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Stainless  steel  alloy. 

A  stainless  steel  alloy  has  the  following  composition 
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The  alloy  has  a  duplex  microstructure  of  austentie  and  fer- 
rite  and  has  good  corrosion  resistance. 
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  A  stainless  steel  alloy  has  the  following  composition 

The  alloy  has  a  duplex  microstructure  of  austentie  and  fer- 
rite  and  has  good  corrosion  resistance. 



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   s t a i n l e s s  

s t e e l   a l l o y s .  

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

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

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

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

r e s i s t a n c e   to   s t r e s s   c o r r o s i o n   c r a c k i n g   in   a  s e a -  

w a t e r   e n v i r o n m e n t .   Such   s t e e l s   a r e   d e s c r i b e d   f o r  

e x a m p l e   in   U.K.  P a t e n t   No.  1 , 1 5 8 , 6 1 4   and  U . S .  

P a t e n t   No.  3 , 0 6 5 , 1 1 9   and  a r e   a v a i l a b l e   u n d e r   t h e  

d e s i g n a t i o n s   CD4MCu  and  F e r r a l i u m .  

A  t y p i c a l   c o m p o s i t i o n   of  s u c h   an  a l l o y   i s   a s  

f o l l o w s :  

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

p r o m o t i n g   e i t h e r   a u s t e n i t e   or  f e r r i t e   in   t h e  m i c r o -  

s t r u c t u r e   a r e   c o n t r o l l e d   to   p r o d u c e   a  s t r u c t u r e  

w h i c h   i s   b a l a n c e d   and  w h i c h   c o n t a i n s   a  m in imum  o f  



65%  a u s t e n i t e .   T h i s   m i c r o s t r u c t u r a l   c o n t r o l  

p r o v i d e s   an  a l l o y   w h i c h   h a s   a  good  c o m b i n a t i o n   o f  

t o u g h n e s s   and  c o r r o s i o n   r e s i s t a n c e   in   t h i c k   s e c t i o n  

c a s t i n g s   when  a d o p t i n g   a i r   c o o l i n g   f rom  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 .  

H o w e v e r   a u s t e n i t e   l e v e l s   of   65%  and  a b o v e  

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

s i n c e   t h e   l a t t e r   i s   s e n s i t i v e   to  c h a n g e s   in   t h e  

a u s t e n i t e / f e r r i t e   b a l a n c e .  

T h e r e   i s   a  n e e d   f o r   s t a i n l e s s   s t e e l   a l l o y s  

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

to  t h e   a b o v e   a l l o y s   and  w h i c h   s t i l l   h a v e   a  g o o d  

c o m b i n a t i o n   of  t o u g h n e s s   and  c o r r o s i o n   r e s i s t a n c e .  

I t   i s   known  t h a t   t h e   a d d i t i o n   of  c a r b o n   a n d  

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

i n g   e l e m e n t s   i s   t h e   m o s t   e f f e c t i v e   way  of  s t r e n g t h -  

e n i n g   in   b o t h   f e r r i t e   and  a u s t e n i t e   ( s e e   f o r   e x a m p l e  

K . J .   I r v i n e ,   e t   a l ,   J .   I r o n   S t e e l   I n s t .   1 9 6 1 ,   V o l  

199 ,   p  153  and  K . J .   I r v i n e   e t   a l ,   i b i d ,   1 9 6 3 ,   V o l  

201,   p  9 4 4 ) .  

H o w e v e r   i n c r e a s e d   c a r b o n   in   a  s t a h l e s s   s t e e l  

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

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

N i t r o g e n   i s   u s e d   in   a m o u n t s   up  to   0.5%  i n  

a u s t e n i t i c   s t a i n l e s s   s t e e l s   of  t h e   A . I . S . I .   2 0 0  

s e r i e s   to   i m p a r t   h i g h   s t r e n g t h   l e v e l s .   H o w e v e r   t h e  

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

25  C r / 5 N i   s t e e l s   r e a c h e s   a  maximum  of  a p p r o x i m a t e l y  



0.2%  ( J . F .   E l l i o t   e t   a l   T h e r m o c h e m i s t r y   f o r   S t e e l -  

m a k i n g ,   Vol   I I ,   A d i s o n   and  W e s l e y   P u b l i s h e r s ,  

1 9 6 3 ) .   The  i n c l u s i o n   of  a m o u n t s   of  n i t r o g e n   i n  

e x c e s s   of  0 .2%  in  t h e   c o n v e n t i o n a l   d u p l e x   2 5 C r / 5 N i  

s t e e l s   r e s u l t s   i n   s e v e r e   g a s s i n g   p r o b l e m s   in   c a s t i n g s .  

I t   i s   known  t h a t   m a n g a n e s e   a d d i t i o n s   a r e  

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

n i t r o g e n   s o l u b i l i t y .   H o w e v e r   m a n g a n e s e   h a s   b e e n  

shown  a d v e r s l y   to   e f f e c t   l o c a l i s e d   c o r r o s i o n   r e s i s -  

t a n c e   i n   a u s t e n i t i c   s t a i n l e s s   s t e e l s   ( R . J .   B r i g h a m  

and  E.W.  T o z e r ,   C o r r o s i o n   N . A . C . E . ,   Vol   30,  N o .  5 ,  

May  1 9 7 4 ,   p  161)   and  a l s o   to   p r o m o t e   f o r m a t i o n   o f  

t h e   e m b r i t t l i n g   s i g m a   p h a s e .  

I t   i s   a l s o   c l e a r   f r o m   t h e   s e c o n d   K . J .   I r v i n e  

e t   a l   r e f e r e n c e   q u o t e d   a b o v e   t h a t   an  i n c r e a s e   i n  

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

i n c r e a s e   n i t r o g e n   s o l u b i l i t y .   H o w e v e r   t h i s   r e s u l t s  

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

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

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

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

I t   i s   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   t o  

p r o v i d e   a  s t a i n l e s s   s t e e l   a l l o y   w h i c h   h a s   an  i m p -  

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

a n c e   to   l o c a l i s e d   c o r r o s i o n ,   and  r e s i s t a n c e   t o  

s t r e s s   c o r r o s i o n   c r a c k i n g   in   a  s e a   w a t e r   e n v i r o n m e n t  

t h a n   t h e   c o n v e n t i o n a l   d u p l e x   a l l o y s .  

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 r e   i s  



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

c o m p o s i t i o n  

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

a u s t e n i t e   and  f e r r i t e .  

P r e f e r a b l y   t h e   a l l o y   i s   of  t h e   f o l l o w i n g  

c o m p o s i t i o n  

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



at   l e a s t   60%  and  more   p r e f e r a b l y   a t   l e a s t   65%  a u s t e n i t e  

The  i n c l u s i o n   of  0 . 1 5  -   0 . 3   %  N2  in   t h e   a l l o y  

p r o v i d e s   an  i n c r e a s e   in   t e n s i l e   and  p r o o f   s t r e s s e s  

as  w e l l   as  in   l o c a l i s e d   c o r r o s i o n   p e r f o r m a n c e .  

A m o u n t s   of  n i t r o g e n   l e s s   t h a n   0 .15%  do  n o t   g i v e   t h e  

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

g r e a t e r   t h a n   0.3%  c a n n o t   be  o b t a i n e d   due  to   i t s  

l i m i t e d   s o l u b i l i t y .   A m o u n t s   of  m a n g a n e s e   l e s s   t h a n  

3.5%  do  n o t   g i v e   t h e   r e q u i r e d   N2  s o l u b i l i t y   w h e r e a s  

a m o u n t s   g r e a t e r   t h a n   5 . 0  %   l e a d   to   e x c e s s i v e   f o r m -  

a t i o n   of  s i g m a   p h a s e .  

The  a l l o y   may  be  p r e p a r e d   f r o m   a  m e l t   c o n t a i n -  

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

by  c a s t i n g   of  t h e   m e l t   and  s u b s e q u e n t   h e a t   t r e a t m e n t  

in   t h e   m a n n e r   known  f o r   t h e   p r o d u c t i o n   of  d u p l e x  

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

f o r   t h e   a l l o y   may  be  p r o v i d e d   by  h i g h   n i t r o g e n  

f e r r o c h r o m e .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d   by  w a y  

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

d r a w i n g s ,   i n   w h i c h ;  

F i g .   1  i s   a  g r a p h   s h o w i n g   t h e   e f f e c t   o n  

U l t i m a t e   T e n s i l e   S t r e s s ,   0 .2%  P r o o f   S t r e s s   a n d  

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

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

f e r r i t i c ,  a u s t e n i t i c   t y p e ;  

F i g .   2  i s   a  TTT  c u r v e   i l l u s t r a t i n g   t h e   r a t e   o f  

f o r m a t i o n   of  s i g m a   p h a s e   in   v a r i o u s   a l l o y s   o f  



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

F i g .   3  i s   a  g r a p h   s h o w i n g   t h e   e f f e c t   o n  

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

c o n t e n t   of  a  s t a i n l e s s   s t e e l   a l l o y   a t   v a r i o u s   f i x e d  

n i t r o g e n   c o n t e n t s ;   a n d  

F i g .   4  shows   t h e   e f f e c t   on  c o r r o s i o n   p r o p e r t i e s  

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

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

F i g .   1  i l l u s t r a t e s   t h e   v a r i a t i o n   in   U l t i m a t e  

T e n s i l e   S t r e s s   (UTS) ,   0 .2%  P r o o f   S t r e s s   (PS)  a n d  

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

d u p l e x   a l l o y   of  n o m i n a l l y   25%  Cr  o b t a i n e d   by  h e a t  

t r e a t m e n t   a t   1 1 2 0 ° C   w i t h   q u e n c h i n g .   The  v a r i a t i o n  

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

n i c k e l   c o n t e n t   of   t h e   a l l o y .  

I t   w i l l   be  s e e n   f rom  F i g .   1  t h a t   t h e   a l l o y  

w i t h   a b o v e   60%  a u s t e n i t e   c o n t e n t   has   a  t e n s i l e  

s t r e n g t h   of  650  MPa  or  l e s s   and  a  0.2%  P r o o f   S t r e n g t h  

of  490  MPa  or   l e s s .  

In  o r d e r   to   i m p r o v e   t h e   p r o p e r t i e s   of  t h e   k n o w n  

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

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

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

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

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

I n i t i a l l y   a  s e r i e s   of  f e r r i t i c   a u s t e n i t i c   a l l o y s  

we re   c a s t   w h i c h   c o n t a i n e d   n o m i n a l l y   25%  Cr ,   6-7%  N i ,  

2%  Mo,  0 . 05%  N29  a m o u n t s   of  m a n g a n e s e   f rom  1  to   15%,  



and  a  b a l a n c e   of  i r o n   p l u s   u n a v o i d a b l e   i m p u r i t i e s .  

A  s t u d y   was  t h e n   made  on  t h e   e f f e c t s   on  m i c r o -  

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

A d d i t i o n s   of   m a n g a n e s e   up  to  8%  w e r e   f o u n d   n o t  

to  e f f e c t   t h e   a u s t e n i t e / f e r r i t e   p h a s e   b a l a n c e .  

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

f o u n d   n o t   to   be  a f f e c t e d   up  to   a  l e v e l   of  12%  Mn.  

A  p r o g r e s s i v e   i n c r e a s e   in   h a r d n e s s   w a s  

r e c o r d e d   a t   m a n g a n e s e   l e v e l s   of  5%  and  a b o v e   in   t h e  

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

a t t r i b u t a b l e   to   h a r d ,   b r i t t l e   s i g m a   p h a s e .  

F i g .   2  i l l u s t r a t e s   t h i s   f o r m a t i o n   of  s i g m a  

p h a s e   and  i s   a  Time  T e m p e r a t u r e   T r a n s f o r m a t i o n  

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

a  c o n v e n t i o n a l   d u p l e x   b a s e   a l l o y   ( n o m i n a l l y  

2 5 C r / 5 N i )   ( c u r v e   A),  an  a l l o y   c o n t a i n i n g   3%  Mn 

( c u r v e   B),   and  one  c o n t a i n i n g   5%  Mn  ( c u r v e   C ) .  

S u p e r i m p o s e d   on  F i g .   2  i s   a  c o n t i n u o u s   c o o l i n g   p a t h  

t y p i c a l   of  t h e   c o o l i n g   r a t e   ' s e e n '   a t   t h e   c e n t r e   o f  

a  6"  d i a m e t e r   b i l l e t .  

I t   w i l l   be  s e e n   f rom  F i g .   2  t h a t   r a t e   of  f o r m -  

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

m a n g a n e s e   c o r t e n t ,   and  a b o v e   5%  Mn  t h e   f e r r i t i c  

m i c r o s t r u c t u r e   a t   t h e   c e n t r e   of  a  6"  b i l l e t   w i l l  

t r a n s f o r m   p a r t i a l l y   or  w h o l l y   to  s i g m a   p h a s e   u p o n  

c o o l i n g   f rom  t h 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  

of  1 1 0 0 ° C .  

By  way  of  e x a m p l e ,   F i g .   2  a l s o   shows   t h e   TTT 



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

U r a n u s   50,  a  t y p i c a l   d u p l e x   s t a i n l e s s   s t e e l   a l l o y  

w i t h   a  5 0 / 5 0   a u s t e n i t e / f e r r i t e   m i c r o s t r u c t u r e .  

From  t h e   a b o v e   d i s c u s s i o n   i t   w i l l   be  a p p r e c i a -  

t e d   t h a t   a m o u n t s   of  m a n g a n e s e   of  l e s s   t h a n   5%  should. 

be  u s e d   in   t h e   a l l o y s   of  t h e   i n v e n t i o n   to  e n s u r e  

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

f o r m e d .  

In  o r d e r   to  s t u d y   t h e   e f f e c t   of  m a n g a n e s e  

a d d i t i o n   on  n i t r o g e n   s o l u b i l i t y ,   two  s e r i e s   o f  

d u p l e x   a l l o y s   ( n o m i n a l l y   2 5 C r / 5 N i )   w e r e   p r e p a r e d .  

One  s e r i e s   of   a l l o y s   c o n t a i n e d   a  n o m i n a l   1%  Mn 

and  t h e   o t h e r   c o n t a i n e d   4 .5%  Mn.  The  a l l o y s   o f  

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

b e t w e e n   0 . 2   and  0 . 3 5 % .  

On  v i s u a l   e x a m i n a t i o n   i t   was  e v i d e n t   t h a t   t h e  

a l l o y s   c o n t a i n i n g   1%  Mn  had   g a s s e d   s e v e r e l y   o n c e  

a  l e v e l   of  0 . 1 5   N2  was  e x c e e d e d ,   w h e r e a s   t h e   h i g h e r  

m a n g a n e s e   a l l o y s   s h o w e d   good   s o u n d n e s s   up  to  0 . 3 %  

N 2 .  

T e s t s   w e r e   c o n d u c t e d   to  d e t e r m i n e   t h e   e f f e c t  

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

c r e v i c e   and  p i t t i n g   t e m p e r a t u r e s   of  t h e   a l l o y s .  

F i g .   3  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p   o f  

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

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

two  n o m i n a l l y   2 5 C r / 5 N i   d u p l e x   a l l o y s ,   one  c o n t a i n i n g  

0.1%  N2  and  t h e   o t h e r   0 .23%  N2.  In  F i g .   3,  t h e  



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

d a s h e d   l i n e s   r e p r e s e n t   c r e v i c e   t e m p e r a t u r e s .  

I t   w i l l   be  s e e n   f rom  F i g .   3  t h a t   t h e   a l l o y   w i t h  

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

c r i t i c a l   p i t t i n g   t m m p e r a t u r e   and  c r i t i c a l   c r e v i c e  

t e m p e r a t u r e ;   t h e   a l l o y   w i t h   0 . 23%  n i t r o g e n   m a i n t a i n s  

a  c r i t i c a l   p i t t i n g   t e m p e r a t u r e   of  o v e r   60°C  up  to   a  

m a n g a n e s e   a d d i t i o n   of  5%  and  a l s o   shows   a  r i s e   i n  

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

of  3  to   4%. 

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

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

c r e v i c e   t e m p e r a t u r e s   of  a  s e r i e s   of  d u p l e x   a l l o y s  

( n o m i n a l l y   2 5 C r / 5 N i )   c o n t a i n i n g   4 .5%  Mn.  The  a l l o y s  

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

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

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

I t   w i l l   be  s e e n   f r o m   F i g .   4  t h a t   i n c r e a s i n g   t h e  

n i t r o g e n   c o n t e n t   to   0 .3%  i m p r o v e s   t h e   c r i t i c a l  

p i t t i n g   and  c r e v i c i n g   t e m p e r a t u r e s   by  more  t h a n   2 0 ° C  

as  c o m p a r e d   to   an  a l l o y   c o n t a i n i n g   o n l y   0 .1%  N 2 .  

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

3 . 5   to   5%  and  a m o u n t s   of  n i t r o g e n   of  f r o m   0 . 1 5   t o  

0 .3%  in   t h e   a l l o y s   of  t h e   i n v e n t i o n   r e s u l t s   i n  

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

a l l o y s   of  t h e   i n v e n t i o n   as  w i l l   be  a p p r e c i a t e d   f r o m  

t h e   f o l l o w i n g .  



The  t e n s i l e   p r o p e r t i e s   of  an  a l l o y   of  t h e  

i n v e n t i o n   and   c o n t a i n i n g   0 .28%  N2  and  4.5%  Mn  w e r e  

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   d u p l e x   a l l o y  

of  t h e   t y p e   s e t   ou t   i n   T a b l e   I  a b o v e .   The  c o m p a r i s o n  

f o r   t h e   two  a l l o y s   f o r   t h e   s o l u t i o n   h e a t   t r e a t e d   a n d  

w a t e r   q u e n c h e d   c o n d i t i o n s   i s   g i v e n   in   T a b l e   I I   b e l o w .  

I t   w i l l   be  s e e n   f r o m   T a b l e   I I   t h a t   t h e  

p r o p e r t i e s   of  t h e   a l l o y   a r e   much  i m p r o v e d   as  c o m p a r e d  

to   t h e   c o n v e n t i o n a l   a l l o y .   In   p a r t i c u l a r   t h e  

i n c r e a s e   in   p r o o f   s t r e s s ,   in   e x c e s s   of   100  MPa  i s  

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

in   s o l i d   s o l u t i o n   in   t h e   a u s t e n i t e .  

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

f i c a t i o n s   may  be  made  to   t h e   c o m p o s i t i o n   of  t h e   a l l o y  

of  t h e   i n v e n t i o n .  

The  a d d i t i o n   of   c o p p e r   w i l l   h ave   a  b e n e f i c i a l  

e f f e c t   on  c o r r o s i o n   r e s i s t a n c e .   T h u s ,   f o r   e x a m p l e ,  

t h e   a l l o y   may  i n c l u d e   c o p p e r   in   an  a m o u n t   up  to   1% 

by  w e i g h t .   I f   g r e a t e r   t h a n   0 .5%  by  w e i g h t   of  c o p p e r  

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

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

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

T u n g s t e n   u p t o   1%  by  w e i g h t   i n c r e a s e s   t h e  



i m m u n i t y   p o t e n t i a l s   to   c r e v i c e   c o r r o s i o n   of  a  d u p l e x  

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

w h i c h   c r e v i c e   c o r r o s i v e   s t a r t s .  

T i n   and  a n t i m o n y   i n   a m o u n t s   u p t o   0 . 1 0 %   a n d  

0.2%  by  w e i g h t   r e s p e c t i v e l y   i m p r o v e   t h e   s t r e s s  

c o r r o s i o n   c r a c k i n g   and  p i t t i n g   c o r r o s i o n   i n  

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

of  H 2 S .  

Such   m o d i f i e d   a l l o y s   a r e   a l s o   w i t h i n   t h e  

s c o p e   of   t h e   i n v e n t i o n .  



1.  A  s t a i n l e s s   s t e e l   a l l o y   h a v i n g   t h e   f o l l o w i n g  

c o m p o s i t i o n  

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

a u s t e n i t e   and  f e r r i t e .  

2.  An  a l l o y   as  c l a i m e d   i n   c l a i m   1  and  h a v i n g   t h e  

f o l l o w i n g   c o m p o s i t i o n  



3.  An  a l l o y   as  c l a i m e d   i n   c l a i m   1  or   2  and  h a v i n g  

a  m i c r o s t r u c t u r e   c o m p r i s i n g   a t   l e a s t   60%  a u s t e n i t e .  

4.  An  a l l o y   as  c l a i m e d   i n   c l a i m   3  and  h a v i n g   a  

m i c r o s t r u c t u r e   c o m p r i s i n g   a t   l e a s t   65%  a u s t e n i t e .  

5.  A  s t a i n l e s s   s t e e l   a l l o y   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   1  to   4  i n c l u d i n g   c o p p e r   as  an  a l l o y i n g   a d d i t i o n  

in   an  a m o u n t   of  g r e a t e r   t h a n   0 .5%  by  w e i g h t .  

6.  A  s t a i n l e s s   s t e e l   a l l o y   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   1  to  4  i n c l u d i n g   t u n g s t e n   as  an  a l l o y i n g   a d d i t i o n  

in   an  a m o u n t   of  up  to   1%  by  w e i g h t .  

7.  A  s t a i n l e s s   s t e e l   a l l o y   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   1  to   4  i n c l u d i n g   t i n   as  an  a l l o y i n g   a d d i t i o n   i n  

an  a m o u n t   of  up  to  0 .10%  by  w e i g h t .  

8.  A  s t a i n l e s s   s t e e l   a l l o y   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   1  to   4  i n c l u d i n g   a n t i m o n y   as  an  a l l o y i n g   a d d i t i o n s  

in   an  a m o u n t   of  up  to   0 .2%  by  w e i g h t .  
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