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Description 

BACKGROUND  OF  THE  INVENTION 

5  1  .  Field  of  the  Invention 

The  present  invention  relates  to  a  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel. 

2.  Description  of  the  Related  Arts 
10 

The  thin  sheet  of  stainless  steel  as  the  product  is  manufactured  as  described  in  Japanese  Unexamined 
Patent  Publication  No.  55-97430,  by  forming  a  continuously  cast  casting  having  a  sheet  thickness  of 
approximately  200  mm  ,  rough  rolling  or  heating  the  casting  to  1200°C,  then  hot-rolling  the  casting  to  form 
a  hot-rolled  strip  and  subjecting  the  strip  to  a  hot-coil  annealing  in  a  bell  type  annealing  furnace. 

75  As  described  above,  since  a  thick  casting  is  used  in  the  known  techniques,  a  lot  of  energy  must  be 
utilized  to  obtain  the  requisite  hot-rolled  strip.  In  addition,  since  the  hot-rolled  strip  is  in  an  a-phase  in  the 
as-rolled  state,  the  strip  must  be  annealled  in  a  bell  type  furnace  over  a  long  period  of  time,  to  decompose 
the  a-phase  and  thus  enhance  the  cold-rollability. 

20  SUMMARY  OF  THE  INVENTION 

The  essence  of  the  present  invention  resides  in  the  cast  strip  forming  of  the  Cr-series  stainless  steel, 
wherein  the  molten  steel  is  continuously  cast  into  thin  strip  less  than  30  mm  thick,  preferably  less  than  3 
mm  thick,  and  the  casting  is  cooled  rapidly,  thereby  forming  a  casting  having  smaller  grain  size  less  than 

25  1000  urn,  or  more  preferably  less  than  200  urn  in  width  and  then  the  cast  is  hot  worked  to  pressure-bond 
the  loose-structure  formed  by  the  rapid  solidification  and  cooling  and  the  precipitation  treatment  of  y  phase 
or  super  saturated  C,  N,  S  into  nitrides,  carbides  or  carbonitrides  is  given  to  improve  cold  rollabilly  or 
elongation  of  the  final  product. 

By  using  such  a  casting  as  the  starting  material,  the  high  energy  and  various  plants  needed  for  forming 
30  a  requisite  hot-rolled  sheets  become  unnecessary,  and  even  if  a  step  equivalent  to  hot-coil  annealing  is 

omitted,  a  thin  steel  sheet  having  a  good  cold-rollability  and  ridging  property  can  be  produced. 
A  first  object  of  the  present  invention  is  to  provide  a  technique  for  producing  a  thin  sheet  having  an 

improved  formability,  particularly  a  ridging  property,  using  a  thin  casting  as  the  starting  material.  In  order  to 
improve  the  ridging  property,  the  colonies  (group  of  crystal  grains  having  adjacent  orientation)  must  be 

35  small  in  size,  randomly  dispersed,  and  composed  of  grains  having  a  relatively  small  diameter.  To  attain  this 
object,  the  crystals  of  a  casting  must  have  a  small  grain  diameter  and  an  increase  in  the  size  of  the 
colonies,  due  to  the  boundary  movement  during  the  cooling  process  after  solidification,  must  be  prevented. 

Since  the  conventional  casting  has  a  large  thickness  of  100  mm  or  more,  it  is  difficult  to  control  the 
solidification  speed  during  the  casting,  and  thus  it  is  impossible  to  reduce  the  diameter  of  the  crystal  grains 

40  in  the  as-cast  state.  In  addition,  it  is  difficult  to  control  the  cooling  speed  of  the  casting  after  the  casting,  due 
to  the  large  thickness  of  a  casting.  This  results  in  boundary  movement  in  a  high  temperature  region  and,  in 
turn,  an  increase  in  the  size  of  the  colonies  and  the  like.  A  reduction  in  the  size  of  the  colonies  by 
recrystallization  therefore  becomes  necessary  in  the  hot-rolling  process. 

Contrary  to  this,  the  thickness  of  casting  according  to  the  present  invention,  is  limited  to  30  mm  or  less, 
45  preferably  3  mm  or  less,  with  the  result  that  the  solidification  speed  after  casting  can  be  enhanced, 

reducing  the  diameter  of  the  crystal  grains  in  the  casting,  and  further,  the  cooling  speed  after  solidification 
can  be  enhanced  to  thereby  reduce  the  grain  size  roughly  less  than  1000  urn  to  50  urn  according  to  the 
thickness  of  the  cast  or  cooling  speed.  The  shape  of  the  grain  is  either  exiaxial  or  columnar.  The  width  of 
the  column  is  taken  as  a  grain  size  in  the  case  of  the  columnar  grain. 

50  A  Second  object  of  the  present  invention  is  to  omit  the  step  equivalent  to  the  hot-coil  annealing  carried 
out  to  enhance  the  cold-rollability. 

The  solution  to  the  above  problems  is  given  in  claims  1  and  8.  Preferred  embodiments  of  the  invention 
are  given  in  claims  2-7  and  9-15. 

For  castings  having  a  thickness  of  approximately  200  mm,  when  the  surfaces  thereof  are  cooled,  after 
55  casting,  by  an  ordinary  method,  the  7-phase  precipitation  cannot  be  prevented,  since  the  cooling  speed  is 

limited  by  the  thermal  conductivity  of  the  casting  per  se.  Contrary  to  this,  when  the  thickness  of  the 
castings  is  limited  to  a  certain  thickness  and  cooling  after  solidification  is  carried  out  in  the  a-phase  region, 
then  the  castings  can  be  brought,  without  the  7-phase-precipitation,  into  the  region  where  the  a-phase  + 
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carbides  are  present.  The  C,  N,  S,  and  the  like,  which  are  supersaturated  in  the  a-phase  as  the  solid 
solution  in  the  a-phase  +  carbides-temperature  region,  must  be  precipitation  treated  to  convert  C,  N,  S,  and 
the  like  into  carbonitrides,  sulfides,  and  the  like,  if  such  a  precipitation  treatment  is  not  carried  out,  drawback 
arise  such  that  the  work  hardening  is  severe  in  the  cold-rolling,  and  that  the  final  products  have  a  low 

5  elongation  and  a  high  yield  point. 
To  enhance  the  cold-rollability,  instead  of  the  hot-coil  annealing  for  decomposing  the  a'-phase  formed 

from  the  7-phase  into  a  +  carbide,  the  precipitation  treatment  for  precipitating  C,  N,  S,  and  the  like  out  of 
the  supersaturated  solid-solution  is  carried  out.  This  precipitation  treatment  can  be  accomplished  in  a 
shorter  time  than  the  a'  -►  a  +  carbide  reaction,  and  can  be  carried  out  by  an  ordinary  coiling  process, 

10  without  the  need  for  a  special  heat  treatment  process. 
When  7  phase  precipitates  during  the  said  rapid  cooling  after  casting,  the  cold-rollabiliy  is  improved  by 

the  above  mentioned  precipitation  treatment.  In  this  case,  the  precipitation  treatment  should  be  controlled 
considering  the  balance  of  the  formability  (ridging,  7  value)  and  cold-rollability. 

A  third  object  of  the  present  invention  is  to  improve  the  cold-workability  of  Cr-series  stainless  steel,  by 
15  imparting  hot  work  to  pressure-bond  the  loose  structure  caused  by  the  rapid  solidification  and  cooling. 

A  further  object  of  giving  hot  work  is  to  promote  the  recrystallization  at  a  high  temperature. 
In  this  case,  a  draft  imparted  at  5%  or  more  is  effective  for  pressure-bonding  the  loose-structure,  but  a 

draft  of  25%  or  more,  preferably  35%  or  more,  is  necessary  for  promoting  the  recrystallization. 
In  the  Cr-series  stainless  steels  having  the  components  needed  to  form  the  a  +  7  dual  phases  at  a 

20  high  temperature,  represented  by  SUS  430,  the  size  of  the  colonies  cannot  be  reduced  in  the  as-cast  state 
if  a  casting  has  an  ordinary  thickness.  In  order  to  reduce  the  size  of  the  colonies  of  castings  having  an 
ordinary  thickness,  the  7-phase  must  be  finely  dispersed.  The  present  inventors  discovered  a  method  of 
dispersing  7  phase  in  the  ferrite  matrix  in  this  cast  strip. 

That  is,  after  the  solidification  is  ended,  the  castings  are  cooled  in  the  a-phase  region  to  prevent  the 
25  precipitation  of  the  7-phase,  and  subsequently,  reheating  is  carried  out  to  the  a  +  7  dual  phase  region  to 

precipitate  the  7-phase.  This  method  has  the  following  features,  as  compared  with  the  method  for 
precipitating  the  7-phase  in  the  solidification  step.  The  precipitates,  such  as  Cr  carbides,  are  finely 
precipitated  from  the  a-phase,  and  then  the  7-phase  is  precipitated.  These  precipitates,  therefore,  become 
the  site  of  7  precipitation.  In  addition,  the  precipitation  of  the  7-phase  occurs  from  a  low  temperature,  and 

30  thus  the  speed  of  growth  of  the  7-phase  is  slow,  with  the  result  that  fine  7-phases  can  be  precipitated  and 
dispersed  at  a  high  density.  In  this  case,  the  working  imparted  prior  to  reheating  to  the  a  +  7  dual  phase 
region  increases  the  precipitation  site  of  the  7-phases,  thereby  further  attaining  an  effective  fine  dispersion 
of  the  7-phase. 

The  reasons  for  limiting  the  components  of  the  starting  material  are  as  follows. 
35  The  Cr  content  must  be  8%  or  more,  since  the  corrosion  resistance  is  impaired  at  a  lower  content,  and 

the  corrosion  resistance  is  enhanced  with  an  increase  in  the  Cr  content.  But,  if  the  Cr  content  is  more  than 
30%,  the  enhancement  effect  is  decreased,  and  further  the  cold-rollability  is  impaired.  The  upper  limit  of  the 
Cr  content  is  therefore  30%,  since  a  higher  content  is  disadvantageous  in  the  light  of  economy.  The  C 
content  must  be  0.001  %  or  more,  since  it  is  difficult  to  produce  a  starting  material  having  a  lower  content 

40  than  this  by  the  melting  method.  The  ridging  property  is  improved  with  an  increase  in  the  C  addition 
amount,  but  a  C  addition  of  more  than  0.5%  will  impair  the  cold  reliability  and  r  value.  Therefore,  the  upper 
limit  for  the  C  addition  is  0.5%. 

The  r  value  is  enhanced  with  an  increase  in  the  Al  addition  amount,  but  the  effect  of  enhancing  the  r 
value  saturates  at  an  amount  exceeding  0.5%.  Accordingly,  the  upper  limit  for  the  Al  addition  is  0.5%,  since 

45  a  higher  content  is  disadvantageous  in  the  light  of  economy.  The  lower  limit  for  the  Al  addition  is  0.001%, 
since  the  O2  greatly  and  disadvantageously  increases  at  a  lower  content. 

The  ridging  property  is  enhanced  with  an  increase  in  the  N  addition  content,  but  blisters  and  the  like  are 
liable  to  form  at  an  N  content  of  more  than  0.5%.  Therefore,  the  upper  limit  for  the  N  addition  content  is 
0.5%.  The  r  value  is  advantageously  enhanced  as  the  N  content  becomes  lower  than  0.004%,  but  the 

50  ordinary  melting  methods  cannot  be  employed  for  the  production  when  the  N  addition  content  is  less  than 
0.001%.  Therefore,  the  lower  limit  for  the  N  addition  content  is  0.001%. 

The  components  of  the  starting  material  according  to  the  present  invention  may  contain  any  elements, 
provided  that  the  Cr  content  lies  within  the  range  of  from  8  to  30%,  and  further,  that  the  structure  at  normal 
temperature  is  a  +  (carbide).  The  components  according  to  the  present  invention  therefore  include  that 

55  which  has  an  a  single  phase  at  the  entire  temperature  range.  Accordingly,  it  can  be  easily  understood  that 
the  principal  object  of  the  present  invention  is  achieved  with  a  composition  series  wherein  the  a  and  7  dual 
phases  are  formed  at  a  high  temperature. 

The  thickness  of  the  castings  used  in  the  present  invention  is  not  less  than  1  mm  and  not  more  than  30 
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mm,  preferably  not  more  than  3  mm.  A  thinner  thickness  of  the  castings  is  most  preferable,  since  as  high  a 
cooling  as  possible  is  necessary  for  refining  the  crystal  grains  in  the  as  solidified  state,  and  preventing  the 
grain  growth  of  the  a-phase  and  precipitation  of  the  7-phase  in  the  cooling  process  after  solidification.  The 
productivity  when  casting  the  castings  having  a  thickness  of  less  than  1  mm  is,  however,  low  and 

5  economically  disadvantageous.  The  lower  limit  for  the  thickness  of  the  castings  is,  therefore,  1  mm.  In 
addition,  the  upper  limit  for  the  thickness  of  the  castings  is  30  mm,  preferably  3  mm,  because,  if  the 
thickness  of  the  castings  exceeds  the  upper  limit,  the  grain  diameter  in  the  as-cast  state  is  very  large,  the 
cooling  speed  cannot  be  increased  by  the  usual  rapid  cooling  method,  and  it  becomes  difficult  to  prevent 
the  precipitation  of  the  7-phase  and  the  grain  growth  during  the  cooling  process.  As  can  be  clearly 

10  understood,  since  the  thickness  of  the  castings  is  30  mm  or  less,  rough  rolling  is  obviously  unnecessary 
and  can  be  omitted.  Furthermore,  the  finishing  hot-rolling  can  be  omitted  if  the  thickness  of  the  castings  is 
10  mm  or  less,  preferably  5  mm  or  less. 

In  the  present  invention,  the  cooling  speed  for  the  castings  until  the  end  temperature  of  the  7-phase- 
precipitation  is  not  slower  than  cooling  by  air  cooling,  preferably  not  less  than  100°C/sec.  This  cooling 

15  speed  is  intended  to  prevent  the  7-phase  precipitation  and  the  grain  growth.  When  the  cooling  speed  is 
faster  or  the  same  as  air  cooling,  it  is  not  complete  but  prevents  the  7-phase  precipitation.  The  7-phase 
precipitation  can  be  essentially  prevented  at  the  cooling  speed  of  the  less  than  100°C/sec. 

The  castings  are  subjected  to  the  precipitation  treatment  in  a  temperature  range  of  from  1000°C  to 
700  °C  for  a  period  of  10  seconds  or  more,  in  order  to  precipitate  C,  N,  S,  and  the  like,  which  are 

20  supersaturated  in  the  a-phase-solid  solution,  as  carbonitrides,  sulfides  and  the  like,  thereby  enhancing  the 
cold-rollability  and  the  elongation  of  the  final  product  and  lowering  the  yield  strength.  When  the  aging 
temperature  exceeds  1000°C,  the  solubility  is  too  high  to  effectively  cause  precipitation,  and  thus  a  grain 
growth  occurs  and  leads  to  a  deterioration  of  the  ridging  property.  The  upper  limit  for  the  precipitation- 
treatment  temperature  is  therefore  1000°C.  The  lower  limit  for  the  precipitation-treatment  temperature  is 

25  700  0  C,  because,  at  a  temperature  lower  than  this,  the  precipitation  speed  is  too  low  to  effectively  cause 
precipitation.  The  holding  time  is  10  seconds  or  more,  because  holding  for  less  than  this  time  is  not 
effective. 

Ordinarily,  the  above  described  precipitation  treatment  is  attained  by  coiling  castings  having  a  high 
temperature  of  700  0  C  or  more,  preferably  800  0  C  or  more. 

30  A  complete  absence  of  the  7-phase  precipitated  during  the  cooling  process  is  preferred  in  the  present 
invention.  But,  the  objects  of  the  present  invention  can  be  attained  even  with  the  precipitation  of  the  7- 
phase  during  cooling  as  the  above  mentioned  treatment  can  induce  y-*a  +  carbides  precipitation  which 
improves  the  cold-rollability. 

For  improving  the  ridging  property,  preferably  the  grain  diameter  is  reduced  in  the  as-solidified  state 
35  and  the  7-phase  finely  dispersed,  as  described  above.  When  10%  or  less  of  the  7-phase  precipitates  during 

the  cooling  process  after  the  solidification,  and  the  reheating  up  to  the  7-phase-precipitation  temperature 
region  is  then  carried  out,  the  already  precipitated  7-phase  becomes  the  precipitation  site  of  the  newly 
precipitating  7-phase,  with  the  result  that  the  proportion  of  the  7-phase  precipitating  at  positions  different 
from  those  of  the  already  precipitated  7-phase  is  decreased,  and  therefore,  the  effect  of  the  fine  dispersion 

40  of  the  7-phase  for  attaining  an  improvement  of  the  ridging  property  is  lessened.  Nevertheless,  the  ridging 
property  improvement  effect  is  expected  when  10%  or  less  of  the  7-phase,  based  on  the  total  amount  of 
the  7-phases,  precipitates  during  the  cooling  process  after  the  solidification. 

The  object  of  reheating  again  to  the  a  +  7  dual  phase-temperature  region  of  the  Cr-series  thin  castings, 
which  have  been  cooled  from  the  solidification  temperature  to  the  end  temperature  of  7-phase  precipitation 

45  while  in  the  a-phase-temperature  region,  is  to  finely  disperse  and  precipitate  the  7-phase  and  thus  improve 
the  ridging  property.  It  is  advantageous  during  the  reheating  to  hold  the  a  +  7  dual  phase-temperature 
region  until  at  least  30%  of  the  7-phase  based  on  the  total  amount  of  7-phases  is  precipitated.  That  is,  to 
attain  the  improvement  of  the  ridging  property,  it  is  desirable  to  precipitate  as  much  as  possible  to  the  7- 
phase  uniformly  and  finely.  The  precipitation  of  at  least  30%  of  the  7-phase  achieves  an  outstanding 

50  improvement  of  the  ridging  property. 
In  addition,  the  impartment  of  working  prior  to  the  precipitation  heat  treatment  promotes  the  precipita- 

tion  of  the  7-phase  and  increases  the  precipitation  sites,  thereby  refining  the  7-phase.  In  this  case,  the  draft 
or  screw  down  should  be  10%  or  more,  because  a  draft  lower  than  10%  would  neither  promote  the 
precipitation  nor  of  the  7-phase-refinement.  A  higher  draft  or  screw  down  is,  the  more  effective,  but  the 

55  effects  of  working  saturate  at  a  90%  or  more  draft  or  screw  down.  Of  course,  provided  that  the  working  is 
carried  out  before  the  precipitation  of  7-phase,  the  imparting  of  the  working  effect  is  attained  when  carried 
out  either  directly  after  solidification  or  after  rapid  cooling,  and  directly  before  reheating  to  the  7-phase- 
region. 

4 
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Since,  in  the  case  of  reheating  to  the  a  +  y  dual  phase-temperature  region,  C,  and  N,  which  are 
supersaturated  in  the  solid  solution  of  the  a-phase  due  to  the  rapid  cooling,  move  to  the  7-phase,  the  above 
described  precipitation  treatment  is  not  necessarily  indispensable.  The  above  described  precipitation 
treatment  may  be  carried  out  subsequent  to  the  reheating  to  the  a  +  7  dual  phase-temperature  region.  In 

5  this  case,  since  the  y-*a  transformation  partially  occurs  and  the  amount  of  solute  C,  N,  and  S  decreases,  it 
is  possible  to  enhance  the  cold-rollability  and  the  elongation  of  the  products,  and  to  decrease  the  yield 
strength. 

The  degree  of  working  may  be  5%  or  more,  at  a  temperature  of  800  0  C  or  more,  to  prevent  a  loose 
structure,  preferably  25%  or  more,  and  more  preferably,  35%  or  more. 

10  The  thin  castings  subjected  to  the  working  and  heat  treatment  as  described  above  may  be  subse- 
quently  hot-rolled  followed  by  coiling,  cold-rolling,  and  annealled  to  obtain  the  thin  strips.  The  cold-rolling 
and  annealing  may  be  carried  out  directly,  without  the  hot-rolling.  It  is  easily  understood  that  the  conditions 
for  cold-rolling  and  annealing  must  be  determined  in  accordance  with  the  objective  qualities  of  the  thin 
strips. 

15 
EXAMPLES 

Example  1 

20  Cr  steels  having  the  compositions  as  shown  in  Table  1  were  cast,  by  a  twin  roll  method,  to  form  4  mm 
thick  castings  and  then  immediately  water-cooled,  followed  by  coiling  at  850  °C  to  form  the  castings  into 
thin  coils.  For  comparison,  coils  which  were  air-cooled  after  casting  to  room  temperature  and  then  coiled, 
were  produced.  The  thin  castings  produced  as  described  above  were  cold-rolled.  In  the  castings,  which 
were  water-cooled  directly  after  casting  and  coiled  at  850  0  C,  an  excellent  cold-rollability  without  incurring 

25  ear  cracks  and  thickness  variation  during  the  cold-rolling  was  attained.  Martensite  was  formed  in  the  air- 
cooled  castings,  and  thus  the  cold-rollability  was  impaired. 

T a b l e   1  Ma...ii  C o m p o n e n t s   of   T e s t   M a t e r i a l s  

30 

C o m p o n e n t s  
( w e i g h t   %)  c  n  Cr  F e  

S t e e l  
G r a d e s  

A  0 . 0 1   0 . 0 5   1 3 . 0   B a l a n c e  

B  0 . 0 2   0 . 0 1   1 1 . 8   B a l a n c e  

C  0 . 0 4   0 . 0 1   1 2 . 0   B a l a n c e  

Example  2 

50  SUS  430  steel  having  the  composition  shown  in  Table  2  was  cast,  by  a  twin  roll  method,  to  form  10  mm 
thick  castings  and  then  immediately  water-cooled.  For  comparison,  the  castings,  which  after  casting  were 
air-cooled  to  the  room  temperature,  were  produced.  Also  for  comparison,  200  mm  thick  castings  were 
produced  by  an  ordinary  method.  In  the  castings  which  were  water-cooled  in  accordance  with  the  present 
invention,  the  7-phase-precipitation  did  not  occur  and  the  structure  had  the  ferrite  single  phase.  The  air- 

55  cooled  castings  and  slabs  (castings)  produced  by  an  ordinary  method  had  the  a  +  a'  dual  phase  structure. 
The  10  mm  thick  thin  castings  produced  as  described  above  were  subjected  to  a  30%  screw  down, 
reheated  to  the  a  +  7  dual  phase-temperature  region,  and  then  hot-rolled  to  produce  3  mm  thick  hot-rolled 
sheets,  and  subsequently,  cold-rolled  and  annealled  by  an  ordinary  method.  In  the  thin  strips  undergoing 

5 



EP  0  247  264  B1 

the  process  of  present  invention,  virtually  nor  ridging  was  observed,  but  in  the  thin  strips  subjected  to  the 
air-cooling  process,  the  ridging  was  extremely  large. 

T a b l e   2  Main  C o m p o n e n t s   of  T e s t   M a t e r i a l  
( W e i g h t   %) 

C  Cr  Al  N  F e  

0 . 0 5   1 7 . 0   0 . 1 2   0 . 0 1   b a l a n c e  

75  Example  3 

A  17%  Cr  steel  having  the  composition  as  shown  in  Table  3  was  cast  to  form  7  mm  thick  thin  castings. 
Before  the  precipitation  of  the  7-phase,  rolling  was  imparted  to  the  thin  castings  to  reduce  the  thickness 
thereof  to  4  mm.  Subsequently,  the  coiling  was  carried  out  at  850  °C  to  form  coils.  For  comparison,  a  17% 

20  Cr  steel  having  the  composition  as  shown  in  Table  3  was  cast  to  form  7  mm  thick  castings,  then  subjected, 
after  the  initiation  of  the  7-phase-precipitation,  to  rolling  to  form  4  mm  thick  castings.  These  castings  were 
subsequently  cold-rolled  and  annealled  to  form  thin  sheets.  The  thin  sheets  undergoing  the  casting  process 
of  the  present  invention  were  free  of  porous  defects,  exhibited  an  excellent  cold-rollability,  and  the  final 
products  exhibited  an  r  value  of  1.10  in  terms  of  r  value,  and  a  ridging  height  of  15  urn.  Both  of  these 

25  values  were  considered  excellent.  In  the  comparative  material,  a  hard  and  brittle  a'-phase  was  present  prior 
to  the  cold-rolling  and  the  cold-rollability  degraded,  with  the  result  that  the  ear  cracks  were  generated  during 
the  cold-rolling. 

T a b l e   3  Main   C o m p o n e n t s   of   T e s t   M a t e r i a l  
30  ( W e i g h t   %) 

C  Cr  Al  N  F e  

0 . 0 3   1 7 . 2   0 . 1 2   0 . 0 2   b a l a n c e  

40  Example  4 

17%  Cr  steels  having  the  composition  as  shown  in  Table  4  were  cast  to  form  15  mm  thick  castings  and 
then  cooled  to  800  °C,  at  a  cooling  speed  of  150°C/sec.  Subsequently,  the  reheating  to  1100°C,  which  was 
in  the  a  +  7  dual  phase-temperature  region,  was  carried  out,  and  then  the  castings  were  rolled  to  obtain  the 

45  4  mm  thick  hot-rolled  sheets.  The  hot-rolled  sheets  produced  as  described  above  were  subjected  to  a 
known  process  for  producing  thin  sheets.  For  comparison,  after  casting  15  mm  thick  castings,  the  castings 
were  allowed  to  cool  in  the  atmosphere,  and  upon  arriving  at  a  temperature  of  1100°C,  rolling  was  carried 
out  to  form  4  mm  thick  hot-rolled  sheets.  The  hot-rolled  sheets  produced  as  described  above  were 
subjected  to  a  known  process  for  producing  thin  sheets. 

50  The  material,  which  was  cooled  at  a  cooling  speed  of  150°C/sec,  reheated  to  the  a  +  7  dual  phase- 
temperature  region,  and  then  rolled  according  to  the  present  invention,  exhibited  a  better  ridging  property 
(10  urn)  compared  to  the  comparative  material  (28  urn). 

55 
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T a b l e   4  Main  C o m p o n e n t s   of   T e s t   M a t e r i a l s  
( W e i g h t   %) 

C  Cr  Al  N  F e  

0 . 0 2   1 6 . 5   0 . 1 5   0 . 0 5   b a l a n c e  

0 . 0 5   1 7 . 0   0 . 2 0   0 . 0 1   b a l a n c e  

75  Example  5 

17%  Cr  steel  having  the  composition  as  shown  in  Table  5  was  cast  to  form  3  mm  thick  castings  and 
cooled  to  1000°C  at  a  cooling  speed  of  100°C/sec,  and  then  coiled  at  a  temperature  of  850  °C.  For 
comparison,  castings  which  were  rapidly  cooled  to  the  room  temperature  were  also  produced.  The  material 

20  coiled  at  the  temperature  of  850  °  C  was  subsequently  cold-rolled  at  80%  and  then  annealled  at  850  °  C  for  2 
minutes  to  obtain  the  final  product.  The  product  had  an  excellent  ridging  height  of  10  urn  and  an  r  value  of 
0.8.  Contrary  to  this,  the  material  which  was  rapidly  cooled  down  to  the  room  temperature  as  described 
above,  was  then  subjected  to  the  identical  process  for  obtaining  the  final  product,  but  ruptures  occurred 
during  the  cold-rolling  and  the  yield  was  greatly  decreased. 

25 
Table  5 

Main  Components  of  Test  Material  (Weight  %) 

C  Cr  Al  N  Fe 

0.05  17.0  0.15  0.01  balance 

35  Example  6 

17%  Cr  steel  having  the  composition  as  shown  in  Table  6  was  cast  to  form  3  mm  thick  castings,  cooled 
to  1200°C  at  a  cooling  speed  of  20°C/sec,  and  from  1200°C  to  1000°C  at  a  cooling  speed  of  100°C/sec, 
and  then  coiled  at  a  temperature  of  900  °  C.  A  temperature-retaining  cover  was  placed  on  the  coil  to  cool  the 

40  coil  at  a  speed  slower  than  air  cooling.  For  comparison,  samples  which  were  allowed  to  cool  after  the 
casting,  were  also  produced. 

The  above  castings  were  cold-rolled  to  obtain  a  thickness  of  0.4  mm,  and  then  finishing  annealled  at 
900  °  C  for  40  seconds  to  obtain  the  final  products.  The  products  undergoing  the  process  of  the  present 
invention  exhibited  an  excellent  ridging  height  of  17  urn,  a  total  elongation  of  27%  and  a  yield  strength  of 

45  343  MP  (35  kg/mm2).  Contrary  to  this,  the  product  which  was  allowed  to  cool  to  room  temperature  after  the 
casting,  exhibited  a  poor  ridging  height  of  28  urn,  and  a  total  elongation  of  18%. 

Table  6 

Main  Components  of  Test  Material  (Weight  %) 

C  Cr  Al  N  Fe 

0.04  17.0  0.15  0.01  balance 

As  is  described  above,  the  Cr-series  stainless  steel  sheet  having  improved  cold-rollability  and  ridging 
property  can  be  produced  while  omitting  the  rough  rolling  process,  finishing  rolling  process,  and  hot-coil 
annealing  process.  In  addition,  such  large  scale  installation  as  continuous  hot-strip  mill  is  not  necessary  and 
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therefore  economical  effects  are  considerably  great. 

Claims 

5  1.  A  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel  consisting  of,  by  weight  %,  from  8  to 
30%  of  Cr,  from  0.001  to  0.5%  of  C,  from  0.001  to  0.5%  of  N,  and  from  0.001  to  0.5%  of  Al  as  main 
components  and  balance,  apart  from  impurities,  iron,  a  matrix  of  said  Cr-series  stainless  steel  being 
constituted,  on  the  basis  of  an  equilibrium  phase  diagram,  of  an  a-phase  at  an  entire  temperature 
region,  or  of  an  a-phase  at  room  temperature  and  a  +  y  phase  at  a  high  temperature  region, 

io  comprising  steps  of: 
casting  a  thin  casting  having  a  thickness  of  from  1  to  30  mm  of  said  Cr-series  stainless  steel; 
cooling  said  thin  casting  from  a  solidification  temperature  thereof  to  an  end  temperature  of  a  y- 

phase-precipitation  at  a  cooling  speed  at  least  equal  to  an  air  cooling-speed  of  said  thin  casting,  and, 
subsequently  subjecting  said  thin  casting  to  a  precipitation  treatment  in  a  temperature  range  of  not 

is  less  than  700  °C  and  not  more  than  1000°C  for  10  seconds  or  more,  thereby  forming  precipitates  in 
the  a-phase  matrix. 

2.  A  method  according  to  claim  1  further  comprising  a  step  of  subjecting  said  thin  casting  to  rolling  during 
the  cooling  after  the  solidification  or  after  the  cooling  but  before  said  precipitation  treatment. 

20 
3.  A  method  according  to  claim  1  or  2,  wherein  said  precipitation  treatment  is  carried  out  by  coiling  the 

thin  strip  having  a  high  temperature  after  the  casting. 

4.  A  method  according  to  claim  3,  wherein  said  coiling  is  carried  out  at  a  temperature  of  800  °C  or  more. 
25  thickness  of  from  1  mm  to  30  mm. 

5.  A  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel  according  to  claim  2,  wherein  said 
rolling  is  carried  out  at  a  screw  down  of  5%  or  more. 

30  6.  A  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel  according  to  claim  5,  wherein  said 
rolling  is  carried  out  at  a  screw  down  of  25%  or  more. 

7.  A  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel  according  to  claim  1  or  2,  wherein 
said  cooling  step  is  carried  out  at  a  cooling  speed  of  100°  C/sec  or  more. 

35 
8.  A  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel  consisting  of,  by  weight  %,  from  8  to 

30%  of  Cr,  from  0.001  to  0.5%  of  C,  from  0.001  to  0.5%  of  N,  and  from  0.001  to  0.5%  of  Al  as  main 
components  and  balance,  apart  from  impurities,  iron,  a  matrix  of  said  Cr-series  stainless  steel  being 
constituted,  on  the  basis  of  an  equilibrium  phase  diagram,  of  an  a-phase  at  room  temperature  and  an  a 

40  +7  phase  at  a  high  temperature  region,  comprising  steps  of: 
casting  a  thin  casting  having  a  thickness  of  from  1  to  30  mm  of  said  Cr-series  stainless  steel; 
cooling  said  thin  casting  from  a  solidification  temperature  thereof  to  an  end  temperature  of  a  y- 

phase-precipitation  at  a  cooling  speed  at  least  equal  to  an  air  cooling-speed  of  said  thin  casting,  and, 
subsequently  subjecting  said  thin  casting  to  a  precipitation  treatment  of  a  7-phase  by  heating  to  an 

45  a  +  7  dual  phase-temperature  region. 

9.  A  method  according  to  claim  8  further  comprising  a  step  of  subjecting  said  thin  casting  to  rolling  during 
the  cooling  after  the  solidification  or  after  the  cooling  but  before  said  precipitation  treatment. 

50  10.  A  method  according  to  claim  8  or  9,  wherein  said  precipitation  treatment  is  carried  out  by  coiling  a  thin 
strip  having  a  high  temperature  after  the  casting. 

11.  A  method  according  to  claim  10,  wherein  said  coiling  is  carried  out  at  a  temperature  of  800°  C  or  more. 

55  12.  A  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel  according  to  claim  9,  wherein  said 
rolling  is  carried  out  at  a  screw  down  of  5%  or  more. 

13.  A  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel  according  to  claim  12,  wherein  said 
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rolling  is  carried  out  at  a  screw  down  of  25%  or  more. 

14.  A  method  for  producing  a  thin  casting  of  Cr-series  stainless  steel  according  to  claim  8  or  9,  wherein 
said  cooling  step  is  carried  out  at  a  cooling  speed  of  100°  C/sec  or  more. 

5 
15.  A  method  according  to  claim  8  or  9,  wherein  subsequent  to  said  precipitation  of  y  phase,  said  thin 

casting  is  subjected  to  a  precipitation  treatment  in  a  temperature  range  of  not  less  than  700  °  C  and  not 
more  than  1000°C  for  10  seconds  or  more. 

w  Revendicatlons 

1.  Procede  de  fabrication  d'un  moulage  mince  en  acier  inoxydable  au  Cr  constitue,  en  pourcentage 
ponderal,  de  8  a  30  %  de  Cr,  de  0,001  a  0,5  %  de  C,  de  0,001  a  0,5  %  de  N  et  de  0,001  a  0,5  %  d'AI 
comme  constituants  principaux,  et  le  reste  de  fer,  en  dehors  des  impuretes,  une  matrice  dudit  acier 

is  inoxydable  au  Cr  etant  constitute,  sur  la  base  du  diagrame  des  phases  a  I'equilibre,  d'une  phase  a 
dans  toute  la  region  des  temperatures  ou  d'une  phase  a  a  la  temperature  ambiante  et  d'une  phase  a  + 
7  dans  la  region  des  temperatures  elevees,  comprenant  les  etapes  consistant  a  : 

-  couler  un  moulage  mince  ayant  une  epaisseur  de  1  a  30  mm  dudit  acier  inoxydable  au  Cr  ; 
-  refroidir  ledit  moulage  mince  de  sa  temperature  de  solidification  a  une  temperature  finale  de 

20  precipitation  de  la  phase  y  a  une  vitesse  de  refroidissement  au  moins  egale  a  la  vitesse  de 
refroidissement  dans  I'air  dudit  moulage  mince  ;  et 

-  soumettre  ensuite  ledit  moulage  mince  a  un  traitement  de  precipitation  dans  un  intervalle  de 
temperatures  non  inferieur  a  700  °C  et  non  superieur  a  1000°C  pendant  10  secondes  ou 
davantage,  formant  ainsi  des  precipites  dans  la  matrice  de  phase  a. 

25 
2.  Procede  selon  la  revendication  1  comprenant  en  outre  une  etape  consistant  a  soumettre  ledit  moulage 

mince  a  un  laminage  au  cours  du  refroidissement  apres  la  solidification  ou  le  refroidissement,  mais 
avant  ledit  traitement  de  precipitation. 

30  3.  Procede  selon  la  revendication  1  ou  2,  dans  lequel  ledit  traitement  de  precipitation  est  effectue  en 
enroulant  une  bande  mince  a  temperature  elevee  apres  la  coulee. 

4.  Procede  selon  la  revendication  3,  dans  lequel  ledit  enroulement  est  effectue  a  une  temperature  de 
800  °  C  ou  davantage. 

35 
5.  Procede  de  fabrication  d'un  moulage  mince  en  acier  inoxydable  au  Cr  selon  la  revendication  2,  dans 

lequel  ledit  laminage  est  effectue  avec  un  serrage  de  5  %  ou  davantage. 

6.  Procede  de  fabrication  d'un  moulage  mince  en  acier  inoxydable  au  Cr  selon  la  revendication  5,  dans 
40  lequel  ledit  laminage  est  effectue  avec  un  serrage  de  25  %  ou  davantage. 

7.  Procede  de  fabrication  d'un  moulage  mince  en  acier  inoxydable  au  Cr  selon  la  revendication  1  ou  2, 
dans  lequel  ladite  etape  de  refroidissement  est  effectuee  a  une  vitesse  de  refroidissement  de  100°C/s 
ou  davantage. 

45 
8.  Procede  de  fabrication  d'un  moulage  mince  en  acier  inoxydable  au  Cr  constitue,  en  poucentage 

ponderal,  de  8  a  30  %  de  Cr,  de  0,001  a  0,5  %  de  C,  de  0,001  a  0,5  %  de  N  et  de  0,001  a  0,5  %  d'AI 
comme  constituants  principaux,  le  reste,  en  dehors  des  impuretes,  etant  du  fer,  une  matrice  dudit  acier 
inoxydable  au  Cr  etant  constitute,  sur  la  base  du  diagramme  des  phases  a  I'equilibre,  d'une  phase  a  a 

50  la  temperature  ambiante  et  d'une  phase  a  +  y  dans  la  region  des  temperaturs  elevees,  comprenant  les 
etapes  consistant  a  : 

-  couler  un  moulage  mince  ayant  une  epaisseur  de  1  a  30  mm  dudit  acier  inoxydable  au  Cr  ; 
-  refroidir  ledit  moulage  mince  de  sa  temperature  de  solidification  a  une  temperature  finale  de 

precipitation  de  la  phase  a  a  une  vitesse  de  refroidissement  au  moins  egale  a  la  vitesse  de 
55  refroidissement  dans  I'air  dudit  moulage  mince  ;  et 

-  soumettre  ensuite  ledit  moulage  mince  a  un  traitement  de  precipitation  de  la  phase  y  en  le 
chauffant  dans  la  region  de  temperatures  de  la  phase  double  a  +  y. 

9 
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9.  Procede  selon  la  revendication  8,  comprenant  en  outre  une  etape  consistant  a  soumettre  ledit  moulage 
mince  a  un  laminage  au  cours  du  refroidissement  apres  la  solidification  ou  apres  le  refroidissement, 
mais  avant  ledit  traitement  de  precipitation. 

5  10.  Procede  selon  la  revendication  8  ou  9,  dans  lequel  ledit  traitement  de  precipitation  est  effectue  par 
refroidissement  d'une  bande  mince  ayant  une  temperature  elevee  apres  la  coulee. 

11.  Procede  selon  la  revendication  10,  dans  lequel  ledit  enroulement  est  effectue  a  une  temperature  de 
800  °  C  ou  davantage. 

10 
12.  Procede  de  fabrication  d'un  moulage  mince  en  acier  inoxydable  au  Cr  selon  la  revendication  9,  dans 

lequel  ledit  laminage  est  effectue  avec  un  serrage  de  5  %  ou  davantage. 

13.  Procede  de  fabrication  d'un  moulage  mince  en  acier  inoxydable  au  Cr  selon  la  revendication  12,  dans 
is  lequel  ledit  laminage  est  effectue  avec  un  serrage  de  25  %  ou  davantage. 

14.  Procede  de  fabrication  d'un  moulage  mince  en  acier  inoxydable  au  Cr  selon  la  revendication  8  ou  9, 
dans  lequel  ladite  etape  de  refroidissement  est  effectuee  a  une  vitesse  de  refroidissement  de  100°C/s 
ou  davantage. 

20 
15.  Procede  selon  la  revendication  8  ou  9,  dans  lequel  apres  ladite  precipitation  de  la  phase  y,  on  soumet 

ledit  moulage  mince  a  un  traitement  de  precipitation  dans  un  intervalle  de  temperatures  non  inferieur  a 
700  °C  et  non  superieur  a  1000°C  pendant  10  secondes  ou  davantage. 

25  Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  dunnen  Gu/Steils  aus  rostfreiem  Stahl  der  Cr-Reihe,  der  als  Hauptkom- 
ponenten  auf  das  Gewicht  bezogen  aus  von  8  bis  30  %  Cr,  von  0,001  bis  0,5  %  C,  von  0,001  bis  0,5  % 
N  und  von  0,001  bis  0,5  %  Al  und  einem  Rest  von  Eisen,  abgesehen  von  Verunreinigungen,  besteht, 

30  wobei  die  Matrix  des  rostfreien  Stahls  der  Cr-Reihe  auf  der  Basis  des  Gleichgewichtsphasendiagramms 
aus  der  a-Phase  im  gesamten  Temperaturbereich,  oder  der  a-Phase  bei  Raumtemperatur  und  der  a  + 
7-Phase  im  hohen  Temperaturbereich  besteht,  welches  die  Schritte  umfa/St: 

Gie/Sen  des  dunnen  Gu/Steils,  das  eine  Dicke  von  1  bis  30  mm  aufweist,  aus  dem  rostfreien  Stahl 
der  Cr-Reihe; 

35  Abkuhlen  des  dunnen  Gu/Steils  von  dessen  Erstarrungstemperatur  auf  die  Endtemperatur  der  y- 
Phasen-Fallung  mit  einer  Abkuhlungsgeschwindigkeit,  die  mindestens  der  Luftkuhlungsgeschwindigkeit 
des  dunnen  Gu/Steils  gleicht,  und 

anschlie/Sende  Fallungsbehandlung  des  dunnen  Gu/Steils  in  einem  Temperaturbereich  von  nicht 
weniger  als  700  °C  und  nicht  mehr  als  1000°C  10  Sekunden  lang  oder  mehr,  wodurch  sich  Abschei- 

40  dungen  in  der  a-Phasen-Matrix  bilden. 

2.  Verfahren  nach  Anspruch  1,  das  au/Serdem  den  Schritt  des  Walzens  des  dunnen  Gu/Steils  wahrend  des 
Abkuhlens  nach  der  Erstarrung  oder  nach  dem  Abkuhlen  jedoch  vor  der  Fallungsbehandlung  umfa/St. 

45  3.  Verfahren  nach  Anspruch  1  oder  2,  worin  die  Fallungsbehandlung  durch  Aufhaspeln  des  dunnen 
Bandes  mit  hoher  Temperatur  nach  dem  Gie/Sen  durchgefuhrt  wird. 

4.  Verfahren  nach  Anspruch  3,  worin  das  Aufhaspeln  bei  einer  Temperatur  von  800  °C  oder  mehr 
durchgefuhrt  wird. 

50 
5.  Verfahren  zur  Herstellung  eines  dunnen  Gu/Steils  aus  rostfreiem  Stahl  der  Cr-Reihe  nach  Anspruch  2, 

worin  das  Walzen  mit  einer  Anstellung  von  5  %  oder  mehr  durchgefuhrt  wird. 

6.  Verfahren  zur  Herstellung  eines  dunnen  Gu/Steils  aus  rostfreiem  Stahl  der  Cr-Reihe  nach  Anspruch  5, 
55  worin  das  Walzen  bei  einer  Anstellung  von  25  %  oder  mehr  durchgefuhrt  wird. 

7.  Verfahren  zur  Herstellung  eines  dunnen  Gu/Steils  aus  rostfreiem  Stahl  der  Cr-Reihe  nach  Anspruch  1 
oder  2,  worin  der  Schritt  des  Abkuhlens  mit  einer  Abkuhlgeschwindigkeit  von  100°C/s  oder  mehr 
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durchgefuhrt  wird. 

8.  Verfahren  zur  Herstellung  eines  dunnen  Gu/Steils  aus  rostfreiem  Stahl  der  Cr-Reihe,  der  als  Hauptkom- 
ponenten  auf  das  Gewicht  bezogen  aus  von  8  bis  30  %  aus  Cr,  von  0,001  bis  0,5  %  C,  von  0,001  bis 

5  0,5  %  N  und  von  0,001  bis  0,5  %  Al  und  einem  Rest  von  Eisen,  abgesehen  von  Verunreinigungen, 
besteht,  wobei  die  Matrix  des  rostfreien  Stahls  der  Cr-Reihe  auf  der  Basis  des  Gleichgewichtsphasen- 
diagramms  aus  der  a-Phase  bei  Raumtemperatur  und  der  a  +  7-Phase  im  hohen  Temperaturbereich 
besteht,  welches  die  Schritte  umfa/St: 

Gie/Sen  eines  dunnen  Gu/Steils,  das  eine  Dicke  von  1  bis  30  mm  aufweist,  aus  dem  rostfreien  Stahl 
io  der  Cr-Reihe; 

Abkuhlen  des  dunnen  Gu/Steils  von  seiner  Erstarrungstemperatur  auf  die  Endtemperatur  der  y- 
Phasen-Fallung  bei  einer  Abkuhlungsgeschwindigkeit,  die  mindestens  der  Luftkuhlungsgeschwindigkeit 
des  dunnen  Gu/Steils  gleicht,  und 

anschlie/Sende  Fallungsbehandlung  der  7-Phase  des  dunnen  Gu/Steils  durch  Erwarmen  auf  den 
15  Temperaturbereich  der  a  +  7-Dualphase. 

9.  Verfahren  nach  Anspruch  8,  das  au/Serdem  den  Schritt  des  Walzens  des  dunnen  Gu/Steils  wahrend  des 
Abkuhlens  nach  der  Erstarrung  oder  nach  dem  Abkuhlen  jedoch  vor  der  Fallungsbehandlung  umfa/St. 

20  10.  Verfahren  nach  Anspruch  8  oder  9,  worin  die  Fallungsbehandlung  durch  Aufhaspeln  eines  dunnen 
Bandes  mit  hoher  Temperatur  nach  dem  Gie/Sen  durchgefuhrt  wird. 

11.  Verfahren  nach  Anspruch  10,  worin  das  Aufhaspeln  bei  einer  Temperatur  von  800°  C  oder  mehr 
durchgefuhrt  wird. 

25 
12.  Verfahren  zur  Herstellung  eines  dunnen  Gu/Steils  aus  rostfreiem  Stahl  der  Cr-Reihe  nach  Anspruch  9, 

worin  das  Walzen  bei  einer  Anstellung  von  5  %  oder  mehr  durchgefuhrt  wird. 

13.  Verfahren  zur  Herstellung  eines  dunnen  Gu/Steils  aus  rostfreiem  Stahl  der  Cr-Reihe  nach  Anspruch  12, 
30  worin  das  Walzen  bei  einer  Anstellung  von  25  %  oder  mehr  durchgefuhrt  wird. 

14.  Verfahren  zur  Herstellung  eines  dunnen  Gu/Steils  aus  rostfreiem  Stahl  der  Cr-Reihe  nach  Anspruch  8 
oder  9,  worin  der  Abkuhlungsschritt  bei  einer  Abkuhlungsgeschwindigkeit  von  100°C/s  oder  mehr 
durchgefuhrt  wird. 

35 
15.  Verfahren  nach  Anspruch  8  oder  9,  worin  das  dunne  GuBteil  nach  der  Fallung  der  7-Phase  10 

Sekunden  lang  oder  mehr  einer  Fallungsbehandlung  in  einem  Temperaturbereich  von  nicht  weniger  als 
700  °C  und  nicht  mehr  als  1000°C  unterzogen  wird. 

40 
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