility of a 
ar case. To date, the results have be 
the iron yield, the heat balance and t 
ry iining. It has not been possible to 

such as reliability, in view of the i 
on the pilot plant ; solutions to the 

found   through operation  of  the  plant a 

ot   plant at 
provides  for 

ts  could be   inte- 
datas  of  this   pro- 
pplying   it   in  any 
en   promising  as 
he   wear  of   fie 
verify  operational 

nterrupted   pattern 
se   problems  can 
t   production  level. 

-  Iron  yield 

Iron yield i 
obtained (in 
to the weigh 
from the pig 
our test con 
•ame average 
in figure !), 
the iron bal 
are the meta 
fumes. 

s  defined as 
eluding  that 
t  of  iron  fed 
iron  and  the 

dit ions,  and 
composition 
the   iron  yie 

ance  which we 
llic  bead   con 

the  ratio of the weight of liquid steel 
obtained at final emptying of  the  vessels) 
into   the  system (iron   content coming 
addition  of  various  elements).   Under 

using  hematite   pig   iron   displaying  the 
as   that   used   in  the   operation   illustrated 
Id  was   96   %.  Among  the   various   items  of 
have  examined,   the   most  characteristic 

tent   in   the   slag and  the   emission  cf   red 

iron  metallic  beads 

Ai regards   the  metallic  bead  content   in  •>>«  „1 

STSÄ'if"L^.ïï;    :l'patr^onPr:r„noStWSÌf T "0t *""* poor metallic  vi el H     W»   h       ^P«ration cannot but   produce   a    very 

j 
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d.-8lagBinB     in discontinuo^ converters comP^ed with 

•   25?¿55¿2Ll_2f red  fumes 

The  feature  of   the   IRSID  continuous  process     i  -     th. 
presence   in   the   reactor oí   a   ^olUn T?       ?'   Î     *   the   Pern»nent 
filter effect  which was   favore   to   llclVld.flaß  Pointed   to  a 

losses  throuRh   red  fumes  In   c^ aríon  wlîÎTf.Y•*  reduction  *" 
rements  which  were  taken   showed   th^tíh ^.converters.   Measu- 
Thus,  after   the   initia^^o^er^ "«Vío^í   ^   ?***' 
thr-ouph  red   furrier,  did not  exceed   (under"      ' ln   1P°n 

of  the   pilot   plant),     2.u   kr     f  i   n7        T   ü¡>eratinP   conditions 
must  be   added   U. 5  k¿ o       oarse  -i Per  ton  of   pig,   to  which 
of  the  dust  collecter! which  hat   1lr

rH1CleS
1
de}ÌOSÌted   '««stream 

exhaust  pases. ' aVt   been   direct]y  extracted  by  the 

naking procLHis^s po^íroTvie^f ?* cont--us steel- 
at production level I ugnp ^"//f d characteristics which, 
controlling   slaP  basiciïC citable   decanting  vessel   and 

than the 96 1 obtained N^der' i/uf oper^L^V? -yield ,d8h" 
plant   level.   Moreover    a<   won  «tn^     tlnC.conditions at   oilot 
Plant   is  likely   toglie  Ü   Cke^   Wn     ^^  later'   d   '""-stage 
balance. *' ''arke<j   improvement     m  the   metallic 

-  Heat  baiane« 

generally ^eaLlnÌ,  disfavour ^hTd" ^^  *"" «P—tions  do, 
compared wi ih   th" ionìinuo^ „^    dlscon*in"°"=  processes when 
by  IRSID adds  tò'this àSvantflSrï?SBT   The  l>r°cess Sloped 
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Drawing up a dynamic   thermal balance   provides  a means 
of appreciation  of  the  thermal   losses during  permanent  operation. 
Since   the losses  for a given/aPe  more or  less  independent  of 
the   flow of  metal,   the   losses   per ton  of   steel  will  vary   inver- 
sally with   the  output.   It   is  therefore  important   to  know  the   flow 
possibilities  of  d   given   installation.   In   the   case   of   the  only 
reactor currently   in operation,   ue  have covered  a  range   of   flows 
from 1   to  3   (100  to   300   kg   ; er  minute)  without  being  able   to  say 
that   the  maximum  possible   flow  has  been   reached. 

Taking  tne  case   oí   tue  Maizières   plant,   trie   neat   balance 
shows   that   the   losses  ave   in   the  repion  of  approximately 
20.0Ü0  kcal/t  of   pip   iron   for  an  average  flow  of   l¿   t/hour.   Under 
these  conditions,  we   found  an   available   therm,*!   excess   higher 
than   300 kg   scrap  equivalent   for  the  henatite   nip   iron   referred 
to   in   figure   5.      ligure   B   fives   the   evolution   of'thn   cooJ inp 
apent  consumption   (expressed   in  h'i'L   i.e.   ouantity  or   scrap equi- 
valent   in  Kp cnarped   pro  each,   ton  oi   pip   iron)   according  to   the 
blowing   tune   :    it  can  be   seen   that,   although   the   apparatus  was 
well   preheated,   steady   conditions  are   only   reached   after a   long 
time.   Tor   the   pig   iron   flow  of   11,0   Kg/mi,,   the   scrap  equivalent 
consumption   is  at   the  level   of   30 5  kg KIT./ton  of   pig   iron.   On 
the   same   installation,   the   value  attained   for  a   liquid   pig   iron 
flow  of  30u  kp/roi woulu  oe   of   3U0 kg  kT'./ton  of   pig   iron.   These 
results are   always  concerning   the  same hot   metal analysis as 
for  figure   i>  and   a  hot  metal   temperature  of   13bO°C at   the   inlet 
of   the  reactor. 

Vhe   quantity  of   cooling agents  put   into  the   plant  will, 
of course,   vary with   their  nature  and,   in each  case,   a heat  balance 
and  a  material   balance will   perndt  determination  of   the  correspon- 
ding quantities. 

In  view  of   the   very   principle  of   the   process,   its   seems 
difficult to use  any kind  of  scrap,   and this  drawback will  be 
the   same  in  ever^y  continuous  refining process.  W«   just have  been 
able   to use  addition of very  snail  Bize  scraps   :   some   tests hav« 
been conducted with  processed  scraps  such as  "prolerized"  car 
bodies without   troubles'. 

However,   it  must  be  emphasized   that   such  a  possibility 
does not solve   the general  problem of scrap utilization for tv»o 
rea son s  : 
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ÎÏLÏUX-811*11  dimensions of   the  vessel, in  the  IRSID continuouB 
rïece^       *  prOCe88»  does not  a11^  the   use  of  large   scrap 

i«r„?2y ^ontinuous  Process,   control  of  feed  rate oí   usual   scrao 
ÍOIUÍH  K  yl'TPOSSlble-   W€   think  that  this  P^lem could    e Pf 

solved by  integration of   the   continuous  refining  process with 
?ÎngrunUs steel"«^ng  facilities  such  as  conSenUonaï  «1- 

• i,.   í^n   InHth!  cfse,of  **!*  developing countries where  a  medium 
Size   iron and  steel   plant   is contemplated,   one  could associate" 

itinuous   processing  line   includinp continuous  steelmakinp 
continuous  casting units,   allowing  the  direct  transformation 

-  a  con- 

ana  cc..^JluvUia  u03iui(j  muís,   allowing 
of  liquid   pig   iron   into   semi-products, 

-  a  conventional   arc   melting   furnace  using   recirculate   scran 
and  allowing  production  of   limited   tonnages  of  different  qua- 

;   this  could  be   the  first   step  towards  production lities  steel 
of high  grade   and   special   steel 

o.,i-e^ 
T?  ddte!  We  UdVe   USed   several   types  of  cooling  agents, outside  prolerized scrap   : K • 

- Oxydized ore added either in  powder form in  the oxygen  let or 
in   lump  for,  (5-30  nun)   fed   in   regularly   on a  conv^Sr belt. 

- Reduced ore.     This  is a  choice   material   for continuous   steel- 
ing,   larticularly   if   the  gangue  content   i,,   ¡nw.   On   the  other 
hand     contrary   to  utilisations   such  as   the  electric  furnace, 
the   degree  of   reduction   is  of   less   importance  and   it  is  certainly 
possible   to  find  excellent optimization   conditions between  a * 
direct  réduction  unit and   a  continuous  steelmakinp  plant. 

h.»n   „ °.UÏ   tests,   utilization of  prereduced  pellets  has 
ï6"^ satisfactory   ;  on   the   other hand,   utilization  of pre- 
reduced   iron   powder  insufflated  by a  secondary  lance   raises 
?ï  ñí¿Sn8 î     "Î   transportation  gas  :   safetv  problems  if  oxygen 
is  used  and  nitrogen  level   in  steel  if  normal  air  is used. 
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It is also possible to give consideration to cooling 
agents of the same type as the reduced ores iut which contain 
thermogenic elements such as carbon in order to increase the 
ratio of solid materials charged. The first approach in that 
way has betn made during our tests by charging granulated pig 
iron and we have been able to charge 50 % of cold pig without 
troubles,   this  figure   is  prcbably  not   the   final   limit. 

Before   finishing with  this  question  of  heat  balance, 
we   should   like  to  stress  the advantages  derived  from ^erow^rv 
of the   sensible   heat  and  of   the   latent   h   ,, t    in   iso  r¡jl-   arising 
from the  continuous steel making   process,   first of  all,   the   reco- 
very of   gas  with  a high CO  content  is  easy,   since   the   reactor 
is  a  fixed   installation and  the  operation   is a  continuous   one. 
Secondly,   it   is  also   possible   (and  experience   has   proved   this) 
to adjust  the  oxygen   input   so as  to  obtain  a   given   secondary 
combustion  of  CO   giving  C02   inside   the   reactor   (for example 
30   %  CO2   and   70   %   CO)   which   is   compatible   with   the  conditions 
of wear  of   the  refractory   lining.   This  is   currently  being   studied 
in detail. 

-  Lining life 

At  the   present  time,   the  reactor-decanting  vessel  unit 
is  constructed of  ceramic-bonded  magnesia  brick   impregnated with 
tar.     Tiie   line  required  for  the  continuous   steelnaking  process 
is  magnesia-enriched  and when blown   through   the   lance,   contains 
o   t>   of   MgO. 

Under  these   conditions,  as   fig.   9  will  show,  the   con- 
sumption  of   refractory  material,   calculated  bv  the magnesia 
balance,   was   2.J  kg/t   of  pig  iron  for   the   overall  process  and 
1.4   kg/t   of   pig   iron  during   periods  of  operation  in  a  state 
of  equilibrium   (after   the   '»5   initial   minutes  of   blowing),   lach 
time   the   plant   is   started  up,  as   required   by   the   test  conditions, 
t.ie  consumption  of   refractory  material   increased  due   to   the   inevi- 
table   thernul   shocks   as  well   as   to  the   imperatives of   the    initial 
transitory   period   (high   levels  of   temperatures   and   slag   Feo- 
content).   The   figure   of   l.n   kg would   therefor«»   represent   the 
consumption   of   refractory   material   for   an  operation   of   long   dura- 
tion  and   on   the   scale   oj    the   current   pilot   plant,   However,   this 
figure   does  not   take   in  consideration   the   loss  due  to   the   remai- 
ning  refractories  at    the  end  of   each   campaign,   and   the  value   which 
has  to  be   retained   for  an  economical  evaluation  must  be   somewhat 
higher. 
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-r^.«  i     V>e din»nsi°n«l wear curves of the reactor,  which .Kn 

Î5K «nSiSSS1:  9'   COrreSPOnd  t0  the   tW° -nsumptioisW„eXChh
a^

SO 

" fíe  ZTÎ d°l\are  rel*ted  to  the  direct  measurements nade  on 
the  reactor between   two successive operations   ; 

- within  hypothesis   concerning the wear  profile,   it   is   possible 

ntoT^nr^  t0î>al   r^ractor''  consumption   (calculated"^  a 
MRO-i,alance> with  a  dimensional   lining wear.   Such an  evaluation 
of  the  wear   is  plotted  by   the   curve   I   on   fipure   9,  Chichi? 
in  very  good  agreement with the experimental  dots     This   fact 
°ln:    w

h
lth  the   -'^tual   global  weighing of  bricks  at   tL 

nSrm^ily  uSe?nPalRn  ^  P°°d  Ch*CkS  °f   the   MR0
  

bal»« we 

"   a^kïfinïïLrÎÎ^^0"   baSed  °n-the   st"riy-«tate   consumption ^1.4   kg}   instead  of   total  consumption   (2.3   kg),  we  ret  the 
curve   II.     This  curve  would  represent   the  di^nsionl'fwear for 
an  uninterrupted  operation  up  to  complete  wear of   the   Uning? 
in   the  case  of our   pilot  plant   running  at   12   t/hr.     This  cur e 
shows   that  with  very  usual   lining   thickness of  2 30  mir     the 
operating   life  of  the   reactor  lining   should   be   lonrer  than 
one  week. 

•.f~,^ rrOS-   probable   that   the   results concerning  the 
refractory consumption would     be  better  with  larger  size   »essel* 
than   in our  pilot   installation.     Moreover,  considering   that   the" 
reactor   is a   stationary  and cheap  vessel,   we   have  designed   it 
in  order  to  be  able   to   replace   it  quickly  by  another  unit  provided 

of îhL   Vnirn^'   eventu*1Jv>   Preheated   ;   so  the   productivity of  tne   installation   could  be   very   high. 

unit   •   th„  Lr       .     Pe!p-enceri  any Wear   Problem in   the   decanting 
KP¿  b^ll  ir-   TPHtl0n   ?xR"rflB  nuoted  above   (calculated  by a 
KgO  balance)   includes,   m  fact,   the   lining wear of  that  vessel. 
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III.   -  RESULTS OBTAINED WITH THE TWO-STACE  PLANT 

Over  the  past year a  number of  tests   representing some 
2U hours  of continuous   steelmaking have  been carried  out  on a 
two-stage  plant with  recirculation of  the   second stage   elag.  This 
type of continuous  steelmakinp   is  perfectly adapted   to   pip  iron 
with a  high  phosphorous  content   for  which  processing   in   conver- 
tional   furnaces   takes  place   in  at  least   2   phases.     We  have  paid 
particular attention  to  the  treatment  of   this   tvpe  of   pig  iron 
produced   in  Western  Europe,  and   the   production   plant which we 
are  building will   process  particularly  high-phosphorous   pig iron. 

Figure  10   illustrates   the   process of   such an  operation 
which,  during  our  tests,   lasted  approximately   3  hours.   The essen- 
tial  data   curves,  which are plotted  as a   function of   time,   illus- 
trate composition and  temperature  of   the  metal   in the   two  decan- 
ting vessels and   the   iron content  of   the   slag  coming  out   from the 
first  decanting  vessel. 

The results which we  shall  now give correspond  to the 
period commencing with the creation of an almost permanent opera- 
tional regime  (HO minutes after beginning of blowing)  and termina- 
ting with  the end of the  operation at the  175th minute   : 

- For a carbon range between 0.060  % and  U.080   %, the average 
value  obtained was 0.071   \  ;   for  90  %  of the   time,   the   carbon 
content  remained between 0.090  % and 0.050  %.   It  should again 
be  remembered   in  this connection  that  we are  dealing with values 
corresponding to samples taken from the decanting vessel,  that 
is  to  say before homogeneity  was  achieved  in  the  grading vessel 
(or "nuanceur"  as we call  it). 

- Mean  value  of   phosphorus content  is 0.01b  4  with a   standard 
deviation of  0.005   %   ;   but from the  53td minute onwards,  the 
phosphorous  content  remains below  0.020  % and,  during   the  last 
25  minutes,   is  lower than 0.009  %,   which proves that   in   fact  it 
is  possible  to achieve  very  low  phosphorous  contents   even fron 
high-phosphorous pig  iron. 

- The temperature  in the  first decanting  vessel  (in other words 
the de-slagging temperature)   registered an average of  1629°C 
with a  typical variation of 9°C. 
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- The evacuated  slag contains,   in average,   10.6  %  Fe   (as  Fe-oxides) 
and 16  % P2O5.     This  figure   is  sufficient  to use  it as  a  fertili- 
zer.     In our case,   it  stays  however on  the  low side because   of 
the high Si  content  of  pig  iron  (0.66   to 0.92   %).   The  average 
weight  slagged-off   is  250 kg/ton of  pig   iron,  this high  value 
is also related   to  the  Si  content  of   pig  iron. 

- In  the   second  decanting  vessel,   the  temperature   showed  an 
average of  1627°C  with a   typical  variation of  5°C.   This   tempe- 
rature  becomes  even  more   stable  in  the   nuat reur   ; 

- The   slag  in   the   second reactor with  an   iron   content  of   29  % 
is  recirculated   to   the   first   decanting   vessel  after  the   HOth 
minute   ;   the weight   of  recirculated   slag  is  74  kg  per  ton of 
pig  iron.   The  difference   in  Fe  content  between  the   two   slags 
illustrates   the   active  part  played  by  the  first decanting vessel 
in  the  cherr.istry  of   the  process. 

As   in  the   case  of  the   one-stage  process,   full   automation 
of   the  control will   certainly   improve  results and, specially, 
consistent  values of  analysis and  temperature  of liquid  steel   ; 
all   the   remarks about  the  homogenizing   effect  of  the  "nuanceur" 
are  still  valid. 

The   results  obtained are extremely  promising for the 
processing of  high-phosphorous  pig iron.   The  operating  figures 
attained at  the  pilot   scale  concerning   iron yield,   thermal  balance 
and  refractory consumption are extrenely  promising as  shown below : 

-   Iron  yield 

In   spite  of   the  small number of  tests conducted  on high- 
phosphorous   pig  iron,   which did  not allow  us  to achieve  optimiza- 
tion of  operating   procedure,   and in  spite   of a   too short   decanting 
time,   due   to   a  too   small  decanting  vessel,   the  average   iron  yield 
(with the  same  definition  as before)  has  reached  95.7  %. 

Theoretical   calculations made,  assuming more   suitable 
and  usual   conditions   (particularly,   lower  Si-content of  pig  iron) 
point to  values  in  the   range of   96.3  to   97.4  %   according  to resi- 
dual content of  P   in   steel. 
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-  Thermoà   balance 

In  the   following  conditions   : 

- liquid  pip   iron   flow  rate   :   12   tons/hour, 
- liquid  pip   iron   temperature at   the   first reactor inlet   :   1310*CV 

- average   steel   temperature   :   1625°C, 
- pig  iron  analysis  as  shown   figure   10, 

the asymptotic   value  oí   RTL   (i.e.   scrap equivalent)   is   500  kg/ton 
of pig   iron. 

This   large  heat  excess   is   essentially available   in  the 
first  reactor and  can be   related   to  the  high  level  of  secondary 
combustion of  CO   into C02  which  is,   in  average,   30  %. 

-  Refractory consumption 

The   two-stages  installation  is lined with magnesia 
bricks,  ceramic-bonded and tar-impregnated   ; the  lime used contains 
8  %  MgO.   The   same  methods,  as before,   are  used  to calculate   the 
lining wear and   the  refractory consumption. 

After U0  mn of  blowing,   where we are approaching a   steady 
stage  conditions,   the  refractory consumptions are   : 

- 2.18  kg  per   ton of  pig   iron  in  the   first  stage   (reactor and 
decanting  vessel), 

- 0.6S   kg  per   ton  of   pig  iron   in  the   second  stage. 

Between   the   second and   the   third hours cf  blowing,   the 
limit values reached are,   respectively,  1.8  and 0.U5  kg/ton  of pig 
iron. 

in  these  conditions,   the  calculations about   the   dimen- 
sional wear of  the   lining  shows  that  it  is possible  to anticipate 
a  lining  life  of   the  first   reactor   (which is  the  critical   part of 
the  installation)  of one week,  even   in  using high-phosphorous pig 
iron. 



ID/WG. U/25 
Page 21 

These  results have been mentioned here  in  order to 
deaonstrate   that  the principle of a  two-stage  installation with 
recirculation of  the   second slag   is   perfectly  valid.   A few tests 
have shown  that  it was also applicable  to  hematite   pig iron and 
in  this case,   the  estimated calculation  point  to primfsinT op^-' 
rating  values,   particularly as  regards  the   iron  yield,  and  the 
refractory  consumption, which are better  than  those   related to 
high-phosphorous  pig  iron  refining.   Continuous  two-staee   steel- 
making with  recirculation of  the   second  slag is,   in  our opinion, 
a  possibility which  should not be neglected in  the  future 
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CONCLUSIONS 

During the   two  last   years,  research work han been 
strongly  pushed 'to  develop the   1RSID continuous  cteelwaking 
process.   At   the  end  of the  year  1(3G6,  we   had accumulated 
sufficient   resulto  to evaluate   the   possibility  of   applying 
the  process,  with  one  stage  operation,   to  low-phosphorous 
pio  iron   refininc   (P   less  than  0.3   %).     The  main   technical 
characteristics,   such  as   thermal  balance,   iron  yield,   refrac- 
tory  consumption,   steel  analysis have  been ascertained   ;  in 
the   same   time,   we   began  economical   evaluation   of   this   new 
process.   As  a   first   point,   it   can   be   said  that   the   investment 
cost   (i.e.   cost   per ton  of   steel  produced) will  be   definitively 
lower  than   usual   for  conventional   basic  oxygen  process   i   this 
advantage   will   be   specially   marked  when   a  small-scale  or medium 
scale   steelmakinp   plant   is  considered   ;   as an  example,   for a 
complete   steelmaking  plant  of   1.SÜ0.000   tons   per   year,   this 
gain  has  been  evaluated  around   2b   %   of   total   cost.     We   must 
mention   further additional   savings  due   to an  easier possible 
link with   a  continuous casting   plant. 

In   the  case  of   developing  countries,   very  simple  con- 
tinuous   production   lines   from  liquid  pig   iron   to  se mi-product s 
(billets  or  blooms)   can  be   designed   ;   such designs  have  already 
been   started   in   order  to  allow   fast  application   to  any   request 
for a   given   pro'iect.      In   a   medium   scale   iron  and   steel   plant, 
such aline  will   ensure   production  of   tonnage   steel   from "virgin" 
primary  hot  metal   ;      in  the   same   time,   electric  arc   furnace   could 
ensure   melting  oí   recirculating  scrap and  production  of   small 
tonnageB  of   special   grades  of   steel. 

During  19t>7,   experience   gained   before   has   been applied 
to the   development  of a   two-stage   process,   including  ree irculation 
of  final   slag,   specially   in   view of  continuous  refining of   high- 
phosphorous   pig   iron.   From the   results   obtained   so   far   at   pilot 
scale,   it   can  be  assumed   that   the   gain   achieved   in   using  the 
IRSID   continuous   steelmaking   process,   instead  of   a  conventional 
oxygen  process,  will   be   still   higher in   the   refining of   high- 
phosphorous   pig   iron   :   as  a   natter  of   fact,   the   productivity  of 
the   process   is  not   depending   upon   the   pig   iron  analysis,   contra- 
rily  to  the  conventional   processes,  and   thus   the   conversion   costs 
will   not   be   affected  by   this   analysis. 
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These  results have been mentioned here  in  order to 
demonstrate   that  the  principle of a two-stage  installation with 
recirculation of  the   second  slag   is perfectly valid.   A few tests 
have shown  that  it was also applicable  to  hematite  pig iron and 
in   this case,   the  estimated calculation  point to  promisinp ope-* 
rating  valu«,   particularly as  regards  the   iron  yield,  and  the 
refractory  consumption,  which are  better  than those   related to 
high-phosphorous  pig  iron refining.  Continuous  two-stage  steel- 
mak Mg with   recirculation of  the   second  slag is,   in  our opinion, 
a   possibility which  should not  be neglected   in  the  future 

i 
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CONCLUSIONS 

During   the   two  last  years,   research work liar, been 
stronclv  pushed'to  develop   the   lUSID continuous  cteeiuakmg 
process.   At  the  end of  the   year  l')G6,  we   had accumulated 
sufficient   resulte  to evaluate   the   possibility  of   applying 
the  procer,  with,   cm    stage   operation,   to   low-phosphorous 
pip  iron   refining,   (P   less   than  0.3   %>.     The  nam  technical 
characteristics,   such  as   thermal  balance,   iron  yield,   refrac- 
tory  consumption,   steel   analysis have   been   ascertained   ;   in 
the   same   time,   we   began  economical   evaluation   of   this  new 
D^cesS!   As  a  iirst   point,   it  can  be   said   that   the   investment 
coTt   (i.e.   cost   per  ton  of   steel  produced)  will  be   definitively 
lower  than   usual   for  conventional   basic   oxygen   process   i   this 
advantage  will   be   specially   marked  when   a   small-scale  or  medium 
scale  steelmaker,   plant   is   considered   ;   as  an  example,   for a 
complete   steelmaker  plant  of   1. SOU. 000   tons   per  year     this 
cain has  been evaluated  around   2b   %   of  total   cost.     We   must 
mention   further  additional   savings   due   to  an  easier possible 
link with  a  continuous  casting   plant. 

In  the   case  of   developing  countries,   very simple con- 
tinuous   production   lines   fron  liquid  pip   iron   to  semi-products 
(billets  or  blooms)   can  be   designed   ;   such  designs  have  already 
been  started   in   order  to  allow   fast   application   to  any   request 
for a   riven   project.      In   a   medium   scale   iron  and   steel   plant,    _ 
such a   line  will   ensure   production   of   tonnage   steel   from     virgin 
primary  hot   rae tal   ;     in  the   same   time,   electric  arc  furnace   could 
ensure   melting  of   recirculating scrap and  production of   small 
tonnages  of   special   grades  of   steel. 

Durine   19b7,  experience   pained   before  has been applied 
to the   development  of  a  two-stage   process,   including recirculation 
of   final   slag,   specially   in  view of   continuous  refining  of  high- 
phosphorous  pig   iron.   From the   results  obtained   so  far  at  pilot 
scale,    it   can  be   assumed   that   the   gam  achieved   in   using  the 
IRSID   continuous   steelmakinp   process,   instead   of   a  conventional 
oxygen   process,   will   be   still   higher  in   the   refining of   high- 
píosphorous   PL.    i,.n   :   as   a   natter   of   fact,   the   ?•du?tiV£y°* 
the  process   is  not   depending   upon   the   pip   iron  analysis,   contra- 
rily  to   the  conventional   processes,   and   thus   the   conversion  costs 
will not   be  affected  bv   this  analysis. 
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The  continuous  steelnaking  tost  carried out bv  TR^m 
over the  last  few  years at   pilot  plant   level have  produced 
Pressing results  which have  motivated   the  construction  of  a  semi, 
industrial  plant,   which will   be   runninr   in  at  the  middle   of  19^ 

iïl^ioiï^^^l^T0^-  •   ^  -  «"  rît." 
cation   cDst.-;,   ¿3  well "or  tao  one 

confina 
sta ¿e  d.' 

ami   preciso   the 
'or   two-i; tdv'o:; 

fdbri- 
process. 

thP   two   ct
losts.COi'ducted  durin*   the   last   month«   did   show   that 

Í•  t^°-s1
ta^     installation   was  also  well   adapted   to  process"? 

low-phosphorous  pig iron.     Additional   advantages  concerninp       * 
fabrication   costs  could  be  anticipated   fror, sSch  an application 
and  tocnmcai   results  of  the   será-industrial plant,  which  will   be 
available at   the   and of   13G8,  will  be   interesting for all   those 
^ho  arc   confronts with  development     projects,   whatever  th     type 
oí   iron   ore   IG  considered. yp^ 
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Figure 2 

RSID   CONTINUOUS STFFI MAKING   PROCESS 

ONE-STAGE INSTALLATION 
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Fijgure 4 

IRSID  CONTINUOUS STEELMAKING  PROCESS 

TWO   STAGE    INSTALLATION 
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Figure 9 

ONE   STAGE   OPERATION    REFRACTORY 
CONSUMPTION   (Kg/t   hot metal) 

m = 2.3 kg/t 

Average  value   based 
on total operating 
time 
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DIMENSIONAL  WEAR OF REACTOR 

Hot   metal flow rate 160 to/mn 
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