
J  J E u r o p a i s c h e s   

Patentamt 

European  Patent  Off  ice  ©  Publication  number:  0   0 6 8   6 2 8  

Office  europeen  des  brevets 

EUROPEAN  PATENT  A P P L I C A T I O N  

Application  number:  82302624.0  @  Int.  CI.3:  C  22  C  1 9 / 0 5  

Date  of  filing:  21  .05.82 

©  Priority:  12.06.81  US  270745  @  Applicant:  SPECIAL  METALS  CORPORATION,  Middle 
Settlement  Road,  New  Hartford  New  York  13413  (US) 

@  Inventor:  Maurer,  Gernant  E.,  23,  Sherman  Circle,  Utica 
@  Date  of  publication  of  application:  05.01  .83  New  York  13501  (US) 

Bulletin  83/1  Inventor:  Boesch,  William  J.,  16,  Lin  Road,  Utica  New 
York  13501  (US) 

@  Representative:  Sheader,  Brian  N.  et  al,  ERIC  POTTER  & 
_  CLARKSON  5  Market  Way  Broad  Street,  Reading 
(§5)  Designated  Contracting  States  :  CH  DE  FR  GB  IT  LI  SE  Berkshire,  RG1  2BN  (GB) 

@  Castable  nickel  base  alloy. 

@  A  castable  nickel  base  alloy  is  hot  corrosion  and 
oxidation  resistant  and  has  high  temperature  strength, 
including  stress  rupture  strength  at  760°C  (1400°F)  and 
982°C  (1800°F).  The  alloy  contains,  by  weight:  from  12 
to  22%  chromium,  from  3  to  12%  of  at  least  one  of  up 
to  5%  molybdenum,  up  to  10%  tungsten  and  up  to  2% 
vanadium,  up  to  6%  tantalum,  up  to  2%  columbium,  from 
2  to  6%  aluminium,  from  1  to  6%  titanium,  up  to  5% 
cobalt,  up  to  2%  iron,  from  0.015  to  0.15%  carbon,  from 
0.03  to  0.3%  boron,  up  to  0.1%  zirconium  and  balance 
nickel. 



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   n i c k e l   b a s e   a l l o y s   a n d ,  

more   p a r t i c u l a r l y ,   to   c a s t a b l e   a l l o y s   c h a r a c t e r i s e d   b y  

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

s t a b l e   m o r p h o l o g y .  

N i c k e l   b a s e   s u p e r a l l o y s   a r e   p a r t i c u l a r l y   u s e f u l   i n  

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

h i g h   c o r r o s i o n   r e s i s t a n c e   and  s t r e n g t h   a r e   r e q u i r e d .   E a c h  

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

r e q u i r e d   p r o p e r t i e s ,   i n c l u d i n g ,   e . g . ,   h o t   c o r r o s i o n  

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

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

t e m p e r a t u r e s   of  649°C  to   8 1 6 ° C ( 1 2 0 0 ° F   to   1 5 0 0 ° F ) (   t h e  

" d u c t i l i t y   t r o u g h " )   as  w e l l   as  a t   h i g h   t e m p e r a t u r e s .   On 

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

e x c e s s i v e l y   l a r g e   a m o u n t s   of  any  e l e m e n t   or   any  c o m b i n a t i o n  

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

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

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

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

1978  c o b a l t   s u p p l y   c r i s i s ,   t h e   a r t   a c t i v e l y   s o u g h t   a l l o y s  



c o n t a i n i n g   l i t t l e ,   i f   a n y ,   c o b a l t .   C o b a l t   has   b e e n   a d d e d  

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

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

c o n t a i n i n g   no  or   s m a l l   a m o u n t s   of  c o b a l t   a r e   a v a i l a b l e ,  

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

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

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

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

The  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   c o n t a i n   s m a l l  

a m o u n t s ,   and   p r e f e r a b l y   no ,   c o b a l t   a n d  o t h e r   s o - c a l l e d  

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

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

as  h i g h   h o t   c o r r o s i o n   and   o x i d a t i o n   r e s i s t a n c e   and  h i g h  

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

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

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

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

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

b o u n d 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 s .  

B r o a d l y   c o n s i d e r e d ,   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  

c o n t a i n ,   by  w e i g h t ,   f r om  12  to   22:  c h r o m i u m ;   f r o m   3  to   12% 

of   a t   l e a s t   one  of   up  to   5%  m o l y b d e n u m ,   up  to   10%  t u n g s t e n  

and  up  to  2%  v a n a d i u m ;   up  t o   6%  t a n t a l u m ;   up  to   2%  c o l u m b i u m ;  

f r o m   2  to   6%  a l u m i n u m ;   f r o m   1  to   6%  t i t a n i u m ;   up  to   5%  c o b a l t ;  

up  to   2%  i r o n ;   f r o m   0 . 0 1 5   to   0 . 1 5 %  c a r b o n ;   f rom  0 . 0 3   to   0 . 3 %  

b o r o n ;   up  to   0.1%  z i r c o n i u m ;   and  b a l a n c e   n i c k e l .  

The  i n v e n t i o n   a l s o   p r o v i d e s  a   c a s t a b l e   c o r r o s i o n   r e s i s t -  

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



a l l o y   c o n s i s t s   o f ,   by  w e i g h t :   f r om  15  to   22%  c h r o m i u m ;   f r o m  

5  to   10%  of  a t   l e a s t   one  of  up  to   3%  m o l y b d e n u m ,   3  to   8% 

t u n g s t e n   and  up  to  1%  V a n a d i u m ;   up  to   2%  t a n t a l u m ;   up  t o  

2%  c o l u m b i u m ;   f rom  4  to   8%  of  a t   l e a s t   one  of  f r o m   2  to   5% 

a l u m i n u m   and  f rom  2  to   5%  t i t a n i u m ;   up  to   5%  c o b a l t ;   up  t o  

2%  i r o n ;   f rom  0 . 0 1 5   to   0 .12%  c a r b o n ;   f rom  0 .03%  to   0.3%  b o r o n ;  

up  to   0.1%  z i r c o n i u m ;   and  b a l a n c e   n i c k e l .  

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

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

a l l o y   c o n s i s t s   o f ,   by  w e i g h t :   f r om  14  to   20%  c h r o m i u m ;   f r o m  

5  to   10%  of  a t   l e a s t   one   of  up  to   5%  m o l y b d e n u m   and  3  to   8% 

t u n g s t e n ;   f rom  4  to   8%  of  a t   l e a s t   one  of  f rom  2  to   5% 

a l u m i n u m   and  f rom  2  to   5%  t i t a n i u m ;   up  to   0 . 1 2   c a r b o n ;   f r o m  

0 . 0 3   to   0.3%  b o r o n ;   up  to   0.1%  z i r c o n i u m ;   and  b a l a n c e   n i c k e l .  

The  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   may  a d d i t i o n a l l y  

c o n s i s t   o f ,   by  w e i g h t :   up  to   5%  c o p p e r ;   up  to   5%  m a n g a n e s e ;  

up  to   6%  of  a t   l e a s t   one  of  up  t o   3%  r h e n i u m   and  up  to   3% 

r u t h e n i u m ;   up  to  0 .17%  of  a t   l e a s t   one  of  c e r i u m ,   l a n t h a n u m  

and  y t t r i u m ;   and  up  to   0 .15%  of  a t   l e a s t   one   of  up  to   0 . 0 5 %  

m a g n e s i u m ,   up  to   0 .05%  c a l c i u m ,   up  to   0 .05%  s t r o n t i u m   and  u p  

to   0 .05%  b a r i u m .   C h r o m i u m   i s   a d d e d   to   t h e   a l l o y   in   a m o u n t s  

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

r e s i s t a n c e .   H o w e v e r ,   more   t h a n   22%  c h r o m i u m   may  r e s u l t   i n  

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

and  t u n g s t e n   a r e   a d d e d   f o r   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   a n d  

a l s o   p r e c i p i t a t i o n   s t r e n g t h e n i n g   (as  gamma  p r i m e   p h a s e s )   a n d  

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

b o r i d e s ) .   The  a d d i t i o n   of  m o l y b d e n u m   and  t u n g s t e n   m u s t   b e  

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



m i s m a t c h e s .   A l s o ,   o n l y   m in imum  a m o u n t s   of  t u n g s t e n   a r e  u s e d  

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

be  a d d e d   as  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 r   and  to   o b t a i n   a  

d e c r e a s e   in   d e n s i t y ,   b u t   v a n a d i u m   i m p a i r s   o x i d a t i o n  

r e s i s t a n c e   and  s h o u l d   n o t   e x c e e d   2%  by  w e i g h t   of   t h e   a l l o y .  

P r e f e r a b l y   t h e   a l l o y   c o n t a i n s   no  v a n a d i u m   and  f rom  5  to   10% 

t o t a l   of   m o l y b d e n u m   and  t u n g s t e n .  

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

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

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

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

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

a r e   l a r g e l y   c o h e r e n t   w i t h   t h e   m a t r i x ,   a l t h o u g h   t h e   n i c k e l ,  

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

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

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

e f f e c t i n g   a  s l i g h t   t r i a x i a l   c o m p r e s s i o n   upon   t h e   gamma  p r i m e  

c o m p o u n d s .   P r e f e r a b l y ,   t h e   a l l o y   c o n t a i n s   f r o m   4  to   8%  o f  

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

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

The  a d d i t i o n   of   more   t h a n   a b o u t   6%  a l u m i n u m   to   t h e   a l l o y   m a y  

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

r a t i o   a t   l e a s t   p a r t i a l l y   d e t e r m i n e s   t h e   gamma  p r i m e   m o r p h -  

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

p h a s e   f rom  c u b i c   to   s p h e r o i d a l .   A l s o   e x c e s s i v e   a m o u n t s   o f  

t i t a n i u m   w i l l   r e s u l t   i n   a  h e x a g o n a l   N i 3 T i   p h a s e .   C o l u m b i u m  

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

an  a d d i t i o n a l   body   c e n t r e d   t e t r a h e d r o n a l   p h a s e ;   p r e f e r a b l y ,  

h o w e v e r ,   t h e   a l l o y   c o n t a i n s   no  more   t h a n   2%  of   e i t h e r   o n e  



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

C a r b o n   f o r m s   v a r i o u s   t y p e s   of  c a r b i d e s   w h i c h   e i t h e r  

s t r e n g t h e n   t h e   m a t r i x   or  g r a i n   b o u n d a r i e s .   B o r o n   f o r m s  

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

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

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

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

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

of  o x y g e n .   The  a l l o y   p r e f e r a b l y   c o n t a i n s   f r o m   0 . 0 3   to   0 . 2 %  

b o r o n .   E x c e s s i v e   a m o u n t s   of  c a r b o n   l e a d   to   e m b r i t t l i n g  

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

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

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

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

g r a i n   b o u n d a r i e s .  

The  a l l o y   may  c o n t a i n   up  to   2%  i r o n ,   a l t h o u g h   i r o n ' i s  

u s u a l l y   c o n s i d e r e d   to   be  a  c o n t a m i n a n t   b e c a u s e   i t   t e n d s   t o  

d e c r e a s e   o x i d a t i o n   r e s i s t a n c e   and  s t r e n g t h .   P r e f e r a b l y ,   i r o n  

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

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

n o r m a l l y   c o n t a i n i n g   70%  c h r o m i u m   and  30%  i r o n ,   and  t h e   d e s i g n  

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

i s   a l s o   d e s i r a b l e   b e c a u s e   i t   p r o v i d e s   some  s t r u c t u r a l   s t a b -  

i l i t y .   I r o n   may  a l s o   be  a d d e d   s e p a r a t e l y   f o r   t h e   s a m e  

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

A l t h o u g h   t h e   a l l o y   i s   d e s i g n e d   to   c o n t a i n   no  c o b a l t ,  

up  t o   5%  may  be  a d d e d   to   i n c r e a s e   gamma  p r i m e   v o l u m e   f r a c t i o n ,  

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

p r i m e   s o l v u s .  



N i c k e l   c o n s t i t u t e s   t h e   b a l a n c e   of  t h e   c o m p o s i t i o n .  

C o m m e r c i a l l y   a v a i l a b l e   n i c k e l   w i l l   a l s o   c o n t a i n   i n c i d e n t a l  

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

c o p p e r ,   m a g n e s i u m   and   c a l c i u m .  

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

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

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

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

c o n t a m i n a n t s .   Up  to   5%  m a n g a n e s e   and  c o p p e r   may  be  a d d e d   t o  

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

a p p l i c a t i o n s   up  to   10%  of   a t   l e a s t   one  of  r u t h e n i u m   a n d  

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

The  f o l l o w i n g   e x a m p l e   i s   i l l u s t r a t i v e   of  t h e   i n v e n t i o n .  

F i v e   h e a t s   w e r e   m e l t e d   and   s t r e s s   r u p t u r e   t e s t e d .   T h e  

n o m i n a l   c h e m i s t r y   of   t h e   h e a t s   a r e   t a b u l a t e d   in   T a b l e   I .  

H e a t   A  r e p r e s e n t s   a  c o m m e r c i a l l y   a v a i l a b l e   c o b a l t   f r e e   a l l o y  

known  as  713 .   H e a t s   B  to   E  a r e   r e p r e s e n t a t i v e   of   t h e  

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

t h e i r   i n c r e a s i n g   c h r o m i u m   c o n t e n t .   H e a t s   A,  B  a n d   C  w e r e  

s t r e s s   r u p t u r e   t e s t e d   in   t h e   as  c a s t   c o n d i t i o n .   H e a t s   D  and  E 

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



The  c o m p o s i t i o n s   of  H e a t s   A  to   E  w e r e   s t r e s s   r u p t u r e  

t e s t e d   a t   7 6 0 ° C ( 1 4 0 0 ° F )   ( a t   t h e   " d u c t i l i t y   t r o u g h " )   and  a t  

9 8 2 ° C ( 1 8 0 0 ° F ) .   The  r e s u l t s   a r e   t a b u l a t e d   in   T a b l e   2 .  

H e a t s   A,  B  a n d   C  w e r e   t e s t e d   in   t h e   a s - c a s t   c o n d i t i o n .  

H e a t   A  is   r e p r e s e n t a t i v e   of  t h e   p r i o r   a r t   and  r e p r e s e n t s   a  

c o n t r o l .   H e a t s   B  a n d   C  c l e a r l y   h a v e   s u p e r i o r   s t r e s s   r u p t u r e  

l i v e s   a t   7 6 0 ° C ( 1 4 0 0 ° F )   and  a r e   a t   l e a s t   as  e f f e c t i v e   a t  

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

t h e   a r t   in   v i e w   of  t h e   f a c t   t h a t   i t   a c h i e v e s   s u p e r i o r   s t r e s s  

r u p t u r e   s t r e n g t h   a t   7 6 0 ° C ( 1 4 0 0 ° F )   and  9 8 2 ° C ( 1 8 0 0 ° F )   w i t h o u t  

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

c h r o m i u m   c o n t e n t .  

H e a t s   D  and  E  w e r e   h e a t   t r e a t e d   b e f o r e   b e i n g   t e s t e d .  

They  a l s o   h a v e   s t r e s s   r u p t u r e   p r o p e r t i e s   w h i c h   a r e   s u p e r i o r  

to  H e a t   A,  t h e   i n d u s t r y   s t a n d a r d .   L i k e   H e a t   C,  t h e   a l l o y s  

of  H e a t s   D  and  E  a c h i e v e   t h e i r   s u p e r i o r   p r o p e r t i e s   w i t h o u t  

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



c h r o m i u m   c o n t e n t   and  w i t h o u t   any  p h a s e   i n s t a b i l i t y .  

The  a l l o y s   e x h i b i t e d   by  H e a t s   B,  C  D  and  E  w h i c h  

i l l u s t r a t e   t h e   p r e s e n t   i n v e n t i o n   a l s o   a r e   h o t   c o r r o s i o n   r e s i s t -  

a n t   and  o x i d a t i o n   r e s i s t a n t   y e t   a r e   n o t   s u s c e p t i b l e   t o  

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

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

t u r b i n e   m o t o r s ,   b l a d e s ,   n o z z l e s   and  v a n e s   and  t h e   l i k e .   I n  

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

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

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

i c l e   may  t h e n   be  h o t   i s o s t a t i c a l l y   p r e s s e d   to   i m p r o v e   t h e  

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

m i c r o s h o c k .   The  s h a p e d   a r t i c l e s   may  be  f u r t h e r   h e a t   t r e a t e d  

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

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

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

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

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

as  a  s i n g l e   c r y s t a l   or   w i t h   a l i g n e d   g r a i n   b o u n d a r i e s .   In  a  

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

z i r c o n i u m   a r e   h e l d   to   m in imum  v a l u e s .  



1.  A  c a s t a b l e   h o t   c o r r o s i o n   r e s i s t a n t   n i c k e l   b a s e  

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

c o n s i s t s   o f , b y   w e i g h t  f r o m   12  to   22%  c h r o m i u m ;   f r o m   3  to   12% 

of  a t   l e a s t   one  of  up  t o   5%  m o l y b d e n u m ,   up  to   10%  t u n g s t e n  

and  up  to   2%  v a n a d i u m ;   up  to   6%  t a n t a l u m ;   up  to   2%  c o l u m b i u m ;  

f r o m   2  to  6%  a l u m i n u m ,   f rom  1  to   6%  t i t a n i u m ;   up  to   5%  c o b a l t ;  

up  to   2%  i r o n ;   f rom  0 . 0 1 5   to   0 .15%  c a r b o n ;   f rom  0 . 0 3   to   0 . 3 %  

b o r o n ;   up  to   0.1%  z i r c o n i u m ;   and  b a l a n c e   n i c k e l .  

2.  A  c a s t a b l e   c o r r o s i o n   r e s i s t a n t   n i c k e l   b a s e   a l l o y  

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

c o n s i s t s   o f ,   by  w e i g h t :   f r o m   15  to   22%  c h r o m i u m ;   f r o m   5  to   10% 

of  a t   l e a s t   one  of  up  to   3%  m o l y b d e n u m ,   3  to   8%  t u n g s t e n   a n d  

up  t o   1%  v a n a d i u m ;   up  to   2%  t a n t a l u m ;   up  to   2%  c o l u m b i u m ;   f r o m  

4  to   8%  of  a t   l e a s t   one  of  f r o m   2  to   5%  a l u m i n u m   and  f r o m   2 

to   5%  t i t a n i u m ;   up  to   5%  c o b a l t ;   up  to   2%  i r o n ;   f r o m   0 . 0 1 5 %  

to   0 .12%  c a r b o n ;   f rom  0 .03%  to   0.3%  b o r o n ;   up  to   0 . 1 %  

z i r c o n i u m ;   and  b a l a n c e   n i c k e l .  

3.  A  c a s t a b l e   h o t   c o r r o s i o n   r e s i s t a n t   n i c k e l   b a s e  

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

a l l o y   c o n s i s t s   o f ,   by  w e i g h t :   f r o m   14  to   20%  c h r o m i u m ;   f r o m   5 

to  10%  of  a t   l e a s t   one  of  up  to   5%  m o l y b d e n u m   and  3  to   8% 

t u n g s t e n ;   f rom  4  to   8%  of  a t   l e a s t   one  of  f r o m   2  to   5% 

a l u m i n u m   and  f r o m   2  to   5%  t i t a n i u m ;   up  to   0 .12%  c a r b o n ,   f r o m  

0 . 0 3   to   0.3%  b o r o n ;   up  to   0.1%  z i r c o n i u m ;   and  t h e   b a l a n c e  

n i c k e l .  

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

to  c l a i m   1,  2  or  3,  c h a r a c t e r i s e d   in   t h a t   t h e   a l l o y   c o n t a i n s  

f rom  0 . 0 3   to   0.2%  b o r o n .  



5.  A  h o t   c o r r o s i o n   r e s i s t a n t   n i c k e l   b a s e   a l l o y  

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

c o n s i s t s   o f ,   by  w e i g h t :   16%  c h r o m i u m ;   1%  m o l y b d e n u m ;   6% 

t u n g s t e n ;   3.5%  a l u m i n u m ;   3.5%  t i t a n i u m ;   0 .03%  c a r b o n ;   0 . 0 9 %  

b o r o n ,   0 .05%  z i r c o n i u m ;   and  b a l a n c e   n i c k e l .  

6.  A  c a s t a b l e   h o t   c o r r o s i o n   r e s i s t a n t   n i c k e l   b a s e  

a l l o y   a c c o r d i n g   to   c l a i m   1,  2  or  3,  c h a r a c t e r i s e d   in   t h a t  

t h e   a l l o y   a d d i t i o n a l l y   c o n s i s t s   o f ,   by  w e i g h t :   up  to   5% 

c o p p e r ;   up  to   5%  m a n g a n e s e ;   up  to   6%  of   a t   l e a s t   one  o f  

up  t o   3%  r h e n i u m   and  up  to   3%  r u t h e n i u m ;   up  to   0 .17%  of  a t  

l e a s t   one   of   c e r i u m ,   l a n t h a n u m   and  y t t r i u m ;   and  up  to   0 . 1 5 %  

of   a t   l e a s t   one   of   up  to   0 .05%  M a g n e s i u m ,   up  to   0 . 0 5 %  

c a l c i u m ,   up  to   0 .05%  s t r o n t i u m   and  up  to   0 .05%  b a r i u m .  

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

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

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

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