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©  PROCESS  FOR  PRODUCING  THIN  Cr-Ni  STAINLESS  STEEL  SHEET  EXCELLENT  IN  BOTH  SURFACE 
QUALITY  AND  QUALITY  OF  MATERIAL. 

©  The  invention  relates  to  a  process  for  producing 
a  thin  cast  piece  of  Cr-Ni  stainless  steel  sheet  of 
nearly  the  same  thickness  as  that  of  final  products 
by  a  synchronous  continuous  casting  process  which 
comprises  conducting  quenching  of  the  thin  cast 
piece  just  after  casting  in  a  high-temperature  region, 
hot  or  cold  processing  of  said  piece,  annealing,  etc. 
to  thereby  reduce  the  size  of  gamma  grains  and 
cooling  in  a  lower  temperature  region  at  900  C  or 
below  to  thereby  prevent  precipitation  of  chromium 
carbide  in  a  grain  boundary.  This  process  enables 
roping  or  uneven  luster  on  the  surface  of  stainless 
steel  sheet  to  be  depressed. 
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D E S C R I P T I O N  

TITLE  OF  THE  INVENTION 

P r o c e s s   f o r   P r o d u c t i o n   of  C r - N i   Type  S t a i n l e s s  

S t e e l   S h e e t   H a v i n g   E x c e l l e n t   S u r f a c e   P r o p e r t i e s   A n d  

M a t e r i a l   Q u a l i t y  

5  TECHNICAL  F I E L D  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r   t h e  

p r o d u c t i o n   of  a  C r - N i   t y p e   s t a i n l e s s   s t e e l   s h e e t ,   b y  

w h i c h   t h e   t h i c k n e s s   of  a  c a s t   s t r i p   i s   made  a l m o s t   t h e  

same  as  t h e   p r o d u c t   t h i c k n e s s   by  a  s y n c h r o n o u s  

10  c o n t i n u o u s   c a s t i n g   p r o c e s s   in   w h i c h   t h e   r e l a t i v e   s p e e d  

of  t h e .   c a s t   s t r i p   to  t h e   i n n e r   w a l l   s u r f a c e   of  a  c a s t i n g  

mold   i s   t h e   s ame .   In  p a r t i c u l a r ,   i t   r e l a t e s   to  a  

p r o c e s s   by  w h i c h   t h e   m i c r o s t r u c t u r e   i s   made  f i n e r   f r o m  

t h e   c a s t   s t r i p   s t a g e   to   f o rm  a  C r - N i   t y p e   s t a i n l e s s  

]  5  s t e e l   s h e e t   h a v i n g   e x c e l l e n t   s u r f a c e   p r o p e r t i e s   . 

BACKGROUND  ART 

In  t h e   c o n v e n t i o n a l   c o n t i n u o u s   c a s t i n g   p r o c e s s   f o r .  

t h e   p r o d u c t i o n   of  a  s t a i n l e s s   s t e e l   s h e e t ,   a  s l a b   h a v i n g  

a  t h i c k n e s s   of  more   t h a n   100  mm  i s   f o r m e d   by  c a s t i n g  

20  w h i l e   v i b r a t i n g   a  c a s t i n g   mold   i n   t h e   c a s t i n g   d i r e c t i o n ,  

t h e   o b t a i n e d   s l a b   i s   s u r f a c e - f i n i s h e d ,   t h e   s l a b   i s  

h e a t e d   a t   a  t e m p e r a t u r e   h i g h e r   t h a n   1000°C  in  a  h e a t i n g  

f u r n a c e ,   and   t h e   s l a b   i s   h o t - r o l l e d   by  a  h o t   s t r i p   m i l l  

c o m p r i s i n g   rows  of  r o u g h   r o l l i n g   m a c h i n e s   and  f i n i s h  

25  r o l l i n g   m a c h i n e s ,   to   fo rm  a  h o t   s t r i p   h a v i n g   a  t h i c k n e s s  

of  s e v e r a l   mm. 

A f t e r   t h e   c o l d   r o l l i n g   of  t h e   o b t a i n e d   h o t   s t r i p ,  

to   m a i n t a i n   t h e   s h a p e   ( f l a t n e s s ) ,   q u a l i t y   and  s u r f a c e  

p r o p e r t i e s   r e q u i r e d   f o r   t h e   f i n a l   p r o d u c t ,   a  h o t - r o l l  

30  p l a t e   a n n e a l i n g   f o r   s o f t e n i n g   t h e   h o t   s t r i p ,   w h i c h   h a s  

b e e n   s u b j e c t e d   to   a  s e v e r e   h o t   w o r k i n g ,   i s   c a r r i e d   o u t ,  

and  s u r f a c e   s c a l e   and  t h e   l i k e   r e m o v e d   f i r s t   by  a  

p i c k l i n g   p r o c e s s   and  t h e n   by  g r i n d i n g .   In  t h i s  

c o n v e n t i o n a l   p r o c e s s   f o r   t h e   p r o d u c t i o n   of  a  t h i c k  

35  c o n t i n u o u s   c a s t   s l a b ,   much  e n e r g y   i s   n e e d e d   to   h e a t   t h e  
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s l a b   and   c a r r y o u t   t h e   p r o c e s s i n g ,   and  t h u s   t h i s   p r o c e s s  

is   d i s a d v a n t a g e o u s   f rom  t h e   v i e w p o i n t   of  p r o d u c t i v i t y .  

F u r t h e r m o r e ,   s i n c e   a  f i n a l   p r o d u c t   i s   p r e p a r e d   f r o m   a n  

s l a b   h a v i n g   a  t h i c k n e s s   of  more   t h a n   100  mm  t h r o u g h  

5  s e v e r a l   p r o c e s s e s ,   a  t e x t u r e   i s   d e v e l o p e d   in   a  s p e c i f i c  

o r i e n t a t i o n   in   t h e   o b t a i n e d   p r o d u c t ,   and  t h e r e f o r e ,   w h e n  

p r e s s - f o r m i n g   i s   c a r r i e d   o u t   by  a  u s e r ,   t h e   a n i s o t r o p y  

and  many  o t h e r   a p p l i c a t i o n   l i m i t a t i o n s   m u s t   be  t a k e n  

i n t o   c o n s i d e r a t i o n .  

I  0  To  s o l v e   t h e   a b o v e   p r o b l e m s   of  t h e   p r o c e s s   f o r  

h o t - r o l l i n g   a  t h i c k   c o n t i n u o u s   c a s t   s l a b   h a v i n g   a  

t h i c k n e s s   of  more   t h a n   100  mm,  r e s e a r c h   has   r e c e n t l y  

b e e n   made  in   to   a  p r o c e s s   by  w h i c h   a  c a s t   s t r i p   ( b a n d  

s t e e l )   h a v i n g   t h e   same  or   a l m o s t   t h e   same  t h i c k n e s s   a s  

15  t h e   h o t   s t r i p   i s   p r e p a r e d   d u r i n g   t h e   c o n t i n u o u s   c a s t i n g .  

For   e x a m p l e ,   " T e t s u   to   H a g a n e " ,   ' 8 5 ,   A197  to   ' 8 5 ,   A 2 5 6  

d i s c l o s e s   a  p r o c e s s   by  w h i c h   a  h o t   s t r i p   i s   d i r e c t l y  

p r e p a r e d   by  c o n t i n u o u s   c a s t i n g .   In  t h i s   c o n t i n u o u s  

c a s t i n g   p r o c e s s ,   a  t w i n - d r u m   m e t h o d   was  u s e d   to   o b t a i n   a  

20  c a s t   s t r i p   h a v i n g   a  t h i c k n e s s   of  1  to   10  mm  and  a  

t w i n - b e l t   m e t h o d   was  u s e d   to   o b t a i n   a  c a s t   s t r i p   h a v i n g  

a  t h i c k n e s s   of  20  to   50  mm.  T h i s   new  c a s t i n g   p r o c e s s   i n  

w h i c h   t h e   r e l a t i v e   s p e e d   of  t h e   c a s t   s t r i p   to   t h e   i n n e r  

w a l l   s u r f a c e   of  a  c a s t i n g   mold   i s   t h e   same  i s   c a l l e d   " a  

25  s y n c h r o n o u s   c o n t i n u o u s   c a s t i n g   p r o c e s s " .  

In  t h i s   c o n t i n u o u s   c a s t i n g   p r o c e s s ,   h o w e v e r ,   a  

p r o b l e m   a r i s e s   d u r i n g   t h e   c a s t i n g   p r o c e s s ,   and  t h e  

p r o b l e m s   of   q u a l i t y   and  s u r f a c e   p r o p e r t i e s   of  t h e  

p r o d u c t   r e m a i n .  

30  In  t h e   p r o c e s s   f o r   p r e p a r i n g   a  c a s t   s t r i p   ( b a n d  

s t e e l )   h a v i n g   t h e   same  o r   a l m o s t   t h e   same  t h i c k n e s s  

e q u a l   as  t h a t   of  a  h o t   s t r i p ,   by  c o n t i n u o u s   c a s t i n g ,  

s i n c e   t h e   p r o c e s s e s   of  f rom  t h e   c a s t i n g   to  t h e  

w i t h d r a w a l   of  t h e   p r o d u c t   a r e   s i m p l i f i e d ,   t h e   s u r f a c e  

35  p r o p e r t i e s   of  t h e   s t a i n l e s s   s t e e l   p r o d u c t   a r e   e a s i l y  

i n f l u e n c e d   by  t h e   p r o p e r t i e s   of  t h e   c a s t   s t r i p .   N a m e l y ,  

to   o b t a i n   a  p r o d u c t   h a v i n g   e x c e l l e n t   s u r f a c e   p r o p e r t i e s ,  
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i t   i s   n e c e s s a r y   to   o b t a i n   an  e x c e l l e n t   c a s t   s t r i p .  

D i s c l o s u r e   of  t h e   I n v e n t i o n  

U n d e r   t h i s   b a c k g r o u n d ,   an  o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   i s   to   p r o v i d e   a  c o n t i n u o u s   c a s t i n g   p r o c e s s   f o r  

5  t h e   p r o d u c t i o n   of  a  s t a i n l e s s   s t e e l   c a s t   s t r i p   h a v i n g   a  

t h i c k n e s s   of  l e s s   t h a n   10  mm,  in   w h i c h   an  e x c e l l e n t   c a s t  

s t r i p   c a p a b l e   of  p r o v i d i n g   a  p r o d u c t   h a v i n g   e x c e l l e n t  

s u r f a c e   p r o p e r t i e s   and  q u a l i t y   can   be  p r e p a r e d .  

More  s p e c i f i c a l l y ,   t h e   o b j e c t   of  t h e   p r e s e n t  

0  i n v e n t i o n   i s   to   p r o v i d e   a  s i m p l e   p r o c e s s   c a p a b l e   o f  

f o r m i n g   a  C r - N i   t y p e   s t a i n l e s s   s t e e l   s h e e t   w h i c h   d o e s  

n o t   h a v e   an  u n e v e n   g l o s s   and  s u r f a c e   d e f e c t   c a l l e d   a  

" r o p i n g   p h e n o m e n o n "   i n h e r e n t l y   o b s e r v e d   in   s t a i n l e s s  

s t e e l   s h e e t s   p r e p a r e d   by  t h e   t h i n   c o n t i n u o u s   c a s t i n g  

5  a p p a r a t u s   . 
As  t h e   r e s u l t   of  i n v e s t i g a t i o n s   made  i n t o   t h e  

a b o v e - m e n t i o n e d   p r o c e s s   w i t h   a  v i e w   to   e l i m i n a t i n g   t h e  

s u r f a c e   d e f e c t s   f rom  t h e   p r o d u c t ,   t h e   i n v e n t o r s  

s u c c e e d e d   in   p r e v e n t i n g   t h e   o c c u r r e n c e   of  r o p i n g   on  t h e  

>0  s u r f a c e   of  a  p r o d u c t   by  m a k i n g   t h e   a u s t e n i t e   (7)  g r a i n  

s i z e   of  a  c a s t   s t r i p   f i n e r   by  c o n t r o l l i n g   t h e   c o o l i n g   o f  

t h e   s t r i p   c a s t   in   a  h i g h   t e m p e r a t u r e   zone   ( z o n e   o f  

t e m p e r a t u r e   i s   h i g h e r   t h a n   1100  °C)  and  p r e v e n t i n g   t h e  

o c c u r r e n c e   of  an  u n e v e n   g l o s s   by  c o n t r o l l i n g   t h e   c o o l i n g  

55  in   a  low  t e m p e r a t u r e   zone   ( z o n e   of  t e m p e r a t u r e s   of  9 0 0  

to  550°C)   . 
The  i n v e n t o r s   e n g a g e d   in   f u r t h e r   r e s e a r c h   and  f o u n d  

t h a t ,   i f   t h e   a b o v e - m e n t i o n e d   7  g r a i n   s i z e   i s   k e p t   b e l o w  

50  m f   a  h i g h   d e g r e e   of  a  p r e v e n t i o n   of  r o p i n g   can   b e  

30  a t t a i n e d   and  d e v e l o p e d   r a p i d   c o o l i n g   m e t h o d s   f o r   a  

h i g h - t e m p e r a t u r e   c a s t   s t r i p ,   c o l d - r o l l i n g   m e t h o d s ,   a n d  

h o t   r o l l i n g   m e t h o d s   as  t h e   means   f o r   t h e   a b o v e - m e n t i o n e d  

a d j u s t m e n t   of  t h e   7  g r a i n   s i z e .   The  p r e s e n t   i n v e n t i o n  

was  c o m p l e t e d   b a s e d   on  t h e   f o r e g o i n g   f i n d i n g s .  

35  in  a c c o r d a n c e   w i t h   one  a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  p r o c e s s   f o r   t h e  

p r o d u c t i o n   of  a  C r - N i   t y p e   s t a i n l e s s   s t e e l   s h e e t   h a v i n g  
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an  e x c e l l e n t   s u r f a c e   and  c a s t   s t r i p   p r o p e r t y ,   w h i c h  

c o m p r i s e s   c o n t i n u o u s l y   c a s t i n g   a  C r - N i   t y p e   s t a i n l e s s  

s t e e l   r e p r e s e n t e d   by  18%  Cr-8%  Ni  s t e e l   i n t o   a  c a s t  

s t r i p   h a v i n g   a  t h i c k n e s s   s m a l l e r   t h a n   10  mm  a t   a  c o o l i n g  

5  r a t e   of  a t   l e a s t   1 0 0 ° C / s e c   a t   t h e   s o l i d i f i c a t i o n   b y  

u s i n g   a  c o n t i n u o u s   c a s t i n g   m a c h i n e   in   w h i c h   t h e   w a l l  

s u r f a c e   of  a  c a s t i n g   mold   moves   s y n c h r o n o u s l y   w i t h   t h e  

c a s t   s t r i p ,   5 - f e r r i t e   ( S - F e . )   c a l   (%)  d e f i n e d   by  t h e  

f o r m u l a   of  S - F e . c a l   (%)  =  3 ( C r   +  1 . 5 S i   +  Mo  +  Nb  +  T i )   -  

10  2 . 8 ( N i   +  l / 2 M n   +  l / 2 C u )   -  84  (C  +  N)  -  1 9 . 8   (%)  b e i n g  

c o n t r o l l e d   to   -2  to   10%  to  f o r m   a  p r i m a r y   c r y s t a l   of  t h e  

S  p h a s e   a t   t h e   s o l i d i f i c a t i o n ,   l o w e r   t h e   t e m p e r a t u r e   o f  

i n i t i a t i o n   of  c r y s t a l l i z a t i o n   o r   p r e c i p i t a t i o n   of  7 

p h a s e ,   and   d e p r e s s   t h e   g r a i n   g r o w t h   of  7  d u r i n g   a n d  

15  a f t e r   t h e   s o l i d i f i c a t i o n ,   i n i t i a t i n g   c o o l i n g   of  t h e  

o b t a i n e d   c a s t   s t r i p   a t   a  t e m p e r a t u r e   as  h i g h   a s  

p o s s i b l e ,   c o o l i n g   t h e   c a s t   s t r i p   to   1100  °C  a t   a  c o o l i n g  

s p e e d   of  a t   l e a s t   1 0 0 ° C / s e c   w h i l e   p r e v e n t i n g   r e h e a t i n g  

of  t h e   c a s t   s t r i p   to   make  t h e   7  g r a i n s   f i n e r ,   t h e n  

20  c o o l i n g   t h e   c a s t   s t r i p   a t   a  t e m p e r a t u r e   of  f rom  900  t o  

550°C  and   an  a v e r a g e   c o o l i n g   r a t e   of  a t   l e a s t   5 0 ° C / s e c  

to   p r e v e n t   p r e c i p i t a t i o n   of  c a r b i d e s   and  f o r m i n g   t h e  

c a s t   s t r i p   i n t o   a  c o l d - r o l l e d   s h e e t   a c c o r d i n g   t o  

c u s t o m a r y   p r o c e d u r e s   .  In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t  

25  of  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  

p r e p a r a t i o n   p r o c e s s   in   w h i c h   a  h o t - r o l l i n g ,  

c o l d - r o l l i n g ,   or   a n n e a l i n g   p r o c e s s   i s   a d d e d   as  t h e  

a b o v e - m e n t i o n e d   c o o l i n g - c o n t r o l l i n g   m e t h o d s   . 

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

30  d e t a i l .  

The  f o l l o w i n g   e x p e r i m e n t s   w e r e   c o n d u c t e d   t o  

d e t e r m i n e   t h e   s u r f a c e   p r o p e r t i e s   of  p r o d u c t s   . 

A  m o l t e n   s t e e l   c o m p r i s i n g   SUS  304  s t e e l   as  t h e   m a i n  

c o m p o n e n t   was  c a s t   by  a  t w i n - r o l l   ( t w i n - d r u m )   c o n t i n u o u s  

35  c a s t i n g   m a c h i n e   of  t h e   i n t e r n a l   w a t e r - c o o l i n g   t y p e   t o  

f o r m   a  c a s t   s t r i p   h a v i n g   a  t h i c k n e s s   of  2  to  4  mm,  a n d  

t h e   c a s t   s t r i p   was  c o o l e d   and  w o u n d .  
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The  o b t a i n e a   c a s t   s t r i p   [  u u i u   uauu.;   waa  ou.^  j ^ ^ ^  

to   d e s c a l i n g ,   d i r e c t l y   c o l d - r o l l e d ,   f i n a l l y   a n n e a l e d ,  

and   p i c k l e d   to  o b t a i n   a  2B  p r o d u c t .   The  s u r f a c e  

p r o p e r t i e s   of  t h e   o b t a i n e d   p r o d u c t   w e r e   e x a m i n e d   a n d  

5  c o m p a r e d   w i t h   t h o s e   of  a  c o n v e n t i o n a l   p r o d u c t   o b t a i n e d  

by  h e a t i n g   a  s l a b   h a v i n g   a  t h i c k n e s s   l a r g e r   t h a n   100  mm, 

h o t - r o l l i n g   t h e   i n g o t   by  a  h o t   s t r i p   m i l l ,   a n d  

c o l d - r o l l i n g   t h e   h o t - r o l l e d   s t r i p .  

As  a  r e s u l t ,   i t   was  f o u n d   t h a t   t h e r e   is   a  r i s k   o f  

0  t h e   f o r m a t i o n   of  t h e   f o l l o w i n g   s u r f a c e   d e f e c t s   in   t h e   2B 

p r o d u c t   o b t a i n e d   by  c a s t i n g   t h e   m o l t e n   s t e e l   i n t o   a  c a s t  

s t r i p   h a v i n g   a  t h i c k n e s s   of  2  to   4  mm  by  u s i n g   t h e  

t w i n - r o l l   ( t w i n - d r u m )   c o n t i n u o u s   c a s t i n g   m a c h i n e   of  t h e  

i n t e r n a l   w a t e r - c o o l i n g   t y p e ,   c o l d - r o l l i n g   t h e   c a s t  

5  s t r i p ,   and  c a r r y i n g   o u t   f i n a l   a n n e a l i n g   and  p i c k l i n g .  

(1)  R o p i n g   or   o r a n g e   p e e l   ( f i n e   c o n v e x i t i e s   a n d  

c o n c a v i t i e s   a r e   f o r m e d   on  t h e   s u r f a c e   d u r i n g   a  c o l d  

r o l l i n g   or   p r o c e s s i n g   of  t h e   p r o d u c t )  

(2)  U n e v e n   g l o s s   ( u n e v e n   g l o s s   i s   c a u s e d   by  a  

:0  s e n s i t i z a t i o n   of  t h e   m i c r o s t r u c t u r e   of  t h e   c a s t   s t r i p ,  

i n t e r g r a n u l a r   o x i d a t i o n ,   or   c o a r s e n i n g   of  7  g r a i n s  

d u r i n g   a  w i n d i n g   of  t h e   c a s t   s t r i p ,   t h a t   i s ,   t h e   t h i n  

b a n d )  

T h i s   p r o b l e m   in   t h e   s u r f a c e   p r o p e r t i e s   of  t h e  

15  p r o d u c t   i s   n o t   o b s e r v e d   in   t h e   c o n v e n t i o n a l   p r o c e s s   b u t  

i s   i n h e r e n t l y   o b s e r v e d   in   a  p r o c e s s   i n c l u d i n g   t h e   s t e p  

of  d i r e c t l y   o b t a i n i n g   a  c a s t   s t r i p   ( t h i n   b a n d )   b y  

c o n t i n u o u s   c a s t i n g .  

The  i n v e n t o r s   e x a m i n e d   t h e   c a u s e   of  t h i s   p r o b l e m   o f  

3  0  t h e   s u r f a c e   p r o p e r t i e s   of  t h e   p r o d u c t   in   d e t a i l   a n d ,   a s  

a  r e s u l t   f o u n d   t h a t ,   w h e r e   t h e   7  g r a i n   s i z e   of  t h e   c a s t  

s t r i p   b e f o r e   c o l d - r o l l i n g   i s   l a r g e r   or   c o o l i n g   in   t h e   C r  

c a r b i d e - p r e c i p i t a t i n g   t e m p e r a t u r e   r a n g e   i s   i n s u f f i c i e n t ,  

t h e   a b o v e - m e n t i o n e d   s u r f a c e   d e f e c t s   become   p r o m i n e n t .  

35  T h u s ,   i t   has   b e e n   f o u n d   t h a t   to   p r e v e n t   r o p i n g ,   i t  

i s   p r e f e r a b l e   to  make  t h e   7  g r a i n   s i z e   of  t h e   c a s t   s t r i p  

b e f o r e   c o l d - r o l l i n g   f i n e r ,   e s p e c i a l l y   to   a d j u s t   t h i s   7 
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g r a i n   s i z e   a b o v e   No.  6,  t h a t   i s ,   b e l o w   50  pm,  and  t o  

p r e v e n t   u n e v e n   g l o s s ,   i t   i s   p r e f e r a b l e   to   c o n t r o l   t h e  

c o o l i n g   of  t h e   c a s t   s t r i p   in   t h e   low  t e m p e r a t u r e   r a n g e ,  

w h e r e   a  p r o c e s s   i n c l u d i n g   t h e   s t e p   of  d i r e c t l y   o b t a i n i n g  

5  t h e   c a s t   s t r i p   by  c o n t i n u o u s   c a s t i n g   i s   a d o p t e d .  

The  b a s i c   t e c h n i q u e s   f o r   a t t a i n i n g   t h e  

a b o v e - m e n t i o n e d   o b j e c t s   w i l l   now  be  d e s c r i b e d .   T h e  

c o m p o n e n t s   of  t h e   m o l t e n   s t e e l   of  t h e   p r e s e n t   i n v e n t i o n  

a r e   f i r s t   e x p l a i n e d .  

I0  The  c o m p o s i t i o n   of  t h e   m o l t e n   s t e e l   c o m p r i s e s   0 . 0 1  

to  0 .08%  of  C,  0 . 2 5   to   1.50%  of  S i ,   0 . 1 5   to   3.0%  of  Mn,  

0 . 0 1 5   to   0 .040%  of  P,  0 . 0 0 1   to   0 .008%  of  S,  1 6 . 0  

to  28.0%  of   Cr ,   6 .0   to   24.0%  of  N i ,   0 . 0 1 5   to   0.33%  of  N,  

0 . 0 0 1   to   0 .050%  of  Al ,   0 . 0 1   to   3.0%  of  Mo,  0 .01   to   2 . 0 %  

15  of  Cu,  0 . 0 1   to   0.60%  of  T i ,   and  0 . 0 1   to   0.80%  of  N b ,  

w i t h   t h e   b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e   i m p u r i t i e s   . 

A  m o l t e n   s t e e l   h a v i n g   t h e   a b o v e - m e n t i o n e d  

c o m p o s i t i o n   i s   c a s t   i n t o   a  s t r i p ,   t h a t   i s ,   a  c a s t   s t r i p  

h a v i n g   a  t h i c k n e s s   s m a l l e r   t h a n   10  mm,  a t   a  c o o l i n g  

20  •  s p e e d   of  a t   l e a s t   1 0 0 ° C / s e c   by  a  t w i n - r o l l   o r  

s i n g l e - r o l l   c o n t i n u o u s   c a s t i n g   m a c h i n e .   I f   t h e  

t h i c k n e s s   of   t h e   c a s t   s t r i p   e x c e e d s   10  mm,  i t   b e c o m e s  

d i f f i c u l t   to   make  t h e   7  g r a i n s   f i n e r ,   and  b e c o m e s  

d i f f i c u l t   to   o b t a i n   t h e   p r o d u c t   by  a  d i r e c t  

25  c o l d - r o l l i n g .  

As  t h e   means   f o r   m a k i n g   7  g r a i n s   of  t h e   o b t a i n e d  

c a s t   s t r i p   f i n e r ,   a  m e t h o d   i s   a d o p t e d   in   w h i c h   c o o l i n g  

of  t h e   c a s t   s t r i p   i s   i n i t i a t e d   a t   a  t e m p e r a t u r e   as  h i g h  

as  p o s s i b l e   j u s t   b e l o w   t h e   c a s t i n g   m a c h i n e ,   to  p r e v e n t  

30  r e h e a t i n g   of  t h e   c a s t   s t r i p   a t   t h e   o u t l e t   of  t h e  

c o n t i n u o u s   c a s t i n g   m a c h i n e ,   and  c o o l i n g   i s   e f f e c t e d   t o  

1100  °C  w h i l e   m a i n t a i n i n g   t h e   c o o l i n g   r a t e   in   t h e  

7  g r a i n - g r o w i n g   t e m p e r a t u r e   r a n g e   a t   a  l e v e l   of  a t   l e a s t  

1 0 0 ° C / s e c   and   as  h i g h   as  p o s s i b l e ,   w h e r e b y   t h e   g r a i n  

35  g r o w t h   of  7  i s   i n h i b i t e d .  

S e l e c t i o n   of  t h e   a l l o y   c o m p o s i t i o n   b a s e d   on  t h e  

a b o v e - m e n t i o n e d   c o o l i n g   as  t h e   p r e m i s e   i s   i m p o r t a n t .  



F i g u r e   1  i s   a  d i a g r a m   s n o w i n g   t n e   s e u t i u n a i   s u a u c  

3f  t h e   p o r t i o n   c o r r e s p o n d i n g   to   C r e q   +  N i e g   =  30%  in   t h e  

s q u i l i b r i u m   d i a g r a m   of  t h e   F e - C r - N i   t e r n a r y   s y s t e m ,   a s  

i i s c l o s e d   in   ( T r a n s a c t i o n   of  J W R I . ,   V o l .   14,  No.  1 ,  

L985,  p a g e   1 2 5 ) ,   and  C r e q   and  N i e q   a r e   c a l c u l a t e d   f r o m  

:he  c o n t e n t s   of  t h e   c o m p o n e n t s   a c c o r d i n g   to   t h e  

E o l l o w i n g   f o r m u l a e :  

C r e q   = C r   (%)  +  1 .5   x  Si  (%)  +  Mo  (%)  + N b   (%) 

+  Ti  (%) 

N i e q   =  Ni  (%)  +  l / 2 M n   (%)  +  l / 2 C u   (%)  +  30[C  (%) 

+  N  ( % ) ]  

In  t h e   c a s e   ©  Where   C r e q   i s   s m a l l ,   t h e   p r i m a r y  

c r y s t a l   i s   s o l i d i f i e d   a t   7  a t   C r e q   =  17.3%  and  i s  

c o m p l e t e l y   f o r m e d   in   t h e   7  p h a s e .   In  t h i s   c a s e ,   t h e   7 

p h a s e   i s   c r y s t a l l i z e d   a t   a  t e m p e r a t u r e   h i g h e r   t h a n  

L450°C,   j u s t   b e l o w   t h e   l i q u i d u s ,   and   t h e   7  p h a s e   t h e n  

g r o w s .   In  t h e   c a s e   @  w h e r e   C req   i n c r e a s e s   and  i s   1 9 . 5 %  

sr  h i g h e r ,   s o l i d i f i c a t i o n   of  t h e   p r i m a r y   c r y s t a l   i s  

c o m p l e t e d   i n   t h e   6  p h a s e ,   and  p r e c i p i t a t i o n   of  t h e  

r  p h a s e   b e g i n s   a t   a b o u t   1370°C  as  t h e   r e s u l t   of  s o l i d  

p h a s e   r e a c t i o n ,   and  t h e   7  p h a s e   t h e n   g r o w s .   In  t h i s  

z a s e ,   t h e   g r a i n   g r o w t h   of  7  i s   g r e a t l y   c o n t r o l l e d ,  

c o m p a r e d   w i t h   t h e   a b o v e - m e n t i o n e d   c a s e   w h e r e   C req   i s  

s m a l l .   T h i s   can   be  u n d e r s t o o d   f r o m   t h e   f a c t   t h a t   t h e  

g r a i n   g r o w t h   of  7  i s   i n f l u e n c e d   by  t h e   h i g h   t e m p e r a t u r e  

r a n g e   j u s t   a f t e r   s o l i d i f i c a t i o n .   In  t h e   c a s e   w h e r e   C r e q  

is  an  i n t e r m e d i a t e   v a l u e ,   a  p e r i t e c t i c   r e a c t i o n   i s   a d d e d  

and  t h e   s y s t e m   b e c o m e s   c o m p l i c a t e d ,   b u t   in   t h i s   c a s e ,   a  

c o m p o s i t i o n   c a u s i n g   S  s o l i d i f i c a t i o n   i s   a d v a n t a g e o u s   t o  

d e p r e s s   t h e   g r a i n   g r o w t h   of  7.  The  c o m b i n a t i o n   o f  

s e l e c t i o n   of  t h e   c o m p o s i t i o n   r e t a r d i n g   i n i t i a t i o n   o f  

p r e c i p i t a t i o n   of   7  g r a i n s   by  u t i l i z i n g   S  s o l i d i f i c a t i o n  

and  r a p i d   c o o l i n g   in   t h e   h i g h   t e m p e r a t u r e   r a n g e   i s  

e s p e c i a l l y   e f f e c t i v e   f o r   c o n t r o l l i n g   t h e   g r a i n   g r o w t h  

of  7  and  m a k i n g   7  g r a i n s   f i n e r .  

From  t h e   r e s u l t s   of  e x p e r i m e n t s   made  on  v a r i o u s  

c o m p o s i t i o n s ,   i t   was  f o u n d   t h a t   good   e f f e c t s   a r e  
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a t t a i n e d   i f   5 - F e . c a l   (%)  d e f i n e d   by  t h e   f o r m u l a   o f  

5 - F e . c a l   (%)  =  3 ( C r   +  1 . 5 S i   +  Mo  +  Nb  +  Ti )   -  2 . 8 ( N i  

+  l / 2 M n   +  l / 2 C u )   -  84(C  +  N)  -  1 9 . 8   (%)  i s   a d j u s t e d   f r o m  

-2  to   10%.  

5  F i g u r e s   2 ( a ) ,   2 ( b ) ,   and  2 ( c )   a r e   m e t a l l o g r a p h i c  

m i c r o s c o p e   p h o t o s   of  m i c r o s t r u c t u r e   of  c a s t   s t r i p  

o b t a i n e d   by  c a s t i n g   c o m p o s i t i o n s   d i f f e r i n g   i n  

5 - F e . c a l   (%)  i n t o   2-mm  c a s t   s t r i p   and  c o o l i n g   t h e m .   A s  

a p p a r e n t   f rom  t h e   d r a w i n g s ,   when  5 - F e . c a l   (%)  i s   - 2 . 3 % ,  

0  7  s o l i d i f i c a t i o n   i s   c a u s e d   and  7  g r a i n s   g r o w .   W h e r e  

5 - F e . c a l   (%)  i s   - 1 . 1 % ,   5  f e r r i t e   i s   l e f t   and  t h e   s i z e   o f  

5  g r a i n s   i s   r e d u c e d .   When  5 - F e . c a l   (%)  i s   3 . 0 % ,  

5  s o l i d i f i c a t i o n   i s   a p p a r e n t l y   c a u s e d   and  t h e   s i z e   o f  

7  g r a i n s   i s   k e p t   s m a l l .   I f   5 - F e . c a l   (%)  i s   l a r g e r ,   b o t h  

5  of  t h e   s i z e s   of  7  g r a i n s   and  5  g r a i n s   a r e   k e p t   s m a l l .  

N a m e l y ,   t h e   c o m b i n a t i o n   of  t h e   a b o v e - m e n t i o n e d   c o o l i n g  

of  t h e   c a s t   s t r i p   and  s e l e c t i o n   of  t h e   c o m p o s i t i o n   i n  

t h e   C r - N i   s y s t e m   has   l a r g e   i n f l u e n c e s   on  t h e   r e d u c t i o n  

of  t h e   s i z e   of  7  g r a i n s ,   and  i t   i s   v e r y   i m p o r t a n t   t o  

>0  c o n t r o l   5 - F e . c a l   (%)  f r o m   -2  to   10%.  Even  i f  

5 - F e . c a l   (%)  e x c e e d s   10%,  t h e   a b o v e - m e n t i o n e d   e f f e c t  

b e c o m e s   s a t u r a t e d ,   and  t h e   5  p h a s e   i s   l e f t   in   t h e  

p r o d u c t   and  bad  i n f l u e n c e s   a r e   i m p o s e d   on  t h e   p r o d u c t  

q u a l i t y   . 

7  5  The  c a s t   s t r i p   m u s t   be  c o o l e d   in   t h e   t e m p e r a t u r e  

r a n g e   of  900  to  550  °C  a t   an  a v e r a g e   c o o l i n g   r a t e   of  a t  

l e a s t   5 0 ° C / s e c   and  t h e   c a s t   s t r i p   wound  a t   a  t e m p e r a t u r e  

l o w e r   t h a n   6 5 0 ° C .   I f   t h i s   r e q u i r e m e n t   i s   n o t   s a t i s f i e d ,  

c a r b i d e s   a r e   p r e c i p i t a t e d   in   t h e   g r a i n   b o u n d a r y   of  t h e  

3Q  c a s t   s t r i p   and  i n t e r g r a n u l a r   c o r r o s i o n   i s   c a u s e d   a t   t h e  

p r o c e s s   of  p i c k l i n g   t h e   c a s t   s t r i p ,   r e s u l t i n g   i n  

d e g r a d a t i o n   of  t h e   g l o s s   of  t h e   f i n a l   p r o d u c t .  

By  d e p r e s s i n g   t h e   g r a i n   g r o w t h   of  7  in   t h e   c a s t  

s t r i p   and  p r e v e n t i n g   p r e c i p i t a t i o n   of  c a r b i d e s   in   t h e  

35  g r a i n   b o u n d a r y   by  t h e   a b o v e - m e n t i o n e d   m e t h o d s ,  

o c c u r r e n c e   of  r o p i n g   and  u n e v e n   g l o s s   on  t h e   s u r f a c e   o f  

t h e   s t a i n l e s s   s t e e l   can   be  p r e v e n t e d .  
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The  a b o v e - m e n t i o n e d   b a s i c   t e c h n i q u e   i s   v e r y  

e f f e c t i v e   f o r   m a k i n g   7  g r a i n   f i n e r ,   and  to  r e d u c e   t h e  

a v e r a g e   g r a i n   s i z e   of  7  g r a i n s   b e l o w   50  mt  an  a d d i t i o n  

of  t h e   f o l l o w i n g   means   i s   e s p e c i a l l y   e f f e c t i v e .  

5  (1)  R e d u c t i o n   of  t h e   s i z e   of  7  g r a i n s   of  t h e   c a s t  

s t r i p   p e r   s e .  

(2)  R e c r y s t a l l i z a t i o n   f o r   r e d u c t i o n   of  t h e   s i z e   o f  

t h e   7  g r a i n s   by  h o t - w o r k i n g   t h e   c a s t   s t r i p   s u b s e q u e n t l y  

to   c a s t i n g .  

0  (3)  R e c r y s t a l l i z a t i o n   f o r   r e d u c t i o n   of  t h e   s i z e   o f  

t h e   7  g r a i n s   by  c o l d - w o r k i n g   and   a n n e a l i n g   of  t h e   c a s t  

s t r i p   . 
I t   was  f o u n d   t h a t   e v e n   t h o u g h   a  h i g h   e f f e c t   i s  

a t t a i n e d   i f   one  of  t h e   f o r e g o i n g   means   (  1  )  ,  (  2  )  ,  and  (  3  ) 

5  i s   a d o p t e d ,   an  e s p e c i a l l y   h i g h   e f f e c t   can   be  a t t a i n e d   i f  

two  or   more   of  t h e   a b o v e - m e n t i o n e d   means   ( 1 ) ,   ( 2 ) ,  

and   (3)  a r e   a d o p t e d   in   c o m b i n a t i o n .   The  p r e s e n t  

i n v e n t i o n   was  c o m p l e t e d   b a s e d   on  t h i s   f i n d i n g .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

IQ  F i g u r e   1  i s   a  s e c t i o n a l   s t a t e   d i a g r a m   of  t h e  

p o r t i o n   c o r r e s p o n d i n g   to   C r e q   +  N i e q   =  30%  in   t h e  

e q u i l i b r i u m   s t a g e   d i a g r a m   of  t h e   F e - C r - N i   t e r n a r y  

s y s t e m .  

F i g u r e   2 ( a ) ,   2 (b )   and  2(C)   a r e   m e t a l l o g r a p h i c a l  

25  m i c r o s c o p e   p h o t o g r a p h s   s h o w i n g   t h e   m i c r o s t r u c t u r e s   o f  

c a s t   s t r i p s   h a v i n g   a  t h i c k n e s s   of  2  mm,  w h i c h   a r e  

o b t a i n e d   by  c o n t i n u o u s   c a s t i n g   of  m o l t e n   s t e e l s  

d i f f e r i n g   i n   5 - F e . c a l   ( % ) .  

F i g u r e   3  i s   a  d i a g r a m   i l l u s t r a t i n g   t h e   r e l a t i o n  

30  b e t w e e n   t h e   s t r a i n   l o a d   j u s t   b e l o w   t h e   m e l t i n g   p o i n t   a n d  

o c c u r r e n c e   of  c r a c k i n g   in   SUS  304  s t e e l .  

F i g u r e   4  i s   a  d i a g r a m   i l l u s t r a t i n g   t h e   r e l a t i o n  

b e t w e e n   t h e   t e m p e r a t u r e   of  t h e   c a s t   s t r i p   and  t h e   t i m e ,  

o b s e r v e d   when  a  c a s t   s t r i p   of  C r - N i   t y p e   s t a i n l e s s   s t e e l  

35  i s   f o r m e d   s t e e l   by  a  t w i n - r o l l   c o n t i n u o u s   c a s t i n g  

m a c h i n e   (o f   t h e   w a t e r - c o o l i n g   t y p e ) .  

F i g u r e   5  i s   d i a g r a m   i l l u s t r a t i n g   i n f l u e n c e s   of  t h e  
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t h i c k n e s s   r e d u c t i o n   r a t i o   a d o p t e d   when  a  c a s t   s t r i p  

o b t a i n e d   by  c a r r y i n g   o u t   c a s t i n g   a t   ^ F e . c a l   (%)  o f  

a b o u t   1%  and   t h e n   c a r r y i n g   o u t   c o o l i n g   i s   h o t - r o l l e d   a t  

1100  °C  and  t h e   r e d u c t i o n   a d o p t e d   a t   t h e   s u b s e q u e n t  

5  d e s c a l i n g   c o l d - r o l l i n g   on  t h e   r o p i n g   h e i g h t   on  t h e  

s u r f a c e   of   t h e   f i n a l   p r o d u c t .  

F i g u r e   6  i s   a  d i a g r a m   i l l u s t r a t i n g   t h e   r e l a t i o n  

b e t w e e n   t h e   r e d u c t i o n   a d o p t e d   when   p r e l i m i n a r y  

c o l d - r o l l i n g   ( c o l d - w o r k i n g )   of  a  c a s t   s t r i p   ( t h i n   b a n d )  

0  u n d e r   a p p l i c a t i o n   of  a  v a r i a b l e   t h i c k n e s s   r e d u c t i o n  

r a t i o   i s   c a r r i e d   o u t   i n   t h e   p r o c e s s   of  t h e   p r e s e n t  

i n v e n t i o n ,   a n n e a l i n g   i s   c a r r i e d   o u t   a t   108  0°C  f o r   a  

s h o r t   t i m e   to   e f f e c t   r e c r y s t a l l i z a t i o n ,   and  c o l d - r o l l i n g  

( m a i n   c o l d - r o l l i n g )   to   t h e   f i n a l   p r o d u c t   t h i c k n e s s   i s  

i5  c a r r i e d   o u t ,   and  t h e   r o p i n g   h e i g h t   on  t h e   s u r f a c e   of  t h e  

f i n a l   p r o d u c t .  

B e s t   Mode  of  C a r r y i n g   Out  t h e   I n v e n t i o n  

S p e c i f i c   means   f o r   a d j u s t i n g   t h e   a v e r a g e   g r a i n   s i z e  

of  r  of  t h e   c a s t   s t r i p   b e l o w   50  m ,   w h i c h   a r e   a d a p t e d   i n  

20  a d d i t i o n   to   t h e   a b o v e - m e n t i o n e d   b a s i c   t e c h n i q u e ,   w i l l  

now  be  e x p l a i n e d .  

(1)  M e t h o d   of  r e d u c i n g   t h e   s i z e   of  7  g r a i n s   of  t h e  

c a s t   s t r i p   p e r   s e  

In  t h e   m e t h o d   of  r e d u c i n g   t h e   s i z e   of  7  g r a i n s  

25  of  t h e   c a s t   s t r i p   by  t h e   t w i n - r o l l   or   s i n g l e - r o l l  

c o n t i n u o u s   c a s t i n g ,   in   o r d e r   to   r e d u c e   t h e   s i z e   o f  

7  g r a i n s   a t   t h e   t i m e   of  s o l i d i f i c a t i o n   and  c o n t r o l   t h e  

s u b s e q u e n t   g r a i n   g r o w t h   of  7,  t h e   c o o l i n g   m u s t   b e  

s t a r t e d   a t   a  h i g h   t e m p e r a t u r e .  

30  in   t h e   c a s t   s t r i p   by  t h e   a b o v e - m e n t i o n e d  

m e t h o d ,   7  g r a i n s   a b r u p t l y   g row  a f t e r   t h e   s o l i d i f i c a t i o n .  

A c c o r d i n g l y ,   i n   o r d e r   to   d e p r e s s   t h e   a v e r a g e   g r a i n   s i z e  

of  7  b e l o w   50  m,   i t   i s   n e c e s s a r y   t h a t   c o o l i n g   s h o u l d   b e  

s t a r t e d   j u s t   a f t e r   c o m p l e t i o n   of   t h e   s o l i d i f i c a t i o n ,  

3  5  r e h e a t i n g   of  t h e   c a s t   s t r i p   a t   t h e   o u t l e t   of  t h e   c a s t i n g  

m a c h i n e   s h o u l d   be  i n h i b i t e d ,   and   r a p i d   c o o l i n g   s h o u l d   b e  

c a r r i e d   o u t   in   t h e   7  g r a i n   g r o w i n g   r a n g e   of  t e m p e r a t u r e s  
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of  up  to   12UU  C  ana   m a t   t n e   a v e r a g e   c u u i m y   j.au<=  lau j . -my 

t h i s   r a p i d   c o o l i n g   s h o u l d   be  a d j u s t e d   to  a  l e v e l   of  a t  

l e a s t   2 0 0 ° C / s e c .  

In  t h e   a b o v e - m e n t i o n e d   m e t h o d ,   c o o l i n g   of  t h e  

5  c a s t   s t r i p   j u s t   a f t e r   t h e   s o l i d i f i c a t i o n ,   e s p e c i a l l y  

u n i f o r m   c o o l i n g ,   i s   i m p o r t a n t .   In  t h e   s t r i p   c a s t i n g   o f  

t h e   C r - N i   s y s t e m ,   e m b r i t t l e m e n t   of   t h e   c a s t   s t r i p   a t   t h e  

t i m e   of  s o l i d i f i c a t i o n   i s   a n o t h e r   p r o b l e m .   From  t h e  

r e s u l t s   of  e x p e r i m e n t s   i t   was  f o u n d   t h a t ,   in   t h e  

0  1 8 C r - 8 N i   s y s t e m ,   h i g h - t e m p e r a t u r e   e m b r i t t l e m e n t   i s  

e s p e c i a l l y   l a r g e   a t   a  t e m p e r a t u r e   l o w e r   by  a b o u t   50  °C 

t h a n   t h e   s o l i d i f i c a t i o n   p o i n t ,   and   t h a t ,   f o r   e x a m p l e ,   i n  

c a s e   of  1 8 C r - 8 N i   a l l o y ,   i f   t h e   t e m p e r a t u r e   i s   l o w e r   t h a n  

1 3 9 0 ° C   in   t h e   c e n t r a l   p o r t i o n   of  t h e   c a s t   s t r i p ,   t h e  

5  h i g h - t e m p e r a t u r e   d u c t i l i t y   of  t h e   a l l o y   i s   h i g h l y  

r e s t o r e d   ( F i g .   3 ) .   A c c o r d i n g l y ,   a t   l o w e r   t e m p e r a t u r e s ,  

a  m e t h o d   i s   a d v a n t a g e o u s l y   a d o p t e d   i n   w h i c h   a  r o l l   o f  

t h e   i n t e r n a l   c o o l i n g   t y p e   i s   u s e d   and  r o l l   c o o l i n g   i s  

c a r r i e d   o u t   a t   a  c e r t a i n   r e d u c t i o n   f o r   e x a m p l e ,   a  

!0  r e d u c t i o n   l o w e r   t h a n   5%.  By  u s i n g   a  p a i r   or   a  p l u r a l i t y  

of  p a i r s   of  r o l l s   f o r   t h e   r o l l   c o o l i n g ,   i t   i s   p o s s i b l e  

to   p e r f o r m   t h e   c o o l i n g   e f f e c t i v e l y   w h i l e   p r e v e n t i n g  

r e h e a t i n g ,   and  t h e   c o o l i n g   can   be  e f f e c t e d   to   1200  °C  a t  

an  a v e r a g e   c o o l i n g   s p e e d   of  a t   l e a s t   2 0 0 ° C / s e c .   O f  

IS  c o u r s e ,   u n i f o r m   c o o l i n g   can  be  e f f e c t i v e l y   a c c o m p l i s h e d  

by  t h e   c o m b i n a t i o n   of  t h i s   r o l l   c o o l i n g   w i t h   gas   c o o l i n g  

u n d e r   a  h i g h   p r e s s u r e   w i t h   a i r   o r   n i t r o g e n   or   m i s t  

c o o l i n g   u s i n g   a  s m a l l   a m o u n t   of  a  l i q u i d   i n c o r p o r a t e d   i n  

s u c h   as  g a s .   Of  c o u r s e ,   t h e s e   c o o l i n g   m e t h o d s   can   b e  

3  0  a d o p t e d   s i n g l y .  

(2)  M e t h o d   in   w h i c h   t h e   c a s t   s t r i p   i s   h o t -  

p r o c e s s e d   s u b s e q u e n t l y   to   c a s t i n g   to   r e d u c e  

t h e   p a r t i c l e   s i z e   by  r e c r y s t a l l i z a t i o n  

A c c o r d i n g   to  t h i s   m e t h o d ,   t h e   a s - c a s t   s t r i p   i s  

35  s u b j e c t e d   to   h o t - p r o c e s s i n g   to   a d v a n c e   r e c r y s t a l l i z a t i o n  

and   r e d u c e   t h e   s i z e   of  i  g r a i n s .   N a m e l y ,   t h e   c a s t   s t r i p  

i s   r a p i d l y   c o o l e d   f rom  t h e   h i g h - t e m p e r a t u r e   r a n g e   j u s t  
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b e l o w   t h e   c a s t i n g   m a c h i n e   to   d e p r e s s   t h e   g r a i n   g r o w t h   o f  

7  in   t h e   c a s t   s t r i p ,   and  t h e n ,   h o t - r o l l i n g   i s   c a r r i e d  

o u t   to   o b t a i n   f i n e r   7  g r a i n s   . 

F i g u r e   4  shows   t h e   t e m p e r a t u r e   h i s t o r y   of  t h e  

5  c a s t   s t r i p   f o r m e d   by  c o n t i n u o u s l y   c a s t i n g   a  m o l t e n   s t e e l  

by  t h e   t w i n - r o l l   m e t h o d   and  w i n d i n g   t h e   c a s t   s t r i p .  

In  t h e   c a s e   (3)  shown  in   F i g .   4,  t h e   c a s t  

s t r i p   i s   c a s t   and  i s   t h e n   a i r - c o o l e d .   A l t h o u g h   t h e   c a s t  

s t r i p   i s   r a p i d l y   c o o l e d   by  a  c a s t i n g   drum  in   a  c a s t i n g  

10  m a c h i n e ,   t h e   c a s t   s t r i p   i s   r e h e a t e d   a f t e r   t h e   o u t l e t   o f  

t h e   c a s i n g   m a c h i n e ,   and   t h e r e f o r e ,   c o o l i n g   i s   s l o w e r  

t h a n   i n   t h e   c a s e   w h e r e   c o o l i n g   i s   s t a r t e d   j u s t   b e l o w   t h e  

drum  and   "if  t h e   c a s t   s t r i p   i s   d i r e c t l y   w o u n d ,   t h e   g r a i n  

g r o w t h   of  7  i s   a d v a n c e d   d u r i n g   c o o l i n g   a f t e r   w i n d i n g ,  

I  5  w i t h   t h e   r e s u l t   t h a t   p r o b l e m s   c o n c e r n i n g   t h e   s u r f a c e  

p r o p e r t i e s ,   s u c h   as  r o p i n g ,   s e n s i t i z a t i o n   by  p r e c i p i -  

t a t i o n   of  Cr  c a r b i d e ,   and   u n e v e n   g l o s s   a r i s e .  

In  t h e   c a s e   (1)  shown  i n   F i g .   4,  h o t - r o l l i n g  

i s   c a r r i e d   o u t   a f t e r   c a s t i n g   to   c a u s e   r e c r y s t a l l i z a t i o n  

20  in   t h e   c a s t   s t r i p   and   make  7  g r a i n s   f i n e r ,   and  a f t e r  

h o t - r o l l i n g ,   s e n s i t i z a t i o n   by  p r e c i p i t a t i o n   of  C r  

c a r b i d e   i s   p r e v e n t e d   by  r a p i d   c o o l i n g .  

In  t h e   c a s e   (2)  shown  in   F i g .   4,  to   r e d u c e   t h e  

g r a i n   s i z e   of  t h e   c a s t   s t r i p   g r e a t e r   t h a n   in   t h e  

25  c a s e   ( 1 ) ,   r a p i d   c o o l i n g   i s   c a r r i e d   o u t   a f t e r   c a s t i n g   a n d  

h o t - w o r k i n g   i s   t h e n   c a r r i e d   o u t .   I f   h o t - r o l l i n g   i s  

a d d e d ,   t h e   7  g r a i n s   b e c o m e   f i n e r   t h a n   in   t h e   c a s e   ( 1 ) ,  

and  t h e r e f o r e ,   v e r y   f i n e   7  g r a i n s   can   be  o b t a i n e d .  

A f t e r   t h e   h o t - r o l l i n g ,   r a p i d   c o o l i n g   i s   c a r r i e d   o u t   f o r  

30  p r e v e n t i n g   s e n s i t i z a t i o n   by  p r e c i p i t a t i o n   of  Cr  c a r b i d e .  

I n f l u e n c e s   of  t h e   r e d u c t i o n   a t   t h e   h o t - r o l l i n g  

in   t h i s   m e t h o d   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F i g .   5 .  

F i g u r e   5  i l l u s t r a t e s   i n f l u e n c e s   of  t h e  

35  r e d u c t i o n   on  t h e   r o p i n g   h e i g h t   i n   t h e   c o l d - r o l l e d   s h e e t ,  

o b s e r v e d   when  a  c o o l e d   c a s t   s t r i p   h a v i n g   5 - F e . c a l   (%) 

a d j u s t e d   to   a b o u t   1%  i s   h o t - r o l l e d   a t   1100  ° C .  
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From  F i g .   5  i t   i s   s e e n   t h a t   t h e   e f f e c t   by  t h e  

h o t - r o l l i n g   i s   s a t i s f a c t o r y   i f   t h e   r e d u c t i o n   i s   h i g h  

t h a n   20%,  and  i f   t h e   r e d u c t i o n   i s   h i g h e r   t h a n   30%,  t h e  

r o p i n g   h e i g h t   of  t h e   p r o d u c t   i s   r e d u c e d   and  no  s u r f a c e  

5  u n d u l a t i o n   i s   f o u n d .  

If   t h e   r e d u c t i o n   a t   t h e   h o t - r o l l i n g   i s   h i g h e r  

t h a n   20%,  r e c r y s t a l l i z a t i o n   i s   c a u s e d   in   t h e   c e n t e r   o f  

t h e   c a s t   s t r i p   and  i f   t h e   r e d u c t i o n   i s   h i g h e r   t h a n   3 0 % ,  

t h e   e n t i r e   s u r f a c e   i s   s u b s t a n t i a l l y   r e c r y s t a l l i z e d .  

0  T h u s ,   t h e   a v e r a g e   g r a i n   s i z e   of  t h e   7  g r a i n s   i s   r e d u c e d  

b e l o w   50  Am. 

In  t h e   c a s e   w h e r e   5 - F e . c a l   (%)  i s   a d j u s t e d   t o  

a b o u t   3%,  i f   t h e   c a s t   s t r i p   i s   c o o l e d   j u s t   b e l o w   t w i n  

r o l l s   ( c o o l i n g   d r u m s )   and   h o t - r o l l i n g   i s   c a r r i e d   o u t  

5  w i t h   a  t e m p e r a t u r e   d i f f e r e n c e   b e t w e e n   t h e   s u r f a c e   l a y e r  

of  t h e   c a s t   s t r i p   and  t h e   c e n t e r   of  t h e   c a s t   s t r i p ,   a  

good   r o p i n g - p r e v e n t i n g   e f f e c t   can   be  a t t a i n e d   e v e n   i f  

t h e   r e d u c t i o n   i s   a b o u t   10%.  I t   i s   s e e n   t h a t   t h e   v o l u m e  

f r a c t i o n   of  5-Fe.   i s   l a r g e r   and   t h e   e f f e c t   of  c o o l i n g  

10  t h e   c a s t   s t r i p   j u s t   b e l o w   t w i n   r o l l s   ( c o o l i n g   d r u m s )   i s  

h i g h .  

H o t - r o l l i n g   i s   c a r r i e d   o u t   in   t h e   r e g i o n   w h e r e  

t h e   s u r f a c e   t e m p e r a t u r e   of  t h e   c a s t   s t r i p   i s   h i g h e r   t h a n  

9 0 0 ° C ,   and  r e c r y s t a l l i z a t i o n   in   t h e   c e n t e r   of  t h e   c a s t  

25  s t r i p   i s   p r o m o t e d   by  t h i s   h o t - r o l l i n g .   E s p e c i a l l y ,   i t  

i s   s u f f i c i e n t   i f   t h e   c a s t   s t r i p   i s   s u b j e c t e d   t o  

h o t - r o l l i n g   a t   a  r e d u c t i o n   of  up  to   60%  w h i l e   t h e  

i n t e r i o r   of  t h e   c a s t   s t r i p   i s   s t i l l   i n   t h e  

h i g h - t e m p e r a t u r e   r e g i o n   ( w i t h i n   10  s e c o n d s   a f t e r   t h e  

30  c a s t i n g ) .   I f   t h e   r e d u c t i o n   e x c e e d s   60%,  t h e   e f f e c t   i s  

s a t u r a t e d .   I f   h o t - r o l l i n g   i s   s t a r t e d   a f t e r   t h e   e l a p s e  

of   more   t h a n   10  s e c o n d s   f rom  t h e   p o i n t   of  t e r m i n a t i o n   o f  

t h e   c a s t i n g ,   t h e   t e m p e r a t u r e   d i f f e r e n c e   b e t w e e n   t h e  

s u r f a c e   l a y e r   p o r t i o n   of  t h e   c a s t   s t r i p   and  t h e   i n t e r i o r  

35  of  t h e   c a s t   s t r i p   b e c o m e s   s m a l l   and  t h e   e f f e c t   of  m a k i n g  

7  g r a i n s   f i n e r   i s   r e d u c e d .  

I f   h o t - w o r k i n g   i s   c a r r i e d   o u t ,   i t   s o m e t i m e s  



tP  0  j/b  7ua  A1 

-  14  -  

h a p p e n s   t h a t   r e c r y s t a l l i z a t i o n   i s   n o t   s u f f i c i e n t l y  

c a u s e d   b u t   a  w o r k e d   m i c r o s t r u c t u r e   i s   p a r t i a l l y   l e f t .  

I t   was  f o u n d   t h a t   in   t h i s   c a s e ,   i f   t h e   h o t - r o l l e d   s h e e t  

i s   a n n e a l e d   to   e f f e c t   r e c r y s t a l l i z a t i o n ,   a  p r o d u c t  

5  h a v i n g   e x c e l l e n t   s u r f a c e   p r o p e r t i e s   can   be  o b t a i n e d .  

A n n e a l i n g   of  t h e   h o t - r o l l e d   s h e e t   i s   c a r r i e d  

o u t   a t   a  t e m p e r a t u r e   h i g h e r   t h a n   950°C  to  a d v a n c e  

r e c r y s t a l l i z a t i o n .   E s p e c i a l l y ,   a n n e a l i n g   i s   c o n d u c t e d  

w h i l e   c o n t r o l l i n g   t h e   t e m p e r a t u r e   and  t i m e   so  t h a t   t h e  

10  a v e r a g e   g r a i n   s i z e   of  7  d o e s   n o t   e x c e e d   50  m.   D u r i n g  

t h e   a n n e a l i n g ,   t h e   a m o u n t   of  S-Fe  i s   r e d u c e d   as  c o m p a r e d  

w i t h   t h e   a m o u n t   of  S-Fe  a t   t h e   s t a g e   of  t h e   c a s t   s t r i p ,  

and  p r e c i p i t a t i o n   of  Cr  c a r b i d e   i n   t h e   Sh  i n t e r f a c e   i s  

d e l a y e d   and   h e n c e ,   i t   i s   p e r m i s s i b l e   to   a d o p t   a  l o w e r  

1  5  c o o l i n g   r a t e   t h a n   t h e   c o o l i n g   r a t e   a d o p t e d   f o r   c o o l i n g  

t h e   c a s t   s t r i p   or   h o t - r o l l e d   s h e e t .   A c c o r d i n g l y ,   t h e  

c o o l i n g   r a t e   a f t e r   a n n e a l i n g   i s   a d j u s t e d   to   a t   l e a s t  

1 0 ° C / s e c   i n   t h e   Cr  c a r b i d e - p r e c i p i t a t i n g   r e g i o n .  

(3)  M e t h o d   f o r   c o l d - r o l l i n g   and  a n n e a l i n g   t h e   c a s t  

2Q  s t r i p   to  e f f e c t   r e c r y s t a l l i z a t i o n   and  r e d u c e  

t h e   g r a i n   s i z e  

A c c o r d i n g   to   t h i s   m e t h o d ,   c o o l i n g   of  t h e   c a s t  

s t r i p   o b t a i n e d   by  t h e   a b o v e - m e n t i o n e d   c o n t i n u o u s   c a s t i n g  

m a c h i n e   of  t h e   t w i n - r o l l   t y p e   i s   s t a r t e d   j u s t   b e l o w   t h e  

25  c a s t i n g   m a c h i n e   a t   a  t e m p e r a t u r e   as  h i g h   as  p o s s i b l e ,  

and  c o o l i n g   to   1100  °C  i s   c o n d u c t e d   a t   a  c o o l i n g   r a t e   o f  

a t   l e a s t   1 0 0 ° C / s e c   to   i n h i b i t   t h e   g r a i n   g r o w t h   of  7. 

T h e n ,   c o o l i n g   i s   c o n d u c t e d   a t   a  c o o l i n g   r a t e   of  a t   l e a s t  

5 0 ° C / s e c   i n   t h e   t e m p e r a t u r e   ■  r a n g e   of  900  to  550°C  a n d  

3  0  t h e   c a s t   s t r i p   i s   wound  in   t h e   r e g i o n   of  t e m p e r a t u r e   s  

l o w e r   t h a n   650°C .   The  o b t a i n e d   c a s t   s t r i p   i s   s u b j e c t e d  

to  p r e l i m i n a r y   c o l d - w o r k i n g   s u c h   as  c o l d - r o l l i n g ,   a n d  

t h e n   s u b j e c t e d   to   h i g h - t e m p e r a t u r e   s h o r t - t i m e   a n n e a l i n g  

to  e f f e c t   r e c r y s t a l l i z a t i o n   in   t h e   c a s t   s t r i p .  

3  5  C a s t   s t r i p s   w e r e   s u b j e c t e d   to   p r e l i m i n a r y   c o l d  

r o l l i n g   and   t h e n   to   s h o r t -   t i m e   a n n e a l i n g   a t   1080  °C,  a n d  

c o l d - r o l l i n g   (ma in   c o l d - r o l l i n g )   to   t h e   f i n a l   s h e e t  
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t h i c k n e s s   was  c a r r i e d   o u t .   The  r e l a t i o n s h i p   b e t w e e n   t h e  

r e d u c t i o n   and   t h e   r o p i n g   h e i g h t   in   t h e   p r o d u c t   i s   s h o w n  

in   F i g .   6,  r e l a t i v e   to   t h e   r e d u c t i o n   a t   t h e   p r e l i m i n a r y  

c o l d - r o l l i n g .  
5  Where   7  g r a i n s   of  t h e   c a s t   s t r i p   a r e   f i n e ,  

when  a  c a s t   s t r i p   h a v i n g   a  t h i c k n e s s   o f ,   f o r   e x a m p l e ,  

2  mm  i s   p r e p a r e d   by  c o n t i n u o u s   c a s t i n g   and  c o o l i n g   o f  

t h e   c a s t   s t r i p   j u s t   b e l o w   t h e   c a s t i n g   m a c h i n e   in   t h e  

t e m p e r a t u r e   r e g i o n   of  1300  to  1 1 0 0 ° C   i s   c a r r i e d   o u t   a t  

0  s u c h   a  h i g h   c o o l i n g   r a t e   as  a t   l e a s t   1 0 0 ° C / s e c ,  

r e c r y s t a l l i z a t i o n   i s   s u f f i c i e n t l y   a d v a n c e d   e v e n   i f   t h e  

r e d u c t i o n   a t   t h e   p r e l i m i n a r y   c o l d - r o l l i n g   i s   a t   s u c h   a  

low  l e v e l   as  a t   l e a s t   10%,  and  t h e   a v e r a g e   g r a i n   s i z e   o f  

7  can  be  r e d u c e d   b e l o w   50  m  and  t h e   r o p i n g   h e i g h t   i n  

5  t h e   p r o d u c t   can   be  r e d u c e d .  

As  p o i n t e d   o u t   h e r e i n b e f o r e ,   i f   c o o l i n g   of  t h e  

c a s t   s t r i p   j u s t   b e l o w   t h e   c a s t i n g   m a c h i n e   in   t h e  

t e m p e r a t u r e   r e g i o n   of  1300  to   1100  °C  i s   c a r r i e d   o u t   a t   a  

h i g h   c o o l i n g   r a t e   of  a t   l e a s t   1 0 0 ° C / s e c ,  

20  r e c r y s t a l l i z a t i o n   can  be  a c c o m p l i s h e d   e v e n   when  t h e  

r e d u c t i o n   a t   t h e   p r e l i m i n a r y   c o l d   w o r k i n g   ( c o l d - r o l l i n g  

or   t h e   l i k e )   i s   low  and  t h e   a v e r a g e   g r a i n   s i z e   of  7 

a f t e r   t h e   r e c r y s t a l l i z a t i o n   can   be  r e d u c e d   b e l o w   50  ixa. 

A c c o r d i n g l y ,   o c c u r r e n c e   of  r o p i n g   in   t h e   p r o d u c t   can  b e  

25  r e d u c e d   and   a  p r o d u c t   h a v i n g   no  u n e v e n   g l o s s   a n d  

e x c e l l e n t   s u r f a c e   p r o p e r t i e s   can   be  o b t a i n e d .  

I f   5 - F e . c a l   (%)  in  t h e   c o m p o s i t i o n   of  t h e   c a s t  

s t r i p   i s   a d j u s t e d   f rom  -2  to  10%,  7  g r a i n s   can   e a s i l y   b e  

made  f i n e r   c o j o i n t l y   w i t h   c o o l i n g   i n   t h e   h i g h -  

30  t e m p e r a t u r e   r e g i o n .  

The  e f f e c t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   n o w  

be  d e s c r i b e d   in   d e t a i l   w i t h   r e f e r e n c e   to   t h e   f o l l o w i n g  

e x a m p l e s   . 
E x a m p l e s  

35  E x a m p l e   1 

S t a i n l e s s   s t e e l s   c o m p o s e d   m a i n l y   of  t h e   1 8 C r - 8 N i  

s y s t e m ,   in   w h i c h   t h e   a m o u n t   of  Ni  was  m a i n l y   c h a n g e d ,  
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we re   m e l t e d   and  c a s t   i n t o   i n g o t   h a v i n g   a  t h i c k n e s s   of  1 

to  7 .5   mm  by  u s i n g   a  t w i n - r o l l   c a s t i n g   m a c h i n e   of  t h e  

i n t e r n a l   w a t e r - c o o l i n g   t y p e .   The  c o m p o s i t i o n s   of  t h e  

s t a i n l e s s   s t e e l s   w e r e   as  shown  in   T a b l e   1,  a n d  

5  5 - F e . c a l   (%)  was  c h a n g e d   in   t h e   r a n g e   of  f rom  - 3 . 6  

to  7 . 8 % .  

On  t h e   o u t l e t   s i d e   of  t h e   c a s t i n g   m a c h i n e ,   c o o l i n g  

m e t h o d s   f o r   b l o w i n g   h i g h - p r e s s u r e   n i t r o g e n   gas   w a s  

d i s p o s e d ,   and   c o o l i n g   m e t h o d s   i n c l u d i n g   a  r o l l   of  t h e  

10  i n t e r n a l   c o o l i n g   t y p e   .was,  s u b s e q u e n t l y   a r r a n g e d .   B y  

u s i n g   t h e s e   c o o l i n g   m e t h o d s ,   t h e   c a s t   s t r i p s   w e r e   c o o l e d  

w h i l e   p r e v e n t i n g   r e h e a t i n g .   In  some  r u n s ,   m i s t   c o o l i n g  

m e t h o d s   was  a r r a n g e d   a f t e r   t h e   r o l l - c o o l i n g   m e t h o d s   . 

The  . a v e r a g e   c o o l i n g   r a t e   to   1200°C-  was  a d j u s t e d   to   4 0 0  

15  to  2 2 0 ° C / s e c   a c c o r d i n g   to   t h e   t h i c k n e s s   of  t h e   c a s t  

s t r i p ,   t h a t   i s ,   t h e   c a s t i n g   r a t e .   T h e n ,   w a t e r   c o o l i n g  

was  c a r r i e d   o u t   in   t h e   t e m p e r a t u r e   r e g i o n   of  900  t o  

550  °C  a t   a  c o o l i n g   r a t e   of  a t   l e a s t   5 0 ° C / s e c ,   f o l l o w e d  

by  w i n d i n g .  

20  From  t h e   r e s u l t s   of  t h e   o b s e r v a t i o n   of  t e x t u r e s   o f  

t h e   o b t a i n e d   c a s t   s t r i p s ,   as  shown  in   T a b l e   2,  i t   w a s  

f o u n d   t h a t   when  5 - F e . c a l   (%)  was  l o w e r   t h a n   a b o u t   1%, 

d i a m e t e r s   of  7  g r a i n s   c o u l d   be  r e c o g n i z e d   and  t h e  

a v e r a g e   g r a i n   s i z e   of  7  c a s t   s t r i p s   was  a b o u t   30  t o  

25  a b o u t   40  m.   H o w e v e r ,   in   t h e   i n g o t s   w h e r e   5 - F e . c a l   (%) 

was  h i g h e r   t h a n   2%,  t h e   5-Fe .   p h a s e   was  f i n e ,   t h e  

7  g r a i n   b o u n d a r y   c o u l d   n o t   be  r e c o g n i z e d ,   and  7  g r a i n s  

l o c a l l y   o b s e r v e d   w e r e   v e r y   f i n e   and  t h e   g r a i n   s i z e   w a s  

s m a l l e r   t h a n   20  /m.  When  t h e s e   c a s t   s t r i p s   w e r e  

3  0  d i r e c t l y   c o l d - r o l l e d ,   o c c u r r e n c e   of  r o p i n g   was  n o t  

o b s e r v e d   on  t h e   s u r f a c e ,   and  t h e   s u r f a c e   p r o p e r t i e s   w e r e  

g o o d .   On  t h e   o t h e r   h a n d ,   in   c o m p a r a t i v e   s t e e l s ,  

5 - F e . c a l   (%)  was  a b o u t   -3%  and  t h e   e f f e c t   o f  

5  s o l i d i f i c a t i o n   was  n o t   e x e r t e d ,   and  m o r e o v e r ,   t h e  

35  a v e r a g e   c o o l i n g   r a t e   to  1200°C   was  i n s u f f i c i e n t   and  t h e  

g r a i n   s i z e   of  7  e x c e e d e d   80  nn.  T h e r e f o r e ,   t h e   s u r f a c e  

g l o s s   and   p r e v e n t i o n   of  r o p i n g   w e r e   n o t   s a t i s f a c t o r y .  
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E x a m p l e   2 

V a r i o u s   s t a i n l e s s   s t e e l s   of  t h e   C r - N i   s y s t e m   b a s e d  

on  1 8 C r - 8 N i   s t e e l ,   w h i c h   had  c o m p o s i t i o n s   shown  i n  

T a b l e   3,  w e r e   m e l t e d .   As  shown  in   T a b l e   4,  in   t h e s e  

5  m o l t e n   s t e e l s ,   5 - F e . c a l   (%)  r e p r e s e n t e d   by  t h e   f o r m u l a  

of.  5 - F e . c a l   (%)  =  3 ( C r   +  1 . 5 S i   +  Mo  +  Nb  +  Ti)   -  2 . 8 ( N i  

+  l / 2 M n   +  l / 2 C u )   -  84  (C  +  N)  -  1 9 . 8   (%)  was  c h a n g e d   i n  

t h e   r a n g e   of  f r o m   - 3 . 5 5 %   to  7 . 8 1 % .   T h e s e   m o l t e n   s t e e l s  

w e r e   c a s t   i n t o   s t r i p s   h a v i n g   a  t h i c k n e s s   of  1 .6   t o  

0  7  .  5  mm  by  a  v e r t i c a l   t w i n - r o l l   c o n t i n u o u s   c a s t i n g  

m a c h i n e   of  t h e   i n t e r n a l   w a t e r - c o o l i n g   t y p e .   C o o l i n g   o f  

t h e   c a s t   s t r i p s   j u s t   b e l o w   of  t h e   c a s t i n g   m a c h i n e   w a s  

e f f e c t e d   by  r o l l - c o o l i n g   or   s p r a y - c o o l i n g ,   and  t h e  

c o o l i n g   r a t e   was  a d j u s t e d   to  70  to   2 5 0 ° C / s e c   in   t h e  

5  t e m p e r a t u r e   r e g i o n   of  1400  to   1 1 0 0 ° C .  

T h e n ,   t h e   c a s t   s t r i p s   w e r e   h o t - r o l l e d   in   t h e  

t e m p e r a t u r e   r e g i o n   of  1100  to   950°C   w i t h i n   8  s e c o n d s  

f r o m   t h e   p o i n t   of  t e r m i n a t i o n   of  c a s t i n g .   The  r e d u c t i o n  

a t   t h i s   h o t - r o l l i n g   was  in   t h e   r a n g e   of  f rom  a b o u t   10% 

20  to   a b o u t   60%  ( T a b l e   4 ) .   T h e n ,   t h e   c a s t   s t r i p s   w e r e  

c o o l e d   a t   a  c o o l i n g   r a t e   of  a t   l e a s t   6 0 ° C / s e c   in   t h e  

t e m p e r a t u r e   r e g i o n   of  900  to  550°C   and  t h e   c a s t   s t r i p s  

w e r e   wound  a t   a  t e m p e r a t u r e   l o w e r   t h a n   6 0 0 ° C .  

In  t h e   c o m p a r a t i v e   r u n s ,   h o t - r o l l i n g   was  o m i t t e d   o r  

25  t h e   c o o l i n g   r a t e   a f t e r   a n n e a l i n g   of  t h e   h o t - r o l l e d   s h e e t  

was  l o w e r   t h a n   1 0 ° C / s e c .  

T h e n ,   t h e   c a s t   s t r i p s   w e r e   s u b j e c t e d   to  p i c k l i n g ,  

d e s c a l i n g ,   c o l d - r o l l i n g ,   and  o r d i n a r y   a n n e a l i n g   o r  

b r i g h t   a n n e a l i n g .  

30  The  s u r f a c e   p r o p e r t i e s   of  t h e   o b t a i n e d   p r o d u c t s  

w e r e   e x a m i n e d ,   and  e s p e c i a l l y ,   t h e   r o p i n g   h e i g h t   a n d  

g l o s s   on  t h e   s u r f a c e s   of  t h e   p r o d u c t s   w e r e   c h e c k e d .   As  

shown  in   T a b l e   4,  in   t h e   p r o d u c t s   o b t a i n e d   in   t h e  

p r e s e n t   e x a m p l e ,   i  g r a i n s   w e r e   made  f i n e r   by  t h e   h o t -  

35  r o l l i n g   e f f e c t ,   and  s i n c e   s u b s e q u e n t   c o o l i n g   w a s  

s u f f i c i e n t ,   e a c h   p r o d u c t   had  e x c e l l e n t   s u r f a c e  

p r o p e r t i e s   . 
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On  t h e   o t h e r   h a n d ,   in   t h e   c o m p a r a t i v e   r u n s ,   n o  

e f f e c t   was  a t t a i n e d   by  h o t - r o l l i n g   and  c o o l i n g   of  t h e  

c a s t   s t r i p s   was  i n s u f f i c i e n t ,   and  t h e   w i n d i n g  

t e m p e r a t u r e   was  h i g h .   A c c o r d i n g l y ,   r o p i n g   on  t h e  

p r o d u c t   s u r f a c e   was  c o n s p i c u o u s   and  t h e   s u r f a c e   g l o s s  

was  bad  . 
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E x a m p l e   3 
'  S t a i n l e s s   s t e e l s   of  t h e   C r - N i   s y s t e m   r e p r e s e n t e d   b y  

1 8 C r - 8 N i ,   w h i c h   w e r e   m e l t e d   a c c o r d i n g   to   c u s t o m a r y  

p r o c e d u r e s ,   w e r e   c a s t   in   s t r i p s   h a v i n g   a  t h i c k n e s s   o f  

5  3  mm  or   4 .5   mm  by  u s i n g   a  t w i n   drum  m a c h i n e   of  t h e  

i n t e r n a l   w a t e r - c o o l i n g   t y p e .   The  c o m p o s i t i o n s   of  t h e  

s t e e l s   w e r e   as  shown  in   T a b l e   5.  A i r   c o o l i n g   and  s p r a y  

c o o l i n g   w e r e   c a r r i e d   o u t   j u s t   b e l o w   t h e   o u t l e t   of  t h e  

t w i n - d r u m   c a s t i n g   m a c h i n e .   C o o l i n g   to   1100  °C  w a s  

0  c o n d u c t e d   a t   an  a v e r a g e   c o o l i n g   r a t e   of  a t   l e a s t  

1 0 0 ° C / s e c ,   and  w a t e r   c o o l i n g   was  c o n d u c t e d   in   t h e  

t e m p e r a t u r e   r e g i o n   of  900  to   550°C  a t   an  a v e r a g e   c o o l i n g  

r a t e   of   a t   l e a s t   7 0 ° C / s e c .   W i n d i n g   was  t h e n   c a r r i e d   o u t  

a t   t e m p e r a t u r e s   of  650  to   6 0 0 ° C .  

5  The  c a s t   s t r i p s   w e r e   d e s c a l e d   by  m e c h a n i c a l  

d e s c a l i n g   and   p i c k l i n g   and  w e r e   p r e l i m i n a r i l y   r o l l e d   b y  

c o l d - r o l l i n g .   B o t h   t h e   c a s t   s t r i p s   h a v i n g   a  t h i c k n e s s  

of  3  mm  and  t h e   c a s t   s t r i p s   h a v i n g   a  t h i c k n e s s   of  4 .5   mm 

w e r e   p r e l i m i n a r i l y   c o l d - r o l l e d   a t   a  r e d u c t i o n   of  10  t o  

20  40%,  a n n e a l e d   f o r   l e s s   t h a n   20  s e c o n d s   a t   a  t e m p e r a t u r e  

h i g h e r   t h a n   1 0 0 0 ° C ,   and  r a p i d l y   c o o l e d .   T h u s ,   t h e   c a s t  

s t r i p s   w e r e   r e c r y s t a l l i z e d   and  t h e   g r a i n   s i z e   of  1  w a s  

c o n t r o l l e d   b e l o w   50  Mm. 

T h e n ,   t h e   c a s t   s t r i p s   w e r e   s u b j e c t e d   to   t h e   m a i n  

25  d r a w i n g   a t   a  r e d u c t i o n   of  30,  50,   80,  or   95%  or   a  

r e d u c t i o n   h i g h e r   t h a n   95%,  and  f i n a l   a n n e a l i n g   w a s  

c a r r i e d   o u t   a c c o r d i n g   to   c u s t o m a r y   p r o c e d u r e s   to   o b t a i n  

2B  and  BA  p r o d u c t s .   As  shown  in   T a b l e   6,  t h e s e   p r o d u c t s  

we re   e x c e l l e n t   i n   s u r f a c e   p r o p e r t i e s   and  m e c h a n i c a l  

30  p r o p e r t i e s .  

In  t h e   c o m p a r a t i v e   r u n s   shown  in   T a b l e   7,  m o l t e n  

s t e e l s   h a v i n g   t h e   same  c o m p o s i t i o n s   as  d e s c r i b e d   a b o v e  

were   c a s t   a c c o r d i n g   to   t h e   t w i n - d r u m   m e t h o d ,   and  c o o l i n g  

to  1100  °C  was  c a r r i e d   o u t   a t   a  c o o l i n g   r a t e   l o w e r   t h a n  

35  1 0 0 ° C / s e c   and  c o o l i n g   to   550°C  was  c a r r i e d   o u t   a t   a  

c o o l i n g   r a t e   of  7 0 ° C / s e c .   The  c a s t   s t r i p s   w e r e   wound  a t  

a  t e m p e r a t u r e   of  650  to   6 0 0 ° C ,   d e s c a l e d ,   and  c o l d - r o l l e d  



o  o b t a i n   p r o d u c t s .   i r   t n e   r e d u c t i o n   a t   u u e  

o l d - r o l l i n g   was  i n c r e a s e d ,   t h e   s u r f a c e   p r o p e r t i e s   w e r e  

m p r o v e d ,   b u t   f i n e   r o p i n g   was  l e f t   on  t h e   s u r f a c e   a n d  

he  e f f e c t   of  p r e v e n t i n g   r o p i n g   was  i n s u f f i c i e n t .  
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I n d u s t r i a l   A p p l i c a b i l i t y  

S i n c e   t h e   p r e s e n t   i n v e n t i o n   has   t h e   a b o v e - m e n t i o n e d  

t r u c t u r e   and  e x e r t s   t h e   a b o v e - m e n t i o n e d   f u n c t i o n ,   a  

i m p l e   p r o c e s s   in   w h i c h   a  t h i n   b a n d   h a v i n g   a  t h i c k n e s s  

: l o s e   to   t h e   p r o d u c t   t h i c k n e s s   can   be  d i r e c t l y   o b t a i n e d  

iy-  c o n t i n u o u s   c a s t i n g   can   be  p r o v i d e d ,   and  a  C r - N i   t y p e  

t a i n l e s s   s t e e l   s h e e t   h a v i n g   e x c e l l e n t   s u r f a c e   p r o p e r t y  

.nd  m a t e r i a l   q u a l i t y   can   be  o b t a i n e d .  
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CLAIMS 

1.  A  p r o c e s s   f o r   t h e   p r o d u c t i o n   of  a  C r - N i   t y p e  

s t a i n l e s s   s t e e l   s h e e t   h a v i n g   e x c e l l e n t   s u r f a c e   f e a t u r e  

and  m a t e r i a l   q u a l i t y ,   w h i c h   c o m p r i s e s   c o n t i n u o u s l y  

c a s t i n g   a  C r - N i   t y p e   s t a i n l e s s   s t e e l   r e p r e s e n t e d   by  18% 

5  Cr-8%  Ni  s t e e l   i n t o   a  s t r i p   h a v i n g   a  t h i c k n e s s   s m a l l e r  

t h a n   10  mm  a t   a  c o o l i n g   r a t e   of  a t   l e a s t   1 0 0 ° C / s e c   a t  

t h e   s o l i d i f i c a t i o n   by  u s i n g   a  c o n t i n u o u s   c a s t i n g   m a c h i n e  

in   w h i c h   t h e   w a l l   s u r f a c e   of  a  c a s t i n g   mold   m o v e s  

s y n c h r o n o u s l y   w i t h   t h e   c a s t   s t r i p   c o n s i s t i n g   o f ,  

0  5 - F e . c a l   (%)  d e f i n e d   by  t h e   f o r m u l a   o f  

5 - F e . c a l   (%)  =  3 ( C r   +  1 . 5 S 1 +   Mo  +  Nb  +  Ti)   -  2 . 8 ( N i  

+  1 /zMn  +  l / 2 C u )   -  84  (C  +  N)  -  1 9 . 8   (%)  b e i n g   c o n t r o l l e d  

f r o m   -2  to   10%  to  f o r m   a  p r i m a r y   c r y s t a l   of  t h e   5  p h a s e  

a t   t h e   s o l i d i f i c a t i o n ,   l o w e r   t h e   t e m p e r a t u r e   o f  

5  i n i t i a t i o n   of  c r y s t a l l i z a t i o n   o r   p r e c i p i t a t i o n   o f  

7  g r a i n s   and  d e p r e s s   t h e   g r o w t h   of  7  g r a i n s   d u r i n g   a n d  

a f t e r   t h e   s o l i d i f i c a t i o n ,   i n i t i a t i n g   c o o l i n g   of  t h e  

o b t a i n e d   c a s t   s t r i p   a t   a  t e m p e r a t u r e   as  h i g h   a s  

p o s s i b l e ,   c o o l i n g   t h e   c a s t   s t r i p   to   110  0°C  a t   a  c o o l i n g  

10  r a t e   of  a t   l e a s t   1 0 0 ° C / s e c   w h i l e   p r e v e n t i n g   r e h e a t i n g   o f  

t h e   c a s t   s t r i p   to   make  t h e   7  g r a i n s   f i n e r ,   t h e n   c o o l i n g  

t h e   c a s t   s t r i p   in   a  t e m p e r a t u r e   r a n g e   of  f rom  900  t o  

550°C  a t   an  a v e r a g e   c o o l i n g   r a t e   of  a t   l e a s t   5 0 ° C / s e c   t o  

p r e v e n t   p r e c i p i t a t i o n   of  c a r b i d e s ,   and  f o r m i n g   t h e   c a s t  

25  s t r i p   i n t o   a  c o l d - r o l l e d   s h e e t   a c c o r d i n g   to  c u s t o m a r y  

p r o c e d u r e s   . 
2.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   t h e  

o b t a i n e d   c a s t   s t r i p   i s   c o o l e d   to   1200  °C  a t   a  c o o l i n g  

r a t e   of  a t   l e a s t   2 0 0 ° C / s e c   to   make  t h e   7  g r a i n s   f i n e r   s o  

30  t h a t   t h e   a v e r a g e   g r a i n   s i z e   i s   s m a l l e r   t h a n   50  Mm. 

3.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  or   2,  w h e r e i n  

c o o l i n g   to   1200  °C  a t   a  c o o l i n g   r a t e   of  a t   l e a s t  

2 0 0 ° C / s e c   i s   e f f e c t e d   by  a t   l e a s t   one  p a i r   of  r o l l s   o f  

t h e   i n t e r n a l   c o o l i n g   t y p e   so  t h a t   t h e   r e d u c t i o n   i n   t h e  

35  c a s t   s t r i p   i s   l o w e r   t h a n   5%. 

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1,  2,  o r   3 ,  



l e a s t   1 0 0 ° C / s e c   a t   t h e   s o l i d i f i c a t i o n   by  u s i n g   a  

c o n t i n u o u s   c a s t i n g   m a c h i n e   in   w h i c h   t h e   w a l l   s u r f a c e   o f  

a  c a s t i n g   mold   moves   s y n c h r o n o u s l y   w i t h   t h e   c a s t   s t r i p  

c o n s i s t i n g   o f ,   5 - F e . c a l   (%)  d e f i n e d   by  t h e   f o r m u l a   o f  

5  5 - F e . c a l   (%)  =  3 ( C r   +  1 . 5 S i   +  Mo  +  Nb  +  Ti)   -  2 . 8 ( N i   + 

l / 2 M n   +  l / 2 C u )   -  84  (C  +  N)  -  1 9 . 8   (%)  b e i n g   c o n t r o l l e d  

f r o m   -2  to   10%  to  f o rm  a  p r i m a r y   c r y s t a l   of  t h e   5  p h a s e  

a t   t h e   s o l i d i f i c a t i o n ,   l o w e r   t h e   t e m p e r e a t u r e   o f  

i n i t i a t i o n   of  c r y s t a l l i z a t i o n   o r   t r a n s f o r m a t i o n   o f  

0  7  g r a i n s   and   d e p r e s s   t h e   g r o w t h   of   7  g r a i n s   f rom  t h e  

i n t e r m e d i a t e   p o i n t   of  t h e   s o l i d i f i c a t i o n ,   i n i t i a t i n g  

c o o l i n g   of  t h e   o b t a i n e d   c a s t   s t r i p   a t   a  t e m p e r a t u r e   a s  

h i g h   as  p o s s i b l e   w h i l e   p r e v e n t i n g   r e h e a t i n g   of  t h e   c a s t  

s t r i p   a f t e r   t h e   s o l i d i f i c a t i o n ,   a d j u s t i n g   t h e   a v e r a g e  

5  c o o l i n g   r a t e   to   1100°C  to   a t   l e a s t   1 0 0 ° C / s e c   as  m e a s u r e d  

w i t h   r e s p e c t   to   t h e   s u r f a c e   t e m p e r a t u r e   of  t h e   c a s t  

s t r i p   to   d e p r e s s   t h e   g r o w t h   of  t h e   7  g r a i n s ,   h o t - w o r k i n g  

t h e   c a s t   s t r i p   in   t h e   r e g i o n   of  t e m p e r a t u r e s   h i g h e r   t h a n  

900°C  a t   a  r e d u c t i o n   l o w e r   t h a n   60%  w i t h i n   10  s e c o n d s  

0  f r o m   t h e   p o i n t   of  t e r m i n a t i o n   of  t h e   c a s t i n g   w h e r e   t h e r e  

'  
i s   p r e s e n t   a  t e m p e r a t u r e   d i f f e r e n c e   b e t w e e n   t h e   s u r f a c e  

p o r t i o n   of  t h e   c a s t   s t r i p   and  t h e   c e n t e r   of  t h e   c a s t  

s t r i p ,   to   a d v a n c e   r e c r y s t a l l i z a t i o n   in   t h e   c e n t e r   of  t h e  

c a s t   s t r i p   and  make  t h e   7  g r a i n s   in   t h e   c a s t   s t r i p   f i n e r  

15  so  t h a t   t h e   a v e r a g e   g r a i n   s i z e   t h e   of  7  i s   s m a l l e r   t h a n  

50  w ,   c o o l i n g   t h e   c a s t   s t r i p   a t   a  c o o l i n g   r a t e   of  a t  

l e a s t   5 0 ° C / s e c   in   t h e   t e m p e r a t u r e   r e g i o n   of  900  t o  

550  °C,  w i n d i n g   t h e   c a s t   s t r i p   i n   t h e   r e g i o n   o f  

t e m p e r a t u r e s   l o w e r   t h a n   650  °C,  and   f o r m i n g   t h e   c a s t  

20  s t r i p   i n t o   a  c o l d - r o l l e d   s h e e t   a c c o r d i n g   to   c u s t o m a r y  

p r o c e d u r e s   . 
8.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   5,  6,  or   7 ,  

w h e r e i n   a f t e r   t h e   c a s t   s t r i p   i s   wound   in   t h e   r e g i o n   o f  

t e m p e r a t u r e s   l o w e r   t h a n   650  °C,  t h e   h o t - r o l l e d   s h e e t   i s  

35  a n n e a l e d   a t   a  t e m p e r a t u r e   h i g h e r   t h a n   950  °C  f o r   a  

c o n t r o l l e d   t i m e   and  i s   t h e n   c o o l e d   a t   a  c o o l i n g   r a t e   o f  

a t   l e a s t   1 0 ° C / s e c .  
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9  .  A  p r o c e s s   f o r   t h e   p r o d u c t i o n   of  a  C r - N i   t y p e  

s t a i n l e s s   s t e e l   s h e e t   h a v i n g   e x c e l l e n t   s u r f a c e   f e a t u r e  

and  m a t e r i a l   q u a l i t y ,   w h i c h   c o m p r i s e s   c o n t i n u o u s l y  

c a s t i n g   a  C r - N i   t y p e   s t a i n l e s s   s t e e l   r e p r e s e n t e d   by  18% 

5  Cr-8%  Ni  s t e e l   i n t o   a  s t r i p   h a v i n g   a  t h i c k n e s s   s m a l l e r  

t h a n   10  mm  a t   a  c o o l i n g   r a t e   of  a t   l e a s t   1 0 0 ° C / s e c   a t  

t h e   s o l i d i f i c a t i o n   by  u s i n g   a  c o n t i n u o u s   c a s t i n g   m a c h i n e  

in   w h i c h   t h e   w a l l   s u r f a c e   of  a  c a s t i n g   mold   m o v e s  

s y n c h r o n o u s l y   w i t h   t h e   c a s t   s t r i p ,   i n i t i a t i n g   c o o l i n g   o f  

0  t h e   o b t a i n e d   c a s t   s t r i p   a t   a  t e m p e r a t u r e   as  h i g h   a s  

p o s s i b l e ,   c o o l i n g   t h e   c a s t   s t r i p   to   1100  °C  a t   a  c o o l i n g  

r a t e   of  a t   l e a s t   1 0 0 ° C / s e c   w h i l e   p r e v e n t i n g   r e h e a t i n g   o f  

t h e   c a s t   s t r i p ,   to   d e p r e s s   t h e   g r a i n   g r o w t h   of  7,  t h e n  

c o o l i n g   t h e   c a s t   s t r i p   in   t h e   t e m p e r a t u r e   r e g i o n   of  9 0 0  

15  to   550°C  a t   a  c o o l i n g   r a t e   of  a t   l e a s t   5 0 ° C / s e c ,   w i n d i n g  

t h e   c a s t   s t r i p   i n   t h e   r e g i o n   of  t e m p e r a t u r e   l o w e r   t h a n  

650  °C,  p i c k l i n g   t h e   c a s t   s t r i p   w i t h o u t   a n n e a l i n g ,  

s u b j e c t i n g   t h e   c a s t   s t r i p   to  p r e l i m i n a r y   c o l d - r o l l i n g   a t  

a  r e d u c t i o n   l o w e r   t h a n   60%,  t h e n   a n n e a l i n g   t h e   c a s t  

20  s t r i p   a t   a  t e m p e r a t u r e   h i g h e r   t h a n   850  °C  to  a d v a n c e  

r e c r y s t a l l i z a t i o n   and   a d j u s t   t h e   a v e r a g e   g r a i n   s i z e   o f  

7  b e l o w   50  Mm,  p i c k l i n g   t h e   c a s t   s t r i p ,   c o l d - r o l l i n g   t h e  

c a s t   s t r i p   to   a  f i n a l   p r o d u c t   s h e e t   t h i c k n e s s ,  

s u b j e c t i n g   t h e   o b t a i n e d   c o l d - r o l l e d   s h e e t   to   f i n a l  

25  a n n e a l i n g ,   and  p i c k l i n g   or   b r i g h t   a n n e a l i n g .  

10.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   9,  w h e r e i n   a t   t h e  

c a s t i n g   5 - F e . c a l   (%)  of  t h e   c a s t   s t r i p   d e f i n e d   by  t h e  

f o r m u l a   of  5 - F e . c a l   (%)  =  3 ( C r   +  1 . 5 S i   +  Mo  +  Nb  +  T i )   -  

2 . 8 ( N i   +  l / 2 M n   +  l / 2 C u )   -  84(C  +  N)  -  1 9 . 8   (%)  i s  

3  0  c o n t r o l l e d   f r o m   -2  to   10%  to  f o r m   a  p r i m a r y   c r y s t a l   o f  

t h e   5  p h a s e   a t   t h e   s o l i d i f i c a t i o n ,   l o w e r   t h e   t e m p e r a t u r e  

of  i n i t i a t i o n   of  c r y s t a l l i z a t i o n   o r   t r a n s f o r m a t i o n   o f  

7  g r a i n s   and   d e p r e s s   t h e   g r o w t h   of   7  g r a i n s   d u r i n g   a n d  

a f t e r   t h e   s o l i d i f i c a t i o n .  
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