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©  Nickel-base  superalloys  especially  useful  as  compatible  protective  environmental  coatings  for  advanced  superalloys. 
  There  is  provided  by  the  present  invention  an  alloy 
which  is  mechanically  and  chemically  compatible  with 
advanced  nickel-base  superalloys  and  nickel-base  eutectic 
superalloys  and  which  possesses  excellent  resistance  to  high 
temperature  oxidation.  The  alloy  of  the  invention  is,  there- 
fore,  particularly  useful  as  a  protective  environmental  coat- 
ing  for  the  external  surfaces  of  hot-stage  aircraft  gas  turbine 
engine  components,  e.g.,  rotating  blades  and  stationary 
vanes,  made  from  such  advanced  superalloys. 



ADVANCED  SUPERALLOYS 

The  G o v e r n m e n t   has  r i g h t s   in  t h i s   i n v e n t i o n  

p u r s u a n t   to  C o n t r a c t   No.  F 3 3 6 1 5 - 7 7 - C - 5 2 0 0   a w a r d e d   b y  

t he   U n i t e d   S t a t e s   D e p a r t m e n t   of  t he   Air   F o r c e .  

CROSS-REFERENCE  TO  RELATED  APPLICATION 

The  i n v e n t i o n   d i s c l o s e d   and  c l a i m e d   h e r e i n   i s  

r e l a t e d   to  t h e   i n v e n t i o n   d i s c l o s e d   and  c l a i m e d   i n  

p a t e n t   a p p l i c a t i o n   S e r i a l   No.  1 3 D V - 8 3 3 4 ,   f i l e d   of  e v e n  

d a t e   h e r e w i t h .  

BACKGROUND  OF  THE  INVENTION 

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

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

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

e . g . ,   v a n e s   and  r o t a t i n g   b l a d e s ,   and  more  p a r t i c u l a r l y  

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

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

h o t - s e c t i o n   c o m p o n e n t s   made  f rom  a d v a n c e d   n i c k e l - b a s e  

s u p e r a l l o y s   and   n i c k e l - b a s e   e u t e c t i c   s u p e r a l l o y s .  
A d v a n c e d   n i c k e l - b a s e   s u p e r a l l o y s   s u c h   as  t h e  

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

of  the   t y p e   d e s c r i b e d ,   fo r   e x a m p l e ,   in  U.S.   P a t e n t  

4 , 2 9 2 , 0 7 6   to  G i g l i o t t i ,   J r .   et   a l . ,   w h i c h   i s  

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

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

b o d i e s ,   p r i m a r i l y   in  the  form  of  v a n e s   and  r o t a t i n g  



b l a d e s   in  a i r c r a f t   gas   t u r b i n e   e n g i n e s .   T h e  

s u p e r a l l o y s   of  U.S .   P a t e n t   4 , 2 9 2 , 0 7 6 ,   w h e n  

d i r e c t i o n a l l y   s o l i d i f i e d   ( D S ' d )   u n d e r   s t r i n g e n t  

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

( P F S ) ,   r e s u l t   in  a  e u t e c t i c   c o m p o s i t e   m i c r o s t r u c t u r e  

c o n s i s t i n g   of  s t r o n g ,   r e i n f o r c i n g   m e t a l l i c   c a r b i d e   (MC) 

f i b e r s   in  a  7 / Y '   n i c k e l - b a s e   s u p e r a l l o y   m a t r i x .  

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

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

U .S .   P a t e n t   4 , 2 9 2 , 0 7 6   o f f e r   p o t e n t i a l   s t r u c t u r a l  

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

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

m a t e r i a l s .  

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

as  t h e   n e x t   g e n e r a t i o n   of  b l a d e   a l l o y s   b e y o n d  

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

s u p e r a l l o y s .   In  o r d e r   to  t a k e   f u l l   t e m p e r a t u r e  

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

r e q u i r e d   to  p r o v i d e   e n v i r o n m e n t a l   p r o t e c t i o n   a t   t h e  

h i g h   i n t e n d e d   use   t e m p e r a t u r e s .  

S t r i n g e n t   r e q u i r e m e n t s   a r e   p l a c e d   on  t h e  

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

e x a m p l e ,   t he   c o a t i n g s   mus t   be  t i g h t l y   b o n d e d ,   i . e . ,  

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

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

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

and   r e s i s t a n c e   to   t h e r m a l   f a t i g u e )   or  t h e   c h e m i c a l  

p r o p e r t i e s   of  t h e   s u b s t r a t e   ( e . g . ,   o x i d a t i o n   r e s i s t a n c e  

and  h o t   c o r r o s i o n   r e s i s t a n c e ) .  

E x a m p l e s   of  a d v e r s e   e f f e c t s   to   e u t e c t i c  

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

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

c o a t i n g / s u b s t r a t e   i n t e r f a c e   due  to  o u t w a r d   d i f f u s i o n   o f  

c a r b o n   f rom  t h e   f i b e r   i n t o   the   c o a t i n g   and  t h e  

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

to  i n t e r d i f f u s i o n   b e t w e e n   the   c o a t i n g   and  t he   s u b s t r a t e .  



W h i l e   many  c o a t i n g s   and  b a r r i e r / c o a t i n g  

s y s t e m s   have   b e e n   p r o p o s e d   and  t r i e d ,   t h e r e   has  b e e n   a 

g e n e r a l   i n a b i l i t y   in  t he   p a s t   to  s p e c i f y   c o a t i n g s   o r  

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

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

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

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

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

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

U.S.   P a t e n t   4 , 2 9 2 , 0 7 6 .  

T h e r e f o r e ,   t h e r e   e x i s t s   a  need   f o r   p r o t e c t i v e  

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

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

t h o s e   d e s i g n e d   f o r   u se   as  v a n e s   and  r o t a t i n g   b l a d e s   i n  

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

s u p e r a l l o y s   of  t he   t y p e   d e s c r i b e d   in  U .S .   P a t e n t  

4 , 2 9 2 , 0 7 6 .  

SUMMARY  OF  THE  INVENTION 

T h e r e   is  p r o v i d e d   by  the   p r e s e n t   i n v e n t i o n   a 

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

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

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

which   p o s s e s s e s   e x c e l l e n t   r e s i s t a n c e   to  h i g h  

t e m p e r a t u r e   o x i d a t i o n .   The  a l l o y   of  t he   i n v e n t i o n   i s ,  

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

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

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

r o t a t i n g   b l a d e s   and  s t a t i o n a r y   v a n e s ,   made  f r o m  

a d v a n c e d   n i c k e l - b a s e   s u p e r a l l o y s   and  n i c k e l - b a s e  

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

B r o a d l y ,   t he   s u p e r a l l o y   of  t he   i n v e n t i o n  

c o n s i s t s   e s s e n t i a l l y   of  a b o u t ,   by  w e i g h t ,   1  to  10% 

c o b a l t ,   6  to  12%  c h r o m i u m ,   5  t o   8%  a l u m i n u m ,   1  to  10% 

t a n t a l u m ,   1  to  10%  t u n g s t e n ,   0  to  3%  r h e n i u m ,   0  to  2% 

m o l y b d e n u m ,   0 .1   to  2%  h a f n i u m ,   0 . 0 0 5   to  0.1%  b o r o n ,  



0 . 0 0 5   to  0.25%  c a r b o n ,   t he   b a l a n c e   b e i n g   n i c k e l   a n d  

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

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

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

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

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

b e e n   f o u n d   t h a t   t h e   n o v e l   a l l o y   of  t h i s   i n v e n t i o n   i s  

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

s e l e c t e d   r e g i o n s   of  s u b s t r a t e s ,   s u c h   as  a i r c r a f t   g a s  
t u r b i n e   e n g i n e   c o m p o n e n t s ,   fo r   r e p a i r   p u r p o s e s ,   or  a s  
the   t i p   p o r t i o n   of  r o t a t i n g   b l a d e s .   Such  a p p l i c a t i o n s  

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

h a v i n g   as  a  s u b s t r a t e   an  a r t i c l e ,   s u c h   as  a  gas  t u r b i n e .  

e n g i n e   a i r f o i l ,   made  of  a  n i c k e l - b a s e   s u p e r a l l o y   or  . 

n i c k e l - b a s e   e u t e c t i c   s u p e r a l l o y   and  one  or  more  t h i c k ,  

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

f o r m i n g   an  i n t e g r a l   p a r t   o f ,   t he   s u b s t r a t e   w h e r e i n   t h e  

one  or  more  r e g i o n s   c o m p r i s e   at  l e a s t   a  p o r t i o n   of  t h e  

o u t e r   s u r f a c e   of  t he   c o m p o s i t e   a r t i c l e   and  a r e   of  t h e  

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

BRIEF  DESCRIPTION  OF  THE  FIGURES 

FIGURE  1  is   a  p h o t o m i c r o g r a p h   at   200X  of  a  

N i C o C r A l Y   t y p e   c o a t i n g   a s - d e p o s i t e d   on  a  B - t y p e  

n i c k e l - b a s e   e u t e c t i c   s u p e r a l l o y   s u b s t r a t e ;  

FIGURE  2  is   a  p h o t o m i c r o g r a p h   a t   250X  of  t h e  

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

B - t y p e   s u b s t r a t e   by  t h e   low  p r e s s u r e   p l a s m a   d e p o s i t i o n  

(LPPD)  p r o c e s s ;  
FIGURE 3  is   a  p h o t o m i c r o g r a p h   a t   200X  of  a  

N i C o C r A l Y   t h e   c o a t i n g   on  a  B - t y p e   s u b s t r a t e   f o l l o w i n g  

e x p o s u r e   of  .0  h o u r s   a t   2100°  F  in  a  Mach  0 . 0 5   g a s  

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

c y c l e d   to  800°  F  s i x   t i m e s   pe r   h o u r ;  



FIGURE  4  is  a  p h o t o m i c r o g r a p h   at   SOOX  of  t h e  

a l l o y   of  the   i n v e n t i o n   on  a  B - t y p e   s u b s t r a t e   a f t e r  

e x p o s u r e   of  500  h o u r s   in  t he   same  o x i d a t i o n   t e s t  

d e s c r i b e d   a b o v e   f o r   F i g u r e   3 ;  

FIGURE  5  is  a  p h o t o m i c r o g r a p h   at   500X  of  a 

N i C o C r A l Y   t y p e   c o a t i n g   a s - d e p o s i t e d   on  an  N - t y p e  
n i c k e l - b a s e   s i n g l e   c r y s t a l   s u p e r a l l o y   s u b s t r a t e ;  

FIGURE  6  is   a  p h o t o m i c r o g r a p h   a t   500X  of  t h e  

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

N - t y p e   s u b s t r a t e   by  the   LPPD  p r o c e s s ;  

FIGURE  7  is  a  p h o t o m i c r o g r a p h   a t   200X  of  a 
N i C o C r A l Y   t y p e   c o a t i n g   on  an  N - t y p e   s u b s t r a t e   f o l l o w i n g  

e x p o s u r e   of  400  h o u r s   a t   2075°   F  in  a  Mach  0 .05   g a s  
v e l o c i t y   o x i d a t i o n   t e s t ,   in  w h i c h   t he   s p e c i m e n s   w e r e  

c y c l e d   to  800°  F  s i x   t i m e s   pe r   h o u r ;   a n d  

FIGURE  8  is  a  p h o t o m i c r o g r a p h   at   200X  of  t h e  

a l l o y   of  t he   i n v e n t i o n   on  an  N - t y p e   s u b s t r a t e   f o l l o w i n g  

e x p o s u r e   of  550  h o u r s   a t   2075°   F  in  the   same  o x i d a t i o n  

t e s t   d e s c r i b e d   a b o v e   f o r   F i g u r e   7 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

As  s e t   f o r t h   in  t he   f o r e g o i n g   s u m m a r y ,   t h e  

p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  n i c k e l - b a s e   s u p e r a l l o y  

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

a d v a n c e d   n i c k e l - b a s e   s u p e r a l l o y s   and  n i c k e l - b a s e  

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

r e s i s t a n c e   to  h i g h   t e m p e r a t u r e   o x i d a t i o n .   T h e  

s u p e r a l l o y   of  t he   i n v e n t i o n   c o n s i s t s   e s s e n t i a l l y   o f  

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

r h e n i u m ,   mo  b d e n u m ,   h a f n i u m ,   b o r o n   and  c a r b o n   in  t h e  

p e r c e n t a g e s   by  w e i g h t )   s e t   f o r t h   in  T a b l e   I  b e l o w ,   t h e  

b a l a n c e   be i   n i c k e l   and  i n c i d e n t a l   i m p u r i t i e s .  



The  p r e s e n t   a l l o y   is   p a r t i c u l a r l y   u s e f u l   as  a 

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

0 . 0 0 2   and  0 .1   i n c h e s   in  t h i c k n e s s ,   f o r   t h e   e x t e r n a l  

s u r f a c e s   of  s o l i d   and  h o l l o w ,   f l u i d - c o o l e d   gas   t u r b i n e  

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

v a n e s ,   o p e r a t i n g   in  t he   h o t   s t a g e   s e c t i o n s   of  s u c h  

t u r b i n e s   and  made  f rom  a d v a n c e d   n i c k e l - b a s e   s u p e r a l l o y s  
and  n i c k e l - '   se  e u t e c t i c   s u p e r a l l o y s .   Whi l e   i t   i s  

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

mos t   f r e q u e n a l y   be  a p p l i e d   as  p r o t e c t i v e   e n v i r o n m e n t a l  

c o a t i n g s   to  p r o v i d e   at   l e a s t   a  p o r t i o n   of  t he   o u t e r  

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

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



i n v e n t i o n   is  a l s o   u s e f u l   as  one  or  more  t h i c k e r ,  

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

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

W h e t h e r   t he   n o v e l   a l l o y   is  d e p o s i t e d   a s  

c o a t i n g s   or  t h i c k e r ,   b u i l t - u p   d e p o s i t s ,   the   u t i l i z a t i o n  

of  p l a s m a   s p r a y   t e c h n i q u e s   to  d e p o s i t   the   a l l o y   of  t h e  

i n v e n t i o n   is  p r e f e r r e d .   Most  p r e f e r r e d   is  t h e  

t e c h n i q u e ,   s o m e t i m e s   r e f e r r e d   to  as  low  p r e s s u r e   p l a s m a  

d e p o s i t i o n   (LPPD) ,   d e s c r i b e d   in  U.S.   P a t e n t   3 , 8 3 9 , 6 1 8  -  

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

r e f e r e n c e .   A l l o y s   in  a c c o r d a n c e   w i t h   the   p r e s e n t  

i n v e n t i o n   p r o d u c e   v e r y   d e n s e   c o a t i n g s   or  d e p o s i t s   a f t e r  

p l a s m a   s p r a y i n g   and  e s p e c i a l l y   a f t e r   p l a s m a   s p r a y i n g   b y  

the  a b o v e - m e n t i o n e d   LPPD  p r o c e s s   w h e r e b y   a s - d e p o s i t e d  

d e n s i t i e s   of  95%  and  g r e a t e r   a re   r e a d i l y   o b t a i n e d .  

The  wide   d i f f e r e n c e s   in  the   e v a p o r a t i o n   r a t e s  

(or   v a p o r   p r e s s u r e s )   b e t w e e n   h i g h   v a p o r   p r e s s u r e  
e l e m e n t s   l i k e   c h r o m i u m ,   m a n g a n e s e   or  a l u m i n u m   and  l o w  

v a p o r   p r e s s u r e   e l e m e n t s   l i k e   t a n t a l u m   or  t u n g s t e n   m a k e  

the  d e p o s i t i o n   and  c o m p o s i t i o n   c o n t r o l   of  c o a t i n g s   o f  

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

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

no t   i m p o s s i b l e .   I t   w i l l   be  a p p r e c i a t e d ,   h o w e v e r ,   t h a t  

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

as  p h y s i c a l   v a p o r   d e p o s i t i o n   or  ion  p l a t i n g   c o u l d   m a k e  

c o a t i n g   by  t h e s e   m e t h o d s   p o s s i b l e ,   and  the   use  of  t h e s e  

m e t h o d s   is  t h e r e f o r e   c o n t e m p l a t e d .   A d d i t i o n a l l y ,  

t e c h n i q u e s   l i k e   s p u t t e r i n g ,   s l u r r y   s i n t e r i n g ,   or  o t h e r s  

may  a l s o   be  c o n s i d e r e d .  

To  i l l u s t r a t e   the   p r a c t i c e   of  the   p r e s e n t  

i n v e n t i o n ,   0.  s e r i e s   of  c o a t i n g s ,   h e r e i n a f t e r   r e f e r r e d  

to  as  the   "6  "  or  6 M - t y p e   c o a t i n g s   by  way  o f  

d e s i g n a t i o n ,   were   p r o d u c e d   by  low  p r e s s u r e   p l a s m a  

d e p o s i t i o n   of  an  a l l o y   of  the   i n v e n t i o n ,   i . e . ,   o n e  

c o n s i s t i n g   e s s e n t i a l l y   o f ,   n o m i n a l l y   by  w e i g h t   w i t h i n  



n o r m a l   m e l t i n g   t o l e r a n c e s ,   4%  Co,  8.5%  Cr,  6%  Al,   5% 

Ta,  4.5%  W,  1.5%  Re,  1.5%  Mo,  0.9%  Hf,  0 .01%  B,  a n d  

0.09%  C,  the  b a l a n c e   n i c k e l   and  i n c i d e n t a l   i m p u r i t i e s ,  

o n t o   f l a t   p l a t e - l i k e   s u b s t r a t e s   and  p i n - l i k e   s u b s t r a t e s  

fo r   e n v i r o n m e n t a l   t e s t i n g .  

A  n i c k e l - b a s e   s u p e r a l l o y   c o n f o r m i n g   to  U . S .  

P a t e n t   4 , 2 9 2 , 0 7 6 ,   i . e . ,   one  c o n s i s t i n g   e s s e n t i a l l y   o f  

a b o u t ,   on  a  w e i g h t   b a s i s ,   a t   l e a s t   an  a m o u n t   in  e x c e s s  
of  an  i m p u r i t y   a m o u n t   up  to  0.02%  of  B,  0  to  9%  Re,  0 

to  <0 .8%  T i ,   0  to  20%  Cr,   0  to  10%  Al ,   3  to  15%  Ta,  0 . 1  

to  1%  C,  0  to  20%  Co,  0  to  20%  W,  0  to  7%  V,  0  to  10% 

Mo,  0  to  3%  Cb,  0  to  3%  Hf,   0  to  1.5%  Zr ,   t h e   b a l a n c e  

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

n o m i n a l   c o m p o s i t i o n   of  a b o u t ,   by  w e i g h t ,   0 .01%  B,  6 . 4 4 %  

Re,  3.84%  Cr,  5.34%  A l ,   11 .37%  Ta,  0 .43%  C,  3.8%  C o ,  

4.33%  W,  3.01%  Mo,  b a l a n c e   n i c k e l   and  i n c i d e n t a l  

i m p u r i t i e s ,   and  h e r e i n a f t e r   r e f e r r e d   to  as  t he   "B"  o r  

B - t y p e   s u b s t r a t e   fo r   p u r p o s e s   of  d e s i g n a t i o n ,   w a s  

p r o v i d e d   as  one  s u b s t r a t e .  

A  n i c k e l - b a s e   s u p e r a l l o y   c a p a b l e   of  b e i n g   c a s t  

as  a  s i n g l e   c r y s t a l   by  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   a n d  

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

p a t e n t   a p p l i c a t i o n   S e r i a l   No.  3 0 7 , 8 1 9 ,   f i l e d   O c t o b e r   2 ,  

1981 ,   i . e . ,   c o n s i s t i n g   e s s e n t i a l l y   o f ,   by  w e i g h t ,   7  t o  

12%  Cr,   1  to  5%  Mo,  3  to  5%  T i ,   3  to  5%  A l ,   5  to  15% 

Co,  3  to   12%  W,  2  to  6%  Ta,   up  to  10%  Re,  up  to  2%  C b ,  

up  to  3%  V,  up  to  2%  Hf,   b a l a n c e   n i c k e l   and  i n c i d e n t a l  

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

a b s e n c e   of  B,  and  Zr  and  w h e r e i n   t h e   A l : T i   r a t i o   i s  

m a i n t a i n e d   the   r a n g e   of  a b o u t   0 . 5   to  a b o u t   1  w h i l e  

m a i n t a i n i n g   the  C r : A l   r a t i o   in  t he   r a n g e   of  a b o u t   1 . 5  

to  4  was  p r o v i d e d   as  a  s e c o n d   s u b s t r a t e   and  i s  

h e r e i n a f t e r   r e f e r r e d   to  as  t he   "N"  or  N - t y p e   s u b s t r a t e  

fo r   p u r p o s e s   of  d e s i g n a t i o n .   More  s p e c i f i c a l l y ,   t h e  

c o m p o s i t i o n   of  t he   s e c o n d   s u b s t r a t e   m a t e r i a l   w a s ,  



n o m i n a l l y ,   by  w e i g h t ,   9.3%  Cr,  7.5%  Co,  3.7%  Al,   4%  T a ,  

4.2%  T i ,   1 .51  Mo,  6%  W,  0.5%  Nb,  the   b a l a n c e   n i c k e l  

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

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

a b o v e - d e s c r i b e d   B - t y p e   and  N - t y p e   were  a l s o   p r o v i d e d  

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

r e s i s t a n c e   of  s u c h   s u b s t r a t e s   to  e n v i r o n m e n t a l  

d e g r a d a t i o n .   In  t h i s   c a s e ,   the   c o a t i n g   m a t e r i a l  

s e l e c t e d   was  a  N i C o C r A l Y   ( N i - 2 3 C o - 1 8 C r - 1 2 . 5 A l - 0 . 3 Y )   o f  

the   t ype   d e s c r i b e d   in  U.S.   P a t e n t   3 , 9 2 8 , 0 2 6 ,   w h i c h  

p a t e n t   is  h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .   A l l  

c o a t i n g s   of  the   N iCoCrAlY   t y p e   were   d e p o s i t e d   by  a 
c o m m e r c i a l   v e n d o r   u s i n g   the   p h y s i c a l   v a p o r   d e p o s i t i o n  

(PVD)  p r o c e s s   d e s c r i b e d   in  t he   a f o r e m e n t i o n e d   3 , 9 2 8 , 0 2 6 .  

p a t e n t .  

P r i o r   to  c o a t i n g   d e p o s i t i o n ,   the   B - t y p e  

s u b s t r a t e s   were  s o l u t i o n   t r e a t e d   at   2325°  F  for   t w o  

h o u r s   and  the   N - t y p e   s u b s t r a t e s   were   s o l u t i o n   t r e a t e d  

at  2310°  F  fo r   two  h o u r s   i r r e s p e c t i v e   of  the   c o a t i n g   t o  

be  a p p l i e d .   The  p r o c e s s   of  a p p l y i n g   the   NiCoCrAlY  t y p e  

c o a t i n g s   has  been   d e s c r i b e d   a b o v e .   The  6M  c o a t i n g s  

were  a p p l i e d   by  the   a b o v e - d e s c r i b e d   LPPD  p l a s m a   s p r a y  

p r o c e s s .   For  t h e   B - t y p e   s u b s t r a t e s ,   a  c o m m e r c i a l l y  

a v a i l a b l e   s t a n d a r d   i n t e r n a l   f e e d   p l a s m a   s p r a y   gun  a n d  

the   p r o c e s s   p a r a m e t e r s   of  T a b l e   II  were  u s e d .   For  t h e  

N - t y p e   s u b s t r a t e s ,   a  c o m m e r c i a l l y   a v a i l a b l e   s t a n d a r d  

e x t e r n a l   f e e d   p l a s m a   s p r a y   gun  and  t he   p r o c e s s  

p a r a m e t e r s   of  f a b l e   I I I   were   u s e d .  





To  o p t i m i z e   the   p r o p e r t i e s   of  the   s u b s t r a t e s ,  

a l l   c o a t e d   s u b s t r a t e s   were   s u b j e c t e d   to  a 

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

c o n s i s t e d   of  a  f i r s t   age  at   1975°   F  f o r   2-8  h o u r s  

f o l l o w e d   by  a  s e c o n d   age  at   16500  F  f o r   4 -16   h o u r s .   A t  

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

" a s - d e p o s i t e d "   c o a t i n g s .   The  s t r u c t u r e   of  the   B - t y p e  
s u b s t r a t e   is  one  of  an  a l i g n e d   e u t e c t i c   (TaC)  f i b r o u s  

r e i n f o r c i n g   p h a s e   in  a  γ / γ '   m a t r i x   w h i l e   the   s t r u c t u r e  
of  t he   N - t y p e   s u b s t r a t e   is  one  of  y'  p r e c i p i t a t e s   in  a y  

m a t r i x .  

T a b l e   IV  p r e s e n t s   t he   r e s u l t s   of  c y c l i c  

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

the   c o n d i t i o n s   shown  in  t he   t a b l e   u s i n g   a  n a t u r a l   g a s  
f l a m e   a t   t he   v e l o c i t i e s   shown  in  t h e   t a b l e .   T h e  

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

out   of  t he   f l a m e   1  or  6  t i m e s   pe r   h o u r   to  c o o l   t h e  

s p e c i m e n s   to  a b o u t   800°  F.  F a i l u r e   is  d e f i n e d   a s  

p e n e t r a t i o n   of  t h e   c o a t i n g   to  t he   e x t e n t   t h a t  

( s u b s t r a t e )   o x i d a t i o n   b e g i n s   to  o c c u r .   Hot  c o r r o s i o n  

t e s t i n g   was  c o n d u c t e d   at   1700°  F  u s i n g   a  J P - 5  

f u e l - f i r e d   f l a m e   w i t h   5  ppm  s a l t   a d d e d   to  t h e  

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

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

h o u r .  

I t   may  be  s e e n   f rom  T a b l e   IV  t h a t   the   a l l o y   o f  

the   i n v e n t i o n   as  a  c o a t i n g   p r o v i d e s   good  p r o t e c t i o n   t o  

b o t h   s u b s t r a t e s ,   and  p a r t i c u l a r l y   to  t he   B - t y p e  

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

a l l o y   of  the   i n v e n t i o n   is   s o m e w h a t   g r e a t e r   t h a n   w o u l d  

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

c o m p o s i t i o n .   T h e s e   u n e x p e c t e d   p r o p e r t i e s   a r e  

a t t r i b u t e d   to  t h e   a b s e n c e   of  t i t a n i u m   and  the  p r e s e n c e  
of  h a f n i u m   in  c o m b i n a t i o n   w i t h   the   s l i g h t l y  

h i g h e r - t h a n - u s u a l   a l u m i n u m   c o n t e n t   (6%)  and  a  p r o p e r  



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

T h i s   b a l a n c e   of  e l e m e n t s   h e l p s   form  and  m a i n t a i n   a  

p r o t e c t i v e   a l u m i n a   s c a l e   when  e x p o s e d   in  a i r .   A l t h o u g h  

h a v i n g   l ower   r e s i s t a n c e   to  ho t   c o r r o s i o n   t h a n  

N i C o C r A l Y ,   t he   a l l o y   of  t h e   i n v e n t i o n   as  a  c o a t i n g  

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

h o t   c o r r o s i o n ,   i . e . ,   g r e a t e r   t h a n   540  h o u r s   l i f e   o n  

B - t y p e   s u b s t r a t e s   ( t e s t   t e r m i n a t e d   p r i o r   to  f a i l u r e )  

and  1000  h o u r s   on  N - t y p e   s u b s t r a t e s .  



The  c o a t e d   s p e c i m e n s   were   e v a l u a t e d  

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

i n t e r a c t i o n   b e t w e e n   the   c o a t i n g s   and  the   s u b s t r a t e .  

The  r e s u l t s   a r e   g i v e n   in  T a b l e   V  w h i c h   l i s t s   t h e  

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

z o n e s ,   the   sum  of  w h i c h   c o m p r i s e   t he   i n t e r a c t i o n   z o n e ,  

f o l l o w i n g   e x p o s u r e   in  the   o x i d a t i o n   t e s t s   at   t h e  

t e m p e r a t u r e s   and  f o r   the   t i m e s   shown .   P l a t e l e t s ,  

s u c h   as  t h o s e   shown  in  F i g u r e s   3  and  7  fo r   NiCoCrAlY  o n  

the   B  a n d   N - t y p e   s u b s t r a t e s ,   r e s p e c t i v e l y ,   a r e   a  r e s u l t  

of  t he   i n t e r d i f f u s i o n   of  e l e m e n t s   b e t w e e n   the   c o a t i n g  



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

b e t w e e n   the   c o a t i n g   and  the   s u b s t r a t e .   The  p l a t e l e t s  

t h e   u n d e s i r a b l e   due  to  t h e i r   n e e d l e - l i k e   m o r p h o l o g y   a n d  

b r i t t l e n e s s .   The  d e n u d e d   z o n e ,   a l s o   shown  in  F i g u r e s   3 
and  7,  is  a  zone   w h i c h   has   b e e n   d e p l e t e d   of  γ'  due   to  - 

t he   d i f f u s i o n   of  e l e m e n t s   f rom  t h e   s u b s t r a t e   to  t h e  

c o a t i n g ,   l e a v i n g   a  w e a k e n e d ,   p r i m a r i l y   γ  m a t r i x .  

R e f e r e n c e   to  F i g u r e s   2  and  6  show  t h a t   in   t h e  

a s - d e p o s i t e d   c o n d i t i o n   t h e r e   is   v i r t u a l l y   n o  
i n t e r a c t i o n   zone   f o r m e d   b e t w e e n   t h e   6M  c o a t i n g   a n d  

e i t h e r   t he   B - t y p e   or  N - t y p e   s u b s t r a t e s .   A  s l i g h t  
i n t e r a c t i o n   z o n e ,   h o w e v e r ,   is  e v i d e n t   in  F i g u r e s   1  a n d  

5  b e t w e e n   t h e   N i C o C r A l Y   c o a t i n g   and  b o t h   the   B - t y p e   a n d  

N - t y p e   s u b s t r a t e s .  

R e f e r e n c e   to  F i g u r e s   3  and  4,  and  T a b l e   V ,  

shows  t h a t   a f t e r   500  h o u r s   e x p o s u r e   a t   2100°   F  in   t h e  

o x i d a t i o n   t e s t   an  i n t e r a c t i o n   zone   h a s   f o r m e d   b e t w e e n  

t he   N i C o C r A l Y   c o a t i n g   and  the   B - t y p e   s u b s t r a t e   w h i c h   i s  

a b o u t   t h r e e   t i m e s   d e e p e r   t h a n   t he   i n t e r a c t i o n   z o n e  
f o r m e d   b e t w e e n   t he   6M  c o a t i n g   and  t h e   B - t y p e  

s u b s t r a t e .   F u r t h e r ,   a b o u t   45%  of  t h e   i n t e r a c t i o n   z o n e  

in  t he   N i C o C r A l Y / B   p a i r   is  of  t h e   d e l e t e r i o u s   p l a t e l e t  

p h a s e .  

S i m i l a r l y ,   r e f e r e n c e   to  F i g u r e s   7  and  8,  a n d  

T a b l e   V,  s h o w s   t h a t   a f t e r   400  h o u r s   e x p o s u r e   a t   2075°   F 

in  t h e   o x i d a t i o n   t e s t   an  i n t e r a c t i o n   z o n e   has   f o r m e d  

b e t w e e n   t h e   N i C o C r A l Y   c o a t i n g   and  t h e   N - t y p e   s u b s t r a t e  

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

zone  f o r m e d   b e t w e e n   t he   6M  c o a t i n g   and   t h e   N - t y p e  

s u b s t r a t e ,   e v e n   t h o u g h   t he   6M/N  p a i r   was  t e s t e d   f o r  

a b o u t   a  40%  l o n g e r   p e r i o d   of  t i m e .   A b o u t   70%  of  t h e  

i n t e r a c t i o n   zone   in  the   N i C o C r A l Y / N   p a i r   is   of  t h e  

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

In  a d d i t i o n   to  the   u n i q u e   c o m b i n a t i o n   o f  

r e d u c e d   d i f f u s i o n a l   i n t e r a c t i o n   and  good   e n v i r o n m e n t a l  



r e s i s t a n c e ,   t he   a l l o y   of  t he   i n v e n t i o n   a l s o   p o s s e s s e s  

h i g h   t e m p e r a t u r e   s t r e n g t h   s u p e r i o r   to  N i C o C r A l Y .  

E l e v a t e d   t e m p e r a t u r e   t e n s i l e   t e s t s   on  v e r y   t h i c k   ( - 1 / 2  

i n c h )   d e p o s i t s   of  t h e   N i C o C r A l Y   and  6 M - t y p e   a l l o y s  

showed   t h a t   a t   1800°   F  the   u l t i m a t e   t e n s i l e   s t r e n g t h  

(UTS)  of  the   m a t e r i a l s   was  a b o u t   7  and  30  k s i ,  

r e s p e c t i v e l y ,   w h i l e   a t   2000°   F  the   UTS  of  t he   m a t e r i a l s  

was  a b o u t   3  and  7,  r e s p e c t i v e l y .   The  h i g h e r   s t r e n g t h  

of  t he   6 M - t y p e   a l l o y   is  e x p e c t e d   to  r e s u l t   in  g r e a t l y  

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 / m e c h a n i c a l   f a t i g u e  

c r a c k i n g .  

S i n c e   t he   a l l o y   of  t h e   i n v e n t i o n   is  i t s e l f   a 

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

t h e r m a l   e x p a n s i o n   ( a )   b e t w e e n   the   a l l o y   of  t h e  

i n v e n t i o n   and  n i c k e l - b a s e   s u p e r a l l o y   s u b s t r a t e s   is  l e s s  

t h a n   t h a t   b e t w e e n   N i C o C r A l Y   and  t he   same  s u p e r a l l o y  

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

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

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

and  t h e r m a l   f a t i g u e   c r a c k i n g .  

T h u s ,   t he   low  p r o p e n s i t y   of  t he   a l l o y   of  t h e  

i n v e n t i o n   to  fo rm  i n t e r a c t i o n   z o n e s ,   and  p a r t i c u l a r l y  

i t s   low  p r o p e n s i t y   to  fo rm  p l a t e l e t s ,   p l u s   i t s   h i g h e r  

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

s u p e r a l l o y   s u b s t r a t e s   makes   t h e   a l l o y   of  t he   i n v e n t i o n  

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

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

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

r e q u i r e d   in  s e v e r e   h i g h   p r e s s u r e ,   h i g h   t e m p e r a t u r e  

t u r b i n e   e n v i r o n m e n t s .  

I t   has   a l s o   b e e n   f o u n d   t h a t   t he   n o v e l   a l l o y s  

of  t h i s   i n v e n t i o n   a r e   u s e f u l   as  t h i c k e r ,   b u i l t - u p  

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

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

r o t a t i n g   b l a d e s   or  s t a t i o n a r y   v a n e s ,   or  fo r   p u r p o s e s   o f  



r e p a i r i n g   n i c k e d   or  d a m a g e d   r e g i o n s   as  t y p i c a l l y   o c c u r  

on  such   c o m p o n e n t s   as  a i r f o i l s .   In  t h a t   r e s p e c t ,   t h e  

a l l o y s   of  t he   i n v e n t i o n   a r e   more  in  t h e   n a t u r e   of  a 

s u p e r a l l o y   f rom  w h i c h   c o m p o n e n t s   a r e   m a d e ,   e . g . ,  
s t r u c t u r a l   or  w e i g h t - c a r r y i n g   a l l o y s ,   and  l e s s   in  t h e  

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

s p r a y i n g   p r o c e s s   to  e f f e c t   t he   b u i l d - u p   of  t h i c k e r  

d e p o s i t s ,   as  o p p o s e d   to  t h i n   c o a t i n g s ,   a r e   w e l l   w i t h i n  

the   k n o w l e d g e   and  e x p e r t i s e   of  t h o s e   o r d i n a r i l y   s k i l l e d  

in  t he   p l a s m a   s p r a y i n g   a r t s .  

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

m o d i f i c a t i o n s   no t   s p e c i f i c a l l y   r e f e r r e d   to  h e r e i n   may  

be  made  in  t h e   i n v e n t i o n   h e r e i n   d e s c r i b e d ,   and  to  i t s  :  

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

s p i r i t   of  t h e   i n v e n t i o n   p a r t i c u l a r l y   as  d e f i n e d   in  t h e .  

f o l l o w i n g   c l a i m s .  

What  is   d e s i r e d   to  be  s e c u r e d   by  L e t t e r s  

P a t e n t   of  t h e   U n i t e d   S t a t e s   is   t h e   f o l l o w i n g .  



1.  A  c o m p o s i t i o n   fo r   a p p l i c a t i o n   t o  

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

e s s e n t i a l l y   o f ,   by  w e i g h t ,   1  to  10%  c o b a l t ,   to  12% 

c h r o m i u m ,   5  to  8%  a l u m i n u m ,   1  to  10%  t a n t a l u m ,   1  to  10% 

t u n g s t e n ,   0  to  3%  r h e n i u m ,   0  to  2%  m o l y b d e n u m ,   0 .1   t o  

2%  h a f n i u m ,   0 . 0 0 5   to  0.1%  b o r o n ,   0 . 0 0 5   to  0.25%  c a r b o n ,  

t he   b a l a n c e   n i c k e l   and  i n c i d e n t a l   i m p u r i t i e s .  
2.  The  c o m p o s i t i o n   of  c l a i m   1  c o n s i s t i n g  

e s s e n t i a l l y   o f ,   by  w e i g h t ,   1  to  6%  c o b a l t ,   7  to  10% 

c h r o m i u m ,   5  to  7%  a l u m i n u m ,   4  to  6%  t a n t a l u m ,   3.5  t o  

5.5%  t u n g s t e n ,   0  to  3%  r h e n i u m ,   0  to  2%  m o l y b d e n u m ,   0 . 5 ;  

to  1.5%  h a f n i u m ,   0 . 0 0 5   to  0 .025%  b o r o n ,   0 . 0 0 5   to  0 . 2 5 %  

c a r b o n ,   the   b a l a n c e   n i c k e l   and  i n c i d e n t a l   i m p u r i t i e s .  

3.  The  c o m p o s i t i o n   of  c l a i m   2  c o n s i s t i n g  

e s s e n t i a l l y   o f ,   by  w e i g h t ,   3 .8   to  4.2%  c o b a l t ,   8 .3   t o  

8.7%  c h r o m i u m ,   5 .8   to  6.2%  a l u m i n u m ,   4 .7   to  5 .3% 

t a n t a l u m ,   4 . 2   to  4.8%  t u n g s t e n ,   1 .2   to  1.8%  r h e n i u m ,  

1.3  to  1.7%  m o l y b d e n u m ,   0 .7   to  1.1%  h a f n i u m ,   0 . 0 0 5   t o  

0.02%  b o r o n ,   0 . 0 0 5   to  0.2%  c a r b o n ,   t he   b a l a n c e   n i c k e l  

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

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

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

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

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

(a)   a  n i c k e l - b a s e   s u p e r a l l o y   o r  

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

s u b s t r a t e ,   a n d  

(b)   a  c o a t i n g   p r o v i d i n g   a t   l e a s t   a 

p o r t i o n   of  t he   o u t e r   s u r f a c e   of  s a i d  

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

e s s e n t i a l l y   o f ,   by  w e i g h t ,   1  to  10% 

c o b a l t ,   6  to  12%  c h r o m i u m ,   5  to  8% 

a l u m i n u m ,   1  to  10%  t a n t a l u m ,   1  to  10% 

t u n g s t e n ,   0  to  3%  r h e n i u m ,   0  to  2% 



m o l y b d e n u m ,   0 .1   to  2%  h a f n i u m ,   0 . 0 0 5  

to  0.1%  b o r o n ,   0 . 0 0 5   to  0 .25%  c a r b o n ,  

t he   b a l a n c e   n i c k e l   and  i n c i d e n t a l  

i m p u r i t i e s .  

5.  The  a r t i c l e   of  c l a i m   4  w h e r e i n   s a i d  

c o a t i n g   c o n s i s t s   e s s e n t i a l l y   o f ,   by  w e i g h t ,   1  to  6% 

c o b a l t ,   7  to  10%  c h r o m i u m ,   5  to  7%  a l u m i n u m ,   4  to  6% 

t a n t a l u m ,   3 .5   to  5.5%  t u n g s t e n ,   0  to  3%  r h e n i u m ,   0  t o  

2%  m o l y b d e n u m ,   0 . 5   to  1.5%  h a f n i u m ,   0 . 0 0 5   to  0 . 0 2 5 %  

b o r o n ,   0 . 0 0 5   to  0 .25%  c a r b o n ,   t h e   b a l a n c e   n i c k e l   a n d  

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

6.  The  a r t i c l e   of  c l a i m   5  w h e r e i n   s a i d  

c o a t i n g   c o n s i s t s   e s s e n t i a l l y   o f ,   by  w e i g h t ,   3 . 8  t o   4 . 2 %  

c o b a l t ,   8 .3   to  8.7%  c h r o m i u m ,   5 .8   to  6.2%  a l u m i n u m ,   4 . 7  

to  5.3%  t a n t a l u m ,   4 .2   to  4.8%  t u n g s t e n ,   1 .2   to  1 .8% 

r h e n i u m ,   1 .3  to  1.7%  m o l y b d e n u m ,   0 .7   to   1.1%  h a f n i u m ,  

0 . 0 0 5   to  0.02%  b o r o n ,   0 . 0 0 5   to  0.2%  c a r b o n ,   t he   b a l a n c e  

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

7.  The  a r t i c l e   of  c l a i m   4  w h e r e i n   s a i d  

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

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

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

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

l e a s t   an  a m o u n t   in  e x c e s s   of  an  i m p u r i t y   a m o u n t   up  t o  

0.02%  of  b o r o n ,   0  to  9%  r h e n i u m ,   0  to  <0 .8%  t i t a n i u m ,   0 

to  20%  c h r o m i u m ,   0  to  10%  a l u m i n u m ,   3  to  15%  t a n t a l u m ,  

0 . 1   to  1%  c a r b o n ,   0  to  20%  c o b a l t ,   0  to  20%  t u n g s t e n ,   0 

to  7%  v a n a d i u m ,   0  to  10%  m o l y b d e n u m ,   0  to  3%  c o l u m b i u m ,  

0  to  3%  h a f n i u m ,   0  to  1.5%  z i r c o n i u m ,   t h e   b a l a n c e  

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

8.  The  a r t i c l e   of  c l a i m   7  w h e r e i n   s a i d  

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

0.01%  b o r o n ,   6 .44%  r h e n i u m ,   3.84%  c h r o m i u m ,   5 . 3 4 %  

a l u m i n u m ,   11.37%  t a n t a l u m ,   0.43%  c a r b o n ,   3.8%  c o b a l t ,  



4.33%  t u n g s t e n ,   3.01%  m o l y b d e n u m ,   t he   b a l a n c e   n i c k e l  

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

9.  The  a r t i c l e   of  c l a i m   4  w h e r e i n   s a i d  

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

c a p a b l e   of  b e i n g   c a s t   as  a  s i n g l e   c r y s t a l   b y  

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   c o n s i s t i n g   e s s e n t i a l l y   o f ,  

by  w e i g h t ,   7  to  12%  c h r o m i u m ,   1  to  5%  m o l y b d e n u m ,   3  t o  

5%  t i t a n i u m ,   3  to  5%  a l u m i n u m ,  5   to  15%  c o b a l t ,   3  t o  

12%  t u n g s t e n ,   2  to  6%  t a n t a l u m ,   up  to  10%  r h e n i u m ,   u p  
to  2%  c o l u m b i u m ,   up  to  3%  v a n a d i u m ,   up  to  2%  h a f n i u m ,  

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

c h a r a c t e r i z e d   by  the   s u b s t a n t i a l   a b s e n c e   of  c a r b o n ,  

b o r o n ,   and  z i r c o n i u m ,   t he   a l l o y   h a v i n g   an  A l : T i   r a t i o  

in  the   r a n g e   of  a b o u t   0 .5   to  a b o u t   1  w h i l e   m a i n t a i n i n g  

the  C r : A l   r a t i o   in  the   r a n g e   of  a b o u t   1 .5  to  4 .  

10.  The  a r t i c l e   of  c l a i m   9  w h e r e i n   s a i d  

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

9.3%  c h r o m i u m ,   7.5%  c o b a l t ,   3.7%  a l u m i n u m ,   4%  t a n t a l u m ,  

4.2%  t i t a n i u m ,   1.5%  m o l y b d e n u m ,   6%  t u n g s t e n ,   0 .5% 

n i o b i u m ,   t he   b a l a n c e   n i c k e l   and  i n c i d e n t a l   i m p u r i t i e s .  

11.  A  c o m p o s i t e   a r t i c l e   of  m a n u f a c t u r e  

c o m p r i s i n g :  

( i )   a  n i c k e l - b a s e   s u p e r a l l o y   o r  

n i c k e l - b a s e   e u t e c t i c  

s u p e r a l l o y   s u b s t r a t e ,   a n d  

( i i )   one  or  more  t h i c k ,   b u i l t - u p  

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

s u b s t r a t e ,   s a i d   r e g i o n s  

p r o v i d i n g   a t   l e a s t   a  p o r t i o n  

of  t h e   o u t e r   s u r f a c e   of  s a i d  

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

c o m p o s i t i o n   c o n s i s t i n g   o f ,   b y  

w e i g h t ,   1  to  10%  c o b a l t ,   6  t o  

12%  c h r o m i u m ,   5  t o   8% 



a l u m i n u m ,   1  to  10%  t a n t a l u m ,   1 

to  10%  t u n g s t e n ,   0  to  3% 

r h e n i u m ,   0  to  2%  m o l y b d e n u m ,  

0 .1   to  2%  h a f n i u m ,   0 . 0 0 5   t o  

0.1%  b o r o n ,   0 . 0 0 5   to  0 . 2 5 %  

c a r b o n ,   t he   b a l a n c e   n i c k e l   a n d  

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

12.  The  c o m p o s i t e   a r t i c l e   of  c l a i m   11  w h e r e i n  

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

o f ,   by  w e i g h t ,   1  to  6%  c o b a l t ,   7  to   10%  c h r o m i u m ,   5  t o  

7%  a l u m i n u m ,   4  to  6%  t a n t a l u m ,   3 . 5   to  5.5%  t u n g s t e n ,   0 

to  3%  r h e n i u m ,   0  to  2%  m o l y b d e n u m ,   0 .5   to  1.5%  h a f n i u m ,  

0 . 0 0 5   to  0 .025%  b o r o n ,   0 . 0 0 5   to  0.25%  c a r b o n ,   t h e  

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

13.  The  c o m p o s i t e   a r t i c l e   of  c l a i m   12  w h e r e i n  

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

o f ,   by  w e i g h t ,   3 .8   to  4.2%  c o b a l t ,   8 .3   to  8 . 7 %  

c h r o m i u m ,   5 .8  to  6.2%  a l u m i n u m ,   4 .7   to  5.3%  t a n t a l u m ,  

4 .2   to  4.8%  t u n g s t e n ,   1 .2   to  1.8%  r h e n i u m ,   1 .3   to  1 . 7 %  

m o l y b d e n u m ,   0 .7   to  1.1%  h a f n i u m ,   0 . 0 0 5   to  0.02%  b o r o n ,  

0 . 0 0 5   to  0.2%  c a r b o n ,   t he   b a l a n c e   n i c k e l   and  i n c i d e n t a l  

i m p u r i t i e s .  

14.  The  a r t i c l e   of  c l a i m   11  w h e r e i n   s a i d  

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

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

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

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

l e a s t   an  a m o u n t   in  e x c e s s   of  an  i m p u r i t y   a m o u n t   up  t o  

0.02%  of  b o r o n ,   0  to  9%  r h e n i u m ,   0  to  <0.8%  t i t a n i u m ,   0 

to  20%  c h r o m i u m ,   0  to  10%  a l u m i n u m ,   3  to  15%  t a n t a l u m ,  

0 .1   to  1%  c a r b o n ,   0  to  20%  c o b a l t ,   0  to  20%  t u n g s t e n ,   0 

to  7%  v a n a d i u m ,   0  to  10%  m o l y b d e n u m ,   0  to  3% 

c o l u m b i u m ,   < 0 . 1 5 %   h a f n i u m ,   0  to  1.5%  z i r c o n i u m ,   t h e  

b a l a n c e   e s s e n t i a l l y   n i c k e l   and  i n c i d e n t a l   i m p u r i t i e s .  



15.  The  a r t i c l e   of  c l a i m   14  w h e r e i n   s a i d  

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

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

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

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

0.01%  b o r o n ,   6.44%  r h e n i u m ,   3.84%  c h r o m i u m ,   5 . 3 4 %  

a l u m i n u m ,   11.37%  t a n t a l u m ,   0.43%  c a r b o n ,   3.8%  c o b a l t ,  

4.33%  t u n g s t e n ,   3 .01%  m o l y b d e n u m ,   t h e   b a l a n c e   n i c k e l  

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

16.  The  a r t i c l e   of  c l a i m   11  w h e r e i n   s a i d  

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

c a p a b l e   of  b e i n g   c a s t   as  a  s i n g l e   c r y s t a l   b y  

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   c o n s i s t i n g   e s s e n t i a l l y   o f ,  

by  w e i g h t :   7  to  12%  c h r o m i u m ,   1  to  5%  m o l y b d e n u m ,   3  t o  

S%  t i t a n i u m ,   3  to  5%  a l u m i n u m ,   5  to  15%  c o b a l t ,   3  t o  

12%  t u n g s t e n ,   2  to  6%  t a n t a l u m ,   up  to  10%  r h e n i u m ,   u p  

to  2%  c o l u m b i u m ,   up  to  3%  v a n a d i u m ,   up  to  2%  h a f n i u m ,  

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

c h a r a c t e r i z e d   by  t he   s u b s t a n t i a l   a b s e n c e   of  c a r b o n ,  

b o r o n ,   and  z i r c o n i u m ,   t he   a l l o y   h a v i n g   an  A l : T i   r a t i o  

in  the   r a n g e   of  a b o u t   0 .5   to  a b o u t   1  w h i l e   m a i n t a i n i n g  

the   C r : A l   r a t i o   in  t h e   r a n g e   of  a b o u t   1 .5   to  4 .  

17.  The  a r t i c l e   of  c l a i m   16  w h e r e i n   s a i d  

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

c a p a b l e   of  b e i n g   c a s t   as  a  s i n g l e   c r y s t a l   b y  

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   c o n s i s t i n g   e s s e n t i a l l y   o f ,  

by  w e i g h t :   a b o u t   9.3%  c h r o m i u m ,   7.5%  c o b a l t ,   3 . 7 %  

a l u m i n u m ,   4%  t a n t a l u m ,   4.2%  t i t a n i u m ,   1.5%  m o l y b d e n u m ,  

6%  t u n g s t e n ,   0.5%  n i o b i u m ,   the   b a l a n c e   n i c k e l   a n d  

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

18.  The  c l a i m   11  a r t i c l e   w h e r e i n   s a i d  

s u b s t r a t e   is  an  a i r c r a f t   gas  t u r b i n e   e n g i n e   r o t a t a b l e  

b l a d e   or  s t a t i o n a r y   vane   and  s a i d   d e p o s i t   is  the   t i p  

p o r t i o n   t h e r e o f .  
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