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©  Nickel-chromium-cobalt  base  alloys  and  castings  thereof. 

Nickel-chromium-cobalt  base  casting  alloys  having  com- 
positions  within  the  range  (in  percent  by  weight)  Cr  20-23%, 
Co  17-23%,  W  1-2.5%,  Mo  0-0.5%,  Nb  0.4-1.2%,  Ta  0.6-1.4%, 
Ti  2.95-3.85%.  Al  1.6-2.8%.  Hf  0.3-1.3%,  Zr  0.005-1%,  8 
0.001-1%,  C  0.01-0.25%,  balance  Ni  and  impurities,  wherein 
the  contents  of  Nb,  Hf,  Ti  and  Al  are  further  specifically 
correlated,  exhibit  at  high  temperatures  a  combination  of 
good  resistance  to  corrosion  and  very  high  creep-rupture 
lives,  particularly  when  directionally  solidified.  The  alloys  are 
useful  as  materials  for  cast  blades  and  vanes  for  gas  turbines 
for  marine  and  land-based  service.. 



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

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

a l l o y s .  

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

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

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

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

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

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

v a n e s .   H o w e v e r ,   t h e   n e e d   to   u se   i m p u r e   f u e l s   s u c h   a s  

d i e s e l   o i l   in   l a n d - b a s e d   and   m a r i n e   p r o p u l s i o n   t u r b i n e s  

g i v e s   r i s e   to   s u l p h i d a t i o n   a t t a c k .   O p e r a t i o n   in  m a r i n e  

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

in   s e v e r e   c o r r o s i o n   p r o b l e m s .  

Many  gas   t u r b i n e   and  o t h e r   c o m p o n e n t s ,  

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

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

a l l o y   t h a t   can   be  c a s t   to   s h a p e   and  p o s s e s s e s ,   in  t h e  

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

i n   c o n j u n c t i o n   w i t h   good   r e s i s t a n c e   t o   c o r r o s i o n   i n  

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

s t a b i l i t y ,   i . e .   f r e e d o m   f rom  s i g m a - p h a s e   f o r m a t i o n ,   a f t e r  

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

In  o u r   UK  s p e c i f i c a t i o n   N o .  1   367  661  we  h a v e  

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

o f   p r o p e r t i e s   and  c o n t a i n   f rom  0 . 0 2   t o   0 . 25%  c a r b o n ,   f r o m  

20  t o   25%  c h r o m i u m ,   f r o m   5  to  25%  c o b a l t ,   one   o r   b o t h   o f  

m o l y b d e n u m   (up  to   3.5%)  and   t u n g s t e n   (up  t o   5%)  in  s u c h  

a m o u n t s   t h a t   t h e   v a l u e   o f   %W+  0 . 5   (%Mo)  i s   f r o m   0 . 5   t o  

5%,  f r o m   1 .7   to   5%  t i t a n i u m   and  f rom  1  to   4%  a l u m i n i u m ,  

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

t i t a n i u m   c o n t e n t s   i s   f rom  4  to  7%  and  t h e   r a t i o   of  t i t a n i u m  

to   a l u m i n i u m   i s   f rom  0 . 7 5  :   1  to  4 : 1 ,   f r o m   0 . 5   to  3% 

t a n t a l u m ,   f rom  O  to  3%  n i o b i u m ,   f r o m   0 . 0 0 5   to   1 . 0 %  



z i r c o n i u m   and  f r o m   0  t o   1.99%  h a f n i u m ,   w i t h   t h e   p r o v i s o  

t h a t   t h e   v a l u e   o f   %Zr  +  0 . 5   (%Hf)  i s   f r o m   0 . 0 1   to   1%,  

f r o m   0 . 0 0 1   to   0 .05%  b o r o n ,   and   f r o m   0  to   0.2%  in   t o t a l  

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

i m p u r i t i e s ,   b e i n g   n i c k e l   in   an  a m o u n t   o f   a t   l e a s t   3 0 % .  

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

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

a r e   by  w e i g h t .  

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

i s   a v a i l a b l e   c o m m e r c i a l l y   u n d e r   t h e   d e s i g n a t i o n   I N - 9 3 9 ,  

w i t h   t h e   n o m i n a l   c o m p o s i t i o n :  

C  0 . 1 5 % ,   Cr  2 2 . 5 % ,   Co  19%,  W  2%,  Ti  3 . 7 % ,  

Al  1 . 9 % ,   Ta  1 .4%,   Nb  1 . 0 % ,   Zr  0 . 1 % ,  

B  0 . 0 1 % ,   Ni  b a l a n c e .  

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

f o r  4  h o u r s   a t   1 1 5 0  C ,   a i r - c o o l i n g   and   t h e n   a g e i n g   f o r  

16  h o u r s   a t   8 5 0 ° C ,   e q u i a x e d   c a s t i n g s   o f   A l l o y   I N - 9 3 9  

(made  by  v a c u u m   m e l t i n g   f o l l o w e d   by  r e m e l t i n g   and  c a s t i n g  

u n d e r   v a c u u m )   t y p i c a l l y   h a v e   a  c r e e p - r u p t u r e   l i f e   a t  

8 7 0 ° C   u n d e r   a  s t r e s s   o f   185  N / m m   (19  k g f / m m  )   o f   a b o u t  

1250   h o u r s ,   w h i c h   c o r r e s p o n d s   t o   a b o u t   850  h o u r s   a t   t h e  

same  t e m p e r a t u r e   u n d e r   t h e   h i g h e r   s t r e s s   o f   200  N / m m 2 .  

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

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

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

to   a b o u t   1170   h o u r s   a t   870°C  and  200  N / m m 2 .  

In  UK  s p e c i f i c a t i o n   No.  1  367  661  c r e e p -  

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

t i o n s   w i t h   and  w i t h o u t   a d d i t i o n s   of   h a f n i u m .   C o m p a r i s o n  

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

a l l o y s   s h o w s   t h a t   t h e   p r e s e n c e   o f   0 . 7 5 %   h a f n i u m   h a d  

l i t t l e   o r   no  e f f e c t   on  t h e   c r e e p - r u p t u r e   l i f e ,   t h o u g h  

i t   p r o d u c e d   some  i n c r e a s e   in  t h e   e l o n g a t i o n   a t   r u p t u r e .  
The  p r e s e n t   i n v e n t i o n   i s   b a s e d   on  t h e   d i s c o v e r y  

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

o f   t i t a n i u m ,   a l u m i n i u m ,   n i o b i u m   and   h a f n i u m   in  a  r a n g e   o f  



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

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

c a r b o n ,   b o r o n  a n d   z i r c o n i u m ,   t h e   c r e e p - r u p t u r e   l i f e   o f  

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

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

A c c o r d i n g   to   t h e   i n v e n t i o n ,   n i c k e l - c h r o m i u m -  

c o b a l t   a l l o y s   c o n t a i n   f rom  2 0   t o   23%  c h r o m i u m ,   f r o m  

17  to   23%  c o b a l t ,   f r o m   1  to   2.5%  t u n g s t e n ,   f r o m   O  to   0 . 5 %  

m o l y b d e n u m ,   f r o m   0 . 4   to   1.2%  n i o b i u m ,   f r o m   0 . 6   t o   1 . 4 %  

t a n t a l u m ,   f r o m   2 . 9 5   t o   3.85%  t i t a n i u m ,   f r o m   1 . 6   to   2 . 8 %  

a l u m i n i u m ,   f r o m   0 . 3   to   1.3%  h a f n i u m ,   f rom  0 . 0 0 5   to   1% 

z i r c o n i u m ,  f r o m  0 . 0 0 1   to   1%  b o r o n ,   and  f r o m   O .Ol   to   0 . 2 5 %  

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

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

t i t a n i u m   and  a l u m i n i u m   ( in   w t .   %  of   t h e   a l l o y )   a r e   s o  

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

2 8 3 2 7   Nb  +  804  Hf  +  36956  Ti  +  1 1 5 0 5 7   A l  

-  6676  N b 2  -   564  H f 2  -   4847  T i 2  -   5 4 3 4 9   A l 2  

+  8392  A l 3  -   5255  (NbxTi)   ≥   1 5 3 1 2 3 .  

The  v a l u e   o f   t h i s   e x p r e s s i o n   i s   r e f e r r e d   to   h e r e i n   as  t h e  

C o r r e l a t i o n   F a c t o r ,   and  a d v a n t a g e o u s l y   i t   i s   a t   l e a s t  

1 5 3 2 2 3 .  

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

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

0 . 0 0 5  -   0 .15%  z i r c o n i u m ,   0 . 0 0 2  -   0 .02%  b o r o n   and  0 . 0 5   t o  

0 .20%  c a r b o n   t h o u g h   s m a l l e r   a m o u n t s   of   c a r b o n   and   b o r o n  

may  be  p r e s e n t   i n   s i n g l e - c r y s t a l   c a s t i n g s   w h e r e   t h e i r  

c o n t r i b u t i o n   to   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   i s   n o t  

r e q u i r e d .  

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

a l l o y s   of   t h e   i n v e n t i o n ,   in  t h e   d i r e c t i o n a l l y - s o l i d i f i e d  

fo rm  and   a f t e r   s o l u t i o n - h e a t i n g   and  a g e i n g ,   may  e x h i b i t  

c r e e p - r u p t u r e   l i v e s   in   e x c e s s   o f   1600  h o u r s ,   a t   200  N/mm2 

and  8 7 0 ° C .  

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

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



t i t a n i u m   and   n i o b i u m   i s   shown  f o r   a l l o y s   t h a t   c o n t a i n  

0 .7%  h a f n i u m   and  2%  a l u m i n i u m   in  t h e   a c c o m p a n y i n g  

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

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

e l l i p s e   h a v e   a  C o r r e l a t i o n   F a c t o r   o f   a t   l e a s t   153  2 2 3 .  
.  

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

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

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

as  l ow  as  p o s s i b l e .   The  s i l i c o n   c o n t e n t  s h o u l d   n o t  

e x c e e d   1%,  and  p r e f e r a b l y   i s   l e s s   t h a n   0 . 5 % ,   m o s t  

p r e f e r a b l y   n o t   more   t h a n   0 . 2 % ,   as  i t   i m p a i r s   t h e   c o r r o s i o n  

r e s i s t a n c e .   M a n g a n e s e   s h o u l d   be  l e s s   t h a n   1%,  and  i s  

p r e f e r a b l y   n o t   more   t h a n   0 . 2 % .   The  i r o n   c o n t e n t   may  b e  

as  much   as  3%,  b u t   i s   p r e f e r a b l y   n o t   m o r e  t h a n   0 . 5 % .  

T r a c e s   o f   n i t r o g e n   and   s u l p h u r   may  a l s o   be   p r e s e n t ,   b u t  

p r e f e r a b l y   n o t   more   t h a n   0 . 005%  e a c h .  

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

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

Cr  22%,  Co  19%.  W  2%,  Ta  1 . 1 % ,   Ti  3 . 4 % ,  

Nb  0 . 8 % ,   Hf  0 . 7 % ,   Al  2%,  C  0 . 1 5 % ,   Zr  0 . 1 % ,  

B  0 . 0 1 % ,   b a l a n c e   Ni  and   i m p u r i t i e s .  

The  C o r r e l a t i o n   F a c t o r   c a l c u l a t e d   f o r   t h i s  

c o m p o s i t i o n   i s   153  8 5 5 .  

The  a l l o y s   s h o u l d  b e   p r e p a r e d   by  v a c u u m  

m e l t i n g   and  t h e n   s u b j e c t e d   to   v a c u u m   r e f i n i n g ,   e . g .   b y  

h o l d i n g   u n d e r   v a c u u m   f o r   f r o m   15  m i n u t e s   t o   1  h o u r .   I n  

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

c a s t   s t i c k   o r   o t h e r   i n i t i a l   f o rm  s h o u l d   be   r e m e l t e d   a n d  

c a s t   u n d e r   v a c u u m .  

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

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

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

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

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

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

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



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

e q u i a x e d   and   w i t h   c o l u m n a r   c r y s t a l   s t r u c t u r e s .   S u c h  

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

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

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

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

be  e f f e c t e d   in   any   m a n n e r   c o n v e n t i o n a l l y   e m p l o y e d   f o r  

h i g h - t e m p e r a t u r e   a l l o y s .  

To  d e v e l o p   t h e   d e s i r e d   c r e e p - r u p t u r e  

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

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

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

f r o m   2  to   24  h o u r s   a t   f r o m   1120  to   1 2 0 0 ° C ,   and   i s  

f o l l o w e d   by  a g e i n g   in   t h e   t e m p e r a t u r e   r a n g e   f r o m   1 0 2 0  

to   650°C  f o r   f r o m   2  to   24  h o u r s .   The  a g e i n g   may  b e  

e f f e c t e d   in   a  s i n g l e   s t a g e ,   or   in  two  s t a g e s ,   e . g .   f r o m  

2  to   12  h o u r s   a t   1 0 2 0 - 8 7 0 ° C   and  t h e n   f r o m   6  to   48  h o u r s  

a t   8 6 0 - 6 5 0 ° C .   S u i t a b l e   h e a t   t r e a t m e n t s   a r e :  

(i)  4  h o u r s / 1 1 6 0 ° C   +  16  h o u r s / 8 4 3 ° C   ( s i n g l e   a g e i n g )  

( i i ) '   8  h o u r s / 1 1 6 0 ° C   +  4  h o u r s / 9 0 0 ° C   +  16  h o u r s / 7 6 0 ° C  

( d o u b l e   a g e i n g ) .  

B e t w e e n   e a c h   s t a g e   o f   h e a t - t r e a t m e n t   t h e   a l l o y   may  b e  

a i r - c o o l e d .  

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

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

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

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

in  T a b l e   I  b e l o w .   Of  t h e s e ,   A l l o y s   1  t o   3  a r e   i n  

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 ,   w h i l e   A l l o y s   A  to   E  a r e   n o t .  

A l l   t h e   a l l o y s   w e r e   m e l t e d   and  c a s t   in  v a c u u m   and   c a s t  

u s i n g   a  h o t   r e f r a c t o r y   o r   e x o t h e r m i c   m o u l d   w i t h ' a   c h i l l  

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

s t r u c t u r e .   The  c a s t i n g s   were   h e a t   t r e a t e d   as  i n d i c a t e d  

in  T a b l e   I I ,   and  s t a n d a r d   c r e e p - r u p t u r e   t e s t   p i e c e s   w e r e  

m a c h i n e d   f r o m   t h e m   so  t h a t   t h e   who le   o f   t h e   t e s t   p i e c e  

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



t e s t   p i e c e .  

The  t e s t   p i e c e s   w e r e   t h e n   s u b j e c t e d   to   c r e e p - r u p t u r e  

t e s t s   u n d e r   a  s t r e s s   o f   200  N/mm2  a t   8 7 0 ° C ,   w i t h   t h e  

r e s u l t s   s e t   o u t   in  T a b l e   I I ,   w h i c h   a l s o   i n c l u d e s   t h e  

C o r r e l a t i o n   F a c t o r   c a l c u l a t e d   f rom  t h e   a l l o y   c o m p o s i t i o n s .  

The  t e s t   r e s u l t s   show  t h a t   t h e   c r e e p - r u p t u r e   l i v e s   o f  

A l l o y s   1  to   3  a c c o r d i n g   to   t h e   i n v e n t i o n   a r e   s u b s t a n t i a l l y  

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

I N - 9 3 9 .  







H o t - c o r r o s i o n   t e s t s   w e r e   c a r r i e d   o u t   on  an  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   h a v i n g   t h e   c o m p o s i t i o n ,   i n  

p e r   c e n t   by  w e i g h t   ( A l l o y   4 )  

C  0 . 1 5 ,   Cr  2 2 . 0 ,   Co  1 9 . 0 ,   W  2 . 0 ,   Nb  0 . 8 ,   Ta  1 . 1 ,  

Hf  0 . 7 ,   Ti  3 . 6 ,   Al  2 . 0 ,   Zr  0 . 1 0 ,   B  0 . 0 1 ,   Ni  b a l a n c e  

and  on  a  s p e c i m e n   o f   I N - 9 3 9   ( A l l o y   E ) .   C y l i n d r i c a l  

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

t h e   a l l o y s   w e r e   e x p o s e d   f o r  5 0 0   h o u r s   in   a  r i g   b u r n i n g  

m a r i n e   d i e s e l   f u e l ,   a t   an  a i r :   f u e l   r a t i o   o f   3 0 : 1 .  

D i t e r t i a r y   b u t y l   s u l p h i d e   was  a d d e d   t o  r a i s e   t h e   s u l p h u r  

c o n t e n t   of   t h e   f u e l   to 3%  by  w e i g h t ,   a n d   ASTM  s e a   s a l t  

was  a d d e d   to   t h e   h o t   g a s   s t r e a m   a t   a  c o n c e n t r a t i o n   i n  

a i r   of   10  ppm.  The   s p e c i m e n s   w e r e   h e a t e d   a t   704°C  a n d  

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

c o o l i n g   o n c e   e v e r y   24  h o u r s .   The  d e p t h   o f   p e n e t r a t i o n  

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

t h e n   m e a s u r e d ,   and   f o u n d   to   be  as  f o l l o w s :  

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

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

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

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

or   v a n e s .   I f   h e a t - t r e a t e d   in   v a c u u m ,   t h e y   may  b e  

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

fan   q u e n c h i n g .  



1.  A  n i c k e l - c h r o m i u m - c o b a l t   a l l o y ,   c h a r a c t e r i s e d  

in   t h a t   i t   c o n t a i n s   f r o m   20  to   23%  c h r o m i u m ,   f r o m   1 7  

to   23%  c o b a l t ,   f r o m   1  t o   2.5%  t u n g s t e n ,   f r o m   0  to   O .5% 

m o l y b d e n u m ,   f r o m   0 . 4   t o   1.2%  n i o b i u m ,   f r o m   0 . 6   t o  

1.4%  t a n t a l u m ,   f r o m   2 . 9 5   t o  3 . 8 5 %   t i t a n i u m ,   f r o m   1 . 6  

t o   2.8%  a l u m i n i u m ,   f r o m   0 . 3   to   1.3%  h a f n i u m ,   f r o m  

0 . 0 0 5   to   1%  z i r c o n i u m ,   f r o m   0 . 0 0 1   t o   1%  b o r o n ,   and  f r o m  

0 . 0 1   t o   0 .25%  c a r b o n ,   t h e   b a l a n c e ,   a p a r t   f r o m   i m p u r i t i e s ,  

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

t i t a n i u m   and  a l u m i n i u m   a r e   so  c o r r e l a t e d   t h a t   t h e y  

s a t i s f y  t h e   e x p r e s s i o n   ( t h e   C o r r e l a t i o n   F a c t o r ) :  

2 8 3 2 7   N b   +  804  Hf  +  36956   Ti  +  1 1 5 0 5 7   A l  

-  6676  N b 2  -   564  H f 2  -   4847  T i 2  -   54349   A l 2  

+  8392  A l 3  -   5255   ( N b x T i )   ≥   1 5 3 1 2 3 .  

2.  An  a l l o y   a c c o r d i n g   t o   c l a i m   1  i n   w h i c h   t h e   c a r b o n  

c o n t e n t   i s   f r o m   0 . 0 5   t o   0 . 2 0 % ,   t h e   z i r c o n i u m   c o n t e n t   i s  

f r o m   0 . 0 0 5   to   0 .15%  a n d   t h e   b o r o n   c o n t e n t   i s   f r o m  

0 . 0 0 2   to   0 . 0 2 % .  

3.  A n , a l l o y   a c c o r d i n g   t o   c l a i m   1  o r   c l a i m   2  i n  

w h i c h   t h e   v a l u e   o f   t h e   C o r r e l a t i o n   F a c t o r   i s   a t   l e a s t  

1 5 3 2 2 3 .  

4.  An  a l l o y   a c c o r d i n g   t o   c l a i m   1  t h a t   c o n t a i n s  

a b o u t   22%  c h r o m i u m ,   a b o u t   19%  c o b a l t ,   a b o u t   2%  t u n g s t e n ,  

a b o u t   1.1%  t a n t a l u m ,   a b o u t   3.4%  t i t a n i u m ,   a b o u t   0 . 8 %  

n i o b i u m ,   a b o u t   0.7%  h a f n i u m ,   a b o u t   2%  a l u m i n i u m ,   a b o u t  

0 . 1 5 %   c a r b o n ,   a b o u t   0 .1%  z i r c o n i u m ,   and   a b o u t   0 . 0 1 %  

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

5.  A  d i r e c t i o n a l l y - s o l i d i f i e d   c a s t i n g   made  f rom  a n  

a l l o y   a c c o r d i n g   t o   any   p r e c e d i n g   c l a i m .  
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