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©  Combustion  turbine  blade  with  varying  coating. 
@  A  turbine  blade  for  a  combustion  turbine,  in  which  the 
blade  is  provided  with  a  hot-end  coating,  a  cooler-end 
coating,  and  an  intermediate  transition  zone  with  a  mixture 
of  the  two  end  coatings.  The  blade  has  a  hot  end  portion 
operable  at  a  temperature  in  excess  of  1500°F,  a  cooler  end 
portion  operable  at  a  temperature  of  less  than  1250°F,  and  an 
intermediate  zone  portion  operable  at  between  1250  and 
1500°F.  The  blade  with  hot  end  portion  is  coated  with  a  low 
creep-type  coating  which  is  resistant  to  high  temperature 
corrosion  and  oxidation,  the  cooler  end  portion  is  coated 
with  a  ductile-type  coating  which  is  resistant  to  sulfide 
corrosion,  and  the  intermediate  portion  coated  with  a 
mixture  of  the  hot  end  coating  and  the  cooler  end  coating. 
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A   turbine  blade  for  a  combustion  turbine,  in  which  the 
blade  is  provided  with  a  hot-end  coating,  a  cooler-end 
coating,  and  an  intermediate  transition  zone  with  a  mixture 
of  the  two  end  coatings.  The  blade  has  a  hot  end  portion 
operable  at  a  temperature  in  excess  of  1500°F,  a  cooler  end 
portion  operable  at  a  temperature  of  less  than  1250°F,  and  an 
intermediate  zone  portion  operable  at  between  1250  and 
1500°F.  The  blade  with  hot  end  portion  is  coated  with  a  low 
creep-type  coating  which  is  resistant  to  high  temperature 
corrosion  and  oxidation,  the  cooler  end  portion  is  coated 
with  a  ductile-type  coating  which  is  resistant  to  sulfide 
corrosion,  and  the  intermediate  portion  coated  with  a 
mixture  of  the  hot  end  coating  and  the  cooler  end  coating. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  t u r b i n e   b l a d e ,  

f o r   a  l a n d - b a s e d   or  m a r i n e   c o m b u s t i o n   t u r b i n e ,   and  i n  

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

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

L a n d - b a s e d   or  m a r i n e - t y p e   c o m b u s t i o n   t u r b i n e s  

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

t i p   of  t he   b l a d e s ,   t h e   t e m p e r a t u r e s   a re   o f t e n   1700°F  o r  

more .   Down  n e a r   t he   b a s e   of  t he   b l a d e   ( n e a r   t he   s h a f t ) ,  

t e m p e r a t u r e s   are  much  c o o l e r ,   f o r   e x a m p l e ,   a p p r o x i m a t e l y  
1 0 0 0 ° F .   In  a d d i t i o n ,   s u c h   t u r b i n e s   a re   commonly   o p e r a t e d  

w i t h   f u e l s   c o n t a i n i n g   c o r r o s i v e   i m p u r i t i e s   such   as  s u l f u r  

and  v a n a d i u m .   F u r t h e r ,   c o r r o s i o n - c a u s i n g   c o m p o u n d s   such  a s  

sea   s a l t   or  f e r t i l i z e r   a r e   o f t e n   i n g e s t e d   in  w i t h   t he   a i r  

d r awn   in  by  the   t u r b i n e   c o m p r e s s o r .   Such  p r o b l e m s   a r e  

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

t u r b i n e s   as  c o m p a r e d   to  a i r c r a f t   ( a i r c r a f t   t u r b i n e s   a r e  

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

i n a t e d   a i r ) .  

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

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

end  p o r t i o n   at   l e a s t   a  p o r t i o n   of  w h i c h   i s   d e s i g n e d   t o  

o p e r a t e   a t   a  t e m p e r a t u r e   in   e x c e s s   of  1 5 0 0 ° F ,   a  c o o l e r   e n d  

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

at   a  t e m p e r a t u r e   of  l e s s   t h a n   1 2 5 0 ° F ,   and  an  i n t e r m e d i a t e  

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



at   b e t w e e n   1250  and  1 5 0 0 ° F ,   s a i d   b l a d e   c o m p r i s i n g :   a  h o t  

end  p o r t i o n   c o a t e d   w i t h   a  low  c r e e p - t y p e   c o a t i n g   w h i c h   i s  

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 ,   a  c o o l e r   e n d  

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

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

c o a t e d   w i t h   a  m i x t u r e   of  s a i d   h o t   end  c o a t i n g   and  s a i d  

c o o l e r   end  c o a t i n g .  

A d v a n t a g e o u s l y ,   i t   i s   to  be  n o t e d   t h a t   n o t   o n l y  

must   t he   h o t t e r   p o r t i o n   be  p r o t e c t e d   a g a i n s t   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 y p e   c o r r o s i o n ,   b u t   t h a t   t he   c o a t i n g   o n  

t h i s   p o r t i o n   of  t h e   b l a d e   mus t   be  c r e e p   r e s i s t a n t .   C o n -  

v e r s e l y ,   t h e   c o o l e r   t e m p e r a t u r e   of  t he   b l a d e   ( e s p e c i a l l y  

t h o s e   p o r t i o n s   l e s s   t h a n   a b o u t   1 2 5 0 ° F )   must   be  p r o t e c t e d  

a g a i n s t   s u l f i d e - t y p e   c o r r o s i o n   and  mus t   have   h i g h   c o a t i n g  

d u c t i l i t y   to  p r e v e n t   c r a c k   p r o p a g a t i o n .   F u r t h e r ,   i t   h a s  

been   f o u n d   t h a t   an  i n t e r m e d i a t e   z o n e ,   w h i c h   i s   a  m i x t u r e   o f  

the   two  c o a t i n g s ,   mus t   be  u s e d   in   o r d e r   to   p r e v e n t   p r o b l e m s  

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

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

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

a  g r a d e d   c o a t i n g   g i v i n g   a  s m o o t h   t r a n s i t i o n   f rom  t h e   h o t  

end  c o a t i n g   to  t h e   c o o l e r   end  c o a t i n g .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

e x a m p l e ,   w i t h   r e f e r e n c e   to   t he   f o l l o w i n g   d r a w i n g s   in  w h i c h :  

F i g u r e   1  i s   an  e l e v a t i o n   of  a  b l a d e   s h o w i n g  

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

F i g u r e   2  i s   a  b l a d e   e l e v a t i o n   s h o w i n g   t h r e e  

c o a t i n g   z o n e s ;  

F i g u r e   3  shows  a  s y s t e m   f o r   a p p l y i n g   t he   c o a t i n g s  

of  t h i s   i n v e n t i o n ,   a n d  

F i g u r e   4  i s   a  g r a p h   of  t y p i c a l   d u c t i l i t i e s   f o r  

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

t u r e s .  

The  r a n g e   of  t e m p e r a t u r e s   of  many  gas  t u r b i n e  

b l a d e s   (as   u s e d   h e r e i n ,   t he   t e r m   " b l a d e s "   i s   u s e d   to   m e a n  
t u r b i n e   c o m p o n e n t s   h a v i n g   a i r f o i l   p o r t i o n s   w h e t h e r   r o t a t i n g  

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



a r e   s o m e t i m e s   c a l l e d   " v a n e s " )   g e n e r a l l y   e x c e e d s   the   r a n g e  

of  e f f e c t i v e n e s s   of  any  s i n g l e   t y p e   of  c o a t i n g .   T h i s   i s   i n  

p a r t   due  to   t h e   c h e m i c a l / t h e r m a l   s t a b i l i t y   of  a  c o a t i n g   i n  

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

due  to  t h e   p h y s i c a l / m e c h a n i c a l   p r o p e r t i e s   of  t h e   c o a t i n g  

i t s e l f .   T h i s   i n v e n t i o n   e n a b l e s   t h e   use   of  a  m u l t i p l e  

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

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

( e s p e c i a l l y   w i t h   r e g a r d   to   r e d u c e d   p h y s i c a l / m e c h a n i c a l  

p r o p e r t i e s   above   or  b e l o w   t he   d u c t i l e / b r i t t l e   t r a n s i t i o n  

t e m p e r a t u r e   w h i c h   a r e   i n h e r e n t   to  any  g i v e n   c o a t i n g   c o m -  

p o s i t i o n ) .  

R e f e r r i n g   to  t h e   d r a w i n g s ,   F i g u r e   1  shows  a  b l a d e  

w i t h   a  p o r t i o n   d e s i g n a t e d   10  as  t he   h o t   end  p a r t ,   and  a  

c o o l e r   end  p o r t i o n   1 2 .  

A  gas  t u r b i n e   b l a d e   may  have   an  o p e r a t i n g   t e m -  

p e r a t u r e   p r o f i l e   r a n g i n g   f rom  a b o u t   1000°F   a t   t h e   b a s e   o f  

t he   gas   p a t h   s u r f a c e   to   n e a r l y   1800°F   at   t h e   o u t e r m o s t   t i p  

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

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

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

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

t e m p e r a t u r e   c l a s s   II   t y p e   c o r r o s i o n   in  t h e   r a n g e   of  1 0 0 0 ° F  

to  1 4 5 0 o F ,   f o r   e x a m p l e ,   c o u l d   be  a p p l i e d   t h r o u g h   the   l o w e r  

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

f rom  t h e   c e n t e r   a x i s )   of  t h e   a i r f o i l   whe re   b l a d e   t e m p e r a -  

t u r e s   a r e   h i g h e s t .  

At  t he   h o t   end  of  t he   b l a d e   the   i n h e r e n t   d u c t i l -  

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

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

t h a t   of  t h e   b a s e   a l l o y   to  w h i c h   i t   i s   a p p l i e d .   P r e m a t u r e  

f a i l u r e   of  t h e   b l a d e   due  to  b r i t t l e   c o a t i n g   b e h a v i o r   a n d  

c r a c k   i n i t i a t i o n   i s   t h e r e f o r e   no t   l i k e l y .   C o n s e q u e n t l y ,  

t he   c o a t i n g   t h a t   e x h i b i t s   t h e   b e s t   e n v i r o n m e n t a l   p r o t e c t i o n  

may  be  u t i l i z e d .  



At  t h e   c o o l e r   end  12  of  t h e   b l a d e   ( g e n e r a l l y   h e r e  

t h e   end  t o w a r d s   t h e   1 0 0 0 ° F   t e m p e r a t u r e ) ,   i t   has  b e e n  

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

a t u r e s   i s   r e q u i r e d   in   a d d i t i o n   to  r e s i s t a n c e   to  low  t e m p e r -  

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

" d u c t i l e - t y p e   c o a t i n g "   means   c o a t i n g s   w h i c h   have   a  d u c t i l -  

i t y   of  g r e a t e r   t h a n   or  e q u a l   to  t h a t   of  t h e   b a s e   m e t a l   a t   a 

g i v e n   o p e r a t i n g   t e m p e r a t u r e .   The  c o r r e l a t i o n   of  c o a t i n g  

and  b a s e   m e t a l   d u c t i l y   can   be  d e m o n s t r a t e d   in   F i g u r e   4 .  

F i g u r e   2  shows   t h r e e   z o n e s   of  c o a t i n g s ,   w i t h   a  

h o t - e n d   c o a t i n g   14  a t   t h e   t o p   and  a  c o o l e r - e n d   c o a t i n g   16 

at   t h e   b o t t o m ,   w i t h   a  t r a n s i t i o n   zone   18  in   t he   i n t e r m e d i -  

a t e   p o r t i o n ,  t h e   t r a n s i t i o n   zone  18  b e i n g   c o a t e d   w i t h   a  

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

t r a n s i t i o n   zone   18  e l i m i n a t e s   a  s h a r p   t r a n s i t i o n   b e t w e e n  

t he   h o t   end  c o a t i n g   and  t h e   c o o l e r   end  c o a t i n g .   As  a  

v a r i a t i o n   in   t h e   c o a t i n g   in   an  a b r u p t   m a n n e r   wou ld   r e s u l t  

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

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

men t ,   t he   t r a n s i t i o n   n e e d s   to  be  g r a d u a l .   G e n e r a l l y ,   t h i s  

t r a n s i t i o n   zone  18  w i l l   be  a t   l e a s t  2   i n c h   in  h e i g h t .  

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

s p r a y .   I f   p a c k   c e m e n t a t i o n   t e c h n i q u e s   were   u s e d ,   a d d i -  

t i o n a l   h a n d l i n g   w o u l d   be  r e q u i r e d   and  m a s k i n g   wou ld   p r e s e n t  

d i f f i c u l t i e s   w i t h   l i t t l e   or  no  c o n t r o l   o v e r   i n t e r d i f f u s i o n  

b e t w e e n   m a s k e d   a r e a s .   I t   wou ld   be  v e r y   d i f f i c u l t ,   t h e r e -  

f o r e ,   to  c o n t r o l   t he   t r a n s i t i o n   f rom  one  c o a t i n g   c h e m i s t r y  

to  t h e   a d j a c e n t   c o a t i n g   c h e m i s t r y .  

A l t h o u g h   any  t y p e   of  p l a s m a   s p r a y   c o u l d   be  u s e d ,  

a  n o n - o x i d i z i n g   p l a s m a   s p r a y   s y s t e m   is   t h o u g h t   to  be  t h e  

mos t   p r a c t i c a l .   As  mos t   such   c o a t i n g s   r e q u i r e   an  i n e r t  

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

e x a m p l e ,   be  done  w i t h   an  a r g o n   f l o o d   or  l o w  p r e s s u r e   p l a s m a  

s p r a y .  

A l t h o u g h   t h e   t r a n s i t i o n   zone   c o u l d   be  fo rmed   b y  

a p p l y i n g   t h e   c o a t i n g   c o m p o s i t i o n s   one  a t   a  t i m e   ( e . g . ,   b y  

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



f rom  f u l l   t h i c k n e s s   a t   t h e   t o p   end  of  t h e   t r a n s i t i o n   z o n e  

down  to  e s s e n t i a l l y   z e r o   t h i c k n e s s   a t   t h e   l o w e r   end  of  t h e  

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

w i t h   a  maximum  t h i c k n e s s   a t   t he   l o w e r   t r a n s i t i o n   zone  a n d  

t a p e r i n g   down  to  n e a r   z e r o   a t   the   u p p e r   end  of  t he   t r a n s i -  

t i o n   z o n e ,   p r e f e r a b l y   f o l l o w e d   by  a p p r o p r i a t e   h e a t   t r e a t -  

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

as  shown  in  F i g u r e   3  w h e r e   the   t r a n s i t i o n   zone  18  i s  

a c c o m p l i s h e d   by  s p r a y i n g   a  p o w d e r   p r e m i x e d   by  the   h o p p e r  

s y s t e m .   Thus ,   t h e   h o t   end  c o a t i n g   c o m p o s i t i o n   ( d e s i g n a t e d  

"A")  and  t he   c o o l e r   end  c o a t i n g   ( d e s i g n a t e d   "B")  a re   l o a d e d  

i n t o   s e p a r a t e   h o p p e r s   20,  22.  As  t he   p l a s m a   gun  24  t r a -  

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

c o n t r o l   to  m a i n t a i n   c o a t i n g   t h i c k n e s s   p r o f i l e ) ,   t he   f e e d i n g  

m e c h a n i s m   of  t he   p o w d e r   h o p p e r s   c o n t a i n i n g   A  and  B  com-  

p o s i t i o n s   can  be  p r o g r a m m e d   to  d e l i v e r   t h e   p r o p e r   powder   o r  

p o w d e r   m i x t u r e   to  t h e   m i x i n g   v e s s e l   26  w h i c h   in  t u r n  

s u p p l i e s   t he   gun  24.   As  t h e   p l a s m a   gun  24  moves  down  t h e  

a i r f o i l ,   t he   c o m p o s i t i o n   i s   i n i t i a l l y   100%  A,  t h e n   a n  

A - r i c h   m i x t u r e   b e c o m i n g   r i c h e r   and  r i c h e r   in  B,  t h e n   a  

B - r i c h   m i x t u r e   and  f i n a l l y   a  100%  B  c o a t i n g .   G e n e r a l l y   a l l  

t h r e e   z o n e s   (14,   18,  and  16)  w i l l   have   a  h e i g h t   of  at   l e a s t  

i n c h .  

The  s p e c i f i c a t i o n   of  U.S.   P a t e n t s   Nos.   3 , 5 4 5 , 9 4 4  

and  3 , 0 2 0 , 1 8 2   d e s c r i b e   s i m i l a r   s y s t e m s   b e i n g   u s e d   f o r  

d i f f e r e n t   p u r p o s e s .  
I t   can  be  s e e n   t h a t   a  c o a t i n g   s y s t e m   s i m i l a r   t o  

F i g u r e   3  can  be  u s e d   to  c o a t   more  t h a n   t h r e e   z o n e s .   F o r  

e x a m p l e ,   i f   e r o s i o n   (o r   c o r r o s i o n   or  c o a t i n g   d u c t i l i t y )  

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

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

a d d e d   to  a p p l y   an  e r o s i o n   r e s i s t a n t   c o a t i n g   (or   e x t e n d e d  

c o r r o s i o n   or  l o w e r   t e m p e r a t u r e   d u c t i l i t y   c o a t i n g ,   e t c . )   i n  

t h i s   a r e a   ( p r e f e r a b l y   u s i n g   an  a d d i t i o n a l   t r a n s i t i o n   z o n e ) .  

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

can   f a i l   m e c h a n i c a l l y   due  to  i n s u f f i c i e n t   c r e e p   s t r e n g t h ,  

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



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

t e m p e r a t u r e .   F a i l u r e s   a l s o   can   be  c a u s e d   by  p o o r   d u c t i l i t y  

b e l o w   the   b r i t t l e / d u c t i l e   t r a n s i t i o n   t e m p e r a t u r e   of  such   a  

s i n g l e   c o a t i n g .   By  u s i n g   d i f f e r e n t   c o a t i n g s   in   t he   h i g h  

t e m p e r a t u r e   r e g i o n   and  t he   c o o l e r   t e m p e r a t u r e   r e g i o n ,   a  l o w  

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 t   c o a t i n g   w i t h   good  l o w  

t e m p e r a t u r e   d u c t i l i t y   can  be  u s e d   on  t he   l o w e r   p o r t i o n   o f  

t he   b l a d e   a i r f o i l .   A  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 t  

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

a p p l i e d   to  t h e   u p p e r   p o r t i o n   of  t h e   a i r f o i l .   P r o b l e m s   a t  

t he   i n t e r f a c e   of  t h e   two  r e g i o n s   a r e   a v o i d e d   by  u s i n g   t h e  

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

f o i l .  

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

c o m p r o m i s e s   in   an  a t t e m p t   to  p e r f o r m   a d e q u a t e l y   o v e r   a  w i d e  

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

e i t h e r   t he   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   w i t h   h i g h  

c r e e p   s t r e n g t h   r e q u i r e d   in   t h e   h o t   end  or  t h e   low  t e m p e r a -  

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

G e n e r a l l y ,   i t   i s   a n t i c i p a t e d   t h a t   t h e   h o t   e n d  

( d e s i g n e d   to  o p e r a t e   above   a b o u t   1 5 0 0 ° F )   can ,   f o r   e x a m p l e ,  

use   MCrAlY  c o a t i n g s   ( w i t h   M  b e i n g   Ni  a n d / o r   CO).  S i m i l a r -  

ly ,   i t   i s   a n t i c i p a t e d   t h a t   t he   c o o l e r   end  c o a t i n g s   b e  

s i m i l a r   to  t h e   MCrAlY  ( w i t h   M  b e i n g   Fe  or  FeNi  or  c o m b i n a -  

t i o n s   t h e r e o f ) .  

F i g u r e   4  shows  t y p i c a l   d u c t i l i t y   v a r i a t i o n s   w i t h  

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

d u c t i l i t y   of  c o a t i n g   A  i s   e q u a l   to  or  g r e a t e r   t h a n   t h e   b a s e  

m e t a l   a l l o y s   a t   t e m p e r a t u r e   above   a b o u t   1350°F   and  t h e  

d u c t i l i t y   of  c o a t i n g   B  i s   e q u a l   to  or  g r e a t e r   t h a n   t h e  

d u c t i l i t y   of  t h e   b a s e   m e t a l   a l l o y s   above   a b o u t   1 0 5 0 ° F .   T h e  

c o r r o s i o n   r e s i s t a n c e   of  c o a t i n g   A  i s   g r e a t e r   t h a n   t h a t   o f  

c o a t i n g   B  a b o v e   a b o u t   1 4 0 0 ° F   w h i l e   be low  a b o u t   1 3 0 0 O F  

c o a t i n g   B  has   a  c o r r o s i o n   r e s i s t a n c e   at  l e a s t   as  good  a s  

t h a t   of  c o a t i n g   A.  Thus ,   t h e   c o a t i n g   s y s t e m   of  t h i s  

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

d u c t i l i t y   p r o b l e m s   ( a b o v e   e . g .   1 0 0 0 ° F )   and  a g a i n s t   c o r r o -  



s i o n   p r o b l e m s .  

A g a i n ,   t h e   t r a n s i t i o n   zone   w h i c h   i s   c o a t e d   w i t h   a 

m i x t u r e   of  t h e   c o a t i n g s   is   to  be  g e n e r a l l y   g r e a t e r   t h a n  

i n c h   in  h e i g h t .   The  l o c a t i o n   of  t h e   t r a n s i t i o n   zone  c a n  

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

t r a n s i t i o n   zone   w i l l   be  in  a  p o r t i o n   of  t h e   b l a d e   w h i c h   i s  

d e s i g n e d   to  o p e r a t e   a t   a  t e m p e r a t u r e   of  b e t w e e n   1250  a n d  

1 5 0 0 ° F .   P r e f e r a b l y ,   a t   l e a s t   a  p o r t i o n   of  t h e   t r a n s i t i o n  

zone   i s   to  be  a t   a  p a r t   of  t he   b l a d e   w h i c h   is   d e s i g n e d   t o  

o p e r a t e   a t   b e t w e e n   1300  and  1450°F   and  mos t   p r e f e r a b l y   a t  

1 3 5 0 ° F .  



1.  A  t u r b i n e   b l a d e ,   f o r   a  c o m b u s t i o n   t u r b i n e ,  

s a i d   b l a d e   h a v i n g   a  h o t   end  p o r t i o n   a t   l e a s t   a  p o r t i o n   o f  

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

1 5 0 0 ° F ,   a  c o o l e r   end  p o r t i o n   at   l e a s t   a  p o r t i o n   of  w h i c h   i s  

d e s i g n e d   to  o p e r a t e   a t   a  t e m p e r a t u r e   of  l e s s   t h a n   1 2 5 0 ° F ,  

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

d e s i g n e d   to  o p e r a t e   at   b e t w e e n   1250  and  1 5 0 0 ° F ,   s a i d   b l a d e  

c o m p r i s i n g :   a  h o t   end  p o r t i o n   c o a t e d   w i t h   a  low  c r e e p - t y p e  

c o a t i n g   w h i c h  i s   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 ,   a  

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

r e s i s t a n t   to  s u l f i d e   c o r r o s i o n ,   and  an  i n t e r m e d i a t e   p o r -  
t i o n ,   w h i c h   i s   c o a t e d   w i t h   a  m i x t u r e   of  s a i d   h o t   e n d  

c o a t i n g   and  s a i d   c o o l e r   end  c o a t i n g .  

2.  A  b l a d e   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   a  

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

i n c h   of   b l a d e   h e i g h t .  

3.  A  b l a d e   as  c l a i m e d   in  c l a i m   1  or  2,  w h e r e i n  

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

of  MCrAlY,  w h e r e   M  i s   Fe  or  F e N i .  

4.  A  b l a d e   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   2  t o  

3,  w h e r e i n   s a i d   c o a t i n g s   a re   a p p l i e d   by  p l a s m a   s p r a y .  
5.  A  t u r b i n e   b l a d e ,   f o r   a  c o m b u s t i o n   t u r b i n e ,  

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

a c c o m p a n y i n g   d r a w i n g s .  
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