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CAST  STAINLESS  STEEL  ALLOY 

AND  METHOD  FOR  ITS  MANUFACTURE 

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   r e l a t i v e l y   l o w -  

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

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

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

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

r a n g e   up  to   2 0 0 0 ° F   ( 1 0 9 3 ° C ) .  

C a s t   a r t i c l e s   of  t h i s   t y p e ,   in   p a r t i c u l a r ,  

a u t o m o t i v e   or   a i r c r a f t   t u r b o c h a r g e r   h o u s i n g s ,   a r e  

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

2000  °F  ( 1 0 9 3 ° C ) ,   and  m u s t   be  a b l e   to   c o n t a i n   a  t u r b i n e  

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

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

r e a c h e s   1  300-1   400°F   ( 7 0 4 - 7 6 0 ° C )   r e s u l t i n g   in  h o u s i n g  

m e t a l   t e m p e r a t u r e s   of  1  200-1   3 0 0 ° F   (  6 4 9 - 7 0 4 o O t * » ; ^ i ^ i ^ , ;  

p a s s e n g e r   c a r   t u r b o c h a r g e r s   ,  h o w e v e r   ,  t h e   o p e r a t i n g ! * * 1  

t e m p e r a t u r e s   e x t e n d   up  to   t h e   1 7 5 0 - 2 0 0 0 ° F   ( 9 5 4 - 1   9 0 9 ° C )  

r a n g e ,   w h i c h   r e s u l t s   in   m e t a l   t e m p e r a t u r e s   of  1 5 5 0 -  

1 9 5 0 ° F   (  843-1   066°C)   a t   t h e   gas   i n l e t   or  t o n g u e   s e c t i o n  

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

w i t h i n   a  few  d e g r e e s   of  ,  t h e   t u r b i n e   e x h a u s t   t e m p e r a t u r e  

and  i s   i n s u l a t e d   so  t h a t   h e a t   i s   n o t   d i s s i p a t e d  

r a p i d l y .   I t   i s   in   m e t a l   s e c t i o n s   s u c h   as   t h i s   g a s  

i n l e t   a r e a   of  an  a u t o m o t i v e   t u r b o c h a r g e r   w h e r e   t h e  

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

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

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

The  c o m m e r c i a l l y   a v a i l a b l e   HD  a l l o y   w h i c h   i s  

i n h e r e n t l y   a  d u p l e x   m a t e r i a l   c o n t a i n s   a b o u t   2 6 - 3 0 %  

c h r o m i u m   and  4-7%  n i c k e l ,   h o w e v e r ,   b e c a u s e   of  t h e  
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r e l a t i v e l y   low  n i c k e l   c o n t e n t ,   i t   i s   s u b j e c t   t o   s i g m a  

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

r i s e   to   t h e r m a l   c r a c k i n g   when  u s e d   a t   e l e v a t e d  

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

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

c o m i n g s   of  t h e   HD  s e r i e s   a l l o y s   h a v e   b e e n   o v e r c o m e   b y  

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

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

n i c k e l   d u c t i l e   i r o n   c a s t i n g   a l l o y s .   E x a m p l e s   of  t h e s e  

a r e   N i R e s i s t   ( T r a d e   Mark)   d e v e l o p e d   by  I n t e r n a t i o n a l  

N i c k e l   C o m p a n y ,   or   HK30,  a  c h r o m i u m - n i c k e l - i r o n  

s t a i n l e s s   s t e e l   a l l o y   c o n t a i n i n g   a p p r o x i m a t e l y   30% 

c h r o m i u m   and  20%  n i c k e l ,   b a l a n c e   e s s e n t i a l l y   i r o n .   T h e  

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

18-22%  n i c k e l   and  a r e   f u l l y   a u s t e n i t i c .   The  HK 

s t a i n l e s s   s t e e l   a l l o y s   a r e   some  of   t h e   s t r o n g e s t  

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

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

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

a r e   q u i t e   e x p e n s i v e   and  p r e s e n t   c a s t i n g   d i f f i c u l t i e s  

b e c a u s e   of  t h e i r   h i g h   n i c k e l   c o n t e n t .  

US  P a t e n t   No.  3 , 9 6 9 , 1 0 9   T a n c z y n ,   d i s c l o s e s   a  

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

21-30%  Cr,   2 - 1 0 % N i ,   0 . 2 5 - 0 . 4 5 % C ,   0 . 0 1 - 2 . 5 %   Mn  and  0 . 3 5 -  

0.55%  N,  in   w h i c h   h i g h   t e m p e r a t u r e   s t r e n g t h   a n d  

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

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

t h e   m a n g a n e s e   c o n t e n t s   of   t h e   c o m m e r c i a l   2 1 - 4   s t a i n l e s s  

s t e e l   a l l o y s .   T h i s   p a t e n t ,   h o w e v e r ,   r e l a t e s   to   w r o u g h t  

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

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

s i n c e   t h e y   a r e   w r o u g h t   m a t e r i a l s   and  do  n o t   e n j o y   t h e  

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

i s   r e s i s t a n t   to   t h e r m a l   c r a c k i n g ,   and  e x h i b i t s   g o o d  

room  t e m p e r a t u r e   s t r e n g t h   and  h i g h   c r e e p   s t r e n g t h   a n d  

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

5.  of   up  to  1 9 5 0 ° F   ( 1 0 6 6 ° C ) .  

I t   i s   a l s o   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  r e l a t i v e l y   low  c o s t   s t a i n l e s s   s t e e l   c a s t i n g  

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

I t   i s   a  f u r t h e r   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  

10.  p r o v i d e   an  i m p r o v e d   and   c o s t   e f f i c i e n t   m e t h o d   f o r  

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

s e r v i c 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 h e r e   i s  

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

15.   m e t a l l u r g i c a l   s t r u c t u r e   of  a b o u t   20  -  80%  f e r r i t e ,   t h e  

b a l a n c e   b e i n g   a u s t e n i t e   and  b e i n g   s u b s t a n t i a l l y   d e v o i d  

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

w e i g h t   p e r c e n t   a b o u t   27-31%  C h r o m i u m ,   4-6%  N i c k e l ,   0 . 2 -  

0.5%  N i t r o g e n ,   0 . 2 - 0 . 4 %   C a r b o n ,   0 . 5 - 1 . 5 %   C o l u m b l u i r u   u p  

20.  to   1%  M a n g a n e s e   a n d / o r   M o l y b d e n u m   as  a  s u l p h i d e   f o r m e r  

0 . 2 - 0 . 4 %   S u l p h u r ,   t h e   b a l a n c e   b e i n g   I r o n ,   w i t h  

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

Such  an  a r t i c l e   may  h a v e   good   r e s i s t a n c e   t o  

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

25.  t e m p e r a t u r e   and  a  s e r v i c e   t e m p e r a t u r e   of   1  500-1   9 5 0 ° F  

( 8 1 6 - 1 0 6 6 ° C )   and  w h i c h ,   in   t h e   s o l u t i o n   t r e a t e d  

c o n d i t i o n ,   may  be  r e s i s t a n t   to   o x i d a t i o n   c o r r o s i o n ,   may  
h a v e   a  room  t e m p e r a t u r e   t e n s i l e   s t r e n g t h   of  a t   l e a s t  

7 5 . 0 0 0 p s i   and  a t   l e a s t   a b o u t   7%  e l o n g a t i o n .  

30.  In  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 ,  

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

s t r u c t u r e ,   c an   be  u s e d   f o r   c a s t   m e t a l   p a r t s   s u b j e c t   t o  

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

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

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

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

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

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

f e r r i t i c   p h a s e .  

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

10.  n i t r o g e n   to   low  n i c k e l   d u p l e x   s t a i n l e s s   s t e e l s ,   g r e a t l y  

i n c r e a s e s   t h e i r   t h e r m a l   c r a c k i n g   r e s i s t a n c e   a n d  

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

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

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

15.  r e s i s t a n c e ,   and   t h e   c r e e p   s t r e n g t h   of  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 .   The  r e s i s t a n c e   of   t h e   a l l o y s   of  t h e  

p r e s e n t   i n v e n t i o n   t o   t h e r m a l   c r a c k i n g   (due   to   h i g h e r  

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

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

20.  c a s t i n g   a l l o y   f u n c t i o n a l l y   e q u i v a l e n t   to   t h e   HK  s e r i e s  

s t a i n l e s s   s t e e l s ,   a t   s u b s t a n t i a l   c o s t   s a v i n g s .  

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

0 . 3 - 0 . 4   w e i g h t   p e r c e n t .  

P r e f e r a b l y ,   t h e   a r t i c l e   has   a  c o m p o s i t i o n  
25.  i n c l u d i n g   by  w e i g h t :   27  -  31%  Cr,   4 - 6 %   Ni ,   0 .2   -  

0 .4%C,   0 .5   -  1.0%  Mn,  up  t o   1.0%  Mo,  1  -  2%  S i ,   0 .5   -  

1.5%  Cb  ( C o l u m b i u m ) ,   0 .3   -  0.4%  N  up  to  0 . 0 3   %P,  0 .2   -  

0 .4   %S,  up  t o   0.50%  Cu,  up  t o   0 .20%  Al ,   t h e   b a l a n c e  

b e i n g   i r o n .  
30  •  P r e f e r a b l y   t h e   a r t i c l e   has   a  d u p l e x   s t r u c t u r e   o f  

40  -  60%  f e r r i t e ,   t h e   b a l a n c e   b e i n g   a u s t e n i t e .  
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A  p r e f e r r e d   c o m p o s i t i o n   f o r   t h e   a r t i c l e ,   by  w e i g h t  

may  be  31%  C h r o m i u m ,   5%  N i c k e l ,   0 .24%  C a r b o n ,   0 . 6 5 %  

M a n g a n e s e ,   1%  S i l i c o n ,   0 .35%  M o l y b d e n u m ,   0.3%  S u l p h u r ,  

0.9%  C o l u m b i u m ,   0 .32%  N i t r o g e n ,   t h e   b a l a n c e   b e i n g   I r o n .  

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

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

s t r u c t u r e   of  a b o u t   20  -  80%  f e r r i t e ,   t h e   b a l a n c e   b e i n g  

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

c o m m e r c i a l   s t e e l   m i x t u r e   to   a  t a r g e t   c h e m i s t r y   of  a b o u t  

27  -  31%  C h r o m i u m ,   4 - 6 %   N i c k e l ,   0 .2   -  0.4%  C a r b o n ,   u p  

to  1%  M a n g a n e s e   a n d / o r   M o l y b d e n u m ,   0 .5   -  1.5%  C o l u m b i u m  

0 .2   -  0.5%  N i t r o g e n ,   0 .2   -  0.4%  S u l p h u r ;   h e a t i n g   t h e  

s t e e l   a l l o y   m i x t u r e   to   a  t e m p e r a t u r e   of  a b o u t   2850  -  

2 9 0 0 ° F   (1566   -  1 5 9 3 ° C )   f o r   a  t i m e   s u f f i c i e n t   t o  

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

t e m p e r a t u r e   of  a b o u t   2 8 5 0 ° F   ( 1 5 6 6 ° C )   i n t o   m o u l d s  

e m p l o y i n g   g a t e s   d e s i g n e d   to   m i n i m i s e   p o r o s i t y ;   a n d  

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

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

c a s t   a r t i c l e   to   a  s o l u t i o n   t r e a t m e n t   a t   a b o u t   2000  -  
2 2 0 0 ° F   (1093   -  1 2 0 4 ° C )   f o r   1  -  4  h o u r s   or  l o n g e r   t o  

r e d i s t r i b u t e   M23Cg  c a r b i d e   ( w h e r e   "M"  i s   e s s e n t i a l l y  

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

r e m o v i n g   t h e   g a t e s   by  s n a p   b r e a k i n g   a f t e r   t h e   c a s t  

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

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

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

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

t r e a t m e n t   a t   a b o u t   1400  -  1  6 0 0 ° F   (760  -  871  °C)  f o r   u p  
to  24  h o u r s .  
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T h u s ,   a  p r e f e r r e d   s t a i n l e s s   s t e e l   c a s t i n g   a l l o y  

c o m p o s i t i o n   f o r   t u r b i n e   h o u s i n g s ,   in   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 ,   i s   an  H - s e r i e s   s t a i n l e s s   s t e e l  

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

w i t h   n i t r o g e n   t o   o b t a i n   a  f e r r i t e / a u s t e n i t e   d u p l e x  

s t r u c t u r e   h a v i n g   f e r r i t e   in   t h e   r a n g e   of   20  -  80%,  

p r e f e r a b l y   40  -  60%  f e r r i t e ,   h a v i n g   i m p r o v e d   r e s i s t a n c e  

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

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

of  t h e   a l l o y ,   t h e   f a b r i c a t i o n   t e c h n i q u e ,   and  t h e   h e a t  

t r e a t m e n t   e m p l o y e d .   I t   i s   n o t   b e l i e v e d   t h a t   t h e  

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

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

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

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

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

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

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

i n v e n t i o n ,   s i n c e   t h e   c a s t   s t e e l   g a t i n g   can  be  d e s i g n e d  

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

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

a t   2000  -  2 2 0 0 ° F   (1093  -  1 2 0 4 ° C )   f o r   1  to   4  h o u r s  

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

t r e a t m e n t ,   t h e   a l l o y   may  be  s u b j e c t e d   to   a  

s t r e n g t h e n i n g   t r e a t m e n t   of  1  400  -  1600  °F  (760  -  871  ° C )  

f o r   up  to   24  h o u r s ,   b u t   s i n c e   t h e   c a s t   a r t i c l e s  

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

s e r v i c e ,   t h e   s t r e n g t h e n i n g   t r e a t m e n t   may  be  e f f e c t e d   i n  

s i t u   d u r i n g   t e s t i n g   or  i n i t i a l   s e r v i c e   of   t h e   c a s t  

a r t i c l e s .  

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

s t a i n l e s s   s t e e l   c a s t i n g   of  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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b e l i e v e d   to   be  by  c a r b i d e   d i s p e r s i o n   in   a  s o l i d  

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

c a r b i d e s   f o r m e d ,   i . e .   MC  and  M23Cg,  MC  c a r b i d e ,   w h e r e  

"M"  is   e s s e n t i a l l y   Cb,  i s   r e l a t i v e l y   u n a f f e c t e d   b y  

s o l u t i o n   t r e a t m e n t   and  h e n c e   r e m a i n s   as  a  s t r e n g t h e n i n g  

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

M23c6  c a r b i ^ e   c o n s t i t u e n t ,   ( w h e r e   MM"  i s   e s s e n t i a l l y  

C r ) i s   s p h e r o i d i z e d   or  p a r t i a l l y   d i s s o l v e d   d u r i n g  

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

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

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

t h e   s t r e n g t h   of  t h e   a l l o y   in  s e r v i c e .   Thus  t h e  

s o l u t i o n   t r e a t m e n t   r e d i s t r i b u t e s ,   i . e .   d i s s o l v e s   o r  

s p h e r i o i d i z e s   t h e   M23C6  c a r b i d e ,   t h e   s p h e r o i d i z e d   o r  
d r o p l e t   f r om  of  t h e   c a r b i d e   b e i n g   more   d u c t i l e   t h a n   t h e  

15.  o r i g i n a l   a n g u l a r   f o r m .  

S u l p h u r   i s   a d d e d   to   t h e   s t a i n l e s s   s t e e l   c a s t i n g  

a l l o y   of  t h e   p r e s e n t   i n v e n t i o n ,   in  an  a m o u n t   of  0 .2   -  

0.4%  to  e n h a n c e   m a c h i n a b i l i t y   ,  and  i s   c o m b i n e d   w i t h  

m a n g a n e s e   or  m o l y b d e n u m   as  MnS  or   MoS.  S i l i c o n ,   w h i c h  
20.  a d d s   to   t h e   f l u i d i t y   of  t h e   c a s t   a l l o y s ,   i s   n o r m a l l y  

p r e s e n t   in   c o m m e r c i a l   s t e e l s   in   an  a m o u n t   up  to   2%,  a n d  

2 . 5   -  1.5%  c o l u m b i u m   i s   a d d e d   f o r   s t r e n g t h e n i n g   s i n c e  

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

T a n t a l u m   may  be  s i m i l a r l y   b e n e f i c i a l   f o r   s t r e n g t h e n i n g  
25.   b u t   i s   more   e x p e n s i v e   t h a n   c o l u m b i u m .  

A n o t h e r   a d v a n t a g e   f o u n d   in   t h e   u s e   of  t h e  

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

i n v o l v e d   in   t h e   c a s t i n g   p r o c e d u r e .   I t   ha s   b e e n   f o u n d  

t h a t   t h e   l o w e r   c o s t   c a s t i n g   t e c h n i q u e s   as  n o r m a l l y   u s e d  
30.  f o r   c a s t i n g   g r e y   or   d u c t i l e   i r o n   may  be  e m p l o y e d .  

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

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

:he  o r d e r   of   3 1 0 0 ° F   ( 1 7 0 4 ° C )   in   s t e e l   f o u n d r i e s ,   r a t h e r  

:han   2600  -  2 9 0 0 ° F   (1427   -  1 5 9 3 ° C )   in   i r o n   f o u n d r i e s .  

Ct  was  f o u n d   t h a t   t h e   s t a i n l e s s   s t e e l   of   t h e   p r e s e n t  

I n v e n t i o n   may  be  c a s t   a t   t a p   t e m p e r a t u r e   ( t h e  

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

p o u r i n g   l a d l e )   of  a b o u t   2 8 5 0 ° F   ( 1 5 6 6 ° C ) .  

The  g a t i n g   p r a c t i c e   u s e d   in   s t e e l   f o u n d r i e s  

I n v o l v i n g   t h e   u s e   of  a d d i t i o n a l   g a t e s ,   was  u s e d   in   t h e  

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

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

c a s t i n g s .   B e c a u s e   of  t h e   u n i q u e   c h e m i s t r y   a n d  

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

may  be  u s e d   b e c a u s e   of  t h e   p r e s e n c e   of  t h e   b r i t t l e  

c a r b i d e   c o n s t i t u e n t   ^ 2 3 c 6 r   w h i c h   p a r t i a l l y   d i s s o l v e s  

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

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

r e m o v a l   of  t h e   g a t e s   by  s n a p - b r e a k   s e p a r a t i o n ,   r a t h e r  

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

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

a u s t e n i t i c   t y p e   s t e e l   c a s t i n g s .  

The  i n v e n t i o n   may  be  c a r r i e d   i n t o   p r a c t i c e   i n  

v a r i o u s   ways   and  some  p r e f e r r e d   e m b o d i m e n t s   w i l l   now  b e  

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

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

F i g u r e   1  i s   a  p h o t o m i c r o g r a p h   ( a t   400X)  of  a  

m e t a l l o g r a p h i c   s p e c i m e n   t a k e n   f rom  a  s t a i n l e s s   s t e e l  

t u r b o c h a r g e r   h o u s i n g ,   c a s t   in   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   h a v i n g   t h e   c o m p o s i t i o n   shown  f o r  

DMS016  w i t h   0.1  6 % n ,  

F i g u r e   2  is   a  p h o t o m i c r o g r a p h   s i m i l a r   to   F i g u r e   1 

t h e   c o m p o s i t i o n   i n c l u d i n g   0.20%  N;  
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F i g u r e   3  i s   a  p h o t o m i c r o g r a p h   s i m i l a r   to   F i g u r e   1 

t h e   c o m p o s i t i o n   i n c l u d i n g   0 .32%  N;  

F i g u r e   4  i s   a  p h o t o m i c r o g r a p h   s i m i l a r   to   F i g u r e   1 

t h e   c o m p o s i t i o n   i n c l u d i n g   0 .35%  N;  a n d  

F i g u r e   5  i s   a  s i m u l a t e d   m o d e l   of   a  t u r b o c h a r g e r  

>.  h o u s i n g   p r o d u c e d   on  a  CAD  ( c o m p u t e r   a i d e d   d e s i g n )   u n i t .  

EXAMPLES 

LO.  T u r b i n e   h o u s i n g s   we re   p r e p a r e d   f o r   t e s t i n g   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   made  of   t h e  

DMS016  a l l o y s   shown  in   T a b l e   1  and  t h e   r e s u l t i n g  

c a s t i n g s   had  t h e   p r o p e r t i e s   shown  in  T a b l e   I I .   T a b l e   I  

a l s o   shows   t h e   c o m p o s i t i o n s   of  t h e   c l o s e l y   r e l a t e d   HC, 

15.  HD  and  HK  s e r i e s   a l l o y s .   The  p o u r i n g   t e m p e r a t u r e  

v a r i e d   f rom  2733  -  2 7 7 0 ° F   (1500   -  1 5 2 1 ° C )   f o r   t w e l v e  

(12)   l a d l e s   p o u r e d   in   c o n n e c t i o n   w i t h   t h e   a b o v e  

e x a m p l e s .   The  c h a r g e   m a t e r i a l   was  a  c o m m e r c i a l   m i x t u r e  

a p p r o x i m a t i n g   t h e   d e s i r e d   c h e m i s t r y   of  t h e   DMS016 

20.  a l l o y s   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  

F i g u r e   1  i s   a  400X  p h o t o m i c r o g r a p h ,   s h o w i n g   t h e  

m i c r o s t r u c t u r e   of  a l l o y   DMS016  m o d i f i e d   w i t h   0.1  6%N,  a t  

400X  s h o w i n g   a p p r o x i m a t e l y   10%  a u s t e n i t e ,   w h i c h   i s   t h e  

l i g h t e r   p h a s e ,   t h e   d a r k e r   p h a s e   b e i n g   f e r r i t e .   T h e  

25.  m i c r o s t r u c t u r e   shown  in   F i g u r e   2,  ( 0 .20%N)   c o n t a i n s  

a b o u t   20%  a u s t e n i t e ,   t h e   m i c r o s t r u c t u r e   shown  in   F i g u r e  

3  ( 0 . 3 2 % N )   c o n t a i n s   a b o u t   40  -  50  %  A u s t e n i t e ,   and  t h e  

m i c r o s t r u c t u r e   shown  in   F i g u r e   4  h a v i n g   0 .35%  N 

c o n t a i n s   a b o u t   50  -  55%  a u s t e n i t e .  

3 0 .  
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A  p a r t i c u l a r   r e q u i r e m e n t   f o r   a  t u r b o c h a r g e r   h o u s i n g  

i s   t h a t   i t   m u s t   c o n t a i n   a  w h e e l   b u r s t .   The  c o n t a i n m e n t  

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

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

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

5.  a c c o r d a n c e   w i t h   a  p a r t i c u l a r   c o n t a i n m e n t   r e q u i r e m e n t  

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

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

( g a s o l i n e ) ,   d i e s e l   and  a i r c r a f t   t u r b o c h a r g e r   s.  T h e  

f i r s t   two  t e s t s   a r e   g e n e r a l l y   s i m i l a r ,   w h i l e   t h e   l a t t e r  

10.   ( a i r c r a f t )   may  d i f f e r   p r i m a r i l y   in   t h e   u s e   of  a  

m e c h a n i c a l l y   w e a k e n e d   w h e e l .  

A  t e s t   of   t h e   a l l o y   d e s i g n a t e d   DMS0162,   was  r u n   o n  

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

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

15.   s t a n d a r d   a i r c r a f t   t e s t   p r o c e d u r e s ,   by  d r i l l i n g   an  a x i a l  

h o l e   in   t h e   hub  and  t h r e e   h o l e s   in   t h e   b a c k   d i s c   t o  

o b t a i n   a  t h r e e   p i e c e   hub  b u r s t .   The  t u r b i n e   i n l e t  

t e m p e r a t u r e   was  c o n t r o l l e d   to   1 7 5 0 ° F   ( 9 5 4 ° C )   a t   t h e  

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

20.  s t a b i l i s e d   f o r   10  m i n u t e s   a t   9 7 , 5 0 0   rpm  a t   1 7 5 0 ° F  

( 9 5 4 ° C )   t u r b i n e   i n l e t   t e m p e r a t u r e .   The  t u r b o c h a r g e r  

was  t h e n   r a p i d l y   a c c e l e r a t e d   u n t i l   t h e   w e a k e n e d   w h e e l  

b u r s t   a t   a p p r o x i m a t e l y   1 5 9 , 0 0 0 r p m .   The  h o u s i n g   w a s  

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

25.  t e s t   show  t h a t   a  t u r b o c h a r g e r   h o u s i n g   made  of  t h e  

m a t e r i a l   of  t h e   a l l o y ,   i d e n t i f i e d   as   DMS0162,   p a s s e s  

t h e   same  b u r s t   t e s t   as  a l l o y   t h e   d e s i g n a t e d   HK  30  p l u s  

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

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

30.  A  c o n v e n t i o n a l   a i r c r a f t   t u r b i n e   h o u s i n g   10,   a s  

shown  in  F i g u r e   5  was  c a s t   f r om  t h e   a l l o y   of  t h e  
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p r e s e n t   i n v e n t i o n   d e s i g n a t e d   DMS0162  and  c o m p l e t e d   6 0 0  

h o u r s   of  gas   s t a n d   c y c l i c   d u r a b i l i t y   t e s t i n g   a t   a n  
i n l e t   t e m p e r a t u r e   of  1 7 5 0 ° F   ( 9 5 4 ° C ) .   V i s u a l  

e x a m i n a t i o n   of   t h e   u n i t   a f t e r   c o m p l e t i o n   of  600  h o u r s  

of  t e s t i n g   s h o w e d   no  c r a c k s   e i t h e r   a t   t h e   t o n g u e  
s e c t i o n   12,  shown  in   F i g u r e   5,  or   a t   t h e   t o p   of  t h e  

v o l u t e   ( g a s   p a s s a g e )   s u r f a c e .   H e n c e ,   t h e   c a s t   h o u s i n g  
made  of  a l l o y   DMS0162  was  f o u n d   t o   h a v e   e x c e l l e n t  

r e s i s t a n c e   to   t h e r m a l   c r a c k i n g .  

O x i d a t i o n   t e s t i n g   a t   1 5 0 0 ° F   ( 8 1 6 ° C )   showed   a  

w e i g h t   l o s s   of   0 .03%  a f t e r   100  h o u r s .   The  s u l p h i d a t i o n  
t e s t   a t   1 7 0 0 ° F   ( 9 2 7 ° C )   showed   a  w e i g h t   l o s s   o f  

a p p r o x i m a t e l y   0.4%  in  one  h o u r .  

T h e r m a l   e x p a n s i o n   m e a s u r e m e n t s   of  t h e   a l l o y   of  t h e  

p r e s e n t   i n v e n t i o n   showed   a  l i n e a r   e x p a n s i o n   c o -  
e f f i c i e n t   of  1 8 . 6   x  10~6  C°  ( 1 0 . 1   x  10~6  F°)   o v e r   t h e  

r a n g e   of  300  -  1 0 0 0 ° C .   T h i s   e x p a n s i o n   r a t e   i s   s i m i l a r  

to   t h a t   of  HK  30  s t a i n l e s s   s t e e l .  

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

s t r e s s   mode l   shown  in  F i g u r e   5  c o m p a r e d   t h e   s t a n d a r d  

N i R e s i s t   m a t e r i a l   (D-5S)   w i t h   a  s i m i l a r   h o u s i n g   m o d e l  

c o n s t r u c t e d   of  t h e   a l l o y   DMS0162,  and  t h e   r e s u l t s   s h o w n  

in  t a b l e   I I I ,   show  t h a t   w h i l e   DMS0162  d e v e l o p e d   g r e a t e r  
s t r e s s ,   i t   had  a  g r e a t e r   f a t i g u e   l i f e .   The  t e m p e r a t u r e  
a t   t h e   t o n g u e   12  was  1 5 2 0 ° F   ( 8 2 7 ° C )   and  in   t he   w a s t e  

g a t e   p o r t   r e g i o n   16  was  1 4 8 0 ° F   ( 8 0 4 ° C ) .   W h i l e   t h e s e  

r e s u l t s   we re   b a s e d   on  v e r y   l i m i t e d   c r e e p   d a t a ,   t h e  

v a l u e s   f o r   w h i c h   may  v a r y   s i g n i f i c a n t l y ,   t h e   d a t a   a s  
shown  in  T a b l e   I I I   i n d i c a t e s   g r e a t e r   d u r a b i l i t y   in   t h e  

a l l o y   of  t h e   p r e s e n t   i n v e n t i o n ,   D M S 0 1 6 2 .  

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

e x p e c t e d   to   o c c u r ,   n a m e l y   t h e   t o n g u e   12  and  t h e   w a s t e  
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g a t e   p o r t   r e g i o n   16.   T h u s ,   i t   was  f o u n d   t h a t   DMS016^ 

h a s   h i g h e r   s t r e n g t h   a t   e l e v a t e d   t e m p e r a t u r e s   t h a n   D5S 

( N i R e s i s t )   and  a l s o   has   a  h i g h e r   m o d u l u s   of   e l a s t i c i t y  

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

The  r e s u l t   i s   a  c a s t i n g   a b l e   to   w i t h s t a n d   h i g h e r  

t h e r m a l   s t r e s s .  

TABLE  I I I  

Conf   i g  

u r a t i o n  L o c a t i o n  

D e v e l o p e d  

S t r e s s   ( K S I )  

( k g / m 2   x  1 0 6 )  

F a t i g u e  

L i f e  

m i n i m u m  

( C y c l e s )  

T y p i c a l  

B a s e - l i n e  

( D - 5 S  

N i R e s i s t )  

T o n g u e  

W a s t e g a t e  

p o r t  

2 2 . 7   ( 1 6 . 0 )   1 6 0  

8 .8   (  6 . 2 )   8 8 0  

3 7 0  

1 7 7 0  

B a s e - l i n e   T o n g u e   3 6 . 5   ( 2 7 . 7 )   1 8 0  

u s i n g   DMS  w a s t e g a t e   1 2 . 0   ( 8 . 4 4 )   9 0 0  

41  0 

1 8 2 0  

T e m p e r a t u r e s  1 5 2 0 ° F   ( 8 2 7 ° C )   a t   t h e   t o n g u e  
1 4 8 0 ° F   ( 8 0 4 ° C )   a t   t h e   w a s t e g a t e  

p o r t   r e g i o n .  

F i v e   s a m p l e s   of  DMS016  w i t h   v a r y i n g   a m o u n t s   o f  

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

t e s t i n g ,   t h e   r e s u l t s   of  w h i c h   a r e   shown  in  T a b l e   I V .  

S i n c e   a  min imum  of   a b o u t   7%  of  e l o n g a t i o n   i s   r e q u i r e d  

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

0 .20%  min imum  n i t r o g e n   i s   r e q u i r e d .   The  e l o n g a t i o n  
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d a t a   shown  in   t a b l e   IV  a l s o   show  c a s t   s a m p l e s   of  DMS016 

a l l o y   t o   be  s u b s t a n t i a l l y   d e v o i d   of   t h e   b r i t t l e   s i g m a  
p h a s e   c o n s t i t u e n t   in   DMS016  a l l o y s   h a v i n g   a  n i t r o g e n  
c o n t e n t   of   0 .20%  or  m o r e .   The  maximum  s o l u b i l i t y   of  N 
i s   a b o u t   0 . 6 % .   At  0.5%  N,  b r i t t l e   n i t r o g e n   c o m p o u n d s  

may  a p p e a r ,   w h i c h   w i l l   r e d u c e   d u c t i l i t y .  

1U.  Y i e l d   s t r e n g t h  

(0 .2%  o f f   s e t )  

U l t .   t e n s i l e  

S t r e n g t h   -  P s i  

E l o n g a t i o n  

P e r c e n t  

1 5 .  

0 . 1 4  

0 . 1 4  

0 . 1 6  

0 . 1 6  

0 . 2 0  

0 . 2 0  

0 . 3 2  

0 . 3 2  

0 . 3 5  

0 . 3 5  

8 8 , 5 0 0  

91  , 9 0 0  

9 0 , 1 0 0  

8 8 , 6 0 0  

9 0 , 0 0 0  

8 6 , 2 0 0  

8 0 , 2 0 0  

7 8 , 2 0 0  

8 6 , 2 0 0  

81  , 2 0 0  

9 5 , 2 0 0  

9 7 , 0 0 0  

9 6 , 4 0 0  

9 7 , 6 0 0  

1 0 5 , 8 0 0  

1 0 3 , 2 0 0  

1 1 4 , 8 0 0  

1 1 3 , 1 0 0  

1 2 0 , 8 0 0  

1 1 9 , 6 0 0  

( 6 6 . 9 )  

( 6 8 . 2 )  

( 6 7 . 8 )  

( 6 8 . 6 )  

( 7 4 . 4 )  

( 7 2 . 6 )  

( 8 0 . 7 )  

( 7 9 . 5 )  

( 8 5 . 0 )  

( 8 4 . 1   ) 

3 . 0  

2 . 0  

3 . 0  

3 . 0  

7 . 0  

9 . 0  

1 1 . 0  

1 4 . 0  

1 3 . 0  

1 4 . 0  

2 5 .  
F i g u r e s   m   p a r e n t h e s e s   a r e   t h e   e q u i v a l e n t   e x p r e s s e d   i n  
kg /m^   x  10* 5 

B a s e d   upon   t h e   e x p e r i m e n t s   p e r f o r m e d   and  t h e  

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

s n v i r o n m e n t ,   t h e   DMS016  a l l o y   a p p e a r s   to   m e e t   t h e  

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

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



>  z  u  i  b  9  7  

q u a l   t o   or   s u p e r i o r   to   DbS  N i R e s i s t   ana   in   many  a r e a s  

p p r o a c h e s   t h e   p r o p e r t i e s   of   HK30  s t a i n l e s s   s t e e l ,   a  

lo re   e x p e n s i v e   h i g h   n i c k e l   m a t e r i a l .  
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c l a i m s   : 

1  .  A  c a s t   s t a i n l e s s   s t e e l   a r t i c l e   h a v i n g   a  
d u p l e x   m e t a l l u r g i c a l   s t r u c t u r e   of  a b o u t   20  to   80% 

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

c o m p r i s i n g   e s s e n t i a l l y   in   w e i g h t   p e r c e n t ,   a b o u t   27  -  

5.  31%  C h r o m i u m ,   4 - 6 %   N i c k e l ,   0 .2   -  0.5%  N i t r o g e n ,   0 .2   -  
0.4%  C a r b o n ,   0 .5   -  1.5%  C o l u m b i u m ,   up  t o   1.0%  m a n g a n e s e  
a n d / o r   M o l y b d e n u m   as  a  s u l p h i d e ,   0 .2   -  0.4%  S u l p h u r ,  
t h e   b a l a n c e   b e i n g   I r o n ,   w i t h   i n c i d e n t a l   i m p u r i t i e s .  

10.  2.  An  a r t i c l e   as  c l a i m e d   in  C l a i m   1 

c h a r a c t e r i s e d   by  a  N i t r o g e n   c o n t e n t   of  0 . 3   -  0 .4   w e i g h t  
p e r c e n t .  

3.  An  a r t i c l e   as  c l a i m e d   in   C l a i m   1  or   C l a i m   2 

15.  c h a r a c t e r i s e d   by  a  d u p l e x   s t r u c t u r e   of  40  -  60% 

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

4.  An  a r t i c l e   as   c l a i m e d   in  any  p r e c e d i n g   c l a i m  
c h a r a c t e r i s e d   by  c o n s i s t i n g   e s s e n t i a l l y   by  w e i g h t   o f  

20.  31%  C h r o m i u m ,   5%  N i c k e l ,   0 .24%  C a r b o n ,   0 .65%  M a n g a n e s e ,  
1%  S i l i c o n ,   0 .35%  M o l y b d e n u m ,   0.3%  S u l p h u r ,   0 . 9 %  

C o l u m b i u m ,   0.32%  N i t r o g e n ,   t h e   b a l a n c e   b e i n g   I r o n .  

5.  An  a r t i c l e   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  
25.  c h a r a c t e r i s e d   by  i t s   h a v i n g   b e e n   s o l u t i o n   t r e a t e d   f o r   1 

to   4  h o u r s   a t   a b o u t   2000  to   2 2 0 0 ° F   (1093   -  1 2 0 4 ° C ) .  

JO. 
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6.  An  a r t i c l e   as  c l a i m e d   in   C l a i m   5  c h a r a c t e r i s e d  

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

t r e a t m e n t   and   s u b s e q u e n t l y   s u b j e c t e d   to   a  s t r e n g t h e n i n g  

h e a t   t r e a t m e n t   a t   1400  to   1 6 0 0 ° F   (760  -  871  °C)  f o r   u p  
to   24  h o u r s .  

5 .  

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

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

a b o u t   20  -  80%  f e r r i t e ,   t h e   b a l a n c e   b e i n g   a u s t e n i t e ,  

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

10.   m i x t u r e   to   a  t a r g e t   c h e m i s t r y   of   a b o u t   27  -  31% 

C h r o m i u m ,   4 - 6 %   N i c k e l ,   0 .2   -  0.4%  C a r b o n ,   up  to  1% 

M a n g a n e s e   a n d / o r   M o l y b d e n u m ,   0 .5   -  1.5%  C o l u m b i u m ,   0 . 2  

-  0.5%  N i t r o g e n ,   0 .2   -  0.4%  S u l p h u r ;   h e a t i n g   t h e   s t e e l  

a l l o y   m i x t u r e   to   a  t e m p e r a t u r e   of   a b o u t   2850  -  2 9 0 0 ° F  

15.  (1566   -  1 5 9 3 ° C )   f o r   a  t i m e   s u f f i c i e n t   to   h o m o g e n i s e   t h e  

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

2 8 5 0 ° F   ( 1 5 6 6 ° C )   i n t o   m o u l d s   e m p l o y i n g   g a t e s   d e s i g n e d   t o  

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

s o l i d i f y .  
2 0 .  

8.  A  m e t h o d   as  c l a i m e d   in   C l a i m   7  c h a r a c t e r i s e d  

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

a t   a b o u t   2000  -  2 2 0 0 ° F   (1093   -  1 2 0 4 ° C )   f o r   1  -  4  h o u r s  

or  l o n g e r   t o   r e d i s t r i b u t e   ^23C6  c a r t , i d e   ( w h e r e   "M"  i s  

25.   e s s e n t i a l l y   C h r o m i u m ) .  

9.  A  m e t h o d   as  c l a i m e d   in   C l a i m   8  c h a r a c t e r i s e d  

by  t h e   s t e p   of   r e m o v i n g   t h e   g a t e s   by  s n a p   b r e a k i n g  

a f t e r   t h e   c a s t   a r t i c l e   has   c o o l e d   t o   room  t e m p e r a t u r e  
30.  and   b e f o r e   t h e   s o l u t i o n   t r e a t m e n t .  
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1U.  A  m e t h o d   as  c l a i m e d   in   C l a i m   8  or  C l a i m   9 
c h a r a c t e r i s e d   in   t h a t   t h e   s o l u t i o n   t r e a t e d   a r t i c l e   i s  
a i r   c o o l e d   f o l l o w i n g   t h e   s o l u t i o n   t r e a t m e n t .  

11.   A  m e t h o d   as  c l a i m e d   in   any  of  C l a i m s   8  to   1  0 
5.  c h a r a c t e r i s e d   in   t h a t   t h e   c a s t   a r t i c l e   i s   s u b j e c t e d   t o  

a  s t r e n g t h e n i n g   t r e a t m e n t   a t   a b o u t   1400  -  1 6 0 0 ° F   (760  -  
8 1 7 ° C )   f o r   up  to   24  h o u r s .  

JLU. 
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