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Description 

The  invention  relates  to  a  method  of  decarburizing  high  Cr  molten  metal. 
EP  0  160  374  A2  discloses  a  method  for  producing  steel  in  a  top  and  bottom  blowing  converter 

5  comprising  a  top-blowing  lance  for  introducing  a  mixture  of  oxygen  and  inert  gas  onto  or  beneath  the  bath 
surface  and  introducing  inert  gas  through  the  bottom  at  a  rate  of  0.014  -  0.567  Nm3/min-ton.  Argon  and 
nitrogen  are  used  as  inert  gases.  Further  it  is  disclosed  to  reduce  the  slag  by  adding  pure  aluminium  or  Fe- 
Si,  wherein  a  chromium  oxide  level  of  about  5  %  can  be  achieved. 

EP  0  160  376  A2  describes  another  method  for  producing  steel  melts  with  low  oxidation  losses  by  top 
io  blowing  of  oxygen  and  inert  gas.  This  disclosure  teaches  to  decrease  the  ratio  of  oxygen-to-inert  gas  during 

the  production  of  steel.  Further  it  discloses  to  introduce  inert  gas  from  beneath  the  surface  of  the  bath  at  a 
rate  of  0.038  -  2.9  Nm3/min-metric  ton.  A  post  stiring  is  applied  for  approximately  5  minutes. 

From  Ironmaking  and  Steelmaking,  11  (1984)  3,  117-131  it  is  known  to  change  from  nitrogen  to  argon 
during  the  blow  and  post  stiring  to  lower  the  nitrogen  levels  in  the  steel. 

75  There  have  been  conventional  decarburizing  methods  of  high  Cr  molten  metal  known  as  AOD,  VOD, 
VODC  or  RH-OB  processes.  In  AOD,  a  mixed  gas  of  oxygen  and  an  inert  gas  from  a  furnace  bottom  is 
blown  under  an  atmospheric  pressure.  In  VOD  and  VODC,  O2  is  blown  under  a  vacuum,  and  in  RH-OB,  a 
rough  decarburization  is  performed  in  a  converter,  and  subsequently  a  vacuum  O2  blowing  is  carried  out  in 
a  RH  degasfying  chamber. 

20  However,  since  in  the  AOD  process,  the  decarburization  is  carried  out  in  the  air  and  O2  is  blown  directly 
into  the  molten  metal,  loss  of  Cr  by  its  oxidation  (called  as  "Cr  oxidation  loss"  hereinafter)  is  large,  and  it  is 
disadvantageous  that  much  Fe-Si  or  Al  must  be  thrown  into  a  slag  as  a  reducing  agent. 

In  the  VOD,  VODC  and  RH-OB  processes,  the  decarburization  is  undertaken  in  the  vacuum  with  less  Cr 
oxidation  loss,  but  since  much  oxygen  is  necessary  for  securing  productivity,  a  vacuum  facility  of  a  large 

25  capacity  therefore  is  required  at  high  cost. 
Also  when  the  high  Cr  molten  metal  is  decarburized  by  blowing  in  the  air,  much  inert  gas  is  required  to 

agitate  the  molten  metal.  Ordinarily  available  gases  therefore  are  N2  and  Ar.  If  a  low  nitrogen  stainless  steel 
is  produced,  N2  cannot  be  used  because  it  increases  N  concentration  in  steel,  and  an  expensive  Ar  must  be 
used.  If  Ar  were  much  used,  a  problem  would  arise  about  the  production  cost.  From  such  a  viewpoint,  the 

30  production  of  the  low  nitrogen  steel  usually  depends  upon  a  vacuum  blowing,  by  which  the  denitrification 
takes  place  easily. 

For  these  foregoing  problems,  the  present  invention  has  been  devised.  It  is  a  basic  object  of  the 
invention  to  provide  a  method  which  could  perform  the  decarburization  in  a  short  period  of  time  without 
practising  the  vacuum  decarburization  and  with  checking  Cr  oxidation  loss. 

35  It  is  the  other  object  of  the  invention  to  provide  a  method  which  could  decrease  N  in  steel,  not  using 
much  Ar,  thereby  to  enable  production  of  low  nitrogen  stainless  steel  at  low  production  cost. 

This  object  is  solved  by  the  features  of  claim  1  . 
Preferred  embodiments  are  shown  in  claims  2-5. 
According  to  this  method,  the  decarburization  can  be  finished  in  a  short  time  under  the  atmospheric 

40  pressure  with  checking  the  Cr  oxidation  loss 
In  the  AOD  process,  O2  is  blown  from  the  bottom  tuyeres.  It  has  been  found  through  the  inventors' 

studies  that  O2  blown  from  the  bottom  largely  increased  the  Cr  oxidation  loss.  That  is,  since  static  pressure 
was  added  in  the  O2  bottom  blowing  practice  CO  partial  pressure  was  increased,  and  as  a  result  the 
decarburizing  reaction  was  hindered  and  O2  oxidizes  Cr.  Therefore,  O2  is  blown  not  from  the  bottom 

45  tuyeres  but  from  the  top  lance. 
However,  it  was  found  that,  if  the  top  blowing  were  merely  made  with  pure  O2,  the  Cr  oxidation  loss 

could  not  be  avoided  exactly.  This  is  why  the  decarburizing  reaction  takes  place  most  vigorously  around  a 
fire  point  made  by  blowing  oxygen  from  the  lance,  but  with  O2  only,  CO  partial  pressure  becomes  very  high 
there,  and  the  decarburizing  reaction  is  obstructed  and  O2  oxidizes  Cr.  Thus,  the  invention  blows  O2  diluted 

50  with  the  inert  gas  (N2  or  Ar)  from  the  top  lance,  thereby  to  decrease  CO  partial  pressure  around  the  fire 
point  and  accelerate  the  decarburizing  reaction. 

Further,  in  the  invention,  the  inert  gas  (N2  or  Ar)  is  blown  from  the  bottom  tuyeres  to  forcibly  agitate  the 
molten  metal  and  accelerate  the  mixture  of  the  molten  metal  and  O2  sent  from  the  top  lance,  and  the 
effective  decarburization  is  possible  with  checking  the  Cr  oxidation  loss  by  combination  of  the  compulsive 

55  agitation  of  the  metal  by  the  inert  gas  from  the  bottom  and  the  top  blowing  of  O2  diluted  by  the  inert  gas. 
In  the  above  decarburization  blowing,  it  is  effective  for  controlling  the  Cr  oxidation  loss  to  increase  the 

inert  gas  gradually  on  the  half  way  of  blowing,  while  squeezing  the  amount  of  the  decarburizing  O2. 

3 
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There  is  a  cross  relationship  between  the  slag  amount  and  the  Cr  oxidation  loss  during  decarburizingly 
blowing,  and  if  the  blowing  is  carried  out  by  maintaining  the  slag  amount  not  more  than  50  kg/molten  metal 
ton,  the  Cr  oxidation  loss  can  be  controlled  effectively. 

Especially  in  the  production  of  the  low  nitrogen  stainless  steel,  a  decarburizing  method  is  provided, 
5  which  could  control  N  in  the  steel  to  be  low  without  using  much  Ar  gas,  not  only  checking  the  Cr  oxidation 

loss.  A  deoxidizer  as  Fe-Si  or  Al  is  thrown  after  having  finished  the  decarburization,  and  the  molten  steel  is 
agitated  by  blowing  Ar  from  the  bottom  tuyeres,  thereby  to  remove  N  in  the  steel  in  addition  to  Cr  reduction 
and  deoxidation. 

If  Ar  is  employed  as  a  diluting  gas  of  the  decarburizing  O2,  N-absorption  may  be  controlled  around  the 
10  fire  point  where  N  is  most  absorbed. 

The  decarburizing  O2  blown  from  the  top  lance  is  diluted  by  N2,  and  N2  is  blown  from  the  bottom 
tuyeres  so  as  to  agitate  the  metal,  so  that  the  decarburization  is  started  and  the  diluting  gas  is  changed 
from  N2  to  Ar  during  decarburization  at  C  =  0.8  -  2%,  and  after  having  finished  the  blowing,  the  deoxidizer 
such  as  Fe-Si  or  Al  is  thrown  into  the  metal  and  Ar  is  blown  from  the  furnace  bottom  to  effect  agitation. 

15  In  the  blowing,  at  beginning  of  the  blowing  when  the  decarburizing  reaction  is  vigorous,  N  in  the  steel  is 
low,  but  at  ending  thereof  when  the  decarburization  advances  and  the  decarburizing  speed  becomes  slow 
and  N  in  the  steel  becomes  remarkably  high. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
20 

Fig.1  shows  schematically  a  priciple  of  the  present  method;  Fig.2  shows  relation  between  the  amount  of 
bottom  blowing  gas  and  the  Cr  oxidation  loss  in  the  inventive  method  and  the  existing  methods;  Fig.3 
shows  changings  as  time  passes,  of  Cr  and  C  concentrations  in  the  molten  metal,  the  amount  of  top  lance 
blowing  gas  and  the  amount  of  bottom  blowing  gas  in  Example  1;  Fig.4  shows  relation  between 

25  decarburizing  level  and  the  Cr  oxidation  loss  in  the  invention;  Fig.5  shows  the  gas  blowing  conditions  in 
Example  2;  Fig.6  shows  influences  of  the  slag  amount  to  the  Cr  oxidation  loss  in  Example  2;  Fig.7  shows 
influences  of  the  bottom  blowing  Ar  gas  amount  to  the  denitrifying  speed  during  Ar  rinsing  in  Example  3; 
Fig.8  shows  relation  between  C  in  the  molten  steel  when  the  top  blowing  dilution  gas  and  the  bottom 
blowing  gas  are  changed  from  N2  to  Ar,  and  N  in  the  steel  after  having  finished  the  blowing. 

30  In  the  drawings,  1  designates  a  furnace  top  blowing  lance  and  2  shows  furnace  bottom  blowing  tuyeres. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  invention  will  be  explained  in  detail. 
35  Fig.1  shows  schematically  the  inventive  method,  where  1  is  a  top  blowing  lance,  and  2  is  bottom 

blowing  tuyeres. 
In  the  present  invention,  the  decarburization  is  carried  out  under  the  atmospheric  pressure. 

(1)  O2  is  supplied  exclusively  from  the  top  blowing  lance  1,  and  is  not  blown  from  the  furnace  bottom. 
(2)  The  top  blowing  lance  1  supplies  not  pure  O2  but  O2  diluted  by  the  inert  gas. 

40  (3)  The  bottom  blowing  tuyeres  2  supply  the  inert  gas  to  forcibly  agitate  the  molten  metal. 
For  forcibly  agitating  the  molten  metal,  it  is  necessary  to  blow  much  the  inert  gas.  Actually,  for 

decreasing  the  Cr  oxidation  loss  until  not  more  than  1%,  it  is  necessary  to  blow  the  gas  of  more  than  0.5 
Nm3/ton-min.  (ton-min.:  every  minute  per  1  ton  of  molten  metal),  and  for  decreasing  the  Cr  oxidation  loss 
until  not  more  than  0.5%,  it  is  necessary  to  blow  the  gas  of  more  than  1  Nm3/ton-min.  Only,  if  the  gas 

45  amount  were  too  much,  the  molten  metal  would  be  splashed.  Therefore,  the  invention  blows  the  gas  of  1  to 
5  Nm3/ton-min,  preferably  1  to  3  Nm3/ton-min.  Fig.2  shows  the  relation  between  the  amount  of  the  bottom 
blowing  gas  and  the  Cr  oxidation  loss  (C  in  the  molten  metal  when  the  blowing  is  acomplished:  around 
0.05%).  O2  is  used  effectively  to  the  decarburizing  reaction  by  much  blowing  the  gas  from  the  bottom,  and 
the  Cr  oxidation  loss  is  checked  appropriately.  For  comparison,  the  same  shows  cases  of  the  existing 

50  methods,  and  in  the  AOD  for  example,  the  Cr  oxidation  loss  is  very  large  with  respect  to  the  amount  of  the 
bottom  blowing  gas. 

It  is  preferable  to  supply  much  oxygen  from  the  top  lance  for  shortening  the  treating  time. 
The  high  Cr  molten  metal  to  be  treated  by  the  invention  is  produced  by  melting  ferrochromium  or  a  so- 

called  direct  molten  reduction. 
55  In  the  invention,  an  entire  process  from  producing  of  Cr  molten  metal  to  producing  of  stainless  steel 

may  be  performed  in  the  same  container  rationally  and  at  high  productivity  by  decarburizing  as  mentioned 
above  Cr  molten  metal  produced  by  any  of  the  above  mentioned  processes. 

4 
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In  the  above  decarburization  blowing,  for  exactly  avoiding  the  Cr  oxidation  loss,  it  is  effective  to 
squeeze  the  oxygen  supply  amount  in  accordance  with  decreasing  of  C  level.  However,  in  supplying 
oxygen  from  the  top  blowing  lance,  it  is  limited  in  view  of  lowering  the  blowing  pressure  to  squeeze  the 
supplying  amount  in  the  same  nozzle,  and  the  supplying  amount  is  squeezed  down  to  about  1/2  to  the 

5  maximum. 
For  dealing  with  the  above  mentioned  problem,  it  is  preferable  to  increase  gradually  the  diluting  inert 

gas  on  the  half  way  of  the  blowing  in  accordance  with  the  decarburizing  progress,  and  squeeze  the  amount 
of  blowing  the  gas,  thereby  to  enable  to  squeeze  the  oxygen  supplying  amount  without  lowering  the  blowing 
pressure  extremely. 

io  Increasing  of  the  inert  gas  and  squeezing  of  the  oxygen  supplying  amount  may  be  operated 
successively  or  stepwise.  With  respect  to  the  gas  blowing,  for  example,  the  blowing  gas  amount  (O2  +  N2  or 
Ar)  from  the  top  lance  is  determined  to  be  always  3  Nm3/ton-min,  and  the  oxygen  supplying  amount  is 
squeezed  as  follows  in  response  to  C  level. 

15 C:  more  than  3%  3  to  4  Nm3/ton-min. 
C:  less  than  3%  to  2%  2  to  3  Nm3/ton-min. 
C:  less  than  2%  to  0.5%  1  to  2  Nm3/ton-min. 
C:  less  than  0.5%  1  Nm3/ton-min. 

20 
C  in  the  molten  metal  during  blowing  can  be  known  by  assumption  by  the  integrating  oxygen  amount  or 

measuring  of  solidifying  temperature  of  the  sampling  molten  metal. 

EXAMPLE  1  (not  forming  part  of  the  invention) 
25 

18%  Cr  molten  metal  of  5.5  ton  was  decarburized  in  the  container.  Fig.3  shows  changings  of  Cr  and  C 
concentrations  and  the  gas  blowing  amount.  In  the  present  practice,  C  was  decarburized  from  6.7%  to 
0.038%  for  about  40  minutes.  In  spite  of  such  decarburization  to  low  carbon  as  seen  therein,  the  Cr 
oxidation  loss  shows  very  low  as  about  0.5%. 

30  Further,  the  relationship  between  the  decarburizing  level  and  the  Cr  oxidation  loss  was  studied  by 
changing  the  decarburizing  level  (the  conditions  were  almost  the  same  as  Fig.3).  Fig.4  shows  the  results 
thereof  in  comparison  with  the  foregoing  ways  (AOD  and  LD-OB  processes).  It  is  seen  that  the  Cr  oxidation 
loss  is  controlled  to  be  low  enough  in  the  invention  (slag  amount:  about  40  kg/molten  metal  ton). 

In  the  conventional  decarburization,  Fe-Si  was  thrown  as  the  reducing  agent  into  the  slag  to  check  the 
35  Cr  oxidation  loss.  However  Si  increased  thereby,  and  was  desiliconized  in  a  subsequent  decarburizion  and 

it  generated  an  oxidizing  slag  very  harmful  to  refractories.  Therefore,  CaO  was  thrown  as  a  neutralizer  into 
the  slag  to  prevent  the  refractory  from  wearing,  and  in  this  operation  the  slag  was  generated  inevitably. 

In  the  LD-OB  process,  coal  materials  were  supplied  as  a  heat  source,  and  S  concentration  became 
high.  Therefore,  after  the  decarburization,  the  desulfurization  was  necessary  together  with  reduction  of 

40  oxidized  Cr,  and  the  slag  was  much  required  for  increasing  desulfurization. 
The  conventional  decarburization  blowing  was  performed  under  the  condition  of  forming  much  the  slag, 

and  the  influences  of  the  slag  amount  to  the  Cr  oxidation  loss  were  not  studied  carefully  and  quantitatively. 
On  the  other  hand,  the  inventors  made  studies  on  the  relations  between  the  slag  amount  and  the  Cr 

oxidation  loss,  paying  attention  to  the  slag  to  be  much  formed.  As  a  result,  it  was  found  that  the  cross 
45  relationship  existed  between  the  slag  amount  and  the  Cr  oxidation  loss  during  decarburizingly  blowing,  and 

if  the  blowing  was  done  as  controlling  the  slag  amount  to  be  low,  that  is,  not  more  than  50  kg/molten  metal 
ton,  the  Cr  oxidation  loss  could  be  lowered  effectively. 

In  the  invention,  it  is  assumed  that  the  Cr  oxidation  loss  is  lowered  by  controlling  the  slag  amount  within 
the  above  mentioned  range  for  reasons  as  follows.  O2  blown  from  the  top  lance  causes  reactions  as 

50  mentioned  under. 

C  (molten  metal)  +  1/2  02  =  CO  (gas)  (1) 

2Cr  (molten  metal)  +  3/2  02  =  Cr203  (slag)  (2) 
55 

From  the  above  formulas  (1)  and  (2),  an  under  formula  (3)  will  be  built. 

Cr203  (slag)  +  3C  (molten  metal)  =  2Cr  (molten  metal)  +  3CO  (gas)  (3) 

5 
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Cr2  03  generated  by  the  top  lance  blowing  O2  is  reduced  by  C  in  the  molten  metal. 
It  is  important  to  increase  the  concentration  of  Cr2  03  in  the  slag  for  progressing  the  reduction  of  the 

formula  (3)  to  the  right  side.  For  heightening  the  Cr2  03  concentration,  it  is  effective  to  decrease  the  amount 
5  of  the  whole  slag,  so  that  the  reaction  of  the  formula  (3)  is  made  easily,  and  as  a  result,  the  reduction  of 

Cr2  03  is  accelerated  and  the  Cr  loss  is  decreased  effectively.  In  addition,  MgO  composes  the  furnace 
refractory  (magnesium  chromium,  magnesium  carbon  or  magnesium  dolomite),  and  the  slag  contains  MgO 
around  10  to  30%  by  melting  it.  Since  MgO  combines  with  Cr2  03  and  generates  less  f  usable  MgO.Cr2  03 
spinel,  and  if  the  slag  amount  is  much,  Cr2  03  concentration  in  the  slag  is  lowered,  and  the  reducing  is 

10  difficult.  The  lowering  effect  of  the  Cr  oxidation  loss  by  lowering  the  slag  amount  was  most  remarkable 
when  the  blowing  was  done  with  the  slag  amount  of  not  more  than  50  kg/molten  metal  ton. 

For  practising  the  present  method,  the  lesser  are  Si  and  S  contents  in  the  molten  steel  to  be 
decarburized,  the  more  advantageous  is  controlling  (lowering)  of  the  slag  amount.  In  this  point,  in  the  basic 
decarburization  of  the  invention,  the  addition  amount  of  the  reducing  agent  as  Fe-Si  can  be  controlled  to  be 

15  low,  and  the  slag  amount  can  be  easily  controlled. 

EXAMPLE  2  (not  forming  part  of  the  invention) 

18%  Cr  molten  metal  of  5.5  ton  was  decarburized  in  the  container  in  accordance  with  the  different 
20  levels  of  the  slag  amounts  gas  blowing  amount.  The  decarburization  was  carried  out  by  blowing  the 

decarburizing  O2  diluted  by  N2  gas  from  the  top  lance  and  blowing  N2  gas  from  the  bottom  tuyeres  and  C 
in  the  molten  metal  was  decreased  from  6.5%  to  0.03%  for  about  40  min.  Fig.5  shows  the  amount  of  the 
blown  gas  in  this  operation. 

Fig.6  shows  the  relation  between  the  slag  amount  and  the  Cr  oxidation  loss  obtained  in  this  treatment. 
25  The  Cr  oxidation  loss  became  low  as  the  slag  amount  became  low.  When  the  slag  amount   ̂ 50  kg/molten 

metal  ton  (preferably,   ̂ 40  kg/molten  metal  ton),  the  Cr  oxidation  loss  lowered  remarkably. 
The  inventors  made  studies  on  the  denitrification  of  the  molten  steel  when  the  low  nitrogen  stainless 

steel  was  produced,  on  a  premise  that  N2  was  used  as  the  agitating  gas  at  decarburization,  and  found  that  it 
was  very  effective  to  de-nitrification  of  the  molten  metal  that  the  deoxidizer  as  Fe-Si  or  Al  was  thrown  after 

30  the  decarburization  for  carrying  out  the  rinsing  treatment  by  much  blowing  Ar  from  the  bottom  tuyeres. 
In  general,  Fe-Si  or  Al  are  thrown  into  the  molten  metal  for  deoxidation  and  Cr  reduction  in  the  slag 

after  the  decarburization,  and  in  this  regard,  the  agitation  is  practised  by  blowing  Ar  from  the  bottom 
together  with  said  throwing  of  the  deoxidizer,  whereby  N  is  removed  from  the  molten  steel  in  addition  to  the 
above  mentioned  Cr  reduction  and  deoxidation.  This  is  why  N  is  made  easy  to  escape  together  with 

35  deoxidation  of  the  molten  steel  (70  to  150  ppm  -  less  than  50ppm)  by  adding  Fe-Si  or  Al,  and  if  the  molten 
steel  is  agitated  by  Ar,  N  is  made  easier  to  run  away. 

The  above  said  Ar  bottom  blowing  is  performed  ordinarily  0.5  to  5  Nm3/min.-molten  steel  ton,  preferably 
1  to  3  Nm3/min.-molten  metal  ton,  for  5  to  10  minutes. 

For  more  lowering  N  in  the  molten  steel,  in  addition  to  the  above  denitrification  rinsing  treatment,  it  is 
40  preferable  to  use  Ar  gas  as  the  diluting  gas  of  the  decarburizing  O2,  though  N2  is  used  as  the  bottom 

blowing  gas  at  decarburizingly  blowing.  Since  N-absorption  is  most  vigorous  around  the  fire  point  of  the 
lance,  and  if  N2  is  used  as  the  dilution  gas,  much  N  is  molten  into  the  steel.  But,  in  this  method,  since  Ar  is 
more  expensive  than  N,  Ar  is  used  only  for  the  dilution  gas  which  is  enough  with  a  little  amount  so  as  to 
check  the  increasing  of  the  nitrogen  concentration.  After  decarburizingly  blowing  the  above  nitrification  is 

45  carried  out. 
The  inventors  found  that,  with  respect  to  N  in  the  molten  steel,  while  the  decarburization  is  vigorous,  N 

is  low,  and  when  the  decarburization  progresses  and  the  decarburizing  speed  is  lower,  N  becomes  higher 
remarkably.  This  is  why  CO  gas  generated  by  the  decarburization  absorbs  N  and  releases  it. 

The  higher  is  the  C  concentration  in  the  steel,  the  faster  is  the  decarburizing  speed.  The  diluting  gas  of 
50  the  decarburizing  O2  is  used,  and  N2  gas  is  used  at  first,  and  when  C  becomes  low  on  the  half  way  of 

decarburization,  the  diluting  gas  of  the  decarburizing  O2  is  changed  from  N2  to  Ar  and  the  decarburization 
is  continued,  so  that  the  production  cost  can  be  lowered  appropriately. 

It  is  preferable  to  change  the  diluting  gas  of  the  decarburization  O2  and  the  bottom  blowing  gas  from  N2 
to  Ar  in  accordance  with  the  amount  of  C  in  the  molten  steel,  actually,  as  show  in  Fig.8,  N2  to  Ar  changing 

55  is  desirous  in  the  range  of  0.8  to  2.0%  C  in  the  molten  steel.  If  the  changing  is  too  early,  the  expensive  Ar 
gas  is  required  so  much.  Therefore,  the  changing  be  made  when  C  is  below  2.0  %.  On  the  other  hand,  if 
the  changing  is  too  late  (C  concentration  is  too  low),  as  shown  in  Fig.8  the  denitrification  is  unsatisfactory. 
So,  the  changing  be  done  when  C  is  above  0.8  %. 
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EXAMPLE  3  (not  forming  part  of  the  invention) 

The  high  Cr  molten  metal  was  decarburized  by  under  mentioned  (A)  to  (E)  manners  in  the  container 
having  the  top  blowing  lance  and  the  bottom  blowing  tuyeres,  followed  by  Ar  rinsing  (Fe-Si  supply  +  Ar 

5  bottom  blowing),  and  the  stainless  molten  steel  of  Cr:  18%  and  C:  0.05%  was  produced. 
(A)  Decarburizingly  blowing 

Top  blowing  gas:  O2  +  N2  (Dilution) 
Bottom  blowing  gas:  N2  (2  Nm3/min.-molten  steel  ton) 

Ar  rinse 
10  Bottom  blowing  gas:  Ar  (0.1  Nm3/min.-molten  metal  ton) 

(B)  Decarburizingly  blowing 
Top  blowing  gas:  O2  +  N2  (Dilution) 
Bottom  blowing  gas:  N2  (2  Nm3/min.-molten  steel  ton) 

Ar  rinse 
15  Bottom  blowing  gas:  Ar  (0.5  Nm3/min.-molten  metal  ton) 

(C)  Decarburizingly  blowing 
Top  blowing  gas:  02  +  N2  (Dilution) 
Bottom  blowing  gas:  N2  (2  Nm3/min.-molten  steel  ton) 

Ar  rinse 
20  Bottom  blowing  gas:  Ar  (1  Nm3/min.-molten  metal  ton) 

(D)  Decarburizingly  blowing 
Top  blowing  gas:  02  +  N2  (Dilution) 
Bottom  blowing  gas:  N2  (2  Nm3/min.-molten  steel  ton) 

Ar  rinse 
25  Bottom  blowing  gas:  Ar  (2  Nm3/min.-molten  metal  ton) 

(E)  Decarburizingly  blowing 
Top  blowing  gas:  02  +  Ar  (Dilution) 
Bottom  blowing  gas:  N2  (2  Nm3/min.-molten  steel  ton) 

Ar  rinse 
30  Bottom  blowing  gas:  Ar  (2  Nm3/min.-molten  metal  ton) 

Fig.7  shows  the  influences  of  the  amount  of  gas  blown  from  the  bottom  to  the  denitrifying  speed  during 
Ar  rinsing.  In  any  way,  the  molten  metal  is  denitrified  effectively  by  Ar  rinse.  In  (D)  case,  where  Ar  gas  is  2 
Nm3/min.-molten  steel  ton,  the  denitrification  reaches  an  objective  value  of  N:  500  to  600  ppm  for  the 
rinsing  time  of  4  to  5  min.  In  (E)  case  where  Ar  is  used  as  the  02  diluting  gas  at  decarburization,  N 

35  concentration  is  about  1000  ppm  of  half  of  (A)  to  (D)  cases  when  the  decarburization  is  finished,  and 
therefore  the  denitrification  reaches  the  objective  value  by  the  Ar  rinsing  for  shorter  period  of  time. 

EXAMPLE  4 

40  The  high  Cr  molten  metal  was  decarburized  by  under  mentioned  (a)  and  (b)  manners  in  the  container 
having  the  top  blowing  lance  and  the  bottom  blowing  tuyeres,  followed  by  Ar  rinsing  (Fe-Si  supply  +  Ar 
bottom  blowing),  and  the  stainless  molten  steel  of  Cr:  18%  and  C:  0.05%  was  produced. 

(a)Decarburizingly  blowing 
Top  blowing  gas:  N2  was  used  as  the  dilution  gas  of  the  decarburizing  02  at  the  beginning  of 

45  decarburization,  and  changed  to  Ar  in  accordance  with  values  of  C  in  the  molten 
steel  during  decarburizingly  blowing. 
The  bottom  blowing  N2  was  not  changed  during  the  decarburization. 

Ar  rinse 
Ar  supply:  2  Nm3/min.-molten  steel  ton  for  5  minutes 

50  (b)Decarburizingly  blowing 
Top  blowing  gas:  N2  was  used  as  the  dilution  gas  of  the  decarburizing  02  and  the  bottom  blowing 

gas  at  the  beginning  of  decarburization,  and  changed  to  Ar  in  accordance  with 
values  of  C  in  the  molten  steel  during  decarburizingly  blowing. 

Ar  rinse 
55  Ar  supply:  2  Nm3/min.-molten  steel  ton  for  5  minutes 

Fig.8  shows  the  influences  to  N  in  the  molten  steel  when  changing  the  gas  sorts  of  the  dilution  gas  of 
the  decarburizing  02  and  the  bottom  blowing  gas. 

7 



EP  0  331  751  B1 

Table  1  shows  the  concentrations  of  N  in  the  steel  after  the  Ar  rinsing  (changing  of  N2  -  Ar  during 
decarburizingly  blowing  was  done  at  C  in  the  molten  steel  =  1%),  and  it  is  seen  that  the  low  N  stainless 
steel  of  below  200  ppm  is  easily  produced  according  to  the  invention. 

5  Table  1 

N  in  the  molten  steel  after  decarburizingly  blowing  N  in  the  molten  steel  after  Ar  rinsing 

(a)  500  ppm  130  ppm 

(b)  150  ppm  50  ppm 

INDUSTRIAL  APPLICABILITY 
75 

The  present  invention  is  applicable  to  the  decarburization  of  the  high  Cr  molten  metal  which  has 
generally  been  produced  by  melting  ferrochromium.  Recently,  there  has  been  proposed  so-called  molten 
metal  reduction  method  which  directly  obtains  the  high  Cr  molten  metal  from  Cr  ore  or  Cr  ore  pellets,  and 
this  invention  may  be  applied  to  decarburizion  blowing  for  the  high  Cr  molten  metal  obtained  by  the  molten 

20  reduction. 

Claims 

1.  A  method  of  decarburizing  high  Cr  molten  metal,  comprising  blowing,  into  a  high  Cr  molten  metal 
25  supported  in  a  container  having  bottom  blowing  tuyeres  and  a  top  blowing  lance,  a  decarburizing  02 

diluted  with  N2  from  the  top  lance  and  blowing  N2  gas  from  the  bottom  tuyeres  so  as  to  forcibly  agitate 
the  molten  metal  for  producing  a  low  nitrogen  stainless  steel,  changing  the  dilution  gas  of  the 
decarburizing  02  from  N2  to  Ar  when  C  in  the  steel  becomes  0.8  to  2.0  wt%  and  after  decarburization 
throwing  a  deoxidizer  of  Fe-Si  or  Al  into  the  molten  metal  and  supplying  Ar  through  the  bottom  tuyeres 

30  in  the  place  of  N2  in  a  rate  of  1  to  5  Nm3/min.-molten  metal  ton  so  as  to  agitate  the  molten  steel  for  5 
to  10  min. 

2.  Method  according  to  claim  1  , 
further  comprising  maintaining  a  slag  amount  of  not  more  than  50  kg/molten  metal  ton. 

35 
3.  Method  according  to  claim  1  , 

wherein  the  Cr  molten  metal  is  produced  by  melting  ferrochromium  in  said  container. 

4.  Method  according  to  claim  1  , 
40  further  comprising  squeezing  an  amount  of  supplying  the  decarburizing  02,  while  increasing  Ar 

contained  in  the  gas  from  the  top  lance  during  blowing,  in  accordance  with  progressing  by  blowing 
decarburization. 

5.  Method  according  to  claim  1  , 
45  wherein  Ar  is  blown  from  the  bottom  blowing  tuyeres  in  an  amount  of  1  to  3  Nm3/min.-molten  metal 

ton-min. 

Patentanspruche 

50  1.  Verfahren  zum  Entkohlen  einer  hochchromhaltigen  Metallschmelze  durch  Einblasen  in  die  hochchrom- 
haitige  Metallschmelze  in  einem  Behaltnis  mit  Boden-Einblasdusen  und  einer  oben  angeordneten  Blas- 
Lanze  von  entkohlendem,  mit  N2  verdunntem  02  durch  die  oben  angeordnete  Blas-Lanze  und 
Einblasen  von  N2-Gas  durch  die  Boden-Blasdusen,  urn  so  die  Metallschmelze  zum  Herstellen  eines 
niederstickstoffhaltigen  rostfreien  Stahls  umzuruhren,  Andern  des  Verdunnungsgases  fur  das  entkohlen- 

55  de  02  von  N2  zu  Ar,  wenn  C  im  Stahl  0,8  bis  3,0  Gewichts%  wird,  und  Zugeben  eines  Deoxidationsmit- 
tels  von  Fe-Si  oder  Al  zu  der  Metallschmelze  nach  der  Entkohlung  und  Einleiten  von  Ar  durch  die 
Boden-Gasdusen  anstatt  von  N2  in  einer  Rate  von  1  bis  5  Nm3/min.-Tonne  Metallschmelze,  urn  so  die 
Stahlschmelze  5  bis  10  Minuten  umzuruhren. 
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2.  Verfahren  nach  Anspruch  1,  wobei  zudem  ein  Schlackenanteil  von  nicht  mehr  als  50  kg/Tonne 
Metallschmelze  aufrechterhalten  wird. 

3.  Verfahren  nach  Anspruch  1,  wobei  die  Cr-Metallschmelze  durch  Schmelzen  von  Ferrochrom  im 
5  genannten  Behaltnis  hergestellt  wird. 

4.  Verfahren  nach  Anspruch  1,  wobei  zudem  beim  Blasen  in  Ubereinstimmung  mit  dem  Fortschreiten  der 
durch  das  Blasen  verursachten  Entkohlung  der  Anteil  der  Zufuhrung  von  entkohlendem  02  wahrend 
des  Ansteigens  von  Ar  verringert  wird,  das  im  Gas  durch  die  oben  angeordnete  Lanze  enthalten  ist. 

10 
5.  Verfahren  nach  Anspruch  1,  wobei  Ar  durch  die  Boden-Einblasdusen  in  einem  Anteil  von  1  bis  3 

Nm3/min.-Tonne  Metallschmelze  eingeblasen  wird. 

Revendicatlons 
15 

1.  Procede  de  decarburation  de  metal  fondu  a  haute  teneur  en  Cr,  dans  lequel  on  insuffle  dans  un  metal 
en  fusion  a  haute  teneur  en  Cr,  contenu  dans  un  recipient  comportant  des  tuyeres  de  soufflage  de  fond 
et  une  lance  de  soufflage  superieure,  de  l'02  decarburant  dilue  avec  du  N2  a  partir  de  la  lance 
superieure  et  on  insuffle  du  gaz  N2  par  les  tuyeres  de  fond  de  fagon  a  agiter  energiquement  le  metal 

20  fondu  pour  produire  un  acier  inoxydable  a  basse  teneur  en  azote,  on  remplace  le  gaz  de  dilution  N2  de 
l'02  decarburant  par  Ar  lorsque  la  teneur  en  C  dans  I'acier  vient  a  etre  comprise  entre  0,8  et  2,0  %  en 
masse,  et,  apres  la  decarburation,  on  jette  dans  le  metal  fondu  un  desoxydant  Fe-Si  ou  Al  et  on  envoie 
de  I'Ar  par  les  tuyeres  de  fond  a  la  place  de  N2,  en  une  quantite  de  1  a  5  Nm3/minute-tonne  de  metal 
fondu,  de  fagon  a  agiter  I'acier  fondu  pendant  5  a  10  minutes. 

25 
2.  Procede  selon  la  revendication  1,  qui  comprend  en  plus  le  maintien  de  la  quantite  de  scories  a  un 

niveau  ne  depassant  pas  50  kg/tonne  de  metal  fondu. 

3.  Procede  selon  la  revendication  1  ,  dans  lequel  le  metal  fondu  contenant  du  Cr  est  produit  par  la  fusion 
30  de  ferro-chrome  dans  ledit  recipient. 

4.  Procede  selon  la  revendication  1,  dans  lequel,  en  outre,  on  reduit  la  quantite  d'02  decarburant  introduit, 
tout  en  augmentant  la  quantite  d'Ar  contenue  dans  le  gaz  issu  de  la  lance  superieure  pendant  le 
soufflage,  en  fonction  de  la  progression  de  la  decarburation  par  soufflage. 

35 
5.  Procede  selon  la  revendication  1  ,  dans  lequel  on  insuffle  I'Ar  par  les  tuyeres  de  soufflage  de  fond  en 

une  quantite  de  1  a  3  Nm3/minute-tonne  de  metal  fondu. 
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