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diffusion  coating  of  chromium  and  aluminum  on  high  nickel 
and  high  cobalt  alloys  known  as  superalloys.  The  composi- 
tions  are  characterised  by  easy  flowability  and,  particularly, 
by  the  use  of  the  intermetallic  compound  Co2Al9. 



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

s u p e r a l l o y s ,   such   as  h i g h - n i c k e l   and  h i g h - c o b a l t  

a l l o y s ,   w h e r e i n   a  p a r t   to  be  t r e a t e d   is   p l a c e d   in   a  

c o a t i n g ,   p o w d e r   p a c k .  

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

o b j e c t s ,   f o r   example   n i c k e l  -   and  c o b a l t - b a s e d  

a l l o y s ,   may  be  c a r r i e d   ou t   by  e m b e d d i n g   the   a r t i c l e  

to  be  c o a t e d   in  a  p o w d e r e d   c o a t i n g   pack  i n c l u d i n g :  

(1)  an  i n e r t   f i l l e r ,  

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

(3)  p o w d e r e d   s o u r c e s   of  m e t a l   m a t e r i a l s  

to  be  d i f f u s e d   i n t o   the  s u p e r a l l o y  

o b j e c t .  

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

c o m p o s i t i o n ,   a c t s   as  a  f l u x   in   f a c i l i t a t i n g   the   i n i t i a l  

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

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

f o r m i n g   i n t e r m e d i a t e   or  t r a n s i e n t   compounds   d u r i n g   t h e  

p r o c e s s .   In  g e n e r a l ,   the   v a p o r i s a b l e   c a r r i e r   m a t e r i a l  

has   been  a  h a l i d e ,   f o r   e x a m p l e   a  f l u o r i d e   or  c h l o r i d e  



s a l t ,   s u c h   as  ammonium  c h l o r i d e .   Th is   r e l a t i v e l y  

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

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

The  m e t a l   p o w d e r ,   u s u a l l y   a l u m i n u m   or  c h r o m i u m ,   is   t h e  

a c t i v e   m e t a l - t r e a t i n g   a g e n t   on  w h i c h   the   c a r r i e r   m a t e r i a l  

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

to  be  t r e a t e d .  

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

the   c o n c e n t r a t i o n   and  r a t e   at   w h i c h   t h e   c a r r i e r   m a t e r i a l  

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

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

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

e x p e n d e d   i n . c a r r y i n g   ou t   the   p r o c e s s .   Cos t   of  t h e  

m a t e r i a l   in   a  p o w d e r   pack   u s u a l l y   r e q u i r e s   t h a t   t he   p a c k  

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

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

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

c y c l e   to  a n o t h e r .  

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

W a c h t e l l   and  S e e l i g   in   U.S.   P a t e n t   3 , 2 5 7 , 2 3 0   and  b y  

P u y e a r   and  S c h l e y   in   U.S .   P a t e n t   3 , 0 7 9 , 2 7 6 .   The  o b j e c t  

of  such   p r o c e s s e s   i s   to  p r o v i d e   a  p r o t e c t i v e   o u t e r  

s h e a t h i n g   on  e n g i n e e r i n g   p a r t s   s u b j e c t e d   to  h i g h  

t e m p e r a t u r e s   and  c o r r o s i v e   a t m o s p h e r e s ;   f o r   e x a m p l e ,   t h e  

t u r b i n e   b l a d e s   in   j e t   a i r c r a f t   e n g i n e s   a re   s u b j e c t e d   t o  

s u c h   t e m p e r a t u r e   and  e n v i r o n m e n t .  

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

Co2Al5  ( e . g .   PWA  273,   a  m a t e r i a l   s o l d   by  P r a t t   &  W h i t n e y  

D i v i s i o n   of  U n i t e d   T e c h n o l o g i e s ,   I n c .   and  p a c k i n g s   s u c h   a s  

t h o s e   d e s c r i b e d   in   a  number   o f  P a t e n t s   i n c l u d i n g   U . S .  

P a t e n t s   3 , 7 1 6 , 3 9 8 ;   3 , 5 9 4 , 2 1 9 ;  3 , 5 7 7 , 2 6 8 ;   3 , 8 1 0 , 7 8 2 ,  

4 , 0 2 4 , 2 9 4 ;   4 , 0 4 1 , 1 9 6 ;   3 , 9 7 9 , 2 7 4 ;   and  many  more  such   p a t e n t s  



p r i m a r i l y   c l a s s i f i e d   in  U.S.   C l a s s i f i c a t i o n   117  ( o l d )  

and  C l a s s   4 2 7 .  

T h e r e   a re   many  a s p e c t s   of  t h e s e   d i f f u s i o n   p r o c e s s e s   f o r  

pack   c e m e n t a t i o n   c o a t i n g s   t h a t   i t   would  be  d e s i r a b l e   t o  

e n h a n c e .   Some  such   a s p e c t s   r e l a t e   to  the  m e c h a n i c a l  

p r o p e r t i e s   of   t h e   p o w d e r   c b m p o s i t i o n :   f o r   e x a m p l e ,   i t  

would  be  v e r y   d e s i r a b l e   f o r   the  u s e d   c o a t i n g   powder   t o  

be  r e a d i l y   r e l e a s e d   f r o m  s o m e   of  t he   v e r y   s m a l l   a p e r t u r e s  

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

t r e a t e d .   M o r e o v e r ,   i t   is   a l w a y s   d e s i r a b l e   to  i m p r o v e   t h e  

"ho t   c o r r o s i o n "   r e s i s t a n c e   of  i n t e r n a l   as  w e l l   as  e x t e r n a l  

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

t h e   t ype   b e i n g   d e s c r i b e d .  

As  w i l l   be  d e s c r i b e d   b e l o w ,   t he   i n v e n t i o n   d e s c r i b e d   h e r e i n  

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

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

I t   is   an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

i m p r o v e d   p o w d e r   c o m p o s i t i o n s   f o r   use   in  c e m e n t a t i o u s   p a c k  

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

A  more  p a r t i c u l a r   o b j e c t   of  the   i n v e n t i o n   i s   to  p r o v i d e  
s u c h   c o m p o s i t i o n s   w h i c h   fo rm  means  to  i m p r o v e   t h e  

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

A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to  p r o v i d e   c o m p o s i t i o n s  

of  s u p e r i o r   f l o w a b i l i t y   a f t e r   t h e y   have   been   s u b j e c t e d   t o  

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

O t h e r   o b j e c t s   of  t h e   i n v e n t i o n   a r e   to  o b t a i n   an  i m p r o v e d  

d i f f u s i o n   c o a t i n g   p r o c e s s ,   one  wh ich   may  be  used   to  a c h i e v e  

more  r a p i d   p r o c e s s i n g   and  one  w h i c h   may  be  u sed   to  a c h i e v e  

s u p e r i o r   p r o p e r t i e s   of  the   p r o c e s s e d   g o o d s .  



O t h e r   o b j e c t s   of  t h e   i n v e n t i o n   w i l l   be  o b v i o u s  t o   t h o s e  

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

The  above  o b j e c t s   have   been   s u b s t a n t i a l l y   u n e x p e c t e d l y  

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

p o w d e r e d   c e m e n t a t i o n   p a c k   c o a t i n g   c o m p o s i t i o n   c o m p r i s i n g  

t he   i n t e r - m e t a l l i c   p o w d e r   Co2A19,  p a r t i c u l a r l y   t he   p o w d e r  

w h i c h   p a s s e s   325  m e s h .  

The  amount   of  Co2Al9  t h a t   i s   u t i l i s e d   in   t he   c o m p o s i t i o n  

of  t he   i n v e n t i o n   w i l l   d i f f e r   s o m e w h a t   d e p e n d i n g   on  t h e  

p a r t i c u l a r   use   of  t he   c o a t i n g .   Fo r   e x a m p l e ,   d i f f e r e n t  

q u a n t i t i e s   w i l l   be  u s e d   in  p a c k i n g s   t h a t   a re   i n t e n d e d   f o r  

i n t e r n a l   s u r f a c e s   ( i . e .   s u r f a c e s   of  i n t e r s t i c e s   or  o r i f i c e s )  

and  in  e x t e r n a l   s u r f a c e s   ( i . e .   t he   l a r g e r   e x t e r i o r   s u r f a c e  

of  a  p a r t ) .   One  a d v a n t a g e   o f  t h e   c o m p o s i t i o n s   of  t h e  

i n v e n t i o n   i s   t he   f a c t   t h a t  t h e y   can  r e a d i l y   be  used   in   a  

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

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

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

p r o c e s s e s   c a r r i e d   out   w i t h   s u c h   i n t e r m e t a l l i c s   as  C o 2 A l 5 ,  

Cr8Al5   or  C o A l .  

The  s u p e r a l l o y s   w h i c h   a re   b e l i e v e d   to  be  most   a d v a n t a g e o u s l y  

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

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

16%  c h r o m i u m   or  l e s s .   P a r t i c u l a r   a d v a n t a g e   i s   a c h i e v e d  

w i t h   t h o s e   a l l o y s   such   as  a re   known  as  IN100  and  IN713  a n d  

IN792  wh ich   c o n t a i n   a b o u t   13%  c h r o m i u m   or  l e s s .  

I t   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   in   t he   p e r t i n e n t  

a r t   t h a t   the   c o m p o s i t i o n s   of  p o w d e r - p a c k   c o m p o s i t i o n s   a r e  

v a r i e d   d e p e n d i n g   upon  t h e   p a r t i c u l a r   a p p l i c a t i o n   i n v o l v e d .  

For   e x a m p l e ,   s o m e w h a t   h i g h e r   c h r o m i u m   c o n t e n t   in  t h e   m e t a l  

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



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

c h r o m i u m   i n t o   t he   s u r f a c e   of  t h e   m e t a l .   L i k e w i s e ,   t h e  

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

a l u m i n i u m   and  t h i s   e f f e c t   can  be  c o u n t e r a c t e d   by  c h a n g i n g  

t h e   p o w d e r   c o m p o s i t i o n .   A l s o ,   t he   p o w d e r   w e i g h t   t o  

s u r f a c e   a r e a   r a t i o   is   so  d i f f e r e n t   f o r   i n t e r n a l   s u r f a c e s  

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

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

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

c o m p o s i t i o n .   ( T h u s ,   f o r   e x a m p l e ,   t he   i n t e r n a l   s u r f a c e s  

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

c o n t a i n   a  c o a t i n g   powder   composed   of  8  to  10%  Co2Al9  a n d  

3  to  4%  c h r o m e ,   w h e r e a s   the  e x t e r n a l   s u r f a c e s   b e i n g  

p r e p a r e d   f o r   t r e a t m e n t   migh t   be  p a c k e d   w i t h   a  m i x t u r e   o f  

3-4%  Co2Al9  and  2-4%  c h r o m e . )  

The  p r o c e s s   of  t h e   i n v e n t i o n   can  t y p i c a l l y   be  a c c o m p l i s h e d  

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

w i t h   c o n v e n t i o n a l l y   used   powder   p a c k i n g s .   For   e x a m p l e ,   a  

c y c l e   t ime  of  a b o u t   1  1 /2   h o u r s   can  be  u sed   in  s o m e  

a p p l i c a t i o n s   as  o p p o s e d   to  3  to  4  hour   c y c l e s   a c h i e v e d  

w i t h   powder   pack   c o m p o s i t i o n s   w h i c h   a r e   p r e s e n t l y  

a v a i l a b l e .   Thus  a  50  m i c r o n s   t h i c k   d i f f u s i o n   c o a t i n g   c a n  
be  i m p a r t e d   t o ,   say  IN100  or  IN713  a l l o y   in   1  1 / 2   h o u r s  

a t   a  h e a t   t r e a t i n g   t e m p e r a t u r e   of  1 0 5 2 ° C ,   w h e r e a s   t h e  

same  r e s u l t   would   t a k e   at   l e a s t   a b o u t   t w i c e   as  l o n g   u s i n g  

the   p o w d e r   p a c k s   of   t he   p r i o r   a r t .  

O x i d a t i o n   r e s i s t a n c e   of  c o a t i n g s   p r e p a r e d   a c c o r d i n g   t o  

t h e   i n v e n t i o n   may  be  i m p r o v e d   f rom  100%  to  200%  o v e r  

c o a t i n g s   of  t he   p r i o r   a r t ,   when  u t i l i s i n g   a  3%  C o 2 A l 9 ,  
2%  ch romium  p o w d e r   pack  ( " 3 - 2   m i x " ) .   T h i s   has   b e e n  

shown  by  a  h i g h   v e l o c i t y   o x i d a t i o n   t e s t   w h i c h   i s   i n t e n d e d  

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

h o t   zone  of  a  j e t   e n g i n e .   E x c e l l e n t   r e s u l t s   a r e   a l s o  



a c h i e v e d   w i t h   a  3-4  mix .   Thus  p r o d u c t s   c o m p r i s i n g   t h e  

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

o x i d a t i o n / a b l a t i o n   r e s i s t a n c e   a t   t e m p e r a t u r e s   o f  

1 0 9 3 - 1 1 4 9 ° C .  

A  s i m u l a t e d   I n c o n e l   713  t u r b i n e   b l a d e   c o a t e d   w i t h   a  

c o - d e p o s i t e d   d i f f u s i o n   c o a t i n g   d e r i v e d   f rom  a  3%  C o 2 A l 9  
4%  Cr  p a c k ,   shows  h o t   c o r r o s i o n   r e s i s t a n c e   a p p r o x i m a t e l y  
50%  g r e a t e r   t h a n   a  " s t a t e   of  t h e   a r t "   a l u m i n i d e   c o a t i n g .  
T h i s   has   been  v a l i d a t e d   by  a  9 4 3 ° C  -   954°C  ho t   c o r r o s i o n  

t e s t   w h i c h ,   in  p a r t ,   s i m u l a t e s   j e t   e n g i n e   o p e r a t i n g  
c o n d i t i o n s .  

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

of   t he   i n v e n t i o n   i s   t h a t   t h e y   a r e   r e s i s t a n t   to  b e i n g  

i m m o b i l i z e d   by  a  h e a t   t r e a t m e n t   in   Argon   a t   a b o u t   2 0 0 0 ° F  

( 1 0 9 3 0 C )   and,   t h e r e f o r e ,   r e m a i n   r e a d i l y   f l o w a b l e   a f t e r  

two  h o u r s   of  such   a  t r e a t m e n t .  

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

e m b o d i m e n t s   of  t h e   i n v e n t i o n   and  s u g g e s t e d   v a r i o u s  

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

u n d e r s t o o d   t h a t   t h e s e   a r e   n o t   i n t e n d e d   to  be  e x h a u s t i v e  

and  t h a t   o t h e r   c h a n g e s   and  m o d i f i c a t i o n s   can  be  m a d e  

w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i o n .   These   s u g g e s t i o n s  

h e r e i n   a re   s e l e c t e d   and  i n c l u d e d   f o r   p u r p o s e s   o f  

i l l u s t r a t i o n   in   o r d e r   t h a t   o t h e r s   s k i l l e d   in   t h e   a r t   w i l l  

more  f u l l y   u n d e r s t a n d   t h e   i n v e n t i o n   and  the   p r i n c i p l e s  

t h e r e o f   and  w i l l   be  a b l e   to  m o d i f y   i t ,   e a c h   as  may  b e  

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

EXAMPLE  1 

A  t u r b i n e   b l a d e ,   w h o s e   s e r v i c e   c o n d i t i o n   has   b e e n  

c a t e g o r i z e d   by  a  j e t   e n g i n e   o p e r a t o r   as  h i g h   o x i d a t i o n  

,  and  c a s t   from  a  h i g h - n i c k e l   a l l o y   s o l d   u n d e r   the   t r a d e  



d e s i g n a t i o n   " I N - 1 0 0 "   by  t h e   I n t e r n a t i o n a l   N i c k e l   C o m p a n y ,  

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

v a p o u r s .   ( A f t e r   t h i s   d e g r e a s i n g   a l l   h a n d l i n g   of  t h e  

t u r b i n e   b l a d e   was  c a r r i e d   ou t   w i t h   c o t t o n   g l o v e s ) .  

T h e r e u p o n   the   a r e a   of  t he   t u r b i n e   b l a d e   to  be  s u b j e c t e d  

to  the   d i f f u s i o n   c o a t i n g   p r o c e s s   was  a b r a s i v e l y   c l e a n e d  

w i t h   Al203  g r i t   w h i c h   had  p a s s e d   a  120  mesh  s i e v e   bu t   h a s  

b e e n   r e t a i n e d   on  a  220  m e s h   s i e v e .   A f t e r   t h i s   b l a s t i n g  

p r o c e s s ,   t h e   t u r b i n e   b l a d e   was  once   more  d e g r e a s e d .  

A f t e r   t h e s e   p r e p a r a t o r y   s t e p s ,   the   t u r b i n e   b l a d e   w a s  

p a c k e d   i n t o   a  c o a t i n g   c o n t a i n e r ,   w h i c h   has   been   p r e p a r e d  

a c c o r d i n g   to  p r o c e d u r e s   known  in  t he   a r t   and  p a c k e d   in   a  

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

T h i s   i s   d e s i g n a t e d   as  t he   RB-505A  b l e n d   f o r   a p p l i c a t i o n s  

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

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

such   a  way  t h a t   t h e r e   i s   a b o u t   a  12.7mm  gap  b e t w e e n  

a d j a c e n t   p i e c e s .  

.  T h e   p o w d e r   box  was  l o a d e d   i n t o   a  r e t o r t   w h i c h   i s   p r o v i d e d  

w i t h   means  to  c i r c u l a t e   gas   t h e r e t h r o u g h ,   means  to  i n s e r t  

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

t e m p e r a t u r e   t h e r e i n   and  a  s and   s e a l   to  p r e v e n t   t he   i n g r e s s  

of  a i r   t h e r e t o .   A f t e r   the   r e t o r t   was  c l o s e d ,   i t   w a s  

.  p u r g e d   w i t h   Argon   gas   a t   a  r a t e   of  a b o u t   7  vo lume  c h a n g e s  



p e r   hour   and  t h e n   p l a c e d   i n t o   a  g a s - f i r e d   p i t   f u r n a c e .  

Argon  gas  was  c o n s t a n t l y   f ed   i n t o   the  r e t o r t   a t   a  r a t e  

of  a b o u t   5  v o l u m e   c h a n g e s   p e r   hour   as  the   t e m p e r a t u r e  

i n s i d e   the   r e t o r t   was  r a p i d l y   r a i s e d   to  1052°C   and  h e l d  

.  t h e r e   f o r   an  h o u r .   The  r e t o r t   was  t h e n   w i t h d r a w n   f r o m  

the   f u r n a c e ,   and  t he   p a r t s  w e r e   u n p a c k e d   f rom  the   p o w d e r  

p a c k .  

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

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

T h e r e u p o n ,   t h e   p a r t   was  i n s p e c t e d   and  w a s h e d   f o r   t h r e e  

m i n u t e s  i n   warm  w a t e r   and  d r i e d .  

The  p a r t s   were   t h e n   l o a d e d   in   a  c l e a n   r e t o r t   not   p r e v i o u s l y  

.  u s e d   f o r   d i f f u s i o n   c o a t i n g   and  h e a t   t r e a t e d   in   a  h y d r o g e n  

a t m o s p h e r e   f o r   one  h o u r   a t   1 0 6 6 ° C .   P u r g i n g   t e c h n i q u e   a n d  

gas   f low  r a t e s   were   s i m i l a r   to  t h a t   d e s c r i b e d   f o r   t h e  

c o a t i n g   p r o c e s s ,   a b o v e .  

.  A f t e r   m e t a l l o g r a p h i c   e x a m i n a t i o n   of  a  t e s t   p i e c e   so  t r e a t e d ,  

an  e x c e l l e n t   c o d e p o s i t e d   d i f f u s i o n   c o a t i n g   of  a b o u t  

6 3 . 5   m i c r o n s   on  d e p t h   was  a c h i e v e d   d u r i n g   t h i s   p r o c e s s .  

EXAMPLE  2 

.  Example   1  was  r e p e a t e d   bu t   now  a  t u r b i n e   n o z z l e   g u i d e   v a n e  

of  I n c o n e l   738  a l l o y   whose  s e r v i c e   c o n d i t i o n   has   b e e n  

c a t e g o r i s e d   by  a  j e t - e n g i n e   o p e r a t o r   as  h i g h   ho t   c o r r o s i o n .  

The  f o l l o w i n g   p o w d e r   f o r m u l a t i o n   was  u s e d :  

.  T h i s   is  d e s i g n a t e d   as  t he   RB505-B  b l e n d   f o r   a p p l i c a t i o n s  



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

The  pack   t e m p e r a t u r e   was  1 0 6 6 ° C   and  t he   t r e a t m e n t   t i m e  

was  two  h o u r s   in   an  Argon  a t m o s p h e r e .   The  p o s t - t r e a t m e n t  

was  at   1079oC  f o r   one  hour   in   a  h y d r o g e n   a t m o s p h e r e   a n d  

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

a l u m i n u m   and  chrome  of  63 .5   m i c r o n s   in   d e p t h .  

EXAMPLE  3 

T h i s   e x a m p l e   r e l a t e s   to  a  h o l l o w - t u r b i n e   b l a d e   w i t h  

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

E x a m p l e   1  was  r e p e a t e d   e x c e p t i n g   t h a t   t h e   p a r t s   b e i n g  

t r e a t e d   had  s m a l l   a p e r t u r e s   or  c o n d u i t s   a b o u t   0 . 5 1   mm  i n  

d i a m e t e r .   The  p a r t s   were   s u p p o r t e d   on  a  v i b r a t i n g   t a b l e  

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

0 . 2 5   mm,  were   u p w a r d l y .   Lower   o u t l e t s   of  s u c h   o r i f i c e s  

were   t a p e d   to  p r e v e n t   e g r e s s   of  p o w d e r .   Then ,   w h i l e   t h e  

t a b l e   v i b r a t e d ,   t he   o r i f i c e s ,   c o n d u i t s   and  i n t e r s t i c e s  

were   f i l l e d   w i t h   a  p o w d e r   of  t h e   f o l l o w i n g   f o r m u l a t i o n :  

T h i s   i s   d e s i g n a t e d   as  t he   RB505-C  b l e n d   f o r   a p p l i c a t i o n s  

.  r e q u i r i n g   h i g h   ho t   c o r r o s i o n   r e s i s t a n c e   of  i n t e r n a l  

s u r f a c e s .  

A f t e r   t he   i n t e r s t i c e s   were  f i l l e d   and  t h e   u p p e r   o u t l e t s  

t a p e d   s h u t ,   v i b r a t i n g   was  c o n t i n u e d   f o r   a b o u t   two  m i n u t e s .  

.  T h e r e u p o n ,   t he   t u r b i n e   b l a d e s   were   c a r e f u l l y   p a c k e d   i n  



p o w d e r   of  t h e   f o l l o w i n g   f o r m u l a ,   t h e   RB505-B  b l e n d .  

T h e r e u p o n ,   t he   h e a t   t r e a t i n g   s t e p   was  c a r r i e d  o u t   a t  

a b o u t   1052°C  f o r   two  h o u r s   in   an  a r g o n   a t m o s p h e r e   and  a n  

e x c e l l e n t   c o d e p o s i t e d   d i f f u s i o n   c o a t i n g   was  o b t a i n e d  

s i m u l t a n e o u s l y   on  the  i n t e r i o r   and  e x t e r i o r   s u r f a c e s   o f  

the   a r t i c l e s   b e i n g   t r e a t e d .  

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

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

of  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  a l l   s t a t e m e n t s   of  t h e  

s c o p e   of  the   i n v e n t i o n   w h i c h   m i g h t   be  s a i d   to  f a l l  

t h e r e b e t w e e n .  



1.  In  a  me thod   of  c o d e p o s i t i o n   of  a l u m i n u m   and  c h r o m i u m  

d i f f u s i o n   c o a t i n g s   on  a r t i c l e s   f o r m e d   of  n i c k e l - b a s e d  

s u p e r a l l o y s ,   s a i d   me thod   c o m p r i s i n g   the   s t e p   of  t h e r m a l l y  

t r e a t i n g   s a id   a r t i c l e s ,   w h i l e   s a i d   a r t i c l e s   a re   p a c k e d   i n  

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

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

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

c h a r a c t e r i s e d   b y  

c o m p r i s i n g   t h e   s t e p   of  a d d i n g   an  e f f e c t i v e   q u a n t i t y   o f  

t h e   compound  Co2Al9   i n t o   s a i d   c o a t i n g .  

2.  A  p r o c e s s   as  d e f i n e d   in  Cla im  1 ,  

c h a r a c t e r i s e d   in   t h a t  

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

c o m p r i s e s   s u b s t a n t i a l l y   16%  or  l e s s   of  c h r o m i u m .  

3.  A  p r o c e s s   as  d e f i n e d   in   C la im  1 ,  

c h a r a c t e r i s e d   in   t h a t  

.  s a i d   p r o c e s s   i s   c a r r i e d   ou t   on  a  s u p e r a l l o y   c o m p r i s i n g   a  
maximum  of  s u b s t a n t i a l l y   14%  ch romium  and  w i t h i n  

s u b s t a n t i a l l y   two  h o u r s   a t   a  t e m p e r a t u r e   of  s u b s t a n t i a l l y  
1 0 5 2 o C .  

.  4.  A  p r o c e s s   as  d e f i n e d   in  Cla im  1 ,  

c h a r a c t e r i s e d   in   t h a t  

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

and  w h e r e i n   the  p r o c e s s   c o m p r i s e s   t he   s t e p s   o f  

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

.  s e c o n d   powder   pack   c o m p o s i t i o n   c o m p r i s i n g   a t   l e a s t   t w i c e  

as  much  Co2Al9  as  d o e s   a  f i r s t   powder   pack  c o m p o s i t i o n  

wh ich   is   used   to  t r e a t   the   e x t e r n a l   s u r f a c e s   of  s a i d   a r t i c l e .  

5.  An  i m p r o v e d   p r o c e s s   f o r   t r e a t i n g   the   i n t e r n a l   s u r f a c e s  

.  of  a r t i c l e s   f o r m e d   of  n i c k e l - b a s e d   and  c o b a l t - b a s e d  



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

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

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

c h a r a c t e r i s e d   b y  

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

(1)  u s i n g   Co2Al9   a s   an  a l u m i n u m - c o n t r i b u t i n g  
c h e m i c a l   in   s a i d   p o w d e r   p a c k .  

(2)  u s i n g   Cr  ( p a s s e s   325  mesh)   p o w d e r   as  t h e  

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

p o w d e r   p a c k .  
6.  A  p a r t i c u l a t e   c o m p o s i t i o n   of  m a t t e r   f o r m i n g   m e a n s  
f rom  wh ich   to  e x p e l   a l u m i n u m   and  ch romium  at  e l e v a t e d  

t e m p e r a t u r e s ,  

c h a r a c t e r i s e d   b y  

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

q u a n t i t i e s   of  a  h a l i d e   c a r r i e r ,   ch romium  m e t a l   p o w d e r ,  
and  an  a l u m i n u m - c o n t r i b u t i n g   p o w d e r   of  the   c o m p o u n d  

C o 2 A l 9 .  

7.  A  c o m p o s i t i o n   as  d e f i n e d   in   Cla im  6 ,  

c h a r a c t e r i s e d   in  t h a t  

s a i d   h a l i d e   c a r r i e r   i s   N a F .  

8.  A  c o m p o s i t i o n   as  d e f i n e d   in   C la im  6  or  7 ,  

c h a r a c t e r i s e d   in   t h a t  

the   c o m p o s i t i o n   c o m p r i s e s   f rom  1  to  15  p e r c e n t   of  C o 2 A 1 9 .  

9.  A  c o m p o s i t i o n   as  d e f i n e d   in  C l a i m s   6,  7  or  8 ,  

c h a r a c t e r i s e d   in  t h a t  

t h e   c o m p o s i t i o n   c o m p r i s e s   f r o r   2  p e r c e n t   to  6  p e r c e n t  o f  

c h r o m i u m .  

10 .   A  c o m p o s i t i o n   as  d e f i n e d   in  C l a i m s   6,  7,  8  or  9 ,  

c h a r a c t e r i s e d   in  t h a t  

s a i d   powder   i s   r e s i s t a n t   to  b e i n g   i m m o b i l i s e d   by  a  h e a t  



t r e a t m e n t   a t   s u b s t a n t i a l l y   1 0 9 3 ° C   and  r e m a i n s   r e a d i l y  

f l o w a b l e   a f t e r   two  h o u r s   of  such   a  t r e a t m e n t .  

11 .   A  c o m p o s i t i o n   as  d e f i n e d   in   C la im  8 ,  

c h a r a c t e r i s e d   in   t h a t  

t h e   c o m p o s i t i o n   c o m p r i s e s   f rom  2  p e r c e n t   to  6  p e r c e n t  

of  c h r o m i u m .  

12.   A  c o m p o s i t i o n   as  d e f i n e d   in  C la im  6 ,  

c h a r a c t e r i s e d   in  t h a t  

s a i d   h a l i d e   c a r r i e r   i s   NH4F. 
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