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Description 

The  present  invention  relates  to  a  method  for 
smelting  reduction  of  iron  ore  and  an  apparatus 
therefore,  and  particularly  to  a  method  and  an 
apparatus  wherein  iron  ore  is  being  smelted  and 
reduced  in  a  basic  oxygen  furnace  type  vessel. 

Smelting  reduction  method  has  recently  been 
developed  as  a  substitution  for  a  blast  furnace  iron- 
making  method,  to  overcome  some  disadvantages 
in  that  the  blast  furnace  iron-making  method  re- 
quires  not  only  an  expensive  construction  cost  but 
also  a  vast  construction  site. 

In  a  prior  art  smelting  reduction  method,  iron 
ore  is  prereduced  by  means  of  an  exhaust  gas, 
and  then  the  prereduced  iron  ore  is  charged  to- 
gether  with  carbonaceous  material  and  flux  into  a 
smelting  reduction  furnace.  Furthermore,  oxygen 
gas  and  stirring  gas  are  blown  into  the  smelting 
reduction  furnace.  The  carbonaceous  material  is 
dissolved  into  molten  metal  charged  in  advanced 
and,  at  the  same  time,  C  contained  in  the  carbona- 
ceous  materials  is  oxidated  by  the  oxygen  gas. 
Through  the  heat  produced  by  this  oxidation,  the 
iron  ore  is  smelted  and  reduced  by  means  of  C 
contained  in  the  carbonaceous  material  to  form 
molten  metal  bath.  CO  gas  generating  from  the 
molten  metal  bath  is  post-combusted  by  the  oxy- 
gen  gas  excessively  blown  in,  into  CO2  gas.  The 
sensible  heat  of  this  CO2  gas  is  transferred  to  a 
slag  layer  and  iron  particles  in  the  slag  layer  cover- 
ing  the  surface  of  the  molten  metal  bath,  and  then, 
to  the  molten  metal  bath. 

In  this  manner,  the  iron  ore  is  reduced  into  the 
molten  metal.  To  lighten  the  load  of  the  reduction 
in  the  smelting  reduction  furnace,  the  iron  ore  is 
prereduced  up  to  a  reduction  degree  of  60  to  75  % 
before  the  iron  ore  is  charged  into  the  smelting 
reduction  furnace.  Therefore,  an  exhaust  gas  gen- 
erating  from  the  smelting  reduction  furnace  is  re- 
quired  to  be  a  low  oxidated  gas  which  is  highly 
reductive  and  to  also  be  of  a  large  amount. 

JP-A-62  243  706  discloses  a  method  for  cir- 
culating  gas  generated  in  melt  reduction.  A 
prereduction  furnace  and  a  melt  reduction  furnace 
are  disclosed,  and  exhaust  gases  are  circulated 
between  the  two  furnaces.  The  degree  of  prereduc- 
tion  is  30%-80  %. 

Copending  European  applications  EP-A-308 
925  and  EP-A-318  896  show  an  apparatus  for 
smelting  reduction  of  iron  ore  including  side  and 
bottom  tuyeres  in  the  walls  of  the  smelting  reduc- 
tion  furnace. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  method  for  smelting  reduction  of  iron  ore 
and  apparatus  therefor,  wherein  an  efficiency  of 
heat  transfer  is  improved,  the  excessive  energy  to 
be  produced  is  suppressed  to  save  production  cost 

and  to  procure  the  maintenance  of  the  good  energy 
balance,  and  furthermore,  the  restriction  conditions 
of  the  operation  is  lessened. 

In  accordance  with  the  present  invention,  a 
5  method  is  provided  for  smelting  reduction  of  iron 

ore,  comprising  the  steps  of: 
introducing  iron  ore  into  at  least  one  preheat 

and  prereduction  furnace;  and 
charging  the  preheated  and  prereduced  iron 

10  ore,  carbonaceous  material  and  flux  into  a  smelting 
reduction  furnace, 

characterized  by  the  steps  of: 
blowing  oxygen  gas,  through  first  nozzles  for 

decarburization  and  second  nozzles  for  post-com- 
15  bustion  placed  in  a  portion  of  a  top  blow  oxygen 

lance,  into  the  smelting  reduction  furnace,  said 
portion  of  the  top  blow  oxygen  lance  being  located 
so  as  to  be  between  an  upper  side  level  and  a 
lower  side  level  of  a  slag  layer; 

20  blowing  a  stirring  gas  through  at  least  one  side 
tuyere  placed  in  a  side  wall  of  the  smelting  reduc- 
tion  furnace  and  at  least  one  bottom  tuyere  placed 
in  a  bottom  wall  of  the  smelting  reduction  furnace, 
the  stirring  gas  being  at  least  one  selected  from 

25  the  group  consisting  of  Ar,  N2,  CO,  CO2  and  an 
exhaust  gas  from  the  process, 

preheating  and  prereducing  the  iron  ore,  the 
prereduction  degree  being  less  than  30%;  and 

controlling  a  flow  amount  of  said  oxygen  gas 
30  and  said  stirring  gas  so  that  the  oxidation  degree  of 

an  exhaust  gas  generated  in  the  smelting  reduction 
furnace  ranges  from  0.4  to  0.9  and  still  a  tempera- 
ture  of  the  exhaust  gas  ranges  from  300  to  1300°C 
when  the  exhaust  gas  is  introduced  into  the  at  least 

35  one  preheat  and  prereduction  furnace,  where  the 
oxidation  degree  is  represented  by  the  formula  of 
(H20  +  C02)/(H2  +  H20  +  CO  +  C02). 

Furthermore,  in  accordance  with  the  present 
invention,  there  is  provided  an  apparatus  for  smelt- 

40  ing  reduction  of  iron  ore  comprising: 
a  smelting  reduction  furnace  into  which  the 

preheated  and  prereduced  iron  ore,  carbonaceous 
material  and  flux  are  charged  and  in  which  the 
preheated  and  prereduced  iron  ore  is  reduced; 

45  a  top  blow  oxygen  lance  having  first  nozzles 
for  post-combustion,  oxygen  gas  being  blown 
through  the  first  nozzles  into  the  smelting  reduction 
furnace; 

at  least  one  bottom  tuyere  placed  in  a  bottom 
50  wall  of  the  smelting  reduction  furnace,  a  stirring 

gas  being  blown  through;  and 
at  least  one  preheat  and  prereduction  furnace 

which  preheats  and  prereduces  iron  ore; 
characterized  by  comprising: 

55  at  least  one  side  tuyere  placed  in  a  side  wall  of 
the  smelting  reduction  furnace; 

wherein  the  oxygen  lance  has  second  nozzles 
for  decarburization,  wherein  the  at  least  one  side 
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tuyere  and  the  at  least  one  bottom  tuyere  are 
arranged  for  blowing  a  stirring  gas  into  the  smelting 
reduction  furnace,  and  wherein  said  preheat  and 
prereduction  furnace  comprises  a  suspension  heat- 
er. 

Preferred  embodiments  of  the  method  are 
shown  in  claims  2-9  and  of  the  apparatus  in  claims 
11-12. 

The  object  and  other  objects  and  advantages 
of  the  present  invention  will  become  apparent  from 
the  detailed  description  to  follow,  taken  in  conjunc- 
tion  with  the  appended  drawings. 

Fig.1  is  a  block  diagram  illustrating  an  embodi- 
ment  of  an  apparatus  used  for  smelting  reduc- 
tion  of  iron  ore  of  the  present  invention  ; 
Fig.2  is  a  schematic  view  illustrating  a  gas  flow 
in  a  smelting  reduction  furnace  forming  a  part  of 
the  apparatus  shown  in  Fig  1  ; 
Fig.3  is  a  view  illustrating  a  positional  relation 
between  at  least  one  side  tuyere  and  at  least 
one  bottom  tuyere  of  the  present  invention  ; 
Fig.4  is  a  graphic  representation  showing  a  rela- 
tion  between  a  level  height  of  a  top  blow  oxygen 
lance  and  heat  transfer  efficiency  of  the  present 
invention  ; 
Fig.5  is  a  graphic  representation  showing  a  rela- 
tion  between  a  side  blow  gas  and  the  heat 
transfer  efficiency  of  the  present  invention  ;  and 
Fig.6  is  a  graphic  representation  showing  a  rela- 
tion  between  an  oxidation  degree  and  a  surplus 
energy  of  the  present  invention. 
When,  in  order  to  lighten  the  load  of  the  reduc- 

tion  in  a  smelting  reduction  furnace,  a  prereduction 
degree  of  iron  ore  before  being  charged  into  the 
smelting  reduction  furnace  is  set  to  be  30%  or 
more,  an  oxidation  degree  (hereinafter  referred  to 
as  "OD"  when  the  word  is  abbreviated)  of  an 
exhaust  gas  generated  in  the  smelting  reduction 
furnace  is  required  to  be  lowered.  The  OD  is  repre- 
sented  by  the  formula  of  "(H20  +  C02)/(H2  + 
H20  +  CO  +  C02)".  If  the  OD  is  so  lowered,  the 
exhaust  gas,  as  a  matter  of  course,  increases  in 
amount,  which  is  disclosed,  for  example,  in  a  Japa- 
nese  Patent  Examined  Publication  No.  43406/86. 
As  a  result,  the  energy  produced  in  the  smelting 
reduction  furnace  exceeds  3  Gcal/  molten  metal 
ton  and  therefore,  in  the  light  of  the  total  energy 
balance  including  steel-making  process  and  a  roll- 
ing  process  in  one  steel  works,  the  produced  en- 
ergy  becomes  excessive.  This  lack  of  the  energy 
balance  results  naturally  in  rise  of  production  cost. 

Furthermore,  when  the  prereduction  degree  is 
30%  or  more,  an  exhaust  gas  having  a  low  OD 
value  is  required  and  the  retention  time  of  the  iron 
ore  in  the  preheat  and  prereduction  furnace  has  to 
take  a  long  time.  Consequently,  it  becomes  difficult 
to  make  balanced  charges  of  the  prereduced  iron 
ore  into  the  smelting  reduction  furnace  and  dis- 

charge  of  the  molten  metal.  This  difficulty  causes 
necessarily  sever  restrictions  on  the  operation  of 
the  smelting  reduction  furnace. 

A  prior  art  method  has  been  taken  to  increase 
5  a  smelting  speed  of  the  iron  ore  so  as  to  promote 

the  reductin  speed  of  the  iron  ore,  wherein  CO  gas 
in  the  smelting  reduction  furnace  is  post-combust- 
ed  to  make  use  of  the  heat  produced  thanks  to  the 
post-combustion.  For  this  combustion,  02  gas  is 

io  blown  in  the  smelting  reduction  furnace  through 
tuyeres  placed  in  an  upper  wall  of  the  smelting 
reduction  furnace.  According  to  this  prior  art  meth- 
od,  however,  if  the  post-combustion  ratio  is  raised, 
the  temperature  of  the  exhaust  gas  is  elevated 

is  while,  because  of  lack  of  the  means  for  transferring 
the  sensible  heat  of  the  post-combustion,  the  heat 
transfer  efficiency  is  degraded  ,  and  therefore  ,  the 
high  temperature  exhaust  gas  is  forced  to  be  dis- 
charged.  Resultantly.  a  serious  problem  takes 

20  place  that,  due  to  the  heat  attack  of  this  high 
temperature  exhaust  gas,  the  refractory  lined  on 
the  inwall  of  the  smelting  reduction  furnace  is  dras- 
tically  damaged.  For  this  reason,  it  is  a  general 
concept  that  the  oxidation  degree  cannot  be  raised 

25  so  much. 
The  inventors  obtained  some  findings,  based 

on  the  study  of  a  mechanism  of  the  smelting 
reduction  reaction  and  the  measures  for  specifically 
responding  to  the  mechanism  to  improve  the  heat 

30  transfer  efficiency  and  promote  the  reduction  of  the 
iron  ore  as  follows; 

©  It  has  been  the  prior  art  basic  concept  as 
mentioned  above,  that  the  post-combustion  ratio 
cannot  be  greatly  improved  because  of  the  tech- 

35  nological  limit  in  improving  the  heat  transfer 
efficiency  and  because  of  the  damage  of  the 
inner  wall  of  the  smelting  reduction  furnace  due 
to  the  post-combution  heat  attack.  However,  if 
oxygen  gas  is  blown  into  a  slag  layer  and,  at  the 

40  same  time,  the  slag  layer  is  strongly  stirred  so 
that  the  post-combustion  is  performed  within  the 
slag  layer,  the  high  post-combustion  can  be 
procured  and  the  heat  transfer  efficiency  can  be 
simultaneously  improved.  Thus,  thank  to  the 

45  high  post-combustion,  slag  and  iron  ore  con- 
tained  in  the  slag  layer  is  heated  to  a  high 
temperature,  and  the  reduction  speed  of  iron  ore 
by  C  represented  in  the  formula  given  below  is 
effectively  improved,  where  C  means  carbon 

50  contained  in  the  molten  metal: 

Fe203  +  3C  -  2Fe  +  3CO 

55  (2)  In  the  prior  art  method,  there  are  some 
examples  wherein  bottom  blow  of  oxygen  gas  is 
continuously  carried  out  during  the  whole  or  a 
certain  period  of  the  reduction  operation.  Such 

4 
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oxygen  bottom  blow,  however,  is  disadvanta- 
geous  against  the  post-combustion.  Namely, 
when  the  oxygen  bottom  blow  is  carried  out,  a 
large  amount  of  CO  gas  is  produced  in  molten 
metal  and  the  molten  metal  is  strongly  stirred. 
Resultantly,  splash  of  the  molten  metal  goes  into 
a  post-combustion  zone  and  C  contained  in  the 
splashed  molten  metal  reacts  with  the  oxygen 
gas,  thereby  the  post-combustion  ratio  being 
lowered.  Consequently,  it  is  necessary  to  avoid 
the  oxygen  bottom  blow,  regardless  of  the  pe- 
riod  of  blowing. 

Based  on  these  kowledge  and  experience,  the 
present  invention  enables  a  high  speed  reduction 
operation,  setting  the  following  conditions: 

(a)  Side  blowing  and  bottom  blowing  of  stirring 
gas  are  combined  so  that  the  molten  metal  is 
actively  diffused  into  a  zone  where  iron  ore 
exists  in  a  slag  layer,  and  thanks  to  the  diffu- 
sion,  the  reduction  of  iron  ore  by  work  of  C 
contained  in  the  molten  metal  is  promoted. 
(b)  Nozzles  for  the  decarburization  and  nozzles 
for  the  post-combustion  are  placed  in  a  top  end 
portion  of  a  top  blow  oxygen  lance  and  oxygen 
gas  is  blown  therethrough  into  the  smelting  re- 
duction  furnace  so  that  a  predetermined  OD 
level  or  more  is  procured  .  The  oxygen  gas 
through  the  nozzle  for  the  post-combustion  is 
introduced  into  the  slag  layer  to  form,  in  the  slag 
layer,  a  zone  where  the  post-combustion  is  car- 
ried  out.  The  slag  layer  is  strongly  stirred  by 
means  of  a  side  blow  gas.  Thus,  a  heat  pro- 
duced  thanks  to  the  post-combustion  is  trans- 
ferred  to  the  iron  ore. 
(c)  As  stirring  gas  or  carrier  gas  blown  through  a 
side  wall  as  well  as  a  bottom  wall,  at  least  one 
selected  from  the  group  consisting  of  Ar,  N2, 
CO,  CO2,  and  a  process  gas  is  used  so  that  the 
reduction  work  of  C  contained  in  the  molten 
metal  and  the  post-combustion  ratio  is  not  deg- 
raded  . 

Now  referring  specifically  to  the  appended 
drawings,  an  embodiment  of  the  present  invention 
will  be  described.  Fig.1  is  a  block  diagram  of  an 
apparatus  used  for  smelting  reduction  of  iron  ore  of 
the  present  invention,  using  a  suspention  preheater 
as  a  preheat  and  prereduction  furnace.  In  Fig.1, 
two  ©  s  means  that  one  of  the  two  ©  s  is 
connected  to  the  other,  and  two  ©  s  mean  that 
one  of  the  two  ©  s  is  also  connected  to  the  other. 
In  smelting  reduction  furnace  10,  molten  metal  bath 
11  and  slag  layer  12  are  formed.  The  smelting 
reduction  furnace  has  first  chute  13  placed  at  an 
upper  portion  thereof,  through  which  iron  ore,  car- 
bonaceous  material  and  flux  are  charged  into  the 
smelting  reduction  furnace,  and  top  blow  oxygen 
lance  21  inserted  down  perpendecularly  into  it.  In 
top  end  portions  of  the  top  blow  oxygen  lance,  first 

nozzles  22  for  decarburization  and  second  nozzles 
23  for  post-combustion  are  placed  to  blow  oxygen 
gas  into  furnace  10  and,  furthermore,  at  the  center 
of  the  top  portion,  third  nozzle  24  is  placed  to  blow 

5  fine  particles  or  powder  of  the  iron  ore,  carbona- 
ceous  material  or  flux  into  furnace  10.  Besides,  in  a 
side  wall  and  a  bottom  wall  of  furnace  10,  there  are 
respectively  placed  side  tuyere  25  and  bottom 
tuyere  26  through  which  Ar,  N2,  CO,  CO2  or  a 

10  process  gas  is  blown  as  a  stirring  gas  into  the 
smelting  reduction  furnace.  Pressure  device  27  is 
provided,  as  a  pressure  and  transfer  means,  to  mix 
the  fine  particles  or  the  powder  of  the  iron  ore  with 
a  carrier  gas  into  a  mixture  and  then,  to  blow  the 

15  mixture  through  side  tuyere  25  and  bottom  tuyere 
26  into  the  smelting  reduction  furnace. 

At  an  upper  portion  of  furnace  10,  a  suspen- 
sion  preheater  30(  hereinafter  referred  to  as  "SP") 
is  provided,  as  a  preheat  and  prereduction  furnace, 

20  wherein  the  preheat  of  the  iron  ore  is  mainly  car- 
ried  out.  SP  30  has  multipled  units,  each  of  the 
units  having  a  cyclone,  a  heat  exchange  duct  and  a 
guide  pipe  multipled  vertically  in  series.  In  this 
embodiment,  as  shown  in  Fig.1,  for  example,  first 

25  unit  1  of  SP  30  has  first  cyclone  31,  first  heat 
exchange  duct  32  and  first  guide  pipe  33  and  in 
this  way  SP  30  has  tripled  units  i.e.  units  1,  2  and  3 
vertically  in  series.  The  number  of  the  units  can  be 
determined,  depending  upon  charged  material  an 

30  heat  exchange  duct  40  of  unit  3  located  at  the  high 
level  has  second  chute  45  through  which  coarse 
grains  or  minute  grains  of  iron  ore  are  supplied 
from  an  ordinary  material  feeder(not  shown  in 
Fig.1). 

35  Secondly,  a  method  for  smelting  reduction  of 
iron  ore,  which  is  used  in  the  apparatus  for  smelt- 
ing  reduction  of  iron  ore  explained  in  the  foregoing, 
will  be  now  described.  Iron  ore,  as  raw  material,  is 
charged  through  second  chute  45  into  SP  30.  The 

40  particle  size  of  the  iron  ore  for  this  charge  is 
determined  by  a  capacity  of  SP  30. 

An  exhaust  gas  generated  in  the  smelting  re- 
duction  furnace  is  introduced  into  first  heat  ex- 
change  duct  32,  and  the  exhaust  gas  transfers  its 

45  heat,  by  means  of  heat  exchange,  to  the  iron  ore 
which  is  coming  down  through  second  guide  pipe 
37  of  unit  2  located  above  unit  1.  After  the  heat 
exchange,  the  exhaust  gas  goes  into  first  cyclone 
31  and  is  separated  from  the  iron  ore  to  be  intro- 

50  duced  into  second  heat  exchange  duct  36.  As 
similarly  in  this  manner,  the  exhaust  gas  passes 
through  second  heat  exchange  duct  36  and  second 
cyclone  35  of  unit  2  and  also  through  third  heat 
exchange  duct  40  and  third  cyclone  39  of  unit  3  to 

55  be  exhausted.  In  the  meantime,  the  iron  ore.which 
has  been  charged  through  second  chute  45  into  SP 
30,  meets  with  the  exhaust  gas  to  obtain  the  heat 
from  the  exhaust  gas  through  heat  exchange  in  a 

5 
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state  of  floating  in  third  heat  exchange  duct  40. 
And  then,  some  of  the  iron  ore  that  has  a  compara- 
tively  light  weight  and  the  other  that  has  a  com- 
paratively  heavy  weight,  each,  enter,  respectively, 
into  cyclone  39  of  unit  3  located  at  an  upper  level 
and  into  cyclone  35  of  unit  2  located  at  a  lower 
level  and  also  are  separated  from  the  exhaust  gas, 
respectively  therein.  Subsequent  to  the  separation, 
the  light  weight  iron  ore  and  the  heavy  weight  iron 
ore,  each,  go  down,  respectively,  through  guide 
pipe  41  of  unit  3  and  guide  pipe  37  of  unit  2  into 
heat  exchange  duct  36  of  unit  2  and  heat  exchange 
duct  32  of  unit  1  located  at  lower  level.  The  iron 
ore  thus  is  preheated  and  prereduced  and  goes 
finally  into  smelting  reduction  furnace  10  through 
heat  exchange  duct  32  or  guide  pipe  33. 

At  least  one  of  the  preheated  and  prereduced 
iron  ore  ,the  carbonaceous  material  and  the  flux 
which  has  already  been  charged  into  smelting  re- 
duction  furnace  10  is  amply  stirred  together  with 
molten  metal  bath  11  and  slag  layer  12  which  have 
already  been  formed  in  the  smelting  reduction  fur- 
nace  by  means  of  a  stirring  gas  which  is  injected 
through  tuyeres  25  and  26  placed  respectively  in 
the  side  wall  and  the  bottom  wall  of  the  smelting 
reduction  furnace.  A  process  can  also  be  employed 
wherein  this  stirring  gas  is  pressurized  and  mixed 
with  raw  material  such  as  fine  or  powdered  par- 
ticles  of  the  iron  ore,  carbonaceous  material  and 
flux  to  form  a  mixture  and  the  mixture  is  blown  in 
through  tuyere  25  or  26,  or  third  nozzle  24  of  top 
blow  oxygen  lance  21.  The  employment  of  this 
process  is  effective  in  promoting  the  heating  and 
smelting  of  the  iron  ore,  the  slag-making  of  the  flux 
and  the  oxidation  of  the  carbonaceous  material  so 
as  to  increase  the  production  amount.  Furthermore, 
it  is  simple  and  effective,  as  a  means  for  charging 
blocky  or  granular  material,  to  charge  the  raw  ma- 
terial  by  means  of  making  use  of  gravity  through 
first  chute  13.  Charging  material  through  an  outlet 
for  the  exhaust  gas  set  in  the  smelting  reduction 
furnace  is  disadvantageous  because  the  yield  to 
the  charge  is  remarkably  degraded  due  to  the 
splash  of  a  fine  grain  size  material.  Therefore,  in 
stead  of  making  use  of  the  outlet,  it  is  preferable  to 
charge  the  material  through  first  chute  13,  third 
nozzle  24  set  at  top  blow  oxygen  lance  21  or 
tuyere  25  or  26. 

Subsequently,  with  specific  reference  to  the 
drawings  of  Figs  2  to  5,  relation  between  gas  blow 
into  smelting  reduction  furnace  10  and  infurnace 
reaction  will  be  now  described  in  detail.  Fig.2  sche- 
matically  illustrates  a  behavior  of  gas  blown 
through  side  tuyere  25  and  bottom  tuyere  26 
shown  in  Fig.1.  In  Fig.2,  arrows  28  and  29  drawn 
below  oxygen  lance  21,  each,  show  directions  of 
oxygen  gas  injected  respectively  through  first  noz- 
zles  22  for  decarburization  and  second  nozzles  23 

for  post-combustion.  DC  O2  denotes  oxygen  gas 
blown  in  the  direction  shown  by  arrows  28  through 
nozzles  22  and  PC  O2  oxygen  gas  blown  in  the 
direction  shown  by  arrows  29  through  nozzles  23. 

5  Throughout  the  reduction  operation,  operation  of 
gas  blows  through  oxygen  lance  21  ,  side  tuyere  25 
and  bottom  tuyere  26  are  continuously  carried  out 
from  the  beginning  to  the  end  of  the  operation.  The 
gas  blows  through  the  side  tuyere  and  the  bottom 

10  tuyere  are  coworked  to  diffuse  molten  metal  into 
the  slag,  and  resultantly,  the  gas  blow  increases 
drastically  a  reduction  speed. 

As  described  in  the  beginning  of  the  detailed 
description,  based  on  the  finding  that  reduction  of 

15  iron  ore  existing  in  slag  layer  12  proceeds  mostly 
by  making  use  of  C  contained  in  molten  metal  as 
reducing  agent,  the  present  invention  intends  to 
diffuse  molten  metal  actively  into  the  zone  where 
the  iron  ore  is  floating  in  a  lower  portion  of  the  slag 

20  layer  by  means  of  strong  stirring  to  raise  the  reduc- 
tion  speed.  For  this  purpose,  a  swollen  portion  of 
molten  metal  (shown  by  A  in  Fig.2)  is  preferably 
formed  ont  he  surface  of  molten  metal  12  by 
blowing  a  stirring  gas  through  bottom  tuyere  26 

25  and  simultaneously,  a  stirring  gas  is  blown  in 
through  side  tuyere  25  so  as  to  have  at  least  a  part 
of  the  side  blown  stirring  gas  hit  portion  A.  Thanks 
to  this  side  blow  gas,  the  molten  metal  at  the 
swollen  portion  of  A  is  splashed  into  slag  layer  12. 

30  An  apparent  specific  gravity  of  the  slag  ranges 
normally  0.1  to  0.5  •  103  kg/m3,  while  a  bulk 
specific  gravity  of  the  iron  ore  ranges  about  2  to  5 
•  103  kg/m3.  Consequently,  iron  ore  16  contained 
in  the  slag  is  floating  concentratedly  in  a  lower 

35  portion  of  slag  layer  12.  When  the  swollen  portion 
of  A  of  the  molten  metal  is  splashed  by  means  of 
the  side  blown  stirring  gas,  splashed  molten  metal 
17  is  diffused  into  a  zone  of  a  lower  portion  of  slag 
layer  12.  C  contained  in  the  splashed  molten  metal 

40  reduces  the  iron  ore.  Thus,  the  reduction  is  carried 
out  at  high  speed  .  To  obtain  such  an  effect,  it  is 
preferable  that  the  side  blow  gas  hits  portion  A  of 
the  molten  metal  as  exactly  as  possible.  In  the  plan 
view,  side  tuyere  25  and  bottom  tuyeres  26  are 

45  arranged  so  as  to  satisfy  a  positional  relation  as 
shown  in  (a)  or  (b)  of  Fig.3. 

Fig.3  (a)  illustrates  a  positional  relation  in  case 
that  a  single  side  tuyere  25  and  a  single  bottom 
tuyere  26  are  used,  and  Fig.3  (b)  illustrates  a 

50  positional  relation  in  case  that  three  side  tuyeres  25 
and  three  bottom  tuyeres  26  are  used.  In  this  Fig.3, 
arrows  show  directions  of  gas  blown  through  side 
tuyeres  25.  Of  course,  the  number  and  the  position 
of  side  tuyeres  25  and  bottom  tuyeres  26  are  not 

55  always  subject  only  to  those  shown  in  Fig.3  and 
are  determined,  depending  on  a  capacity  of  smelt- 
ing  reduction  furnace  in  use  and  an  amount  of 
production  thereof.  Furthermore,  a  large  amount  of 

6 
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gas  is  required  to  be  blown  through  both  of  side 
tuyeres  25  and  bottom  tuyeres  26  and  to  strongly 
be  stirred.  The  amount  of  the  gas  blows  is  deter- 
mined,  depending  on  conditions  such  as  an 
amount  of  molten  metal  and  a  depth  of  the  molten 
metal.  In  addition  to  the  diffusion  work,  the  side 
blow  gas  stirs  an  upper  portion  of  slag  layer  12 
where  a  zone  of  the  post-combustion  is  formed. 
This  is  also  hereinafter  detailed. 

Gas  blown  through  side  tuyeres  25  and  bottom 
tuyeres  26  is,  as  above  mentioned,  at  least  one 
selected  from  the  group  consisting  of  N2,  Ar,  CO, 
CO2  and  a  process  gas.  It  is  preferable  not  to  use 
O2  gas.  The  reason  for  this  is  as  follows:  firstly,  if  a 
gas  having  a  large  mix  ratio  of  O2  is  used  as  the 
side  blow  gas,  this  involves  a  fundamental  problem 
that  the  reduction  performed  by  the  work  of  C 
contained  in  molten  metal  which  has  been  splash- 
ed  into  a  lower  portion  of  slag  layer  12  is  impaired. 
Secondly,  if  O2  gas  is  used,  refractory  lined  on 
inwall  of  the  smelting  reduction  furnace  is  heated 
up  and  is  damaged.  Furthermore,  if  O2  is  mixed 
into  the  bottom  blow  gas  too  much,  CO  gas  is 
produced  so  much,  as  above-mentioned,  that  the 
molten  metal  is  strongly  stirred  in  excess.  As  a 
result,  the  splash  of  the  molten  metal  goes  into  a 
zone  of  an  upper  portion  of  the  slag  layer  and 
reaches  to  a  post-combustion  zone(shown  by  B  in 
Fig.2)  where  combustion  by  PC  O2  takes  placed. 
Consequently.the  post-combustion  is  impaired  be- 
cause  C  contained  in  the  molten  metal  reacts  with 
O2  which  should  be  used  for  the  the  post-combus- 
tion. 

In  the  present  invention,  a  post-combustion 
zone  is  formed  in  area  B  as  shown  in  Fig.  2,  within 
slag  layer  12  and  simultaneously,  a  high  degree  of 
post-combustion  is  procured.  In  this  manner, 
thanks  to  a  method  wherein  the  post-combustion 
zone  is  formed  within  the  slag  layer  and  the  slag 
layer  is  strongly  stirred  by  the  side  blow  gas,  it  can 
be  attained  that  the  high  degree  of  the  post-com- 
bustion  is  maintained  and  the  high  heat  transfer 
efficiency  is  gained.  Consequently,  oxygen  gas  for 
the  post-combustion  is  required  to  be  blown  into 
slag  layer  12  so  as  for  post-combustion  zone  B  to 
be  formed  within  the  slag  layer. 

It  is  specifically  required  that  a  level  height  of 
top  blown  oxygen  lance  21  is  placed  so  as  to  have 
an  appropriate  level  height  relative  to  a  slag  level 
and  a  molten  metal  level.  In  other  words,  if  the 
nozzle  level  of  any  of  nozzles  22,  23  and  24  placed 
in  the  top  blow  oxygen  lance  is  higher  than  the 
upper  surface  level  of  slag  layer  12,  the  post- 
combustion  zone  fails  to  be  formed  within  the  slag 
layer  and  the  heat  transfer  efficiency  is  degraded. 
Contrarily,  if  the  nozzle  level  is  lower  than  the 
upper  surface  level  of  molten  metal  bath  11,  the 
post-combustion  zone  also  fails  to  be  within  the 

slag  layer.  The  lower  limit  level  of  the  top  blow 
lance  is  the  bottom  level  of  the  slag  layer  relative 
to  the  position  of  nozzles  22,  23  and  24. 

Fig.4  shows  a  relation  between  a  level  height  of 
5  the  top  end  of  the  top  blow  oxygen  lance  and  the 

heat  transfer  efficiency  of  the  present  invention, 
teaching  that  the  top  end  of  the  oxygen  lance  is  too 
high  from  the  slag  surface  ,  the  good  heat  transfer 
efficiency  cannot  be  obtained.  In  respect  of  the 

10  abscissa,  the  figures  of  the  right  hand  side  of  zero 
shows  the  level  height  when  the  top  end  of  the 
oxygen  lance  is  above  the  surface  level  of  the  slag 
layer,  and  those  on  the  left  hand  side  of  zero  show 
the  level  height  when  the  top  end  of  the  oxygen 

15  lance  is  below  the  surface  level  of  slag  layer.  Fig.5 
shows  a  relation  between  a  side  blow  gas  amount 
and  the  heat  transfer  efficiency.  It  is  recognized 
from  Fig.5  that  a  good  heat  transfer  efficiency  can 
be  obtained  if  a  large  amount  of  the  side  blow  gas 

20  is  blown  in  through  side  tuyeres  25  and  the  slag 
layer  is  strongly  stirred.  The  results  shown  in 
Figs.4  and  5  were  obtained  from  an  operation 
wherein  a  smelting  reduction  furnace  with  50  tons 
in  capacity  was  employed  and  the  molten  metal 

25  was  produced  at  a  rate  of  28  ton/hour. 
According  to  the  present  invention,  thanks  to 

the  high  heat  transfer  efficiency,  a  high  reduction 
speed  can  be  gained  by  means  of  increasing  the 
OD  as  mentioned  above.  In  addition  to  this,  thanks 

30  to  the  rise  of  the  OD,  the  addition  amount  of 
carbonaceous  material  can  be  reduced.  Resultant- 
ly,  a  unit  consumption  of  carbonaceous  material 
can  be  saved  and,  at  the  same  time,  P  content  in 
molten  metal  can  be  reduced  since  most  of  P  is 

35  brought,  with  the  carbonaceous  material,  into  the 
molten  metal.  Furthermore,  if  the  OD  becomes 
high,  desulfurization  by  evaporation  is  activated, 
and  therefore,  S  content  in  the  molten  metal  can  be 
reduced.  From  these  view  points,  the  OD  is  set 

40  preferably  to  be  0.4  or  more.  The  upper  limit  of  the 
OD  is  1  and  the  higher  the  OD  is,  the  more 
preferable  it  is.  However,  0.9  is  to  be  the  upper 
limit,  in  the  light  of  the  energy  balance  which  is 
hereinafter  discussed.  If  the  OD  is  0.7  or  more,  the 

45  reduction  reaction  in  the  smelting  reduction  furnace 
is  promoted  and  the  preheat  and  prereduction  pro- 
cess  making  use  of  the  preheat  and  prereduction 
furnace  becomes  needles  and  therefore,  the  con- 
struction  cost  of  the  preheat  and  prereduction  is 

50  saved. 
In  the  embodiment  of  the  present  invention,  the 

reduction  degree  of  a  suspention  preheater  used 
as  a  preheat  and  prereduction  furnace  is  no  more 
than  15%  so  long  as  the  operation  is  carried  out  on 

55  ordinary  and  appropriate  conditions  in  the  men- 
tioned  range  of  the  OD  and  the  temperture.  The 
prereduction  degree  of  the  preheat  and  prereduc- 
tion  furnace  is  related  closely  to  the  OD  and  tem- 

7 
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perature  of  the  exhaust  gas  and  there  is  a  case 
where  the  prereduction  degree  preferably  and  ad- 
vantageously  ranges  more  than  15  %  but  30  %  or 
less,  dependent  on  a  specification  of  an  apparatus 
for  the  smelting  reduction  of  the  iron  ore,  operation 
conditions  and  features  of  materials  to  be  charged. 
In  addition,  in  response  to  the  mentioned  oper- 
ational  condition,  as  a  preheat  and  prereduction 
furnace,  at  least  one  selected  from  the  group  con- 
sisting  of  a  fluid  bed  furnace,  a  fluid  bed  furnace 
having  a  fine  powder  circulation  system  and  jet 
flow  bed  furnace,  in  stead  of  the  suspension  heat- 
er. 

Another  feature  of  the  present  invention  is  to 
raise  the  post-combustion  efficiency  and  to  procure 
the  energy  balance  of  the  whole  steel  works.  Now, 
to  obtain  this  energy  balance,  referring  specifically 
to  the  drawing  of  Fig.6,  a  relation  between  the  OD 
of  the  exhaust  gas  generated  in  the  smelting  re- 
duction  furnace  and  the  prereduction  degree  of  the 
iron  ore  will  be  described. 

Fig.6  graphically  represents  a  relation  between 
the  OD  and  surplus  energy  generated  in  the  smelt- 
ing  reduction  furnace  given  in  Fig.1.  In  Fig.6,  the 
slanted  portion  gives  an  appropriate  area  of  the 
energy  balance  covering  the  whole  steel  works,  the 
solid  lines  showing  the  energy  balance  of  carbona- 
ceous  material  having  low  volatile  matters  and  the 
dotted  lines  that  of  carbonaceous  material  having 
high  volatile  matters  relative  to  the  prereduction 
degress,  of  which  the  percentage  figures  are  in- 
dicated.  The  results  were  obtained  from  the  opera- 
tion  of  the  smelting  reduction  furnace  used  in  ob- 
taining  the  results  shown  in  Figs.  4  and  5.  Accord- 
ing  to  these  results  shown  in  Fig.6,  if  the  OD  is 
less  than  0.4,  the  surplus  energy  is  too  much  and 
this  results  in  production  of  wasteful  energy.  On  the 
other  hand,  if  the  OD  is  over  0.9,  the  surplus  of  the 
produced  energy  is  too  little  to  satisfy  the  de- 
manded  amount  of  the  steel  works.  As  seen  from 
Fig.6,  the  appropriate  and  reasonable  energy  bal- 
ance  is  attained  when  the  prereduction  degree  is 
set  as  the  range  of  less  than  30%.  If  the  prereduc- 
tion  degree  is  over  30%,  the  retention  time  of  the 
iron  ore  in  the  preheat  and  prereduction  furnace 
takes  a  long  time  and  the  restriction  on  the  opera- 
tion  conditions  becomes  remarkably  sever  as  men- 
tioned  herein-before. 

Furthermore,  in  the  prior  art  methods,  the  ar- 
rangement  of  the  retention  time  of  the  iron  ore  in 
the  preheat  and  prereduction  furnace,  the  OD  of 
the  exhaust  gas  and  the  control  of  balancing  be- 
tween  the  charge  of  iron  ore  and  discharge  of  the 
molten  metal  have  been  required  as  unsettled  re- 
strictive  difficulties  when  the  prereduction  degree  is 
set  from  60  to  75%,  but  in  the  preferred  embodi- 
ment  of  the  present  invention,  these  difficulties  are 
greatly  overcome,  and,  moreover,  to  reduce  the 

construction  and  operation  cost  a  preheat  and 
prereduction  furnace  is  provided,  aiming  mainly  at 
preheating  the  iron  ore  in  particular.  This  way  of 
doing  is  based  on  the  concept  that  CO  gas  gen- 

5  erated  in  the  smelting  reduction  furnace  is  post- 
combusted  as  much  as  possible  and  this  heat  due 
to  the  post-combustion  is  made  use  of,  as  an 
energy  source,  to  decarburize  and  reduce  the  iron 
ore  in  the  smelting  reduction  furnace.  Accordingly, 

io  if  the  OD  is  less  than  0.4,  the  temperature  of  the 
exhaust  gas  is  not  satisfactorily  raised,  while  if  it  is 
over  0.9,  the  cost  of  the  equipment  and  the  opera- 
tion  remarkably  goes  up. 

As  to  the  temperature  of  the  exhaust  gas  when 
is  the  exhaust  gas  is  introduced  into  a  preheat  and 

prereductio  n  furnace,  if  it  is  less  than  300  °  C,  the 
iron  ore  is  not  satisfactorily  heated  up,  while  it  is 
more  than  1300  °C,  the  fire-resistant  property  of 
the  preheat  and  prere  duction  furnace  is  of  a  se- 

20  rious  problem.  Furthermore,  the  temperature  of  the 
exhaust  gas  preferably  ranges  700  to  1100  °C. 
The  reason  is  that  if  it  ranges  500  to  600  °C,  the 
iron  ore  gets  powdered  due  to  the  reduction  degr 
adation  thereof,  while  it  is  over  1100  °C,  bulky 

25  lumps  composed  of  granular  grains  of  the  iron  ore 
are  formed  due  to  the  sintering  of  the  iron  ore  or 
the  sticking  of  the  metal  iron  and  there  is  a  pos- 
sibility  of  troubles  in  promoting  the  reaction  in  the 
preheat  and  prereduction  furnace  or  in  charging  the 

30  prereduced  iron  ore  into  the  smelting  reduction 
furnace. 

As  an  example  of  the  present  invention,  based 
on  the  preferred  embodiment,  the  OD  of  0.6  and 
the  heat  transfer  efficiency  of  95%  was  obtained, 

35  using  coal  of  1124  kg/  molten  metal  ton  and  oxy- 
gen  of  798Nm3/molten  metal  ton. 

Claims 

40  1.  A  method  for  smelting  reduction  of  iron  ore, 
comprising  the  steps  of: 

introducing  iron  ore  into  at  least  one 
preheat  and  prereduction  furnace  (30);  and 

charging  the  preheated  and  prereduced 
45  iron  ore,  carbonaceous  material  and  flux  into  a 

smelting  reduction  furnace  (10), 
characterized  by  the  steps  of: 
blowing  oxygen  gas,  through  first  nozzles 

(22)  for  decarburization  and  second  nozzles 
50  (23)  for  post-combustion  placed  in  a  portion  of 

a  top  blow  oxygen  lance  (21),  into  the  smelting 
reduction  furnace,  said  portion  of  the  top  blow 
oxygen  lance  being  located  so  as  to  be  be- 
tween  an  upper  side  level  and  a  lower  side 

55  level  of  a  slag  layer  (12); 
blowing  a  stirring  gas  through  at  least  one 

side  tuyere  (25)  placed  in  a  side  wall  of  the 
smelting  reduction  furnace  and  at  least  one 

8 
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bottom  tuyere  (26)  placed  in  a  bottom  wall  of 
the  smelting  reduction  furnace,  the  stirring  gas 
being  at  least  one  selected  from  the  group 
consisting  of  Ar,  N2,  CO,  CO2  and  an  exhaust 
gas  from  the  process, 

preheating  and  prereducing  the  iron  ore, 
the  prereduction  degree  being  less  than  30%; 
and 

controlling  a  flow  amount  of  said  oxygen 
gas  and  said  stirring  gas  so  that  the  oxidation 
degree  of  an  exhaust  gas  generated  in  the 
smelting  reduction  furnace  ranges  from  0.4  to 
0.9  and  still  a  temperature  of  the  exhaust  gas 
ranges  from  300  to  1300°C  when  the  exhaust 
gas  is  introduced  into  the  at  least  one  preheat 
and  prereduction  furnace,  where  the  oxidation 
degree  is  represented  by  the  formula  of  (H20 
+  C02)/(H2  +  H20  +  CO  +  C02). 

2.  The  method  of  claim  1,  characterized  in  that 
said  step  of  blowing  a  stirring  gas  includes 
blowing  the  stirring  gas  so  that  at  least  a  part 
of  flow  of  the  stirring  gas  hits  a  swollen  portion 
of  molten  metal  bath  (11)  in  the  smelting  re- 
duction  furnace,  said  part  of  flow  of  the  stirring 
gas  being  introduced  through  the  at  least  one 
side  tuyere  and  said  swollen  portion  being 
formed  by  the  stirring  gas  which  is  introduced 
through  the  at  least  one  bottom  tuyere  (26). 

3.  The  method  of  claim  1  or  2,  characterized  in 
that  said  step  of  charging  the  preheated  and 
prereduced  iron  ore,  carbonaceous  material 
and  flux  includes  blowing  at  least  one  selected 
from  the  group  consisting  of  the  iron  ore,  the 
carbonaceous  material  and  the  flux  through  at 
least  one  selected  from  the  group  consisting  of 
the  at  least  one  side  tuyere,  the  at  least  one 
bottom  tuyere  (26)  and  at  least  one  third  noz- 
zle  (24)  placed  in  the  portion  of  the  top  blow 
oxygen  lance. 

4.  The  method  of  claim  1  ,  2  or  3,  characterized  in 
that  said  step  of  charging  includes  dropping 
the  preheated  and  prereduced  iron  ore,  car- 
bonaceous  material  and  the  flux  by  gravity 
through  a  chute  connected  to  the  smelting 
reduction  furnace. 

5.  The  method  of  any  one  of  claims  1  to  4, 
characterized  in  that  said  step  of  preheating 
and  prereducing  iron  ore  includes  preheating 
and  prereducing  the  iron  ore  in  a  suspension 
preheater,  a  prereduction  degree  being  less 
than  15%. 

6.  The  method  of  any  one  of  claims  1  to  5, 
characterized  in  that  said  OD  is  in  a  range  of 

0.7  to  0.9. 

7.  The  method  of  any  one  of  claims  1  to  6, 
characterized  in  that  said  temperature  of  the 

5  exhaust  gas  is  in  a  range  of  700  to  1  100  0  C. 

8.  The  method  of  any  one  of  claims  1  to  7, 
characterized  in  that  said  step  of  preheating 
and  prereducing  iron  ore  includes  preheating 

10  and  prereducing  the  iron  ore  in  at  least  one 
selected  from  the  group  consisting  of  a  sus- 
pension  preheater,  a  fluid  bed  furnace,  a  fluid 
bed  furnace  having  a  fine  powder  circulation 
system  and  a  jet  fluid  bed  furnace. 

15 
9.  The  method  of  any  one  of  claims  1  to  8, 

characterized  in  that  said  step  of  preheating 
and  prereducing  iron  ore  includes  preheating 
and  prereducing  the  iron  ore  in  first  and  sec- 

20  ond  preheat  and  prereduction  furnace,  the  iron 
ore  being  preheated  and  prereduced  in  the 
second  preheat  and  prereduction  furnace  by 
an  exhaust  gas  generating  from  the  first 
preheat  and  prereduction  furnace,  and  the 

25  preheated  and  prereduced  iron  ore  being 
preheated  and  prereduced  in  the  first  preheat 
and  prereduction  furnace  by  an  exhaust  gas 
generating  from  the  smelting  reduction  fur- 
nace. 

30 
10.  An  apparatus  for  smelting  reduction  of  iron  ore 

comprising: 
a  smelting  reduction  furnace  (10)  into 

which  the  preheated  and  prereduced  iron  ore, 
35  carbonaceous  material  and  flux  are  charged 

and  in  which  the  preheated  and  prereduced 
iron  ore  is  reduced; 

a  top  blow  oxygen  lance  (21)  having  first 
nozzles  for  post-combustion,  oxygen  gas  being 

40  blown  through  the  first  nozzles  into  the  smelt- 
ing  reduction  furnace; 

at  least  one  bottom  tuyere  (26)  placed  in  a 
bottom  wall  of  the  smelting  reduction  furnace, 
a  stirring  gas  being  blown  through;  and 

45  at  least  one  preheat  and  prereduction  fur- 
nace  which  preheats  and  prereduces  iron  ore; 

characterized  by  comprising: 
at  least  one  side  tuyere  (25)  placed  in  a 

side  wall  of  the  smelting  reduction  furnace; 
50  wherein  the  oxygen  lance  (21)  has  second 

nozzles  (22)  for  decarburization,  wherein  the  at 
least  one  side  tuyere  and  the  at  least  one 
bottom  tuyere  are  arranged  for  blowing  a  stir- 
ring  gas  into  the  smelting  reduction  furnace, 

55  and  wherein  said  preheat  and  prereduction  fur- 
nace  comprises  a  suspension  heater. 

9 
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11.  The  apparatus  of  claim  10,  characterized  by 
further  comprising  a  high  temperature  dust  col- 
lector  wherein  dust  is  removed  from  an  ex- 
haust  gas,  said  exhaust  gas  being  generated  in 
the  smelting  reduction  furnace  and  introduced 
directly  into  the  high  temperature  dust  collec- 
tor  from  the  smelting  reduction  furnace. 

12.  The  apparatus  of  claim  10  or  11,  characterized 
in  that  said  top  oxygen  lance  includes  having 
at  least  one  third  nozzle  (24)  placed  in  a  top 
end  portion  of  the  top  blow  oxygen  lance 
through  which  a  raw  material  is  blown  with 
carrier  gas  into  the  smelting  reduction  furnace, 
said  raw  material  being  at  least  one  selected 
from  the  group  consisting  of  the  preheated  and 
prereduced  iron  ore,  the  carbonaceous  ma- 
terial  and  the  flux  and  said  carrier  gas  being  at 
least  one  selected  from  the  group  consisting  of 
Ar,  N2,  CO,  C02  and  an  exhaust  gas  from  the 
process. 

Patentanspruche 

1.  Verfahren  zur  Schmelzreduktion  von  Eisenerz, 
umfassend  die  Schritte: 

Zufuhren  von  Eisenerz  in  mindestens  ei- 
nen  Vorwarm-  und  Vorreduktionsofen  (30);  und 

Einbringen  des  vorgewarmten  und  vorre- 
duzierten  Eisenerzes,  sowie  von  kohlenstoffhal- 
tigem  Material  und  FluBmittel  in  einen 
Schmelzreduktionsofen  (10), 

gekennzeichnet  durch  die  Schritte: 
Einblasen  von  Sauerstoffgas  durch  erste 

Dusen  (22)  fur  eine  Entkohlung  und  zweite 
Dusen  (23)  fur  eine  Nachverbrennung,  die  in 
einem  Teil  einer  Aufblas-Sauerstofflanze  (21) 
angeordnet  sind,  in  den  Schmelzreduktions- 
ofen,  wobei  der  Teil  der  Aufblas-Sauerstofflan- 
ze  so  angeordnet  ist,  dal3  er  sich  zwischen 
einem  Niveau  einer  Oberseite  und  einem  Ni- 
veau  einer  Unterseite  einer  Schlackenschicht 
(12)  befindet; 

Einblasen  eines  Ruhrgases  durch  minde- 
stens  eine  in  einer  Seitenwand  des  Schmelzre- 
duktionsofens  angeordnete  Seiten-Blasduse 
(25)  und  mindestens  eine  in  einer  Bodenwand 
des  Schmelzreduktionsofens  angebrachte  Bo- 
den-Blasduse  (26),  wobei  das  Ruhrgas  minde- 
stens  ein  Gas  ist,  das  aus  der  aus  Ar,  N2,  CO, 
CO2  und  einem  Abgas  des  Prozesses  beste- 
henden  Gruppe  ausgewahlt  ist, 

Vorwarmen  und  Vorreduzieren  des  Eisen- 
erzes,  wobei  der  Vorreduktionsgrad  weniger 
als  30  %  betragt;  und 

Steuern  einer  Stromungsmenge  des  Sau- 
erstoffgases  und  des  Ruhrgases,  so  dal3  der 
Oxidationsgrad  eines  im  Schmelzreduktions- 

ofen  erzeugten  Abgases  im  Bereich  von  0,4 
bis  0,9  liegt,  und  dal3  noch  eine  Temperatur 
des  Abgases  im  Bereich  von  300  bis  1300  °C 
liegt,  wenn  das  Abgas  in  den  mindestens  einen 

5  Vorwarm-  und  Vorreduktionsofen  eingeleitet 
wird,  wobei  der  Oxidationsgrad  durch  die  For- 
mel  (H20  +  C02)/(H2  +  H20  +  CO  +  C02) 
dargestellt  wird. 

10  2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dal3  der  Schritt  eines  Einblasens  ei- 
nes  Ruhrgases  ein  derartiges  Einblasen  des 
Ruhrgases  einschlieBt,  dal3  mindestens  ein  Teil 
des  Ruhrgasstroms  auf  einen  aufgewolbten 

15  Teil  eines  Bades  (11)  aus  geschmolzenem  Me- 
tall  im  Schmelzreduktionsofen  auftrifft,  wobei 
der  Teil  des  Ruhrgasstroms  durch  die  minde- 
stens  eine  Seiten-Blasduse  eingeleitet  wird 
und  der  aufgewolbte  Teil  durch  das  Ruhrgas 

20  gebildet  wird,  welches  durch  die  mindestens 
eine  Boden-Blasduse  (26)  zugefuhrt  wird. 

3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  dal3  der  Schritt  eines  Einbrin- 

25  gens  des  vorgewarmten  und  vorreduzierten  Ei- 
senerzes,  kohlenstoffhaltigen  Materials  und 
FluBmittels  ein  Einblasen  mindestens  eines 
Bestandteils,  der  aus  der  aus  dem  Eisenerz, 
dem  kohlenstoffhaltigen  Material  und  dem 

30  FluBmittel  bestehenden  Gruppe  ausgewahlt  ist, 
durch  mindestens  eine  Duse  einschlieBt,  die 
aus  der  Gruppe  ausgewahlt  ist,  welche  aus  der 
mindestens  einen  Seiten-Blasduse,  der  minde- 
stens  einen  Boden-Blasduse  (26)  und  minde- 

35  stens  einer  dritten  Duse  (24)  besteht,  die  in 
dem  Teil  der  Aufblas-Sauerstofflanze  ange- 
bracht  ist. 

4.  Verfahren  nach  Anspruch  1  ,  2  oder  3,  dadurch 
40  gekennzeichnet,  dal3  der  Schritt  eines  Einbrin- 

gens  einen  Fall  des  vorgewarmten  und  vorre- 
duzierten  Eisenerzes,  kohlenstoffhaltigen  Mate- 
rials  und  FluBmittels  durch  Schwerkraft  durch 
einen  mit  dem  Schmelzreduktionsofen  verbun- 

45  dene  Rinne  einschlieBt. 

5.  Verfahren  nach  einen  beliebigen  der  Anspru- 
che  1  bis  4,  dadurch  gekennzeichnet,  dal3  der 
Schritt  eines  Vorwarmens  und  Vorreduzierens 

50  von  Eisenerz  ein  Vorwarmen  und  Vorreduzie- 
ren  des  Eisenerzes  in  einem  Suspensions-Vor- 
erhitzer  einschlieBt,  wobei  ein  Vorreduktions- 
grad  unter  15  %  liegt. 

55  6.  Verfahren  nach  einen  beliebigen  der  Anspru- 
che  1  bis  5,  dadurch  gekennzeichnet,  dal3  der 
OD  in  einem  Bereich  von  0,7  bis  0,9  liegt. 
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7.  Verfahren  nach  einen  beliebigen  der  Anspru- 
che  1  bis  6,  dadurch  gekennzeichnet,  dal3  die 
Temperatur  des  Abgases  in  einem  Bereich  von 
700  bis  1100°  C  liegt. 

8.  Verfahren  nach  einen  beliebigen  der  Anspru- 
che  1  bis  7,  dadurch  gekennzeichnet,  dal3  der 
Schritt  eines  Vorwarmens  und  Vorreduzierens 
von  Eisenerz  ein  Vorwarmen  und  Vorreduzie- 
ren  des  Eisenerzes  in  mindestens  einen  Vorer- 
hitzer  oder  Ofen  einschlieBt,  der  aus  der  aus 
einem  Suspensions-Vorerhitzer,  einem  Wirbel- 
bettofen,  einem  Wirbelbettofen  mit  einem  Fein- 
stoff-Kreislaufsystem  und  einem  Strahlstrom- 
bettofen  bestehenden  Gruppe  ausgewahlt  ist. 

9.  Verfahren  nach  einen  beliebigen  der  Anspru- 
che  1  bis  8,  dadurch  gekennzeichnet,  dal3  der 
Schritt  eines  Vorwarmens  und  Vorreduzierens 
von  Eisenerz  das  Vorwarmen  und  Vorreduzie- 
ren  des  Eisenerzes  in  einem  ersten  und  einem 
zweiten  Vorwarm-  und  Vorreduktionsofen  ein- 
schlieBt,  wobei  das  Eisenerz  im  zweiten  Vor- 
warm-  und  Vorreduktionsofen  durch  ein  Abgas 
vorgewarmt  und  vorreduziert  wird,  das  vom 
ersten  Vorwarm-  und  Vorreduktionsofen  er- 
zeugt  wird,  und  dal3  das  vorgewarmte  und 
vorreduzierte  Eisenerz  im  ersten  Vorwarm-  und 
Vorreduktionsofen  durch  ein  vom  Schmelzre- 
duktionsofen  erzeugtes  Abgas  vorgewarmt  und 
vorreduziert  wird. 

10.  Vorrichtung  fur  die  Schmelzreduktion  von  Ei- 
senerz,  umfassend: 

einen  Schmelzreduktionsofen  (10),  in  wel- 
chen  das  vorgewarmte  und  vorreduzierte  Ei- 
senerz,  kohlenstoffhaltiges  Material  und  Flul3- 
mittel  eingebracht  werden,  und  in  welchem  das 
vorgewarmte  und  vorreduzierte  Eisenerz  redu- 
ziert  wird; 

eine  Aufblas-Sauerstofflanze  (21)  mit  er- 
sten  Dusen  fur  eine  Nachverbrennung,  wobei 
Sauerstoffgas  durch  die  ersten  Dusen  in  den 
Schmelzreduktionsofen  eingeblasen  wird; 

mindestens  eine  in  einer  Bodenwand  des 
Schmelzreduktionsofens  angebrachte  Boden- 
Blasduse  (26),  durch  welche  ein  Ruhrgas  hin- 
durchgeblasen  wird;  und 

mindestens  einen  Vorwarm-  und  Vorreduk- 
tionsofen,  der  Eisenerz  vorwarmt  und  vorredu- 
ziert; 

dadurch  gekennzeichnet,  dal3  sie  umfaBt: 
mindestens  eine  in  einer  Seitenwand  des 

Schmelzreduktionsofens  angebrachte  Seiten- 
Blasduse  (25); 

wobei  die  Sauerstofflanze  (21)  zweite  Du- 
sen  (22)  fur  eine  Entkohlung  aufweist,  wobei 
die  mindestens  eine  Seiten-Blasduse  und  die 

mindestens  eine  Boden-Blasduse  zum  Einbla- 
sen  eines  Ruhrgases  in  den  Schmelzreduk- 
tionsofen  angeordnet  sind,  und  wobei  der  be- 
sagte  Vorwarm-  und  Vorreduktionsofen  einen 

5  Suspensions-Erhitzer  umfaBt. 

11.  Vorrichtung  nach  Anspruch  10,  dadurch  ge- 
kennzeichnet,  dal3  sie  weiter  einen  Hochtempe- 
ratur-Staubabscheider  umfaBt,  in  welchem 

io  Staub  aus  einem  Abgas  entfernt  wird,  wobei 
das  Abgas  im  Schmelzreduktionsofen  erzeugt 
wird  und  vom  Schmelzreduktionsofen  unmittel- 
bar  in  den  Hochtemperatur-Staubabscheider 
eingeleitet  wird. 

15 
12.  Vorrichtung  nach  Anspruch  10  oder  11,  da- 

durch  gekennzeichnet,  dal3  die  Aufblas-Sauer- 
stofflanze  das  Aufweisen  mindestens  einer  drit- 
ten  Duse  (24)  einschlieBt,  die  in  einem  Kop- 

20  fendteil  der  Aufblas-Sauerstofflanze  angebracht 
ist,  durch  welche  ein  Rohstoff  mit  Tragergas  in 
den  Schmelzreduktionsofen  eingeblasen  wird, 
wobei  der  Rohstoff  mindestens  ein  Rohstoff  ist, 
der  aus  der  aus  dem  vorgewarmten  und  vorre- 

25  duzierten  Eisenerz,  dem  kohlenstoffhaltigen 
Material  und  dem  FluBmittel  bestehenden 
Gruppe  ausgewahlt  ist,  und  das  Tragergas 
mindestens  ein  Gas  ist,  das  aus  der  aus  Ar, 
N2,  CO,  C02  und  einem  Abgas  des  Prozesses 

30  bestehenden  Gruppe  ausgewahlt  ist. 

Revendicatlons 

1.  Procede  pour  la  reduction  par  fusion  de  mine- 
35  rai  de  fer,  comprenant  les  etapes  consistant  a  : 

-  introduire  du  minerai  de  fer  dans  au 
moins  un  four  de  prechauffage  et  de 
prereduction  (30);  et 

-  charger  le  minerai  de  fer  prechauffe  et 
40  prereduit,  une  matiere  carbonee  et  un 

fondant  dans  un  four  de  reduction  par 
fusion  (10), 

caracterise  par  les  etapes  consistant 
a  : 

45  -  souffler  de  I'oxygene  gazeux,  par  I'inter- 
mediaire  de  premieres  buses  de  decar- 
buration  et  de  secondes  buses  (23)  pour 
post-combustion  placees  dans  une  partie 
d'une  lance  superieure  de  soufflage 

50  d'oxygene  (21),  dans  le  four  de  reduction 
par  fusion,  ladite  partie  de  la  lance  supe- 
rieure  de  soufflage  d'oxygene  etant  si- 
tuee  de  fagon  a  se  trouver  entre  le  ni- 
veau  du  cote  superieur  et  le  niveau  du 

55  cote  inferieur  d'une  couche  de  laitier 
(12); 

-  souffler  un  gaz  d'agitation  par  I'interme- 
diaire  d'au  moins  une  tuyere  laterale 

11 
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(25)  placee  dans  une  paroi  laterale  du 
four  de  reduction  par  fusion  et  au  moins 
une  tuyere  inferieure  (26)  situee  dans 
une  paroi  inferieure  du  four  de  reduction 
par  fusion,  le  gaz  d'agitation  etant  au  5 
moins  un  gaz  choisi  dans  le  groupe 
constitue  de  Ar,  N2,  CO,  C02  et  un  gaz 
d'echappement  du  procede, 

-  prechauffer  et  prereduire  le  minerai  de 
fer,  le  degre  de  la  prereduction  etant  10 
inferieur  a  30  %;  et 

-  commander  le  debit  dudit  oxygene  ga- 
zeux  et  dudit  gaz  d'agitation  de  fagon 
que  le  degre  d'oxydation  d'un  gaz 
d'echappement  engendre  dans  le  four  de  is 
reduction  par  fusion  soit  compris  entre 
0,4  et  0,9  et  neanmoins  que  la  tempera- 
ture  du  gaz  d'echappement  soit  Compri- 
se  entre  300  et  1300°C  lorsque  le  gaz 
d'echappement  est  introduit  dans  au  20 
moins  le  four  de  prechauffage  et  de  pre- 
reduction,  ou  le  degre  de  I'oxydation  est 
represente  par  la  formule  (H20  +  C02)/- 
(H2  +  H20  +  CO  +  C02). 

25 
Procede  selon  la  revendication  1,  caracterise 
en  ce  que  ladite  etape  de  soufflage  d'un  gaz 
d'agitation  comprend  le  soufflage  du  gaz  d'agi- 
tation  de  fagon  qu'au  moins  un  partie  d'ecoule- 
ment  du  gaz  d'agitation  frappe  une  partie  gon-  30 
flee  du  bain  de  metal  fondu  (11)  dans  le  four 
de  reduction  par  fusion,  ladite  partie  de  recou- 
pment  du  gaz  d'agitation  etant  introduite  par 
I'intermediaire  d'au  moins  la  tuyere  laterale  et 
ladite  partie  gonflee  etant  formee  par  le  gaz  35 
d'agitation  qui  est  introduit  par  I'intermediaire 
d'au  moins  la  tuyere  inferieure  (26). 

Procede  selon  la  revendication  1  ou  2,  caracte- 
rise  en  ce  que  ladite  etape  de  chargement  du  40 
minerai  de  fer  prechauffe  et  prereduit,  de  la 
matiere  carbonee  et  du  fondant  comporte  le 
soufflage  d'au  moins  un  materiau  choisi  dans 
le  groupe  constitue  du  minerai  de  fer,  de  la 
matiere  carbonee  et  du  fondant  par  I'interme-  45 
diaire  d'au  moins  un  element  choisi  dans  le 
groupe  constitue  d'au  moins  une  tuyere  latera- 
le,  d'au  moins  une  tuyere  inferieure  (26)  et 
d'au  moins  une  troisieme  buse  (24)  situee 
dans  la  partie  de  la  lance  superieure  de  souf-  50 
flage  de  I'oxygene. 

Procede  selon  la  revendication  1,  2  ou  3,  ca- 
racterise  en  ce  que  ladite  etape  de  charge- 
ment  comprend  le  fait  de  laisser  tomber  le  55 
minerai  de  fer  precharge  et  prereduit,  de  la 
matiere  carbonee  et  du  fondant  sous  I'effet  de 
la  pesanteur  par  I'intermediaire  d'une  goulotte 

reliee  au  four  de  reduction  par  fusion. 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  caracterise  en  ce  que  ladite 
etape  de  prechauffage  et  de  prereduction  du 
minerai  de  fer  comporte  le  prechauffage  et  la 
prereduction  du  minerai  de  fer  dans  un  dispo- 
sitif  de  prechauffage  a  suspension,  le  degre  de 
prereduction  etant  inferieur  a  15  %. 

6.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  5,  caracterise  en  ce  que  ledit 
degre  d'oxydation  est  dans  la  gamme  0,7  - 
0,9. 

7.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  6,  caracterise  en  ce  que  ladite 
temperature  du  gaz  d'echappement  est  dans  la 
gamme  700  -  1100°  C. 

8.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  7,  caracterise  en  ce  que  ladite 
etape  de  prechauffage  et  de  prereduction  du 
minerai  de  fer  comprend  le  prechauffage  et  la 
prereduction  du  minerai  de  fer  dans  au  moins 
un  ensemble  choisi  dans  le  groupe  constitue 
d'un  dispositif  de  prechauffage  a  suspension, 
d'un  four  a  lit  fluidique,  d'un  four  a  lit  fluidique 
ayant  un  systeme  de  circulation  de  poudre  fine 
et  d'un  four  a  lit  fluidique  a  jet. 

9.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  8,  caracterise  en  ce  que  ladite 
etape  de  prechauffe  et  de  prereduction  du 
minerai  de  fer  comprend  le  prechauffage  et  la 
prereduction  du  minerai  de  fer  dans  des  pre- 
mier  et  second  fours  de  prechauffage  et  de 
prereduction,  le  minerai  de  fer  etant  prechauffe 
et  prereduit  dans  le  second  four  de  prechauffa- 
ge  et  de  prereduction  par  un  gaz  d'echappe- 
ment  produit  dans  le  premier  four  de  prechauf- 
fage  et  de  prereduction,  et  le  minerai  de  fer 
prechauffe  et  prereduit  etant  prechauffe  et  pre- 
reduit  dans  le  premier  four  de  prechauffage  et 
de  prereduction  par  un  gaz  d'echappement 
produit  dans  le  four  de  reduction  par  fusion. 

10.  Dispositif  pour  la  reduction  par  fusion  de  mine- 
rai  de  fer,  comprenant  : 

-  un  four  de  reduction  par  fusion  (10)  dans 
lequel  le  minerai  de  fer  prechauffe  et 
prereduit,  une  matiere  carbonee  et  un 
fondant  sont  charges  et  dans  lequel  le 
minerai  prechauffe  et  prereduit  est  reduit; 

-  une  lance  superieure  de  soufflage  d'oxy- 
gene  (21)  comportant  des  premieres  bu- 
ses  pour  post-combustion,  I'oxygene  ga- 
zeux  etant  souffle  par  I'intermediaire  des 
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premieres  buses  pour  entrer  dans  le  four 
de  reduction  par  fusion; 

-  au  moins  une  tuyere  inferieure  (26)  pla- 
cee  dans  une  paroi  inferieure  du  four  de 
reduction  par  fusion,  un  gaz  d'agitation  5 
etant  souffle  par  son  intermediate;  et 

-  au  moins  un  four  de  prechauffage  et  de 
prereduction  qui  prechauffe  et  prereduise 
le  minerai  de  fer; 

caracterise  en  ce  qu'il  comprend  :  10 
-  au  moins  une  tuyere  laterale  (25)  placee 

dans  une  paroi  laterale  du  four  de  reduc- 
tion  par  fusion; 

-  ou  la  lance  d'oxygene  (21)  comporte  des 
secondes  buses  (22)  pour  decarburation;  is 
ou  au  moins  la  tuyere  laterale  et  au 
moins  la  tuyere  inferieure  sont  disposees 
pour  souffler  un  gaz  d'agitation  dans  le 
four  de  reduction  par  fusion,  et  ou  le  four 
de  prechauffage  et  de  prereduction  com-  20 
prend  un  element  chauffant  en  suspen- 
sion. 

11.  Dispositif  selon  la  revendication  10,  caracterise 
en  ce  qu'il  comprend  en  outre  un  collecteur  de  25 
poussiere  a  haute  temperature  dans  lequel  la 
poussiere  est  extraite  d'un  gaz  d'echappe- 
ment,  ledit  gaz  d'echappement  etant  produit 
dans  le  four  de  reduction  par  fusion  et  introduit 
directement  dans  le  collecteur  de  poussiere  a  30 
haute  temperature  a  partir  du  four  de  reduction 
par  fusion. 

12.  Dispositif  selon  la  revendication  10  ou  11,  ca- 
racterise  en  ce  que  ladite  lance  superieure  35 
d'oxygene  comporte  au  moins  une  troisieme 
buse  (24)  placee  dans  une  extremite  superieu- 
re  de  la  lance  superieure  de  soufflage  de  I'oxy- 
gene  par  I'intermediaire  de  laquelle  une  matie- 
re  premiere  est  soufflee  avec  un  gaz  porteur  40 
dans  le  four  de  reduction  par  fusion,  ladite 
matiere  premiere  etant  au  moins  une  matiere 
choisie  dans  le  groupe  constitue  du  minerai  de 
fer  prechauffe  et  prereduit,  de  la  matiere  car- 
bonee  et  du  fondant,  et  ledit  gaz  porteur  etant  45 
au  moins  un  gaz  choisi  dans  le  groupe  consti- 
tue  de  Ar,  N2,  CO,  CO2  et  d'un  gaz  d'echappe- 
ment  provenant  du  procede. 
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