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Austenitlc,  precipitation  hardenable  stainless  steel. 

Austenitic,  precipitation  hardenable,  stainless  chro- 
mium-nickel-aluminium  steel  with  good  cold  workability. 
The  steel  contains  Cr  13-22  %  and  Ni  5-17  %  within 
the  area  ABCD  on  the  enclosed  diagram,  Figure  2,  and 
C  up  to  0.15  %,  Si  up  to  3.0  %,  Mn  up  to  8.0  %,  P  up  to 
0.045  %,  S  up  to  0.040  %,  Mo  up  to  2.0  %,  N  up  to 
0.15  %,  Al  0.5-2.5  %.  In  addition  the  steel  can  contain 
one  more  of  the  metals  Ti,  Zr  and  U  up  to  2  %with  the 
balance  iron  and  impurities  normally  occurring  in  stain- 
less  steels. 



T h i s   i n v e n t i o n   d e a l s   w i t h   an  a u s t e n i t i c   s t a i n l e s s ,  

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

w i t h   good   c o l d   w o r k a b i l i t y .   By  t e m p e r i n g   t h e   m a r t e n s i t e  

o b t a i n e d   by  c o l d   w o r k i n g ,   q u e n c h i n g   o r   in   some  c a s e s   c o o l -  

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

o b t a i n e d .   The  new  a l l o y   can   be  p r o d u c e d   as  h o t   r o l l e d  

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

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

a l u m i n i u m   i s   a  w e l l - k n o w n   t e c h n i q u e .   T h e s e   s t e e l s   c a n  

e i t h e r   be  g i v e n   an  a n n e a l i n g   t r e a t m e n t   d e s i g n e d   t o   r a i s e  

t h e   M  s t e m p e r a t u r e   so  much  t h a t   m a r t e n s i t e   i s   f o r m e d   o n  

q u e n c h i n g ,   or   t h e y   c an   be  a n n e a l e d   a t   a  h i g h e r   t e m p e r a t u r e  

g i v i n g   an  a u s t e n i t i c   s t r u c t u r e   when  q u e n c h e d .   In  t h e  

l a t t e r   c a s e   t h e   s t e e l   c an   be  s u b s e q u e n t l y   c o l d   w o r k e d ,  

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

one  of   t h e s e   t r e a t m e n t s   t h e   m a t e r i a l   can   be  p r e c i p i t a t i o n  

h a r d e n e d .  

The  d i s a d v a n t a g e   w i t h   t h e s e   s t e e l s   i s   t h a t   t h e   r a t e  

of  m a r t e n s i t e   f o r m a t i o n   when  c o l d   w o r k i n g   i s   e x t r e m e l y  

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

r i s k   of   s t r e s s   c r a c k s ,   f o r   e x a m p l e ,   d u r i n g   t h e   w i r e   d r a w -  

i n g   p r o c e s s   i s   e x t r e m e l y   h i g h .  



The  m a i n   p u r p o s e   of   t h e   p r e s e n t   i n v e n t i o n   i s   t h u s   t o  

i m p r o v e   t h e   w o r k a b i l i t y   in   t h e   c o l d   c o n d i t i o n   of  C r - N i - A l  

s t e e l s   by  l o w e r i n g   t h e   M s  a n d   t h e   Md30  t e m p e r a t u r e s   s u f f i -  

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

o u t   a t   t h e   same  t i m e   l o w e r i n g   t h e m   so  f a r   t h a t   t h e  

a u s t e n i t e   i s   n o t   t r a n s f o r m e d   t o   m a r t e n s i t e   when  c o l d   w o r k e d .  

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

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

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

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

B o t h   h e a t s   w e r e   m e l t e d   in   a  1 0 - t o n   h i g h - f r e q u e n c y  

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

T h e s e   w e r e   c o n d i t i o n e d   and   r o l l e d   to   w i r e   r o d ,   0  6 . 0   mm  f o r  

h e a t   3 4 2 3 - 7 1   and   0  5 . 6   mm  f o r   h e a t   4 0 2 9 - 7 1 .   The  w i r e   r o d  

was  s u b j e c t e d   t o   a  n o r m a l   a n n e a l   a t   1 0 5 0 ° C ,   p i c k l e d   a n d  

i n s p e c t e d   b e f o r e   b e i n g   d r a w n   t o   w i r e .  

As  r e f e r e n c e   m a t e r i a l   a  h e a t   ( 3 2 2 6 - 7 1 )   in  s t e e l   o f  

t y p e   1 7 - 7   PH  ( A I S I   631)   h a s   b e e n   p r o d u c e d   by  t h e  s a m e   m e t h o d .  

T h i s   i s   a  p r e c i p i t a t i o n   h a r d e n a b l e   C r - N i - A l - s t e e l   w i t h   t h e  

f o l l o w i n g   h e a t   a n a l y s i s   ( T a b l e   2 ) .  



H e a t s   3 4 2 3 - 7 1   ( T a b l e   1)  and  3 2 2 6 - 7 1   h a v e   b e e n   d r a w n  

f rom  w i r e   r o d ,  0   6 . 0   mm,  u s i n g   s i n g l e   d r a f t s .   The  t e n s i l e  

s t r e n g t h   (Rm),   y i e l d   s t r e n g t h  ( R e ) ,   and  r e d u c t i o n   of   a r e a  

(Z)  as  m e a s u r e d   by  t e n s i l e   t e s t i n g   a r e   c o m p a r e d   in   F i g u r e  

1.  I t   is   a p p a r e n t   t h a t   t h e   y i e l d   and  t e n s i l e   s t r e n g t h s  

i n c r e a s e   more   s l o w l y   f o r   t h e   a l l o y   in  t h e   i n v e n t i o n  

( c o n t i n u o u s   c u r v e )   t h u s   c a u s i n g   t h e   d r a w a b i l i t y ,   m e a s u r e d  

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

75%  to  92%.  M o r e o v e r ,   t h e   d u c t i l i t y   m e a s u r e d   as  r e d u c t i o n  

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

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

I t   s h o u l d   be  n o t e d  t h a t   s t r e s s   c r a c k s   a r e   c o m p l e t e l y   a b s e n t  

in   t h e   m a t e r i a l   f o r   a r e a   r e d u c t i o n s   as  l a r g e   as  92% 

c o m p a r e d   w i t h   1 7 - 7   PH  w h e r e  a   d e f i n i t e   r i s k   of   s t r e s s  

c r a c k   f o r m a t i o n   e x i s t s   a t   a r e a   r e d u c t i o n s   as  low  as  4 5 % .  

The  p r e c i p i t a t i o n   h a r d e n i n g  e f f e c t   of   t h e  a l l o y   i n  

t h e   i n v e n t i o n   h a s   b e e n   t e s t e d   f o r   two  d i f f e r e n t   a r e a  

r e d u c t i o n s   and  t h e   r e s u l t s   a r e   shown  b e l o w  i n   T a b l e   3 .  

T e m p e r i n g   t r e a t m e n t :   30  m i n u t e s   a t   4 5 0 ° C .  

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

y i e l d   and  t e n s i l e   s t r e n g t h s   of  a b o u t   200  N/mm2  f o r   h e a t  



3 4 2 3 - 7 1   and   a b o u t   400  N/mm2  f o r   h e a t   4 0 2 9 - 7 1 .   The  l a r g e  

d i f f e r e n c e   b e t w e e n   t h e s e   e f f e c t s   can   be  e x p l a i n e d   by  t h e  

f a c t   t h a t   w i r e   r o d   f r o m   h e a t   3 4 2 1 - 7 1   h a s   n o t   b e e n   w o r k e d  

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

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

The  a l l o y   in   t h i s   i n v e n t i o n   h a s   m a i n l y   b e e n  

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

p r e c i p i t a t i o n   h a r d e n a b l e   s t a i n l e s s   C r - N i - A l   s t e e l s .   W i t h -  

in   t h e   a r e a   ABCD  in   F i g u r e   2  t h e   c o m p o s i t i o n   can   be  s e t  

so  t h a t   a n n e a l i n g   in   t h e   t e m p e r a t u r e   r a n g e   6 0 0 - 9 5 0 ° C   l e a d s  

t o   a  r i s e   in   t h e   Ms  t e m p e r a t u r e   due  t o   c a r b i d e   p r e c i p i t a -  

t i o n .   The  m a t e r i a l   c an   s u b s e q u e n t l y   be  c o o l e d   t o   a m b i e n t  

or   s u b z e r o   t e m p e r a t u r e s   in   o r d e r   t o   o b t a i n   a  t r a n s f o r m a t i o n  

to   m a r t e n s i t e   w h i c h   can   t h e n   be  t e m p e r e d .  

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

i n g   w h e r e   t e n s i l e   s t r e n g t h s   as  low  as  5 4 0  -   560  N/mm2 

h a v e   b e e n   m e a s u r e d   on  m a t e r i a l   a n n e a l e d   a t   1 0 5 0 ° C .   T h i s  

i s   t r u e   f o r   b o t h   h e a t s   3 4 2 3 - 7 1   and   4 0 2 9 - 7 1 .  

The  t e c h n i c a l   r e s u l t   of   t h e   i n v e n t i o n   i s   t h a t   t h e  

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

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

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

i m p r o v e d   by  a d d i t i o n s   of   z i r c o n i u m   and   u r a n i u m   i n s t e a d  

of  t i t a n i u m .   S i n c e   t h e ' a l l o y   has   an  e x t r e m e l y   s l u g g i s h  

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

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

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

m a r t e n s i t e   f o r m a t i o n .  



C h r o m i u m   and  n i c k e l   c o n t e n t s   s h o u l d   l i e   w i t h i n   t h e  

a r e a   ABCD  as  shown  in  F i g u r e   2  w h e r e   c h r o m i u m   can   b e  

p a r t l y   r e p l a c e d   b y  m o l y b d e n u m   w i t h   up  t o   2%,  and  n i c k e l  

can   be  p a r t l y   r e p l a c e d   by  m a n g a n e s e   a c c o r d i n g   to   t h e  

f o r m u l a   %  N i  =   1 / 2   (%  Mn -   1%).  In  o n e ,   p a r t i c u l a r l y  

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

l i e   w i t h i n   t h e   a r e a   ABCD in   F i g u r e   2 .  

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

w i t h i n   t h e   t e m p e r a t u r e   r a n g e   6 0 0  -   9 5 0 ° C ,   q u e n c h e d   a n d  

c o o l e d   t o   b e l o w   room  t e m p e r a t u r e .   The  a l l o y   can   t h e n   b e  

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

The  a l l o y   can   a l s o   be  q u e n c h e d   d i r e c t   a f t e r   h o t  

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

h a r d e n e d   by  t e m p e r i n g .  



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

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

and   c h a r a c t e r i z e d   by  c o n t a i n i n g   Cr  1 3  -   22%  and  Ni  5  -   17% 

and   C  up  t o   0 . 1 5 % ,   Si  up  to   3 . 0 % , . M n   up  t o   8 . 0 % ,   P  up  t o  

0 . 0 4 5 % ,   S  up  t o   0 . 0 4 0 % ,   Mo  up  t o   2 . 0 % ,   N  up  t o   0 . 1 5 % ,   A l  

0 . 5  -   2.5%  and   p r e f e r a b l y   one  o r   m o r e  o f   t h e   m e t a l s   T i ,  

Zr  and   U  up  t o   2%,  w i t h   t h e   b a l a n c e   o f   i r o n   and  i m p u r i t i e s  

n o r m a l l y   o c c u r r i n g   in   s t a i n l e s s   s t e e l s   and   t h e   sum  of   N i  

and  Mn  e x p r e s s e d   as  N i '  =   %Ni +  1 /2   (%  Mn-1 )   and  t h e   s u m  

of   Cr  and  Mo  e x p r e s s e d   as  Cr '   a c c o r d i n g   t o   t h e   f o r m u l a   C r '  

=  %Cr  +  %Mo  l i e s   w i t h i n   t h e   a r e a   ABCD  in   t h e   e n c l o s e d  

d i a g r a m   F i g u r e   2 .  

2.  S t e e l   a c c o r d i n g   t o   c l a i m   1,  c h a r a c t e r i z e d   by  t h e  

f a c t   t h a t   i t   c o n t a i n s   e i t h e r   Ti  up  t o   0.5%  or   Zr  up  t o  

0.5%  or   U  up  t o   1%. 

3.  S t e e l   a c c o r d i n g   to   c l a i m s   1  and   2,  c h a r a c t e r i z e d  

by  a  c h r o m i u m   c o n t e n t   of   22%  c o r r e s p o n d i n g   t o   a  n i c k e l  

c o n t e n t   b e t w e e n   5 . 2 5   and  12.5%  and   a  c h r o m i u m   c o n t e n t   o f  

13%  c o r r e s p o n d i n g   to   a  n i c k e l   c o n t e n t   b e t w e e n   1 0 . 1 5   a n d  

1 7 % .  

4.  S t e e l   a c c o r d i n g   t o   c l a i m s   1  and   2,  c h a r a c t e r i z e d  

by  t h e   f a c t   t h a t   t h e   c h r o m i u m   c o n t e n t   l i e s   b e t w e e n   1 6 . 5 %  

and  18 .2%  and   t h e   n i c k e l   c o n t e n t   b e t w e e n   8 .25%  and  9 . 7 5 % .  
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