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©  Surface  treatment  method  of  heat-resistant  alloy. 

A  method  of  surface  treatment  of  a  member  made  of 
heat-resistant  alloy  comprises  spraying  onto  the  surface  of 
said  member  as  a  first  layer  a  coating  of  a  heat  resistant 
material  comprising  for  example  a  metal  such  as  Ni  or  Cr  or  a 
Ni-Cr  alloy  or  a  compound  thereof.  A  liquid  coating  contain- 
ing  a  corrosion  resistant  material  is  then  applied  as  a  second 
layer  on to  the  first  layer.  The  member  is  then  heat  treated  to 

.effect  penetration  by  diffusion  of  one  coating  into  the  other. 



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

t r e a t m e n t   of   a  m e m b e r   o f   h e a t - r e s i s t a n t   a l l o y   f o r   use   i n  

t u r b i n e s ,   b l o w e r s ,   b o i l e r s   o r   t h e   l i k e   to   r e n d e r   i t -  

r e s i s t a n t   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   as  w e l l   as  to   h i g h  

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

In  i n d u s t r i a l   gas   t u r b i n e s   u s i n g   p e t r o l e u m   o r  

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

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

i m p r o v e d .   On  t h e   o t h e r   h a n d ,   as  t h e   a v a i l a b l e   f u e l  

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

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

of  c o r r o s i v e   i m p u r i t i e s   in   t h e   f u e l s   s u c h   as  s u l p h u r   ( S ) ,  

s o d i u m   (Na) ,   vanadium  (V),  and  so  f o r t h   h a s   t e n d e d   t o  

i n c r e a s e .   As  a  r e s u l t ,   s o - c a l l e d   " h o t   p a r t s "   s u c h   as  t h e  

b l a d e s   and  b u r n e r s   of  t u r b i n e s ,   t h a t   a r e   e x p o s e d   to  t h e s e  

h i g h   t e m p e r a t u r e   g a s e s ,   a r e   s u b j e c t e d   to   e x t r e m e l y  

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

c o r r o s i o n .  

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

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

b l a d e s   c o n s i s t   of   N i -   and  C o - b a s e d   a l l o y s   c a l l e d   " u l t r a - a l l o y s " .  

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



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

t h e   d r a w b a c k   t h a t   t h e i r   c o r r o s i o n   r e s i s t a n c e   and  o x i d a t i o n  

r e s i s t a n c e   a r e   n o t   s a t i s f a c t o r y .   V a r i o u s   a t t e m p t s   h a v e  

t h e r e f o r e   b e e n   made   to   p r o v i d e   t h e s e   h e a t - r e s i s t a n t   a l l o y s  

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

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

a n d   p h y s i c a l   t e c h n i q u e s   h a v e   b e e n   e m p l o y e d .   H o w e v e r ,   n o n e  

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

e f f i c i e n c y   and   c o s t .  

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

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

m e t h o d s .   A c c o r d i n g l y ,   i n   o r d e r   to   p r o v i d e   a  member   o f  

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

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

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

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

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

s u b s t r a t e ,   a  h e a t - r e s i s t a n t   m a t e r i a l   o f   m e t a l s   such   a s  

Ni  and  Cr  or  N i - C r   a l l o y s   or   t h e i r   c o m p o u n d s   as  a  f i r s t  

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

c o n t a i n i n g   m e t a l s   s u c h   as  A L ,   S i ,   Vr ,   Ts  and   t h e   l i k e  

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

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

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



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

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

T a b l e   1  i n   c o m p a r i s o n   w i t h   t h e   c o n v e n t i o n a l   m e t h o d s .  





The  p r e s e n t   i n v e n t i o n   w i l l   be  now  d e s c r i b e d   i n  

m o r e   d e t a i l   by  r e f e r e n c e   t o   an  e x a m p l e   in   a c c o r d a n c e  

t h e r e w i t h .  

A  s u b s t r a t e   of  U d i m e t   520  ( b y  w e i g h t   19%  Cr ,   12%  C o ,  

6%  Mo,  3%  T i ,   2%  A l ,   1%  Fe ,   N i - B a l ) ,   w i d e l y   u s e d   as  a n  

u l t r a - a l l o y   f o r   t h e   h o t   p a r t s   o f   a  gas   t u r b i n e ,   w a s  

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

(1)  A f t e r   t h e   s u r f a c e   o f   t h e   s u b s t r a t e   h a d   b e e n   c l e a n e d  

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

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

was  f u r t h e r   b l a s t e d   u s i n g   an  A l 2 O 3   b l a s t .  

(2)  A  N i - C r   ( 5 0 / 5 0   by  w e i g h t )   a l l o y   was  a p p l i e d   a s  

a  c o a t i n g   to   f o rm  a  f i r s t   l a y e r   h a v i n g   a  t h i c k n e s s   of  about  5 0 η   b y  

p l a s m a   s p r a y i n g .  

(3)  The  s u r f a c e   of  t h e   s p r a y e d - o n   f i r s t   l a y e r   was  b l a s t e d  

u s i n g   Al   2O3  to  r e m o v e   any  o x i d e   f i l m   f o r m e d   on  i t s   o u t e r m o s t  

s u r f a c e .  

(4)  The  s u r f a c e   of   t h e   s p r a y e d - o n   f i r s t   l a y e r   was  c o a t e d  

by  s p r a y i n g   on  a  c o a t i n g   s l u r r y   f o r m e d   by  d i s p e r s i n g   A l .  

and   S i 0 2 ,   e a c h   h a v i n g   a  p a r t i c l e   s i z e   of   a b o u t   0 . 1   to  1 η ,  

i n   an  o r g a n i c   c a r r i e r   ( a l c o h o l ,   s o l v e n t   n a p h t h a ,   e t c )   t o  

f o r m   a  s e c o n d   l a y e r .  

(5)  A f t e r   t h e s e   t r e a t m e n t s ,   t h e   s u b s t r a t e   was   p l a c e d  

in  an  e l e c t r i c   f u r n a c e   and   was  h e l d   a t   800C.   ( ±  5 ° C )   f o r  



20  m i n u t e s   to   e v a p o r a t e   a n d   r e m o v e   t h e   l i q u i d .   A f t e r  

b e i n g  f u r t h e r   h e l d   a t   330°C   (±  50C)  f o r   15  m i n u t e s ,   t h e  

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

(6)  The  s u b s t r a t e   was  h e l d   a t   1 , 0 8 0 ° C   f o r   4  h o u r s   i n s i d e  

a  h y d r o g e n   f u r n a c e ,   was  c o o l e d   in  t h e   f u r n a c e   and   was  t h e n  

w i t h d r a w n .  

Above   m e n t i o n e d   s t e p   (4)  c o u l d   be  c a r r i e d   o u t   u s i n g  

a  m i x t u r e   o f  f i ne .   A l   p a r t i c l e s   w i t h   A l 2 O 3   p o w d e r   in   a  

m i x i n g   r a t i o   by  w e i g h t   o f   8 0 / 2 0   or   5 0 / 5 0   o r   a  m i x t u r e  

of   A l   w i t h   S i 0 2   in   a  m i x i n g   r a t i o   by  w e i g h t   o f   8 0 / 2 0   o r  

5 0 / 5 0 .   A l s o   s t e p   (6)  c o u l d   be  c a r r i e d   o u t   u s i n g  

a  v a c u u m   f u r n a c e   in   p l a c e   o f   t h e   h y d r o g e n   f u r n a c e .  

A l t h o u g h   in   t h i s   e x a m p l e   U d i m e t   520  h a s   b e e n   t r e a t e d  

by  t h e   m e t h o d   of   t h e   i n v e n t i o n   by  way  of  e x a m p l e ,   s i m i l a r  

e x c e l l e n t   r e s u l t s   can   a l s o   be  o b t a i n e d   when  t r e a t i n g   t h e  

s u r f a c e s   of   o t h e r   s u b s t r a t e s   such   N i - b a s e d   a l l o y ,   C o - b a s e d  

a l l o y   and  s t a i n l e s s   s t e e l .  

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

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

s u r f a c e   and  A l   and  Si  f r o m   t h e   s e c o n d   l a y e r   s u f f i c i e n t l y  

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

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

H e n c e ,   t h e   c o m p o s i t e   c o a t i n g   was.  r e n d e r e d   w h o l l y   h o m o g e n e o u s .  



In  o t h e r   w o r d s ,   s i n c e   t h e   m e l t i n g   p o i n t   of   A l   i s   6 6 0 0 C . ,  

A l   was  f u s e d   due  to   t h e   h e a t - t r e a t m e n t   and   p e n e t r a t e d  

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

s u r f a c e   s m o o t h   and  f l a t .   F u r t h e r ,   i t   was  c o n f i r m e d   t h a t  

a  p a r t   o f   A L   and  Si  r e a c h e d   and  was  d i f f u s e d   a l s o  

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

T a b l e   2  i l l u s t r a t e s   t h e   r e s u l t s   of  f l y - a s h   e r r o s i o n  

r e s i s t a n c e   t e s t ,   c o r r o s i o n   r e s i s t a n c e   t e s t ,   and  p r a c t i c a l  

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

b e i n g   a p p l i e d   to   a  member   t r e a t e d   by  a  m e t h o d   i n  

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

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

by  t h e   m e t h o d   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n  

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

by  t h e   c o n v e n t i o n a l   m e t h o d   i n   t h e   f l y - a s h   e r r o s i o n   r e s i s t a n c e  

t e s t   and   t h e   c o r r o s i o n   r e s i s t a n c e   t e s t .   In  t h e   p r a c t i c a l  

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

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

e x h i b i t e d   t h e   t e n d e n c y   t h a t   t h e   d e p o s i t i o n   a m o u n t   of  t h e  

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

c o m p r i s i n g   h o l d i n g   t h e   t e s t p i e c e   a t   1 , 1 0 0 ° C ,   f o r  

15  m i n u t e s ,   t h e n   c h a r g i n g   i t   i n t o   t h e   w a t e r   a t  2 0 ° C .  

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

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

n o t   s u f f e r   p e e l i n g   or   c r a c k i n g   and  had   e x t r e m e l y   g o o d   a d h e s i o n .  





1.  A  m e t h o d   of   s u r f a c e   t r e a t m e n t   of  a  m e m b e r   made  o f  

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

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

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

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

t r e a t i n g   s a i d   member   to   e f f e c t   p e n e t r a t i o n   by  d i f f u s i o n  

o f   one   c o a t i n g   i n t o   t h e   o t h e r .  

2.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   s p r a y e d - o n   c o a t i n g   c o m p r i s e s   Ni  o r   Cr  o r   a  

N i - C r   a l l o y   or  a  c o m p o u n d   of   Ni  a n d / o r   C r .  

3.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1  or   C l a i m   2 ,  

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

4.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

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

one  o f   t h e   f o l l o w i n g ,   A l ,   S i ,   Vr ,   Ts,   or   a n  

a l l o y   t h e r e o f   or  a  c o m p o u n d   t h e r e o f .  

5.  A  m e t h o d   a c c o r d i n g   t o   C l a i m   4,  c h a r a c t e r i s e d   in   t h a t  

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

A l   and   S i 0 2   in  a  l i q u i d   c a r r i e r .  

6.  A  m e t h o d   a c c o r d i n g   to   C l a i m   5,  c h a r a c t e r i s e d   i n  

t h a t   s a i d   A l   and  S i 0 2   h a v e   a  p a r t i c l e   s i z e   o f   a b o u t   0 . 1 η  

t o   1 η .  



7.  A  m e t h o d   a c c o r d i n g   t o   C l a i m   4,  c h a r a c t e r i s e d  

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

by  d i s p e r s i n g   A l   and  A l   2 O 3  i n   a  l i q u i d   c a r r i e r .  

8.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

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

o f   h o l d i n g   t h e   member   a t   a b o u t   10800C  f o r   s e v e r a l   h o u r s .  

9.  A  m e t h o d   a c c o r d i n g   t o   C l a i m   8,  w h e r e i n   s a i d   s t e p  

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

to   e v a p o r a t e   t h e   l i q u i d ,   f o l l o w e d   by  a  r e l a t i v e l y   s h o r t   h e a t  

t r e a t m e n t   a t   a b o u t   3 3 0 ° C .  

10.   A  m e t h o d   of  s u r f a c e   t r e a t m e n t   o f   a  m e m b e r   m a d e  

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

d e s c r i b e d   by  way  of   e x a m p l e .  




	bibliography
	description
	claims
	search report

