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@  HIGH  STRENGTH  STAINLESS  STEEL,  AND  PROCESS  FOR  ITS  PRODUCTION. 

@  Austenite  stainless  steel  containing,  by  weight,  0.03% 
or  less  C,  2.00%  or  less  Si,  5.0%  or  less  Mn,  0.030%  or  less 
S,  16  to  20%  Cr,  6  to  13%  Ni,  0.15  to  0.28%  N,  0.05  to  0.25% 
Nb,  0.0020%  or  less  B,  the  balance  of  Fe  and  impurity 
elements  and,  optionally,  4%  or  less  Mo,  4%  or  less  Cu,  and 
0.005  to  0.080%  Se,  and  process  for  its  production.  This 
stainless  steel  has  excellent  strength,  excellent  grain 
boundary  resistance,  stress-corrosion  cracking  resistance, 
and  excellent  hot  workability,  thus  being  useful  as  strength- 
providing  members  for  use  in  various  chemical  plants,  de- 
salination  plants,  nuclear  plants,  etc. 
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S P E C I F I C A T I O N  

High   S t r e n g t h   S t a i n l e s s   S t e e l   and   M e t h o d   o f   P r o d u c i n g  

t h e   S a m e  

I n d u s t r i a l   F i e l d   o f   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to*  h i g h   s t r e n g t h ,  

5  c o r r o s i o n   r e s i s t a n t   a u s t e n i t i c   s t a i n l e s s   s t e e l   f o r   u s e  

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

P r i o r   A r t  

£  A u s t e n i t i c   s t a i n l e s s   s t e e l   i s   in   w i d e   u s e   a s  

i t   o f f e r s   e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   -  h e a t   r e s i s t a n c e ,   ' 

10  w o r k a b i l i t y   and   m e c h a n i c a l   p r o p e r t i e s .   S U S 3 0 4 ,   S U S 3 1 6 ,  

SUS304L  and  SUS316L  a r e   t y p i c a l   o f   t h e   s o r t .  

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

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

i s   a  s t r o n g   d e m a n d   on  i m p r o v e m e n t   in   t h e   s t r e n g t h   o f  

15  s t r u c t u r a l   s t a i n l e s s   s t e e l ,   w h i c h   has   r e s u l t e d   in   t h e  

i n t r o d u c t i o n   of   s t a i n l e s s   s t e e l   s u c h   as  S U S 3 0 4 N .  

SUS304N2,   SUS304LN,   SUS316N  and  SUS316LN  r e i n f o r c e d   b y  

t h e   a d d i t i o n   o f   N,  Nb,  e t c .  

As  f o r   t h e   s t r e n g t h   o f   t h e   a b o v e - d e s c r i b e d  

20  s t a i n l e s s   s t e e l   a f t e r   s o l u t i o n   h e a t   t r e a t m e n t ,   S U S 3 0 4 L N  

and  SUS316LN  s h o w e d   o v e r   25'  kg/mm2  o f   p r o o f   s t r e s s ,   a n d  

SUS304N  and  SUS316  o v e r   28  k g / m m 2 ,   i . e . ,   t h e   r e s u l t s   w e r e  

f o u n d   u n s a t i s f a c t o r y .   In  t h e   c a s e   of   S U S 3 0 4 N 2 ,   t h e  

s t r e s s   was  o v e r   35  k g / m m 2 ,   w h i c h   was  r e l a t i v e l y   h i g h  

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

s t a i n l e s s   s t e e l   a r e   b e i n g   s t u d i e d ,   w h e r e a s   t h e r e   h a v e  

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

o f   b y ,   f o r   i n s t a n c e ,   c o l d   w o r k i n g   and   c o n t r o l l e d   r o l l i n g .  

5  H o w e v e r ,   b e c a u s e   o v e r   2 0 % - r o l l i n g   r e d u c t i o n  

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

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

t o   s h e e t   m e t a l   and   w i r e   r o d .  

In   c o n t r o l l e d   r o l l i n g ,   SUS316LN,   316N,   3 1 6 L ,  

10  3 1 6 ,   304LN,   304Nx,   304  and   304L  do  n o t   h a v e   a  s u f f i c i e n t  

s t r e n g t h ,   and   SUS304N2  h a s   p r o b l e m s   and  d i s a d v a n t a g e s  

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

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

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

15  M o r e o v e r ,   t h e y   a r e   i n f e r i o r   in   s t r e n g t h ,  

w h e r e a s   SUS304N,   SUS304N2  and   SUS316N  a r e   i n f e r i o r   i n  

i n t e r g r a n u l a r   c o r r o s i o n   r e s i s t a n c e ,   s e n s i t i v i t y   t o  

a n t i - s t r e s s   c o r r o s i o n   c r a c k i n g .   F u r t h e r m o r e ,   p r o b l e m -  

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

20  a f t e r   w e l d i n g .  

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

""""  The  p r e s e n t   i n v e n t i o n   i s   i n t e n d e d   to   r e m e d y  

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

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

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

-  2  -  



*> 

(•on*  •  •  .  *  •  JU»  *• b  •  .  •  « - • - • • «   CV-~ e 2 4 : f : 5 . 5 3  
•  (*<■  p  »c 

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

of   N,  Nb,  r e s t r i c t i n g   t h e   q u a n t i t y   o f   an  i m p u r i t y   B  a n d  

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

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

5  or   t h u s   r o l l e d   s t e e l   t o   t h e r m o - m e c h a n i c a l   t r e a t m e n t  

s u c h   as   low  t e m p e r a t u r e   s o l u t i o n   h e a t   t r e a t m e n t .  

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

of   C,  N,  Nb,  B  and   r o l l   f i n i s h i n g   t e m p e r a t u r e s   on  t h e  

-.  s t r e n g t h   and   c o r r o s i o n   r e s i s t a n c e   o f   a u s t e n i t i c   s t a i n -  

10  l e s s   s t e e l   and   f o u n d   in   t h e   f i r s t   p l a c e   t h a t ,   as  s h o w n  

in   F i g .   1,  i n t e r g r a n u l a r   c o r r o s i o n   r e s i s t a n c e   g r e a t e r  

t h a n   t h a t   o f   SUS304L  c an   be  o b t a i n e d   by  s i m u l t a n e o u s l y  

a d d i n g   0 . 1 5   -  0 .28%  of   N  and   0 . 0 5   -  0 .25%  of   Nb  a n d  

l i m i t i n g   C  to   0 .03%  o r   l o w e r   and   B  to   20  p p m .  

15  S e c o n d l y ,   t h e y   h a v e   a l s o   f o u n d   t h a t ,   a l t h o u g h  

i t   i s   s a i d   t h a t   t h e   r e i n f o r c i n g   a c t i o n   o f   Nb  i s   g e n -  

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

due  to   t h e   p r e c i p i t a t i o n   o f   NbC  and   i t s   p r e c i p i t a t i o n  
r  1 
,  h a r d e n i n g ,   t h e   r e i n f o r c i n g   a c t i o n   of   Nb  i s   s t i l l  

20  c o n s p i c u o u s   i n   t h e   s t e e l   c o n t a i n i n g   0 . 1 5   -  0 .28%  of   N 

e v e n   t h o u g h   t h e   q u a n t i t y   o f   C  i s   r e d u c e d   to   0 .03%  o r  

" l o w e r   . 

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

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

25  to   be  e f f e c t e d   by  t h e   p r e c i p i t a t i o n   o f   NbN  or   Nb  (C,N)  . 
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T h i r d l y ,   t h e y   h a v e   f u r t h e r   f o u n d   t h a t   t h e  

r e i n f o r c i n g   a c t i o n   o f   Nb  i s   s t i l l   e x e r t e d   a f t e r   t h e  

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

s t e e l   o f   SUS304N2  r e s u l t i n g   f r o m   c o n t r o l l e d   r o l l i n g   i s  

5.  o b t a i n a b l e ,   p r o v i d e d   t h a t   s t e e l   c o n t a i n i n g   0 . 1 5   -  0 . 2 8 %  

of   N,  0 . 0 5   -  0 .25%  o f   Nb,  0 .03%  o r   l o w e r   o f   C  and  2 0  

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

t e m p e r a t u r e s   o f   600  -  l , 0 0 0 ° C   as  s h o w n   i n   F i g .   2 .  

T h e i r   f i n d i n g s   f u r t h e r   i n c l u d e ,   as  shown  i n  

10  F i g .   3,  h o t   w o r k a b i l i t y   by  f a r   g r e a t e r   t h a n   t h a t   o f  

51153041^   a n d   SUS304N2  w i t h i n   t h e   c o n t r o l l e d   r o l l i n g  

t e m p e r a t u r e   r a n g e   o f   600  -  l , 0 0 0 ° C ,   w h e r e b y   t h e   o c c u r -  

r e n c e   o f   c r a k i n g   by  r o l l i n g   i s   p r e v e n t e d   a n d ,   a s  

shown   i n   F i g .   4,  c o r r o s i o n   r e s i s t i b i l i t y   e q u i v a l e n t   t o  

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

t r e a t m e n t ,   i r r e s p e c t i v e   o f   t h e   p r e s e n c e   o f   r e c r y s t a l -  

l i z e d   m i c r o s t r u c t u r e   o r   u n r e c r y s t a l l i z e d   r e d u c e d  

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

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

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

d e s c r i b e d   i n   d e t a i l .  

A  f i r s t   e x a m p l e   o f   s t e e l   e m b o d y i n g   t h e  

p r e s e n t   i n v e n t i o n   c o n t a i n s   0 .03%  or   l o w e r   by  w e i g h t   C 

( h e r e i n a f t e r   %  r e f e r s   to   %  by  w e i g h t ) ,   2 .00%  or   l o w e r  

25  o f   S i ,   5 .0%  or   l o w e r   o f   Mn,  0 . 030%  o r   l o w e r   o f   S ,  
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16  -  20%  of   Cr ,   6  -  13%  o f   Nif   0 . 1 5   -  0 .28%  of   N,  0 . 0 5   -  

0.25%  of   Nb,  0 . 0 0 2 0 %   or   l o w e r   o f   B,  r e m a i n i n g   Fe  a n d  

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

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

5  4%  or   l o w e r   of   Mo  and   4%  or   l o w e r   o f   Cu  in   a d d i t i o n  

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

o t h e r w i s e   0 .005%  or   l o w e r   o f   S  so  as   to   i m p r o v e   t h e  

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

£   e x a m p l e   of   s t e e l   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

10  c o n t a i n s   e i t h e r   or   b o t h   o f   0 . 0 3 0 - 0 . 0 8 0 %   of   S  a n d  

0 . 0 0 5   -  0 . 080%  of   Se  to   i m p r o v e   t h e   m a c h i n a b i l i t y   o f  

t h e   f i r s t   e x a m p l e .  

F o u r t h ,   s e v e n t h   and   n i n e t h   e x a m p l e s   of   s t e e l  

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

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

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   to   950  -  l , 3 0 0 ° C ,  

t h e n   r o l l i n g   t h e m   a t   r o l l i n g   t e m p e r a t u r e s   of   900  -  

^  
l , 2 5 0 ° C ,   c o n t r o l l i n g   t h e   r o l l   f i n i s h i n g   t e m p e r a t u r e   s o  
t h a t   i t   may  be  w i t h i n   t h e   r a n g e   o f   900  -  l , 0 0 0 ° C ,  

20  s u b s e q u e n t l y   c o o l i n g   t h e m   a t   a  r a t e   o f   4 ° C / m i n   o r  

h i g h e r ,   s e t t i n g   t h e   t o t a l   r e d u c t i o n   q u a n t i t y   a t   30% 

or   h i g h e r ,   l e t t i n g   t h e m   h a v e   r e c r y s t a l l i z e d   m i c r o -  

s t r u c t u r e   and   a  p r o o f   s t r e s s   o f   g r e a t e r   t h a n   5 0 k g / m m 2  

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

25  e x a m p l e s .   F i f t h ,   e i g h t h   and   t e n t h   e x a m p l e s   of   s t e e l  

-  5  -  
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a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   a r e   o b t a i n e d   by  h e a t -  

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

t h e   p r e s e n t   i n v e n t i o n   to   950  -  l , 3 0 0 ° C ,   t h e n   r o l l i n g  

t h e m   a t   r o l l i n g   t e m p e r a t u r e s   o f   600  -  l , 2 5 0 ° C ,   c o n t r o l -  

5  l i n g   t h e   r o l l   f i n i s h i n g   t e m p e r a t u r e   so  t h a t   i t   may  b e  

w i t h i n   t h e   r a n g e   o f   600  -  900°  C,  s u b s e q u e n t l y   c o o l i n g  

t h e m   a t   a  r a t e   o f   4 ° C / m i n   or   h i g h e r ,   s e t t i n g   t h e   t o t a l  

r e d u c t i o n   q u a n t i t y   a t   30%  o r   h i g h e r ,   l e t t i n g   t h e m   h a v e  

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

2 10  o f   g r e a t e r   t h a n   60  kg/mm  t o   i m p r o v e   t h e   s t r e n g t h   o f  

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

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

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

i n v e n t i o n   t o   950  -  l , 3 0 0 ° C ,   t h e n   r o l l i n g   i t   a t   r o l l i n g  

15  t e m p e r a t u r e s   o f   900  -  l , 2 5 0 ° C ,   c o n t r o l l i n g   t h e   r o l l  

f i n i s h i n g   t e m p e r a t u r e   so  t h a t   i t   may  be  l o w e r   t h a n  

l , 0 0 0 ° C ,   s u b s e q u e n t l y   s u b j e c t i n g   i t   to   low  t e m p e r a t u r e  

s o l u t i o n   h e a t   t r e a t m e n t   a t   900  -  l , 0 1 0 ° C ,   l e t t i n g   i t  

h a v e   a  g r a i n   s i z e   n u m b e r   o f   g r e a t e r   t h a n   7 . 5   and  a  p r o o f  

20  s t r e s s   o f   g r e a t e r   t h a n   40  kg/mm  to   i m p r o v e   t h e   s t r e n g t h  

of   t h e   f i r s t   e x a m p l e .  

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

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

w i l l   be  d e s c r i b e d .  

25  The  e l e m e n t   C  i n   t h e   p r e s e n t   i n v e n t i o n   i s  
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i m p o r t a n t   b e c a u s e   i t   r e d u c e s   t h e   c o r r o s i o n   r e s i s t a n c e  

a f t e r   c o n t r o l l e d   r o l l i n g ,   and  h o t   w o r k a b i l i t y   d u r i n g  

c o n t r o l l e d   r o l l i n g   to   a  l a r g e   e x t e n t ;   c o n s e q u e n t l y ,   i t  

m u s t   be  d e c r e a s e d   to   0 .03%  or   l o w e r ,   so  t h a t   an  u p p e r  
5  l i m i t   i s   s e t   a t   0 . 0 3 % .  

The  e l e m e n t   Si  i s   a d d e d _ a s   a  d e o x i d i z e r   a n d  

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

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

£  and   r e d u c e   t h e   q u a n t i t y   N  of  t h e   s o l i d   s o l u t i o n   a t   t h e  

10  t i m e   o f   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 t   m u s t   be  d e -  

c r e a s e d   t c   2.0%  or   l o w e r   w i t h   2.0%  as  an  u p p e r   l i m i t  

to   o b t a i n   good   s t e e l   i n g o t s .  

The  e l e m e n t   Mn  i s   a d d e d   as  a  d e o x i d i z e r   a n d  

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

15  t h e   c o r r o s i o n   r e s i s t a n c e   and  h o t   w o r k a b i l i t y   i f   t h e  

c o n t e n t   o f   Mn  i n c r e a s e s ;   c o n s e q u e n t l y ,   t h e   u p p e r   l i m i t  

i s   s e t   a t   5 . 0 % .  

Cr  i s   t h e   b a s i c   e l e m e n t   o f   s t a i n l e s s   s t e e l  

and   o v e r   16%  of   i t   i s   a t   l e a s t   r e q u i r e d   to   p r o v i d e  

20  s u p e r i o r   c o r r o s i o n   r e s i s t a n c e .   H o w e v e r ,   b e c a u s e   t h e  

e x c e s s i v e   c o n t e n t   of   Cr  w i l l   d a m a g e   t h e   b a l a n c e   b e t w e e n  

6/y   s t r u c t u r e   a t   h i g h   t e m p e r a t u r e s ,   t h e   u p p e r   l i m i t   i s  

s e t   a t   2 0 % .  

Ni  i s   t h e   b a s i c   e l e m e n t   o f   a u s t e n i t i c   s t a i n l e s s  

25  s t e e l   and   o v e r   6%  of   i t   i s   r e q u i r e d   to   o b t a i n   e x c e l l e n t  

-  7  -  
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c o r r o s i o n   r e s i s t a n c e   and   a u s t e n i t i c   s t r u c t u r e .   H o w e v e r ,  

b e c a u s e   t h e   e x c e s s i v e   c o n t e n t   o f   Ni  w i l l   c a u s e   w e l d  

c r a c k s   and   r e d u c e   h o t   w o r k a b i l i t y   and  c o r r o s i o n   r e s i s t -  

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

5  a t   1 3 % .  

N  i s   t h e   m o s t   i m p o r t a n t   _ r e i n f   o r   c i n g   e l e m e n t  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   s i n c e   i t   has  p e n e t r a t i o n  

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

T  m i c r o n i z i n g   a c t i o n   r e s u l t i n g   f r o m   Nb  (C,  N)  p r e c i p i t a t i o n  

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

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

r o l l i n g .   As  o v e r   0 .15%  of   N  c o n t e n t   i s   r e q u i r e d   t o  

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

s e t   a t   0 . 1 5 % .   H o w e v e r ,   b e c a u s e   t h e   e x c e s s i v e   c o n t e n t  

15  o f   N  w i l l   r e d u c e   h o t   w o r k a b i l i t y   and  a l l o w   t h e   g e n e r a t i o n  

o f   a  b l o w h o l e   e a s i l y   a t   t h e   t i m e   of   s o l i d i f i c a t i o n   a n d  

w e l d i n g ,   t h e   u p p e r   l i m i t   i s   s e t   a t   0 . 2 8 % .  

Nb  i s   an  i m p o r t a n t   e l e m e n t   in   t h e   p r e s e n t  

^  i n v e n t i o n   f o r   f i x i n g   t h e   r e m a i n i n g   C  in   t h e   f o r m   o f   N b C ,  

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

r i f i n i n g   o f   c r y s t a l   g r a i n   b e c a u s e   o f   Nb  (C,  N)  p r e -  

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

r o l l i n g ;   t h u s   o v e r   0 .05%  of   Nb  c o n t e n t   i s   a t   l e a s t  

r e q u i r e d .   H o w e v e r ,   Nb  i s   an  e x p e n s i v e   e l e m e n t   a n d ,  

25  b e c a u s e   t h e   e x c e s s i v e   c o n t e n t   o f   i t   w i l l   d a m a g e   h o t  
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w o r k a b i l i t y ,   t h e   u p p e r   l i m i t   i s   s e t   a t   0 . 2 5 % .  

B  i s   t h e   e l e m e n t   to   r e d u c e   t h e   i n t e r g r a n u l a r  

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

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

5  r e s i s t a n c e   a f t e r   c o n t r o l l e d   r o l l i n g " . "   T h u s ,   i t s   c o n t e n t  

m u s t   s t r i c t l y   be  l i m i t e d ,   t h e   u p p e r   l i m i t   i s   s e t   a t  

0 . 0 0 2 0 %   and   p r e f e r a b l y   0 .005%  or   l o w e r .  

B o t h   o f   Mo  and  Cu  a r e   t h e   e l e m e n t s   to   i m p r o v e  

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

10  p r e s e n t   i n v e n t i o n .   H o w e v e r ,   Mo  and  Cu  a r e   e x p e n s i v e  

e l e m e n t s   and  t h e   c o n t e n t   e x c e e d i n g   4%  w i l l   d a m a g e   h o t  

w o r k a b i l i t y .   Thus   t h e   u p p e r   l i m i t s   a r e   s e t   a t   4%  e a c h .  

S  i s   t h e   e l e m e n t   to   i m p r o v e   c o r r o s i o n   r e s i s t -  

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

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

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

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

C o n s e q u e n t l y ,   i t   s h o u l d   be  0 .005%  or   l o w e r   and   p r e f e r a b l y  

0 .001%  or   l o w e r .  

20  S  and  Se  a r e   t h e   e l e m e n t s   u s e d   to   i m p r o v e   t h e  

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

i n v e n t i o n ,   and  0 .030%  or   h i g h e r   of   S  and  0 .005%  or   h i g h e r  

of   Se  m u s t   be  c o n t a i n e d   t h e r e i n .   H o w e v e r ,   b e c a u s e   h o t  

w o r k a b i l i t y   and  c o r r o s i o n   r e s i s t a n c e   w i l l   d e c r e a s e   i f  

25  t h e   c o n t e n t   of  e a c h   of   S  and   Se  e x c e e d s   0 . 0 8 0 % ,   t h e  
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u p p e r   l i m i t   i s   s e t   a t   0 . 0 8 0 % .  

The  r e a s o n   why  t h e   h e a t i n g   t e m p e r a t u r e s   w e r e  

s e t   a t   950  -  l , 3 0 0 ° C   d u r i n g   c o n t r o l l e d   r o l l i n g   i s   t o  

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

5  The  r o l l i n g   w i l l   b e c o m e   d i f f i c u l t   b e c a u s e   o f   l a r g e  

d e f o r m a t i o n   r e s i s t a n c e   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  

950°C  a n d ,   i f   i t   e x c e e d s   l , 3 0 0 ° C ,   t h e   r o l l i n g   w i l l   a l s o  

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

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

10  The  r o l l   f i n i s h i n g   t e m p e r a t u r e s   a r e   s e t   a t   900  -  l , 0 0 0 ° C  

so  as  t o   c o n t r o l   t h e   s t r e n g t h   o f   t h e   s t e e l   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ;   t h e   l o w e r   t h e   r o l l   f i n i s h i n g  

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

The  t e m p e r a t u r e   e x c e e d i n g   l , 0 0 0 ° C   w i l l   make  r e c r y s t a l l i z e d  

15  g r a i n s   c o a r s e   and   s a t i s f a c t o r y   s t r e n g t h   u n a v a i l a b l e ,  

w h e r e a s   t h e   t e m p e r a t u r e   l o w e r   t h a n   900°C   w i l l   m a k e  

r e c r y s t a l l i z e d   m i c r o s t r u c t u r e   u n a v a i l a b l e   and   a c t   t o  

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

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

20  r o l l i n g   a r e   r e d u c e d .  

In   o t h e r   w o r d s ,   t h e r e   a r e   p r o v i d e d   e x c e l l e n t  

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

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

f i n i s h i n g   t e m p e r a t u r e   r a n g e   o f   900  -  l , 0 0 0 ° C ,   and  h i g h  

25  s t r e n g t h   r e c r y s t a l l i z e d   m i c r o s t r u c t u r e   o f f e r i n g   e x c e l l e n t  
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c o r r o s i o n   r e s i s t a n c e   i s   c o n s e q u e n t l y   o b t a i n e d .  

The  r o l l   f i n i s h i n g   t e m p e r a t u r e s   a r e   s e t   a t  

600  -  900°C   b e c a u s e   u n r e c r y s t a l l i z e d   r e d u c e d   s t r u c t u r e  

w i l l   be  p r e s e n t   a t   l o w e r   t h a n   900  °C  and   t h e   s t r e n g t h   o f  

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

b e c o m e s   l o w e r .   On  t h e   o t h e r   h a n d ,   i t s   d u c t i l i t y   a n d  

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

to   s e t   t h e   p e r c e n t a g e   o f   S  a t   0 . 0 0 5   or   l o w e r   d u r i n g  

Y  r o l l i n g   a t   600  -  9 0 0 ° C .  
L 

10  M o r e o v e r ,   s i n c e   t h e   t e m p e r a t u r e   l o w e r   t h a n  

600°C  i s   l o w e r   t h a n   t h e   r e c o v e r y   t e m p e r a t u r e   o f   t h e   s t e e l  

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

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

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

15  The  low  t e m p e r a t u r e   s o l u t i o n   h e a t   t r e a t m e n t  

t e m p e r a t u r e s   a r e   s e t   a t   900  -  l , 0 1 0 ° C   b e c a u s e   t h e   s o l i d  

s o l u b i l i t y   of   C  i s   p o s s i b l e   w i t h   h e a t   a d d i t i o n   a t   9 0 0  

-  l , 0 1 0 ° C   a n d ,   when  t h e   r e c r y s t a l l i z a t i o n   t e m p e r a t u r e  
u 

i s   h i g h e r   t h a n   9 0 0 ° C ,   t h e   c r y s t a l   g r a i n   s i z e ,   i f   t r e a t e d  

20  a t   l o w e r   t e m p e r a t u r e s ,   w i l l   be  m i n i m i z e d ,   w h e r e a s   t h e  

s t r e n g t h   w i l l   be  i n c r e a s e d .  

~  
H o w e v e r ,   C  w i l l   n o t   be  s o l i d   -  s o l u b l e   n o r  

r e c r y s t a l l i z e d   a t   t e m p e r a t u r e s   l o w e r   t h a n   9 0 0 ° C ,   w h e r e a s  

i t s   c r y s t a l   g r a i n   w i l l   b e c o m e   as  c o a r s e   as  7 . 5   o r   s m a l l e r  

25  i f   t h e   t e m p e r a t u r e   e x c e e d s   l , 0 1 0 ° C   and   t h e   s t r e n g t h   w i l l  
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t h u s   d e c r e a s e .  

The  r e a s o n   why  t h e   c o o l i n g   r a t e   a f t e r   r o l l i n g  

.  i s   s e t   a t   h i g h e r   t h a n   4 ° C / r a i n   i s   t h a t   t h e   i n t e r g r a n u l a r  

p r e c i p i t a t i o n   o f   C r 2 3 C g   o r   Cr^N  w i l l   be  c a u s e d   by  s l o w  

5  c o o l i n g   a t   a  r a t e   l o w e r   t h a n   4 ° C / m i n   and   t h e   c o r r o s i o n  

r e s i s t a n c e   w i l l   d e c r e a s e .  

M o r e o v e r ,   t h e   r e a s o n   why  t h e   t o t a l   r e d u c t i o n  

r a t i o   w i t h i n   t h e   r o l l i n g   t e m p e r a t u r e   r a n g e   o f   900°C  -  

l , 2 5 0 ° C   i s   s e t   a t   30%  i s   t h a t   t h e   d e s i r e d   s t r u c t u r e   i s  

10  u n o b t a i n a b l e   b e c a u s e   t h e   s c a r c i t y   o f   t h e   l a t t i c e   d e f e c t  

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

as   t h e   r e s u l t   of   w o r k i n g   w i l l   a l l o w s   c o a r s e   s t r u c t u r e  

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

l o w e r   t h a n   3 0 % .  

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

F i g .   1  i s   a  g r a p h   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   s e n s i t i z i n g   t e m p e r a t u r e s   a f f e c t i n g   I n t e r g r a n u l a r  

c o r r o s i o n   r e s i s t a n c e   and   r e t e n t i o n   t i m e .  

F i g .   2  i s   a  g r a p h   i l l u s t r a t i n g   r o l l   f i n i s h i n g  

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

F i g .   3  i s   a  g r a p h   i l l u s t r a t i n g   w o r k i n g  

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

F i g .   4  i s   a  g r a p h   i l l u s t r a t i n g   r o l l   f i n i s h i n g  

t e m p e r a t u r e s   a f f e c t i n g   c o r r o s i o n   r e s i s t a n c e .  

25  D e s c r i p t i o n   o f   t h e   P r e f e r r e d   E m b o d i m e n t  
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w 
R e f e r r i n g   now  to   e x a m p l e s   i n   c o m p a r i s o n   w i t h  

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

„  a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d .  

T a b l e   1  s h o w s   c h e m i c a l   c o m p o n e n t s   o f   t e s t  

5  p i e c e s   . 

In   T a b l e   1,  t h e r e   a r e   s h o w n   e x a m p l e s   A  -  G  o f  

c o n v e n t i o n a l   s t e e l :   A  =  SUS304 ,   B  =  S U S 3 1 6 ,   C  =  S U S 3 0 4 L ,  

D  =  S U S 3 1 6 L ,   E  =  SUS304N-L,  F  =  SUS304N2f   G  =  S U S 3 1 6 N ;  

£   and  e x a m p l e s   H  -  Q  o f   s t e e l   a c c o r d i n g   to   t h e   p r e s e n t  

10  i n v e n t i o n :   H  -  K  =  f i r s t   e x a m p l e s ,   L  -  N  =  s e c o n d  

e x a m p l e s ,   P,  Q  =  t h i r d   e x a m p l e s .  

T a b l e   2  s h o w s   t h e   s t r e n g t h , ,   c o r r o s i o n   r e s i s t a n c e  

and  h o t   w o r k a b i l i t y   o f   t h e   e x a m p l e s   A  -  Q  o f   s t e e l  

s u b j e c t e d   t o   s o l u t i o n   h e a t   t r e a t m e n t   ( l , 0 5 0 ° C   x  30  m i n  

15  -*■  W,  Q)  s h o w n   i n   T a b l e   1 .  

R e s p e c t i n g   t h e   s t r e n g t h ,   J I S   No.  4  t e s t   p i e c e s  

w e r e   u s e d   t o   m e a s u r e   p r o o f   s t r e s s .  

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

a n c e ,   t h e   s t r u c t u r e   s u b j e c t e d   to   s e n s i t i z i n g   t r e a t m e n t  

20  a t   800°C  x  2  Hr  was  a s s e s s e d ,   w h e r e   STEP  ( s t e p   s t r u c t u r e )  

i s   r e p r e s e n t e d   by  q ,   DUAL  ( c o m p o s i t e   s t r u c t u r e )   by  A  

and  DITCH  ( d i t c h   s t r u c t u r e )   by  X .  

C o n c e r n i n g   t h e   s e n s i t i v i t y   to   a n t i - s t r e s s  

c o r r o s i o n   c r a c k i n g ,   t h e   U - b e n d i n g   m e t h o d   was  e m p l o y e d ,  

25  w h e r e i n   U - b e n t   t e s t   p i e c e s   w e r e   i m m e r s e d   in   a  b o i l i n g  

-  13  -  
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a q u e o u s   s o l u t i o n   c o n t a i n i n g   20%  NaCl   +  l % N a 3 C r 2 0 _   f o r  

50  Hr  t o   e v a l u a t e   t h e m   in   t e r m s   o f   t h e   p r e s e n c e   a n d  

„  a b s e n c e   o f   c r a c k i n g .   What   h a s   no  c r a c k   i s   m a r k e d   w i t h   O  

and   w h a t   h a s   a  c r a c k   w i t h   X .  

5  R e l a t i n g   t o   t h e   h o t   w o r k a b i l i t y ,   h i g h   t e m p e r -  

a t u r e   t e n s i l e   t e s t i n g   was  made   a t   J J 5 0 ° C   and   50  m m / s e c  

to   m e a s u r e   t h e   c o n t r a c t i o n   o f   a r e a .  

As  t o   t h e   c o r r o s i o n   r e s i s t a n c e   o f   t h e   b a s e  

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

10  p i t t i n g   c o r r o s i o n   p o t e n t i a l   i n   an  a q u e o u s   s o l u t i o n  

c o n t a i n i n g   3.5%  NaCl   a t   30°C  was  m e a s u r e d .  

-  14  -  
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T A B L E   1 

Chemical  Components  (%  by  v e i g h t )  

C  Si  Mn  S  Ni  Cr  N  Nb  B  Mo  Cu  Se 

A  0.07  0.68  1.23  0.011  8.87  18.74  0.02  -  

B  0.06  0.62  1.15  0.01C  12.48  17.  6£  0.02  2 .12 

C  0.02  0.59  1.27  0.013  10.27  18.5C  0 .02  

D  0.02  0.56  1.04  0.01C  13.52  17.95  0.02  2 .25 

E  0.06  0.63  1.20  0.011  8.5E  18.56  0 .22  

F  0.06  0.66  1.17  0.011  8.6S  18.72  0.20  0 .10  

G  0.07  0.64  1.28  0.012  12.73  17.  3E  0.17  2.13 

H  0.02  0.57  1.23  0.01C  6.92  18.63  0.18  0.10  O.OOOfij 

J  0.02  0.54  2.20  0.006  9.11  18.27  0.21.  0.09  0.0005 

K  0.03  0.65  2.58  0.007  8.23  18.52  0.25  0.18  0.0002 

L  0.02  0.63  2.36  0.001  8.06  18.36  0.22  0.13  0.0003 

M  0.01  0.67  2.29  0.001  7.59  18.76  0 .2 l '   0.12  0.0002  2 .57 

N  0.02  0.61  1.17  0.008  7.75  18.12  0.18  0.10  0.0005  1.89 

P  0.02  0.64  2.23  0.052  7.92  18.71  0.17  0.08  0.0007 

Q  0.02  0.57  1.89  0.012  8.13  19.52  0.16  0.08  0.0005  
 ̂ 0.037 
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T A B L E   2  

0.2%  In t e rg ranu l a r   S e n s i t i v i t y   Hot-working  P i t t i ng   P i t t i n g  
p r o o f   corrosion  to  a n t i -   c o n t r a c t i o n   corrosion  c o r r o s i o n  
s t r e s s   r e s i s t a n c e   s t r e s s   of  a rea   po ten t i a l   p o t e n t i a l  
Otg/mm2  )  corrosion  (%)  in  portion  of  base  

cracking  af fec ted   m a t e r i a l  

by  welding  (Vvs  SCE) 

h e a t  

(Vvs  SCE) 
A  25.0  X  X  82  0.12  0.27 
B  25-2  *  X  72  0.31  0.46 
C  22-8  A  X  85  0.25  0.28 
D  S.-4  A  O  75  0.45  0.48 
E  32-1  x  X  .  64  0.22  0.36 
F  40-7  X  X  -  62  0.27  0 .37 
G  29-2  x  X  60  0.39  0 .54 
H  48.7  O  O  80  0.37  0 .37 
J  50A  O  O  79  0.39  0.38 
K  5L9  O  O  76  0.34  0.35 
L  49*7  O  O  82  0.40  0 .40 
M  49-°  O  O  77  0.55  0 .56  
N  49'7  O  O  74  0.41  0.40 
P  48-!  O  O  70  0.31  0.32 
Q  48'2  O  O  72  0.33  0 .34 
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As  shown  in   T a b l e   2,  t h e   e x a m p l e s   A,  C  of   c o n -  

v e n t i o n a l   s t e e l   w e r e   s u p e r i o r   in   h o t   w o r k a b i l i t y   b u t  

i n f e r i o r   in   p r o o f   s t r e s s ,   e . g . ,   2 5 . 0 ,   2 2 . 8   kg/mm  ,  a l so   t h e  

e x a n p l e s   A,  C  are  i n f e r i o r   in  i n t e r   g r a n u l a r   c o r r o s i o n   r e s i s t a n c e ,  

5  s e n s i t i v i t y   to  a n t i - s t r e s s   c o r r o s i o n   c r a c k i n g ,   and  the  p o r t i o n  

a f f e c t e d   by  we ld ing   hea t .   The  exairple  B_was  s u p e r i o r   in  h o t  

w o r k a b i l i t y   and  the  c o r r o s i o n   r e s i s t a n c e   of  the  base  m a t e r i a l   and  t h e  

.  p o r t i o n   a f f e c t e d   by  we ld ing   hea t   but   i n f e r i o r   in  p roof   s t r e s s ,   e . g .   , 
a f f e c t e d   by  w e l d i n g   h e a t   b u t   i n f e r i o r   in   s t r e n g t h ,   e . g . ,  

10  2 5 . 2   kg/mm  ,  i n t e r g r a n u l a r   c o r r o s i o n   r e s i s t a n c e ,   a n d  

s e n s i t i v i t y   to   a n t i - s t r e s s   c o r r o s i o n   c r a c k i n g .   T h e  

e x a m p l e   D  was  s u p e r i o r   in   s e n s i t i v i t y   to   a n t i - s t r e s s  

c o r r o s i o n   c r a c k i n g ,   h o t   w o r k a b i l i t y   and  t h e   c o r r o s i o n  

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

15  by  w e l d i n g   h e a t   b u t   i n f e r i o r   in  p roof   s t r e s s ,   e . g . ,   2 3 . 4   k g / m m 2  

and   i n t e r g r a n u l a r   c o r r o s i o n   r e s i s t a n c e .   The  e x a m p l e   E 

p r e p a r e d   by  a d d i n g   0 .22%  of   N  to   t h e   e x a m p l e   A  s h o w e d  

s u b s t a n t i a l   improvement  in  p roof   s t r e s s . ,   e . g . ,   3 2 . 1   k g / m m 2  

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

20  as  h i g h   s t r e n g t h   s t a i n l e s s   s t e e l .   The  e x a m p l e   F  p r e p a r e d  

by  a d d i n g   0.10%  o f   Nb  to   t h e   e x a m p l e   E  s h o w e d   f u r t h e r  

i m p r o v e m e n t   in   p r o o f   s t r e s s ,   e . g . ,   40.7  kg/mm2  and  h a d  

s a t i s f a c t o r y   s t r e n g t h   as  h i g h   s t r e n g t h   s t a i n l e s s   s t e e l  

b u t   i n d i c a t e d   r e d u c e d   h o t   w o r k a b i l i t y .   The  e x a m p l e   G 

25  p r e p a r e d   by  a d d i n g   0 .17%  of   N  to  t h e   e x a m p l e   B  s h o w e d  
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* a 
i m p r o v e m e n t   i n   p r o o f   s t r e s s ,   e . g . ,   3 9 . 2   kg/mm  a n d  

e x c e l l e n t *   s t r e n g t h   b u t   s t i l l   r e d u c e d   i n t e r g r a n u l a r   c o r -  

r o s i o n   r e s i s t a n c e   and   s e n s i t i v i t y   a n t i - s t r e s s   c o r r o s i o n  

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

5  e x a m p l e   F.  -  

In   c o m p a r i s o n   w i t h   t h e   e x a m p l e s   o f   c o n v e n t i o n a l  

s t e e l ,   t h e   e x a m p l e s   *H  -  Q  o f   t h e   s t e e l   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n ,   b e i n g   p r e p a r e d   by  s i m u l t a n e o u s l y  

-_  a d d i n g   0 . 1 5   -  0 .28%  o f   N  and   0 . 0 5   -  0 .25%  of   Nb  a n d  

10  l i m i t i n g   t h e   q u a n t i t y   o f   C  to   0 .03%  or   l o w e r   and   t h e  

q u a n t i t y   o f   B  to   20  ppm  o r   l e s s ,   s h o w e d   s u c h   s t r e n g t h  

as   a  s t r e s s   p r o o f   o f   48  kg/mm  or   g r e a t e r ,   STEP  ( s t e p  

s t r u c t u r e )   r e s p e c t i n g   i n t e r g r a n u l a r   c o r r o s i o n   r e s i s t a n c e ,  

no  c r a c k i n g   r e g a r d i n g   s e n s i t i v i t y   to   a n t i - s t r e s s   c o r r o s i o n  

15  c r a c k i n g   d e s p i t e   i m m e r s i o n   f o r   50  Hr,   no  r e d u c t i o n   i n   h o t  

w o r k a b i l i t y   u n l i k e   t h e   c o n v e n t i o n a l   s t e e t ,   a  c o n t r a c t i o n   o f  

a r e a   o f   o v e r   70%,  and  e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   o f  

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

(  ̂ h e a t   a t   0 . 3 V   or   h i g h e r .   In   o t h e r   w o r d s ,   e a c h   of   t h e  

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

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

s e n s i t i v i t y   t o   a n t i - s t r e s s   c o r r o s i o n   c r a c k i n g ,   h o t  

w o r k a b i l i t y ,   t h e   c o r r o s i o n   r e s i s t a n c e   o f   t h e   b a s e ,  

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

25  T a b l e   3  i l l u s t r a t e s   t h e   s t r e n g t h   and   c o r r o s i o n  
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r e s i s t a n c e   of  t h e   e x a m p l e s   A,  C,  Ef  F,  J ,   M  a n d  

P  shown*  in  T a b l e   1  a n d ,   as  f o r   t h o s e   s u b j e c t e d   to   l o w  

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

g r a i n   s i z e s .   In  t h a t   c a s e ,   t h e   f l a t   s t e e l   by  10  x  4 0  

5  mm  was  h e a t e d   to   l , 1 5 0 ° C   and   t h e n   r o l l e d   w i t h   t h e   r o l l  

f i n i s h i n g   t e m p e r a t u r e   c o n t r o l l e d   a t   a b o u t   950°C  or   8 0 0 ° C ,  

b e f o r e   b e i n g   c o o l e d   a t   5 0 ° C / m i n   o r   h i g h e r   and   t h e   t o t a l  

r e d u c t i o n   r a t i o   of   96%.  O t h e r w i s e ,   t h e   s t e e l   t h u s  
» 

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

1,0  c o n t r o l l e d   a t   •950°C  was  c o o l e d   a t   5 0 ° C / m i n   and   t h e   t o t a l  

r e d u c t i o n   r a t i o   of   96%  and  t h e n   s u b j e c t e d   to   l o w  

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

980°C  x  30  m i n .  

T h e i r   s t r e n g t h   and  c o r r o s i o n   r e s i s t a n c e   w e r e  

15  e x a m i n e d   u n d e r   t h e   same  c o n d i t i o n s   as  t h o s e   in   t h e   c a s e  

of   a b o v e - d e s c r i b e d   e x a m p l e s .  

C 
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W i t h   r e s p e c t   to   t h e   e x a m p l e s   A,  C,  E  of   c o n -  

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

a t   950  °C  o r   800°C   r e s u l t e d ,   as  shown  in   T a b l e   3,  i n  

c a u s i n g   t h e   p r o o f   s t r e s s   o f   t h e   e x a m p l e   A  to  i n c r e a s e  

5  f r o m   25  kg/mm  to   33,  42  k g / m m 2 ,   t h a t   of   t h e   e x a m p l e   C 

f r o m   2 2 . 8   kg/mm2  to   25,  31  kg/mm2  _,and  t h a t   of   t h a t   o f  

t h e   e x a m p l e   E  f r o m   3 2 . 1   kg/mm2  to  44,   53  kg/mm2  b u t  

s t i l l   f a i l i n g   t o   a t t a i n i n g   t h e   d e s i r e d   50,   60  k g / m m 2 .  

£   M o r e o v e r , ,   a l l   o f   t h e   e x a m p l e s   A,  C,  E  s u b j e c t e d   t o  

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

r e s i s t a n c e   by  a  l a r g e   m a r g i n .  

A l t h o u g h   t h e   p r o o f   s t r e s s   of  t h e   e x a m p l e   F  

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

4 0 . 7   kg/mm2  t o   65,  77  k g / m m 2 ,   i t s   c o r r o s i o n   r e s i s t a n c e  

15  c o n s i d e r a b l y   d e c r e a s e d   f r o m   0 . 3 7 V   to   0 . 1 8 ,   0 . 1 6 V   in   t u r n .  

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

c o n t r o l l e d   a t   950°C  a l l o w e d   t h e   e x a m p l e s   J ,   M,  P  o f   t h e  

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

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

20  s t r e s s   o f   e a c h   f r o m   a b o u t   50  kg/mm2  to  65  k g / j n m 2 ,  

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

800°C  p e r m i t t e d   t hem  to   h a v e   u n c r y s t a l l i z e d   r e d u c e d  

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

each ,   up  to   a b o u t   77  kg /mm2;   in   o t h e r   w o r d s ,   c o n t r o l l e d  

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

by  a  l a r g e   a m o u n t .   W i t h   r e s p e c t   to   c o r r o s i o n   r e s i s t a n c e   , 
t h e   e x a m p l e s   J ,   M,  P  a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

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

5  was  n o t   s u b j e c t e d   to   c o n t r o l l e d   r o l l i n g   a n d ,   u n l i k e   t h e  

c o n v e n t i o n a l   s t e e l ,   no  r e d u c t i o n   in   c o r r o s i o n   r e s i s t a n c e  

b e c a u s e   o f   
#  

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

M o r e o v e r ,   i n   t h e   c a s e   of   t h e   e x a m p l e s   -A,  C,  E  

^   o f   c o n v e n t i o n a l   s t e e l   r o l l - f i n i s h e d   a t   9 5 0 ° C ,   c o o l e d  

10  a t   t h e   r a t e   o f   - 5 0 ° C / m i n .   and   s u b j e c t e d   to   low  t e m p e r a t u r e  

s o l u t i o n   h e a t   t r e a t m e n t   f o r   h o l d i n g   t h e m   a t   980°C  x  3 0  

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

a f o r e m e n t i o n e d   b u t   f a i l e d   to   o b t a i n   t h e   d e s i r e d   p r o o f  

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

15  A l t h o u g h   t h e   p r o o f   s t r e s s   o f   t h e   e x a m p l e   F  was  i m p r o v e d  
2 

up  to   50  kg/mm  by  c o n t r o l l e d   r o l l i n g   and   low  t e m p e r a t u r e  

s o l u t i o n   h e a t   t r e a t m e n t ,   i t s   c o r r o s i o n   r e s i s t a n c e   a l s o  

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

On  t h e   c o n t r a r y ,   e a c h   of   t h e   e x a m p l e s   J ,   M,  P  

20  a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   was  a l l o w e d   to   h a v e  

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

o f   o v e r   7 . 5   by  t h a t   t r e a t m e n t   and   s h o w e d   t h e   p r o o f   s t r e s s  

r a i s e d   up  t o   o v e r   50  kg/mm2  and  p i t t i n g   c o r r o s i o n  

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

25  s o l u t i o n   h e a t   t r e a t m e n t   ( l , 0 5 0 ° C   x  30  min   -y  W,Q.)   a n d  
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no  r e d u c t i o n   in   c o r r o s i o n   r e s i s t a n c e   due  to   c o n t r o l l e d  

r o l l i n g   and  low  t e m p e r a t u r e   s o l u t i o n   h e a t   t r e a t m e n t .  

I n d u s t r i a l   U t i l i z a b i l i t y  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   e c o n o m i c a l  

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

h a v i n g   h i g h   s t r e n g t h ,   e . g . ,   o v e r   35  kg/mm2  in   t e r m s   o f  

p r o o f   s t r e s s ,   t h e   s t r e n g t h   b e i n g   i m p r o v a b l e   up  to   5 0  

kg/mm  or   g r e a t e r   and  f u r t h e r   70  kg/mm2  or   g r e a t e r   b y  

^   c o n t r o l l e d   r o l l i n g ;   e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e ,  

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

s e n s i t i v i t y   to   a n t i - s t r e s s   c o r r o s i o n   c l a c k i n g ;   p i t t i n g  

c o r r o s i o n   and  a c i d   r e s i s t a n c e   s u p e r i o r   t o   SUS,  , ;  

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

e x c e l l e n t   h o t   w o r k a b i l i t y ;   and   p r o d u c i b i l i t y   t h r o u g h   t h e  

15  same  p r o c e s s   as  t h a t   of   SUS3()4  m a n u f a c t u r e .  

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

to   t h e   p r e s e n t   i n v e n t i o n   i s   made  f u r t h e r   i m p r o v a b l e   b y  

a d d i n g   Mo,  Cu  as  o c c a s i o n   d e m a n d s   and  i t s   m a c h i n a b i l i t y  

i s   a l s o   i m p r o v a b l e   by  a d d i n g   s m a l l   q u a n t i t i e s   of   S,  S e .  

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

t h e   p r e s e n t   i n v e n t i o n   i s   s u p e r i o r   in   s t r e n g t h   and  c o r -  

r o s i o n   r e s i s t a n c e   and  s u i t a b l e   f o r   u se   as  a  h i g h   s t r e n g t h  

member   in   v a r i o u s   p l a n t s   s u c h   as  c h e m i c a l   s e a w a t e r   a n d  

n u c l e a r   p o w e r   p l a n t s .  
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WHAT  IS  CLAIMED  I S :   " 

•  !•  A  h i g h   s t r e n g t h   s t a i n l e s s   s t e e l   c o m p r i s i n g ,  

by  w e i g h t ,   0 .03%  o r   l o w e r  

of   C,  2 .00%  or   l o w e r   o f   S i ,   5.0%  o r   l o w e r   o f   Mn,  0 . 0 3 0 %   o r  

l o w e r   o f   S,  16  -20%  of   C r ,   6  -  13%  o f " N i ,   0 . 1 5   -  0 ,28%  of   N ,  

5  0 . 0 5   -  0 . 2 5 %   o f   Kb,  0 . 0 0 2 0 %   or   l o w e r   o f   B,  t h e   r e m a i n d e r  

b e i n g   Fe  t o g e t h e r   w i t h   i m p u r i t y   e l e m e n t s .  

2.  A  h i g h   s t r e n g t h   s t a i n l e s s   s t e e l   c o m p r i s i n g ,   b y  

we igh t ,   0.03%  o r   l o w e r   o f   C,  2 .00%  or   l o w e r   o f   S i ,   5.0%  o r  
c  

l o w e r   o f   Mh,  16  -  20%  o f   Cr ,   6  -  13%  of   N i ,   0 . 1 5   -  0 .28%  o f  

N,  0 . 0 5   -  0 .25%  of   Nb,  0 . 0 0 2 0 %   o r   l o w e r   of   B,  a t   l e a s t   o n e  

5  s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   4%  or   l o w e r   of   Mo,  4% 

or   l o w e r   o f   Cu  and   0 . 0 0 5 %   or   l o w e r   of   S,  t h e   r e m a i n d e r   b e i n g  

Fe  t o g e t h e r   w i t h   i m p u r i t y   e l e m e n t s .  

3.  A  h i g h   s t r e n g t h   s t a i n l e s s   s t e e l   c o m p r i s i n g ,   b y  

w e i g h t ,   0.03%  or   l o w e r   o f   C,  2 .00%  or   l o w e r   o f   S i ,   5.0%  o r  

l o w e r   o f   Mn,  16  -  20%  o f   Cr ,   6 - 1 3 %   of   N i / o ' . 1 5   -  0 .28%  o f  

N,  0 . 0 5   -  0 .25%  o f   Nb,  0 . 0 0 2 0 %   o r   l o w e r   of   B,  a t   l e a s t   o n e  

(_  5  s e l e c t e d   from  the   group  c o n s i s t i n g   of  0.030  -  0.080%  of  S,  0.005  -  0.008% 

of  Se,  t he   r e m a i n d e r   be ing   Fe  t o g e t h e r   wi th   i m p u r i t y   e l e m e n t s .  

4  .  A  m e t h o d   f o r   m a n u f a c t u r i n g   a  h i g h   s t r e n g t h  

s t a i n l e s s   s t e e l   h a v i n g   a;  r e c r y s t a l l i z e d   m i c r o   s t r u c t u r e ,   s a i d  

s t e e l   c o m p r i s i n g ,   by  w e i g h t ,   0 .03%  or   l o w e r   o f   C,  2 .00%  o r  

l o w e r   o f   S i ,   5 .0%  o r   l o w e r   of   Mn,  0 . 0 3 0 %   o r   l o w e r   o f   S ,  

5  16  -  20%  o f   C r ,   6  -  13  of   N i ,   0 . 1 5   -  0 . 2 8   o f   N,  0 . 0 5   -  0 . 2 5 %  
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of  Nb,  0 . 0 0 2 0 %   or   l o w e r   of  B,  t h e   r e m a i n d e r   b e i n g   Fe  t o g e t h e r  

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

s a i d   s t e e l   a t   t e m p e r a t u r e   of   950  -  1 , 3 0 0 ° C ,   r o l l i n g   s a i d  

s t e e l   a t   t e m p e r a t u r e   of  900  -  1 , 2 5 0 ° C ,   c o n t r o l l i n g   t h e  

10  t e m p e r a t u r e s   of  f i n i s h   r o l l i n g   fo r   s a id   s t e e l   a t   900  -  1,000°C,  the  t o t a l  

r e d u c t i o n   r a t i o   of  sa id   s t e e l   of  30%  or  h i g h e r /   and  coo l i ng   sa id   r o l l e d  

s t e e l   a t   the  r a t e   of  4°C/min  or  h i g h e r .  

5.  A  m e t h o d   f o r   m a n u f a c t u r i n g   a  h i g h   s t r e n g t h  

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

s a i d   s t e e l   c o m p r i s i n g ,   by  w e i g h t ,   0 .03%  or   l o w e r   of  C,  2 . 0 0 %  

or  l o w e r   of  S i ,   5.0%  or   l o w e r   of   Mn,  0 . 0 3 0 %   or   l o w e r   of  S ,  

5  16  -20%  of   C r ,   6  -  13%  of  N i ,   0 . 1 5   -  0 .28%  of  N,  0 . 0 5   -  0 . 2 5 %  

of  Nb,  0 . 0 0 2 0 %   or   l o w e r   of  B,  t h e   r e m a i n d e r   b e i n g   Fe  t o g e t h e r  

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

s a i d   s t e e l   a t   t e m p e r a t u r e   of  950  -  1 , 3 0 0 ° C ,   r o l l i n g   s a i d  

s t e e l   a t   t e m p e r a t u r e   of   600  -  1 , 2 5 0 ° C ,   c o n t r o l l i n g   t h e   t e m -  

1  0  p e r a t u r e s   of  f i n i s h   r o l l i n g   for   s a id   s t e e l   a t   600  -  900°C,  the  t o t a l  

r e d u c t i o n   r a t i o   of  s a i d   s t e e l   of  30%  or  h i g h e r ,   and  c o o l i n g   sa id   r o l l e d  

s t e e l   a t   the   r a t e   of  4°C/min  or  h i g h e r .  

6.  A  m e t h o d   f o r   m a n u f a c t u r i n g   a  h i g h   s t r e n g t h   s t a i n -  

l e s s   s t e e l   h a v i n g   a  c t y s t a l   g r a i n   s i z e   n u m b e r   of  7 .5   o r  

g r e a t e r ,   s a i d   s t e e l   c o m p r i s i n g ,   by  we igh t ,   0 .03%  or   l o w e r   o f  

C,  2 .00%  or   l o w e r   of  S i ,   5.0%  o r   l o w e r   of   Mn,  0 .030%  or   l o w e r  

5  of  S,  16  -  20%  of  Cr ,   6  -  13%  o f   N i ,   0 . 1 5   -  0 .28%  of  N ,  
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0 . 0 5   -  0 .25%  of   Mb,  0 . 0 0 2 0 %   or   l o w e r   of   B,  t h e   r e m a i n d e r  

b e i n g   Fe  t o g e t h e r   w i t h   i m p u r i t y   e l e m e n t s ,   c o m p r i s i n g   t h e  

s t e p s   o f :   h e a t i n g   s a i d   s t e e l   a t   t e m p e r a t u r e   of  950  -  1 , 3 0 0 ° C ,  

;  r o l l i n g   s a i d   s t e e l   a t   t e m p e r a t u r e   of   900  -  1 , 2 5 0 ° C ,   c o n t r o l l i n g  
10  t t e   t a n p e r a t u r e s   of  f i n i s h   r o l l i n g   fo r   s a id   s t e e l   a t   lower  than  1,000°C,  c o o l -  

ing  sa id   r o l l e d   s t e e l   a t   the   r a t e   of  4°C/min  or  h i g h e r ,   the   t o t a l   r e d u c t i o n  
r a t i o   of  s a i d   s t e e l   of  30%  or  h i g h e r   and  s u b j e c t i n g   to  low  t e m p e r a t u r e  
s o l u t i o n   h e a t   t r e a t m e n t   to  s a i d   s t e e l   a t   t e m p e r a t u r e   of  900  -  1 , 0 1 0 ° C .  

7  ..  A  m e t h o d   f o r   m a n u f   a c u t i n g   a  h i g h   s t r e n g t h   s t a i n -  
l e s s   s t e e l   h a v i n g   a  r e c r y s t a l l i z e d   m i c r o s   t r u e   t u r e #   s a i d   s t e e l  

c o m p r i s i n g ,   by  w e i g t h ,   0 .03%  o r   l o w e r   of   C,  2 .00%  or   l o w e r   o f  

S i ,   5.0%  or   l o w e r   of   Mn,  16  -  20%  of   C r ,   6  -  13%  of  N i ,   0 . 1 5  
5  -  0 .28%  of   N,  0 . 0 5   -  0 .25%  of   Nb,  0 . 0 0 2 0 %   or   l o w e r   of   B,  a t   l e a s t  

one  s e l e c t e d   from  the  group  c o n s i s t i n g   of  4%  or  lower  of  Md,  4%  or  lower  o f  
Cu  and  0.005%  or  lower  of  S,  t he   r ema inde r   be ing   Fe  t o g e t h e r   w i t h   :- 
i m p u r i t y   e l e m e n t s ,   c o m p r i s i n g   t h e   s t e p s   o f   :  h e a t i n g   s a i d  
s t e e l   a t   t e m p e r a t u r e   of   950  -  1 , 3 0 0 ° C ,   r o l l i n g   s a i d   s t e e l   a t  

10  t e m p e r a t u r e   o f   900  -  1 , 2 5 0 ° C ,   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 s   of  f i n i s h  
r o l l i n g   fo r   s a i d   s t e a l   a t   900  -  1 , 0 0 0 ° C ,   t h e   t o t a l   r e d u c t i o n  
r a t i o   of  s a id   s t e e l   of  30%  or  h i g h e r ,   and  c o o l i n g   s a id   r o l l e d   s t e e l   a t   t h e  
r a € e   4 ° C / m i n   o r   h i g h e r .  

8.  A  m e t h o d   f o r   m a n u f   a c u r i n g   a  h i g h   s t r e n g t h   s t a i n -  
l e s s   s t e e l   h a v i n g   an  u n c r y s t a l l i z e d   p r o c e s s e d   s t r u c t u r e ,   s a i d  

s t e e l   c o m p r i s i n g ,   by  w e i g h t ,   0 .03%  or   l o w e r   of   C,  2 .00%  o r  

10  

-  26  -  



•  1  *  * 

s  *■  s  -  -  .  s 
" 0 2 4 K 5 3  

l o w e r   of   S i ,   5.0%  or   l o w e r   of   Mn,  16  -  20%  of  C r ,   6  -  13%  o f  

5  Nif   0 . 1 5   -  0 .28%  of  N,  0 . 0 5   -  0 .25%  of  Mb,  0 . 0 0 2 0 %   or   l o w e r  

c r   B,  a t   l e a s t   one  s e l e c t e d   from  the   group  c o n s i s t i n g   of  4%  or  lower  o f  

Mo,  4%  or  lower  of  Cu  and  0.005%  or  lower  of"  S,  the   r emainder   be ing   Fe  

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

h e a t i n g   s a i d   s t e e l   a t   t e m p e r a t u r e   of  950  -  1 , 3 0 0 ° C ,   r o l l i n g  

10  s a i d   s t e e l   a t   t e m p e r a t u r e   of   600  -  1 f 2 5 0 ° C ,   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   of   f i n i s h   r o l l i n g   f o r   s a i d   s t e e l   a t   600  -  900  ° C ,  

t h e   t o t a l   r e d u c t i o n   r a t i o   of   s a i d   s t e e l   of   30%  or   h i g h e r ,   a n d  

c o o l i n g   s a i d   r o l l e d   s t e e l   a t   t h e   r a t e   of  4 ° C / m i n   or  h i g h e r .  

9  .  A  m e t h o d   f o r   m a n u f a c t u r i n g   a  h i g h   s t r e n g t h   s t a i n -  

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

c o m p r i s i n g ,   by  w e i g h t ,   0 .03%  or   l o w e r   of  C,  2.00%  or   l o w e r  

of  S i ,   5.0%  or   l o w e r   of  Mn,  16  -  20%  of  Cr ,   6  -  13%  of  N i ,  

5  0.15  -  0.28%  of   N,  0.05  -  0.25%  of  Nb,  0.0020%  or  lower  of  B,  at  l e a s t   o n e  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  0.030  -  0.080%  of  S  and  0.005  -  

-  0 .080%  of   Se ,   t h e   r e m a i n d e r   b e i n g   Fe  t o g e t h e r   w i t h   i m p u r i t y  

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

t e m p e r a t u r e   of  950  -  1 . , 3 0 0 ° C ,   r o l l i n g   s a i d   s t e e l   a t   t e m p e r a t u r e  

10  o f 9 0 0 - 1 , 2 5 0 ° C ,   c o n t r o l l i n g   the  t e m p e r a t u r e   of  f i n i s h   r o l l i n g   for   s a i d  

s t e e l   a t   900  -  1,000°C,  the  t o t a l   r e d u c t i o n   r a t i o   of  sa id   s t e e l   of  30%  o r  

h i g h e r ,   and   c o o l i n g   s a i d   r o l l e d   s t e e l   a t   a  r a t e   of  4 ° C / m i n   o r  

h i g h e r .  

10.  A  m e t h o d   f o r   m a n u f a c t u r i n g   a  h i g h   s t r e n g t h  

-  27  -  
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s t a i n l e s s   ' s t e e l   having   an  u n c r y s t a l l i z e d   p r o c e s s e d   s t r u c t u r e ,   s a i d  
s t e e l   c o m p r i s i n g ,   by  we igh t ,   0 .03%  or   l o w e r   of   C,  2 .00%  o r  
l o w e r   o f   S i ,   5 .0%  or   l o w e r   of   Mn,  16  -  20%  of   Cr ,   6  -  13%  o f  

5  N i ,   0 . 1 5   -  0 . 2 8 %   of   N,  0 . 0 5   -  0 ,25%  of   Nb,  0 . 0 0 2 0 %   o r   l o w e r  
of   B,  a t   l e a s t   one   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   0 . 0 3 0  
-  0 . 0 8 0 %   o f   S  a n d   0 . 0 0 5   -  0 . 0 8 0 %   of   Se ,   t h e   ' r e m a i n d e r  
b e i n g   Fe  t o g e t h e r   w^ith  i m p u r i t y   e l e m e n t s ,   c o m p r i s i n g   t h e  

s t e p s   o f :   h e a t i n g   s a i d   s t e e l   a t   t e m p e r a t u r e   of   950  -  1 , 3 0 0 ° C ,  
10  r o l l i n g   s a i d   s t e e l   a t   t e m p e r a t u r e   of   600  -  1 , 2 5 0 ° C ,   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 s   f i n i s h   r o l l i n g   f o r   s a i d   s t e e l   a t   600  -  
9 0 0 ° C ,   t h e   t o t a l   r e d u c t i o n   r a t i o   \ o f   s a i d - s t e e l   of  30%  or  h i g h e r ,   a r t f  
c o o l i n g   s a i d   r o l l e d   s t e e l   a t   t h e   r a t e   of   4 ° C / m i n   o r   h i g h e r .  
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