
®  

Europaisch.es  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

@  Publication  number: 0 1 4 3   3 4 3  
A 1  

EUROPEAN  PATENT  APPLICATION 

Application  number:  84112938.0 

Date  of  filing:  26.10.84 

®  int.  ci-  c  23  C  4/04,  C  23  C  4 /12 ,  
C 2 2 C   27/04,  B  05  D  1 /08  
//  C 0 4 B 4 1 / 5 0  

(30)  Priority:  28.10.83  US546542 

@  Date  of  publication  of  application  :  05.06.85 
Bulletin  85/23 

@)  Designated  Contracting  States  CH  DE  FR  GB  IT  LI 

@  Applicant:  UNION  CARBIDE  CORPORATION,  Old 
Ridgebury  Road,  Danbury  Connecticut  06817  (US) 

Inventor:  Jackson,  John  Eric,  60  Carnaby  Drive, 
Brownsburg  (46112),  Ind.  (US) 
Inventor:  Adler,  Thomas  Allen,  2311  Hermitage  Way, 
Indianapolis  (46224)  Ind.  (US) 
Inventor  :  Quets,  Jean  Marie,  7750  North  College  Avenue, 
Indianapolis  (46240),  Ind.  (US) 

74)  Representative:  Schwan,  Gerhard,  Dipl.-lng., 
Elfenstrasse  32,  D-8000  Miinchen  83  (DE) 

@  Wear  and  corrosion  resistant  coatings  and  method  for  producing  the  same. 

  A  coating  composition  applied  to  a  substrate  by  a thermal 
spray  process  which  consists  essentially  of  from  about  6.5  to 
about  9.0  weight  percent  cobalt,  from  about  2.0  to  about  4.0 
weight  percent  chromium,  from  about  3.0  to  about  4.0  weight 
percent  carbon  and  the  balance  tungsten. 



Copend ing   A p p l i c a t i o n s  

Copend ing   a p p l i c a t i o n   S e r i a l   No.  ,  o f   J .  

E.  J a c k s o n   et  a l .   e n t i t l e d   "High  S t r e n g t h ,   Wear  and  C o r r o -  

s ion   R e s i s t a n t   C o a t i n g s   and  Method  for   P r o d u c i n g   the  Same" 

and  c o p e n d i n g   a p p l i c a t i o n   S e r i a l   No.  of  C.  H.  L o n d r y  

et  a l .   e n t i t l e d   "Wear  and  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 s  

A p p l i e d   at  High  D e p o s i t i o n   R a t e s " ,   bo th   f i l e d   on  even  d a t e  
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T e c h n i c a l   F i e l d  

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  wear  and  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 s   and  to  a  method  for   p r o d u c i n g   such  c o a t -  

i n g s .   More  p a r t i c u l a r l y ,   the  i n v e n t i o n   r e l a t e s   to  a  new 

f a m i l y  o f   W-Co-Cr-C  c o a t i n g s   h a v i n g   improved   s t r e n g t h   a n d  

wear  r e s i s t a n c e .  

Background   A r t  

C o a t i n g s   of  W-Co-Cr-C  are  used  in  t h o s e   a p p l i c a t i o n s  

where  both   s u p e r i o r   wear  and  c o r r o s i o n   r e s i s t a n c e   are  r e -  

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

about   8  to  10  w e i g h t   p e r c e n t   c o b a l t ,   about   3  to  4  w e i g h t  

p e r c e n t   chromium,  about   4.5  to  5.5  w e i g h t   p e r c e n t   ca rbon   a n d  

the  b a l a n c e   t u n g s t e n .   These  c o a t i n g s   can  be  s u c c e s s f u l l y  

a p p l i e d   to  v a r i o u s   s u b s t r a t e s ,   e . g . ,   i r on   base   a l l o y   s u b -  

s t r a t e s ,   u s i n g   known  t h e r m a l   sp ray   t e c h n i q u e s .   Such  t e c h n i q u e s  



i n c l u d e ,   fo r   example ,   d e t o n a t i o n   gun  (D-Gun)  d e p o s i t i o n  

as  d i s c l o s e d   in  U . S .  P a t e n t   Nos.  2 , 7 1 4 , 5 6 3   and  2 , 9 5 0 , 8 6 7 ,  

p l a sma   arc  sp ray   as  d i s c l o s e d   in  U.S.  P a t e n t   Nos.  2 , 8 5 8 , 4 1 1  

and  3 , 0 1 6 , 4 4 7   and  o t h e r   s o - c a l l e d   "h igh   v e l o c i t y "   p l a s m a  

or  " h y p e r s o n i c "   c o m b u s t i o n   sp ray   p r o c e s s e s .  

A l t h o u g h   c o a t i n g s   of  W-Co-Cr-C  have  been  e m p l o y e d  

s u c c e s s f u l l y   in  many  i n d u s t r i a l   a p p l i c a t i o n s   over   the  p a s t  

decade   or  more,   t h e r e   is  an  ever   i n c r e a s i n g   demand  for   e v e n  

b e t t e r   c o a t i n g s   h a v i n g   s u p e r i o r   wear  r e s i s t a n c e .   In  t h e  

t e x t i l e   i n d u s t r y ,   fo r   example ,   t h e r e   is  a  need  for   s p e c i a l  

c o a t i n g s   of  t h i s   type  for   use  on  c r i m p e r   r o l l s   s u b j e c t e d  

to  e x t r a o r d i n a r y   c o n d i t i o n s   of  a b r a s i v e   w e a r .  

As  is  g e n e r a l l y   known,  t h e s e   c o a t i n g s   d e r i v e   t h e i r  

wear  r e s i s t a n c e   from  the  p r e s e n c e   of  complex  c a r b i d e s   o f  

W,  Co  and  Cr.  I t   is  a l s o   known  t h a t   the  wear  r e s i s t a n c e   o f  

the  c o a t i n g   u s u a l l y   i n c r e a s e s   w i th   any  i n c r e a s e   in  t h e  

volume  f r a c t i o n   of  c a r b i d e s .   T h e r e f o r e ,   i t   has  been  p r e v i o u s l y  

t h o u g h t   by  t h o s e   s k i l l e d   in  the  a r t   t h a t   a  r e l a t i v e l y   h i g h  

c a r b o n   c o n t e n t   is  n e c e s s a r y   in  o r d e r   to  o b t a i n   o p t i m u m  

wear  r e s i s t a n c e .  

Summary  of  the  I n v e n t i o n  

I t   has  now  been  s u r p r i s i n g l y   d i s c o v e r e d   in  a c c o r d -  

ance  w i th   the  p r e s e n t   i n v e n t i o n   t h a t   r e d u c i n g   the  c a r b o n  

c o n t e n t   of  the  W-Co-Cr-C  c o a t i n g s   d e s c r i b e d   above  to  a b o u t  

4.0  we igh t   p e r c e n t   or  l e s s   wi th   the  p r o p e r   p r o p o r t i o n s   o f  

Co  and  Cr  a c t u a l l y   i n c r e a s e s   the  wear  r e s i s t a n c e   c o n t r a r y  

to  the  t e a c h i n g s   of  the  p r i o r   a r t .   I t   has  been  f o u n d ,  



howeve r ,   t h a t   when  too  low  a  c a r b o n   c o n t e n t   is  e m p l o y e d ,  

i . e . ,   l e s s   t han   a b o u t   3.0  w e i g h t   p e r c e n t ,   t hen   the   r e -  

s u l t i n g   c o a t i n g s   a re   d i f f i c u l t ,   i f   no t   i m p o s s i b l e ,   t o  

g r i n d   to  a  smooth  f i n i s h .  

A  c o a t i n g   c o m p o s i t i o n   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   c o n s i s t s   e s s e n t i a l l y   of  from  abou t   6.5  to  a b o u t  

9.0  w e i g h t   p e r c e n t   c o b a l t ,   from  abou t   2.0  to  abou t   4.0  w e i g h t  

p e r c e n t   chromium,  from  abou t   3.0  to  about   4.0  w e i g h t   p e r c e n t  

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

D e s c r i p t i o n   of  the  P r e f e r r e d   E m b o d i m e n t s  

The  c o a t i n g s   of  the   p r e s e n t   i n v e n t i o n   can  be  a p p l i e d  

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

The  p r e f e r r e d   method   of  a p p l y i n g   the  c o a t i n g   is  by  d e t o n a t i o n  

gun  (D-Gun)  d e p o s i t i o n .   A  t y p i c a l   D-Gun  c o n s i s t s   e s s e n t i a l l y  

of  a  w a t e r - c o o l e d   b a r r e l   which   is  s e v e r a l   f e e t   long  w i t h   a n  

i n s i d e   d i a m e t e r   of  abou t   1  i n c h .   In  o p e r a t i o n ,   a  m i x t u r e   o f  

oxygen  and  a  f u e l   ga s ,   e . g . ,   a c e t y l e n e ,   in  a  s p e c i f i e d   r a t i o  

( u s u a l l y   abou t   1 :1)   is   fed  i n t o   the  b a r r e l   a l ong   w i t h   a  

c h a r g e   of  powder  to  be  c o a t e d .   The  gas  is  then   i g n i t e d   a n d  

the  d e t o n a t i o n   wave  a c c e l e r a t e s   the  powder  to  abou t   2400  f t . /  

s ec .   (730  m / s e c . )   w h i l e   h e a t i n g   the  powder  c l o s e   to  or  a b o v e  

i t s   m e l t i n g   p o i n t .   A f t e r   the   powder  e x i t s   the  b a r r e l ,   a  

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

for   the  nex t   d e t o n a t i o n .   The  c y c l e   is  then   r e p e a t e d   many 

t imes   a  s e c o n d .  



The  D-Gun  d e p o s i t s   a  c i r c l e   of  c o a t i n g   on  the  s u b -  

s t r a t a   w i t h   each   d e t o n a t i o n .   The  c i r c l e s   of  c o a t i n g   a r e  

a b o u t   1  i n c h   (25  mm)  in  d i a m e t e r   and  a  few  ten   t h o u s a n d t h s  

of  an  i nch   ( m i c r o n s )   t h i c k .   Each  c i r c l e   of  c o a t i n g   i s  

composed  of  many  o v e r l a p p i n g   m i c r o s c o p i c   . p l a t s   c o r r e s p o n d i n g  

to  the  i n d i v i d u a l   powder   p a r t i c l e s .   The  o v e r l a p p i n g   s p l a t s  

i n t e r l o c k   and  m e c h a n i c a l l y   bond  to  each  o t h e r   and  to  t h e  

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

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

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

c o a t i n g   of  u n i f o r m   t h i c k n e s s   and  to  m i n i m i z e   s u b s t r a t e  

h e a t i n g   and  e s t a b l i s h m e n t   of  r e s i d u a l   s t r e s s e s   in  t h e  

a p p l i e d   c o a t i n g .  

The  powder  used   in  p r o d u c i n g   the  c o a t i n g   of  t h e  

p r e s e n t   i n v e n t i o n   may  be  e s s e n t i a l l y   the  same  powder  compo-  

s i t i o n   as  h e r e t o f o r e   employed   in  d e p o s i t i n g   W - C o - C r - C  

c o a t i n g s   of  the   p r i o r   a r t .   However ,   in  t h i s   i n s t a n c e ,   t h e  

o x y - f u e l   gas  r a t i o   employed   in  the  D-Gun  p r o c e s s   is  i n c r e a s e d  

from  a  v a l u e   of  abou t   1.0  to  a  v a l u e   of  b e t w e e n   abou t   1 . 1  

and  1 .2 .   Under  t h e s e   c o n d i t i o n s ,   changes   d u r i n g   the  c o a t i n g  

p r o c e s s   r e s u l t   in  the   d e s i r e d   c o a t i n g   c o m p o s i t i o n .   I t   i s  

a l s o   p o s s i b l e   to  use  o t h e r   o p e r a t i n g   c o n d i t i o n s   w i t h   a  D-Gun 

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

powder  c o m p o s i t i o n   is  a d j u s t e d   a c c o r d i n g l y .   M o r e o v e r ,   o t h e r  

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



c o a t i n g   d e v i c e s   to  c o m p e n s a t e   fo r   changes   in  c o m p o s i t i o n  

d u r i n g   d e p o s i t i o n   and  o b t a i n   the  d e s i r e d   c o a t i n g   c o m p o s i -  

t i o n   of  t h i s   i n v e n t i o n .  

The  powders   used   in  the   D-Gun  for   a p p l y i n g   a  

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

s i n t e r e d   p o w d e r s .   However ,   o t h e r   forms  of  powder  such  a s  

c a s t   and  c r u s h e d   powder  can  a l s o   be  u s e d .   G e n e r a l l y ,   t h e  

s i z e   of  the  powder  s h o u l d   be  abou t   -325  mesh.  P o w d e r s  

p r o d u c e d   by  o t h e r   me thods   of  m a n u f a c t u r e   and  w i t h   o t h e r   s i z e  

d i s t r i b u t i o n s   may  be  used   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n  

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

more  s u i t e d   to  a  p a r t i c u l a r   s p r a y   d e v i c e   a n d / o r   s i z e .  

As  i n d i c a t e d   above ,   i t   is  p r e f e r r e d   to  use  e s s e n -  

t i a l l y   the  same  powder   c o m p o s i t i o n   as  h e r e t o f o r e   employed   i n  

d e p o s i t i n g   W-Co-Cr-C  c o a t i n g s   of  the  p r i o r   a r t .   This   p o w d e r  

c o m p o s i t i o n   c o n s i s t s   e s s e n t i a l l y   of  about   10  w e i g h t   p e r c e n t  

c o b a l t ,   abou t   4  w e i g h t   p e r c e n t   chromium,   abou t   5  w e i g h t   p e r -  

cen t   c a rbon   and  the  b a l a n c e   t u n g s t e n . -   With  t h i s   powder ,   t h e  

feed   r a t e   of  both   oxygen  and  f u e l   gas  ( e . g , ,   a c e t y l e n e )  

s h o u l d   be  a d j u s t e d   to  p r o v i d e   an  o x y - f u e l   gas  r a t i o   o f  

between  about   1.1  and  1.2  This   r a t i o   is  h i g h e r   than   t h a t  

u s u a l l y   used   h e r e t o f o r e   wi th   the  same  powder  c o m p o s i t i o n  

and  p r o v i d e s   an  o x i d i z i n g   m i x t u r e   which  r e d u c e s   the  c a r b o n  

c o n t e n t   of  the  a p p l i e d   c o a t i n g .  

At  o x y - f u e l   gas  r a t i o s   c l o s e   to  about   1 . 1 ,   the  c o n -  

v e n t i o n a l   powder  c o m p o s i t i o n   u s i n g   the  D-Gun  p r o c e s s   w i l l  



p r o d u c e   c o a t i n g s   h a v i n g   a  c a r b o n   c o n t e n t   of  abou t   3.5  w e i g h t  

p e r c e n t .   C o n v e r s e l y ,   a t   o x y - f u e l   gas  m i x t u r e s   c l o s e   t o  

a b o u t   1 . 2 ,   t h i s   same  powder  w i l l   p r o d u c e   c o a t i n g s   h a v i n g  

a  lower   c a r b o n   c o n t e n t   of  a b o u t   3 .1  w e i g h t   p e r c e n t .   '  

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

can  b e  a p p l i e d   to  a  s u b s t r a t e   by  p l a sma   arc   s p r a y   or  o t h e r  

t h e r m a l   s p r a y   t e c h n i q u e s .   In  the  p l a sma   arc   s p r a y   p r o c e s s ,  

an  e l e c t r i c   a rc   is   e s t a b l i s h e d   b e t w e e n   a  n o n - c o n s u m a b l e  

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

t h e r e f r o m .   A  gas  is   p a s s e d   in  c o n t a c t   w i t h   the   n o n - c o n s u m a b l e  

e l e c t r o d e   such  t h a t   i t   c o n t a i n s   the  a r c .   The  a r c - c o n t a i n i n g  

gas  is   c o n s t r i c t e d   by  a  n o z z l e   and  r e s u l t s   in  a  h igh   t h e r m a l  

c o n t e n t   e f f l u e n t .   Powdered   c o a t i n g   m a t e r i a l   is  i n j e c t e d  

i n t o   the  h igh   t h e r m a l   c o n t e n t   e f f l u e n t   from  the  n o z z l e   a n d  

is  d e p o s i t e d   on to   the   s u r f a c e   to  be  c o a t e d .   Th i s   p r o c e s s ,  

which   i s   d e s c r i b e d   in  U.S.  P a t e n t   No.  2 , 8 5 8 , 4 1 1 ,   s u p r a ,  

p r o d u c e s   a  d e p o s i t e d   c o a t i n g   which   is  sound ,   dense   and  a d h e r e n t  

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

g u l a r l y   shaped   m i c r o s c o p i c   s p l a t s   or  l e a v e s   which  are   i n t e r -  

l o c k e d   and  m e c h a n i c a l l y   bonded  to  one  a n o t h e r   and  a l s o   t o  

the  s u b s t r a t e .  

In  t h o s e   c a s e s   where  the  p lasma  arc   s p r a y   p r o c e s s  

is  used   to  app ly   the  c o a t i n g s   of  the  p r e s e n t   i n v e n t i o n ,  

powders   fed  to  the  arc   t o r c h   may  have  e s s e n t i a l l y   the  same 

c o m p o s i t i o n   as  the  a p p l i e d   c o a t i n g   i t s e l f .   With  some 

p lasma   arc   or  o t h e r   t h e r m a l   s p r a y   e q u i p m e n t ,   h o w e v e r ,   some 



change   in  c o m p o s i t i o n   is  to  be  e x p e c t e d   and,  in  such  c a s e s ,  

the  powder  c o m p o s i t i o n   may  be  a d j u s t e d   a c c o r d i n g l y   t o  

a c h i e v e   the  c o a t i n g   c o m p o s i t i o n   of  the  p r e s e n t   i n v e n t i o n .  

The  c o a t i n g s   of  the  p r e s e n t   i n v e n t i o n   may  be  a p p l i e d  

to  a l m o s t   any  type   of  s u b s t r a t e ,   e . g . ,   m e t a l l i c   s u b s t r a t e s  

such  as  i r o n   or  s t e e l   or  n o n - m e t a l l i c   s u b s t r a t e s   such  a s  

c a r b o n ,   g r a p h i t e   and  p o l y m e r s ,   for   i n s t a n c e .   Some  e x a m p l e s  

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

ab ly   s u i t e d   as  s u b s t r a t e s   for   the  c o a t i n g s   of  the   p r e s e n t  

i n v e n t i o n   i n c l u d e ,   for   e x a m p l e ,   s t e e l ,   s t a i n l e s s   s t e e l ,   i r o n  

base   a l l o y s ,   n i c k e l ,   n i c k e l   base   a l l o y s ,   c o b a l t ,   c o b a l t  b a s e  

a l l o y s ,   chromium,   chromium  base   a l l o y s ,   t i t a n i u m ,   t i t a n i u m  

base   a l l o y s ,   a luminum,   a luminum  base   a l l o y s ,   c o p p e r ,   c o p p e r  

base   a l l o y s ,   r e f r a c t o r y   m e t a l s ,   and  r e f r a c t o r y - m e t a l   base  a l l o y s .  

A l t h o u g h   the  c o m p o s i t i o n   of  the  c o a t i n g s   of  t h e  

p r e s e n t   i n v e n t i o n   may  v a r y   w i t h i n   the  r a n g e s   i n d i c a t e d  

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

of  from  abou t   7 .0  to  8 .5  w e i g h t   p e r c e n t   c o b a l t ,   from  a b o u t  

2 .5   to  3.5  w e i g h t   p e r c e n t   ch romium,   from  abou t   3.0  to  4 . 0  

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

i n g s   are  i d e a l l y   e d i t e d   fo r   i n d u s t r i a l   v a l v e s ,   m e c h a n i c a l  

s e a l s ,   b u s h i n g s   and  the   l i k e .   They  are  a l s o   i d e a l l y   s u i t e d  

for   use  in  the  t e x t i l e   i n d u s t r y   as  c r i m p e r   r o l l s ,   f o r  

e x a m p l e .  

The  m i c r o s t r u c t u r e   of  the  c o a t i n g s   of  the  p r e s e n t  

i n v e n t i o n   are   ve ry   complex  and  not   c o m p l e t e l y   u n d e r s t o o d .  



However,   i t   is  b e l i e v e d   t h a t   the  major   p o r t i o n   of  the  c o a t -  

ings   c o n s i s t   e s s e n t i a l l y   of  a  m i x t u r e   of  WC  and  (W,Cr ,Co)2C 

w i t h   o t h e r   m e t a l   c a r b i d e s   and  p o s s i b l y   m e t a l l i c   p h a s e s .  

D e s p i t e   the  lower   volume  f r a c t i o n   of  c a r b i d e s   p r e s e n t   a s  

compared  to  s i m i l a r   c o a t i n g s   of  the  p r i o r   a r t ,   the  c o a t i n g s  

of  the  p r e s e n t   i n v e n t i o n   s u r p r i s i n g l y   e x h i b i t   improved   w e a r  

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

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

v a l u e s   fo r   c o a t i n g s   of  the  p r e s e n t   i n v e n t i o n   exceed   about   900 

DPH300'  

The  f o l l o w i n g   examples   w i l l   s e rve   to  f u r t h e r   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 .  

EXAMPLE  I  

Spec imens   of  AISI  1018  s t e e l   were  c l e a n e d   and  p r e -  

p a r e d   for   c o a t i n g   as  f o l l o w s .   The  s u r f a c e   on  one  s ide   o f  

each  spec imen   was  g round   smooth  and  p a r a l l e l   to  the  o p p o s i t e  

s i d e .   The  s u r f a c e   was  then   g r i t   b l a s t e d   wi th   60  mesh  Al2O3 

to  a  s u r r a c e   r o u g h n e s s   of  abou t   120  m i c r o - i n c h   RMS.  A l l  

the  spec imens   were  then  c o a t e d   a c c o r d i n g   to   the  p r i o r   a r t  

u s i n g   a  d e t o n a t i o n   gun  (D-Gun)  and  a  s i n t e r e d   powder  o f  

the  f o l l o w i n g   c o m p o s i t i o n :   10  w e i g h t   p e r c e n t   Co,  4  w e i g h t  

p e r c e n t   Cr,  5.2  w e i g h t   p e r c e n t   C  and  the  b a l a n c e   W.  The  

s i z e   of  the  powders   was  about   -325  mesh.  A c e t y l e n e   was  

used  as  the  f u e l   gas .   The  o x y - f u e l   gas  r a t i o   was  0 . 9 8 .  

A  c h e m i c a l   a n a l y s i s   of  the  c o a t i n g   showed  t h e  

f o l l o w i n g   c o m p o s i t i o n :   8  w e i g h t   p e r c e n t   Co,  3.2  w e i g h t  



p e r c e n t   Cr,  4.7  w e i g h t   p e r c e n t   C  and  the  b a l a n c e   W.  The 

c h e m i c a l   a n a l y s i s   was  c a r r i e d   out   p r i n c i p a l l y   by  two  

m e t h o d s .   Carbon  was  a n a l y z e d   by  a  c o m b u s t i o n   a n a l y s i s  

t e c h n i q u e   u s i n g   a  Loco  Carbon  A n a l y z e r   and  v o l u m e t r i c  

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

were  a n a l y z e d   by  f i r s t   f u s i n g   the   sample   in  Na202  a n d  

s e p a r a t i n g   the  c o b a l t   and  chromium,   t hen   d e t e r m i n i n g   t h e  

amount  of  each  p o t e n t i o m e t r i c a l l y .  

A b r a s i v e   wear  p r o p e r t i e s   of  the  a p p l i e d   c o a t i n g  

were  d e t e r m i n e d   u s i n g   the  s t a n d a r d   dry  s a n d / r u b b e r   w h e e l  

a b r a s i o n   t e s t   d e s c r i b e d  i n   ASTM  S t a n d a r d   G65-80,   P r o c e d u r e  

A.  In  t h i s   t e s t ,   the   s p e c i m e n   was  l o a d e d   by  means  of  a  

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

r u b b e r   r im  a r o u n d   the  w h e e l .   An  a b r a s i v e   ( i . e . ,   5 0 - 7 0  

mesh  Ot tawa   S i l i c a   Sand)  was  i n t r o d u c e d   b e t w e e n   t h e  

s p e c i m e n   and  the  r u b b e r   w h e e l .   The  wheel   was  r o t a t e d   i n  

the  d i r e c t i o n   of  a b r a s i v e   f low.   The  t e s t   s p e c i m e n   w a s  

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

and  i t s   w e i g h t   l o s s   was  r e c o r d e d .   Because   of  the  w i d e  

d i f f e r e n c e s   in  the  d e n s i t i e s   of  d i f f e r e n t   m a t e r i a l s   t e s t e d ,  

the  mass  l o s s   is   n o r m a l l y   c o n v e r t e d   to  volume  l o s s   t o  

e v a l u a t e   the  r e l a t i v e   r a n k i n g   of  m a t e r i a l s .   The  a v e r a g e  

volume  l o s s   for   t h e s e   s p e c i m e n s   ( c o n v e n t i o n a l   W - C o - C r - C  

c o a t i n g )   was  1.7  mm3  per   1000  r e v o l u t i o n s .  

The  h a r d n e s s   of  t h e s e   s p e c i m e n s   was  a l s o   m e a s u r e d   by  

s t a n d a r d   m e t h o d s .   The  a v e r a g e   h a r d n e s s   was  found  to  b e  

1100  DPH300'  The  s p e c i m e n s   were  a l s o   e a s i l y   g round   to  a  



smooth  f i n i s h   u s i n g   the  no rma l   method  of  f i n i s h i n g   w e a r  

r e s i s t a n t   c o a t i n g   w i t h   a  diamond  g r i n d i n g   wheel   and  a n  

i n f e e d   of  0 .0005   inch   per   p a s s .  

EXAMPLE  I I  

Spec imens   of  AISI  1018  s t e e l   were  p r e p a r e d   in  t h e  

same  manner   as  d e s c r i b e d   in  Example  I.  The  spec imen   s u r f a c e s  

were  t hen   c o a t e d   u s i n g   a  D-Gun  and  the  same  s i n t e r e d   p o w d e r ,  

i . e . ,   10  w e i g h t   p e r c e n t   C o ,  4   w e i g h t   p e r c e n t   Cr,  5.2  w e i g h t  

p e r c e n t   C  and  the   b a l a n c e   W.  The  powder  s i z e   was  a l s o  

i d e n t i c a l ,   i . e . ,   -325  mesh.   A c e t y l e n e   was  a l s o   used   a s  

the  f u e l   gas .   In  t h i s   i n s t a n c e ,   h o w e v e r ,   the   o x y - f u e l   g a s  

r a t i o   in  the  D-Gun  was  1.1  a c c o r d i n g   to  the   p r e s e n t  i n v e n t i o n .  

A  c h e m i c a l   a n a l y s i s   of  the   c o a t i n g   showed  the  f o l l o w -  

ing  c o m p o s i t i o n :   7 .6   w e i g h t   p e r c e n t   Co,  2.9  w e i g h t   p e r c e n t  

Cr,  3.5  w e i g h t   p e r c e n t   C  and  the  b a l a n c e   W. 

A b r a s i v e   wear   t e s t s   were  a l s o   c a r r i e d   out   u s i n g  

the   ASTM  S t a n d a r d   G65-80,   P r o c e d u r e   A.  The  a v e r a g e   v o l u m e  

l o s s   fo r   the   s p e c i m e n s  w a s   1.1  mm3  p e r  1 0 0 0   r e v o l u t i o n s .  

This   r e p r e s e n t s  a   s i g n i f i c a n t   improvemen t   in  wear  r e s i s t a n c e  

over   the   s p e c i m e n s   of  Example  I .  

The  h a r d n e s s   of  the   s p e c i m e n s   was  a l s o   m e a s u r e d   a n d  

found  to  be  1150  DPH300.  The  s p e c i m e n s   were  a l s o   e a s i l y  

g r o u n d   to  a  smooth  f i n i s h   u s i n g   the  no rmal   method   as  i n  

Example  I .  



EXAMPLE  I I I  

Spec imens   of  AISI  1018  s t e e l   were  p r e p a r e d   in  t h e  

same  manner   as  d e s c r i b e d   in  Example  I.  The  spec imen   s u r -  

f a c e s   were  then   c o a t e d   w i th   a  D-Gun  and  the  same  s i n t e r e d  

powder ,   i . e . ,   10  w e i g h t   p e r c e n t   Co,  4  w e i g h t   p e r c e n t   C r ,  

5.2  w e i g h t   p e r c e n t   C  and  the  b a l a n c e   W.  The  powder  s i z e  

was  a l s o   i d e n t i c a l ,   i . e . ,   -325  mesh.  A c e t y l e n e   was  a l so   u s e d  

as  the  f u e l   gas .   However ,   the  o x y - f u e l   gas  r a t i o   used  i n  

t h i s   i n s t a n c e   was  1.2  a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  

A  c h e m i c a l   a n a l y s i s   of  the  c o a t i n g   showed  t h e  

f o l l o w i n g   c o m p o s i t i o n :   7.8  w e i g h t   p e r c e n t   Co,  2.9  w e i g h t  

p e r c e n t   Cr,  3.1  w e i g h t   p e r c e n t   C  and  the  b a l a n c e   W. 

A b r a s i v e   wear  t e s t s   were  a l s o   c a r r i e d   out  on  o n e  

spec imen   u s i n g   the  ASTM  S t a n d a r d   G65-80.   The  volume  l o s s  

for   t h i s   spec imen   was  1.1  mm3  per   1000  r e v o l u t i o n s .   T h i s  

a l s o   r e p r e s e n t s   a  s i g n i f i c a n t   improvemen t   in  wear  r e s i s t a n c e  

over   the  s p e c i m e n s   of  Example  I .  

The  h a r d n e s s   of  the  spec imen   was  a l so   m e a s u r e d   a n d  

found  to  be  1080  DPH300.  The  spec imen   was  ground  t o  a  

smooth  but  somewhat  r o u g h e r   f i n i s h   u s i n g   the  normal   m e t h o d  

as  in  Example  I .  

EXAMPLE  IV 

Specimens.   of  AISI  1018  s t e e l   were  p r e p a r e d   in  t h e  

same  manner  as  d e s c r i b e d   in  Example  I.  The  spec imen   s u r f a c e s  

were  then   c o a t e d   w i t h   a  D-Gun  and  the  same  s i n t e r e d   p o w d e r ;  



i . e . ,   10  w e i g h t   p e r c e n t   Co,  4  w e i g h t   p e r c e n t   Cr,  5.2  w e i g h t  

p e r c e n t   C  and  the   b a l a n c e   W.  The  powder   s i z e   was  a l s o  

i d e n t i c a l ,   i . e . ,   -325  mesh.   A c e t y l e n e   was  a l s o   u sed   as  t h e  

f u e l   g a s .   However ,   the   o x y - f u e l   gas  m i x t u r e   u sed   in  t h i s  

i n s t a n c e   was  1 . 3 .  

A  c h e m i c a l   a n a l y s i s   of  the   c o a t i n g   showed  the  f o l l o w -  

ing  c o m p o s i t i o n :   7 .6   w e i g h t   p e r c e n t   Co,  2 .7   w e i g h t   p e r c e n t  

Cr,  2 .6   w e i g h t   p e r c e n t   C  and  the  b a l a n c e   W. 

The  h a r d n e s s   of  t h i s   type   of  c o a t i n g   is  abou t   1125  

DPH300.  A b r a s i v e   wear  t e s t s   were  c a r r i e d   out  on  t h i s   c o a t i n g  

as  in  Example  I ,   I I ,   and  I I I   w i t h   a  volume  l o s s   of  1.5  mm3 

per   r e v o l u t i o n .   However ,   a t t e m p t s   to  g r i n d   the   c o a t i n g   t o  

a  smooth  f i n i s h   were  u n s u c c e s s f u l   u s i n g   the  no rma l   m e t h o d  

as  d e s c r i b e d   in  Example  1 .  

EXAMPLE  V 

Spec imens   of  AISI  1018  s t e e l   were  p r e p a r e d   in  t h e  

same  manner  as  d e s c r i b e d   in  Example  I.  The  spec imen   s u r -  

f a c e s   were  then   c o a t e d   u s i n g   a  p lasma  sp ray   t o r c h   and  t h e  

same  s i n t e r e d   powder ;   i . e . ,   10  w e i g h t   p e r c e n t   Co,  4  w e i g h t  

p e r c e n t   Cr,  5.2  w e i g h t   p e r c e n t   C  and  the  b a l a n c e   W.  The 

powder  s i z e   was  a l s o   -325  m e s h .  

A  c h e m i c a l   a n a l y s i s   of  the  c o a t i n g   showed  the  f o l l o w -  

ing  c o m p o s i t i o n :   9.2  w e i g h t   p e r c e n t   Co,  3.5  w e i g h t   p e r c e n t  

Cr,  5.0  we igh t   p e r c e n t   C  and  the  b a l a n c e   W.  The  c o b a l t   a n d  

ca rbon   c o n t e n t   of  t h i s   c o a t i n g   was  h i g h e r   than  t h a t   of  t h e  

c o a t i n g s   of  the  p r e s e n t   i n v e n t i o n .  



A b r a s i v e   wear   t e s t s   were   a l s o   c a r r i e d   out  u s i n g  

the  ASTM  S t a n d a r d   G65-80,   P r o c e d u r e   A.  The  a v e r a g e   v o l u m e .  

l o s s   fo r   the  c o a t e d   s p e c i m e n   was  9.3  mm3  pe r   1000  r e v o l u -  

t i o n s .   The  wear   p r o p e r t i e s   of  t h i s   c o a t i n g   were  poor  e v e n  

when  compared   a g a i n s t   the   wear  p r o p e r t i e s   of  the  c o n v e n -  

t i o n a l   D-Gun  c o a t i n g s   of  Example  I.  This   is  to  be  e x p e c t e d  

in  the  case   of  p l a sma   s p r a y   c o a t i n g s   which  do  not   wear  a s  

w e l l   as  D-Gun  c o a t i n g s .  

The  h a r d n e s s   of  the   s p e c i m e n   was  a l s o   m e a s u r e d   a n d  

found  to  be  687  DPH300. 

EXAMPLE  VI  

Spec imens   of  AISI  1018  s t e e l   were  p r e p a r e d   in  t h e  

same  manner   as  d e s c r i b e d   in  Example  I.  The  spec imen   s u r -  

f a c e s   were  t hen   c o a t e d   u s i n g   a  p lasma   sp ray   t o r c h   and  a  

s i n t e r e d   powder of  the  f o l l o w i n g   c o m p o s i t i o n :   10.9  w e i g h t  

p e r c e n t  C o ,   4.3  w e i g h t   p e r c e n t   Cr,  3.8  w e i g h t   p e r c e n t   C 

and  the  b a l a n c e   W.  The  powder  s i z e   was  -325  m e s h .  

A  c h e m i c a l   a n a l y s i s   of  the  c o a t i n g   showed  t h e  

f o l l o w i n g   c o m p o s i t i o n :   8.6  w e i g h t   p e r c e n t   Co,  3.6  w e i g h t  

p e r c e n t   Cr,  3.4  w e i g h t   p e r c e n t   C  and  the  b a l a n c e   W.  T h i s  

c o a t i n g   c o m p o s i t i o n   was  w i t h i n   the  scope  of  the  p r e s e n t  

i n v e n t i o n .  

A b r a s i v e   wear  t e s t s   were  a l s o   c a r r i e d   out  u s i n g  

the  ASTM  S t a n d a r d   G65-80,   P r o c e d u r e   A.  The  a v e r a g e   v o l u m e  

l o s s   for   t h i s   c o a t i n g   spec imen   was  4.1  per   1000  r e v o l u t i o n s .  

The  wear  r a t e   fo r   t h i s   c o a t i n g   was  l e s s   than   h a l f   the  w e a r  

r a t e   for   the  p l a sma   s p r a y   c o a t i n g   of  the  p r e v i o u s   e x a m p l e  

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



The  h a r d n e s s   of  the   c o a t e d   spec imen   was  a l s o  

m e a s u r e d   and  found  to  be  830  DPH300'  

A l t h o u g h   the  powder  and  c o a t i n g   c o m p o s i t i o n s   h a v e  

been  d e f i n e d   h e r e i n   wi th   c e r t a i n   s p e c i f i c   r a n g e s   for   e a c h  

of  the  e s s e n t i a l   c o m p o n e n t s ,   i t   w i l l   be  u n d e r s t o o d   t h a t  

minor   amounts   of  v a r i o u s   i m p u r i t i e s   may  a l s o   be  p r e s e n t .  

I ron   is  u s u a l l y   the  p r i n c i p a l   i m p u r i t y   in  the  c o a t i n g   r e -  

s u l t i n g   from  g r i n d i n g   o p e r a t i o n s   and  may  be  p r e s e n t   i n  

amounts  up  to  about   1.5  and  in  some  cases   2.0  w e i g h t  

p e r c e n t  o f   the  c o m p o s i t i o n .  

A l t h o u g h   the  f o r e g o i n g   examples   i n c l u d e   o n l y  

D-Gun  and  p lasma   sp ray   c o a t i n g s ,   i t   w i l l   be  u n d e r s t o o d   t h a t  

o t h e r   t h e r m a l   sp ray   t e c h n i q u e s   such  as  "h igh   v e l o c i t y "  

p l a s m a ,   " h y p e r s o n i c "   c o m b u s t i o n   sp ray   p r o c e s s e s   or  v a r i o u s  

o t h e r   d e t o n a t i o n   d e v i c e s   may  be  used  to  p roduce   c o a t i n g s  

of  the  p r e s e n t   i n v e n t i o n .  



1.  A  c o a t i n g   c o m p o s i t i o n   a p p l i e d   to  a  s u b s t r a t e  

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

from  abou t   6.5  to  abou t   9.0  w e i g h t   p e r c e n t   c o b a l t ,   f r o m  

a b o u t   2 .0  to  abou t   4 .0  w e i g h t   p e r c e n t   chromium,   from  a b o u t  

3.0  to  a b o u t   4.0  w e i g h t   p e r c e n t   c a r b o n   and  the  b a l a n c e  

t u n g s t e n .  

2.  A  c o a t i n g   c o m p o s i t i o n   a c c o r d i n g   to  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   of  from  a b o u t   7.0  to  about   8 . 5  

w e i g h t   p e r c e n t   c o b a l t ,   from  a b o u t   2.5  to  abou t   3.5  w e i g h t  

p e r c e n t   chromium,   from  abou t   3.0  to  abou t   4.0  w e i g h t   p e r -  

cen t   c a r b o n   and  the  b a l a n c e   t u n g s t e n .  

3.  A  c o a t i n g   c o m p o s i t i o n   a c c o r d i n g   to  c l a im   1 

h a v i n g   a  h a r d n e s s   v a l u e   in  e x c e s s   of  about   900  DPH300. 

4.  A  c o a t i n g   c o m p o s i t i o n   a c c o r d i n g   to  c l a im   1 

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

t h e   group  c o n s i s t i n g   of  s t e e l ,   s t a i n l e s s   s t e e l ,   i r o n   b a s e  

a l l o y s ,   n i c k e l ,   n i c k e l   base   a l l o y s ,   c o b a l t ,   c o b a l t   b a s e  

a l l o y s ,   ch romium,   chromium  base   a l l o y s ,   t i t a n i u m ,   t i t a n i u m  

base   a l l o y s ,   a luminum,   a luminum  base   a l l o y s ,   c o p p e r ,   copper   b a s e  

a l l o y s ,   r e f r a c t o r y   m e t a l s ,   and  r e f r a c t o r y - m e t a l   base  a l l o y s .  

5.  A  c o a t i n g   c o m p o s i t i o n   a c c o r d i n g   to  c l a im  1 

w h e r e i n   the  s u b s t r a t e   is  a  n o n - m e t a l l i c   m a t e r i a l   s e l e c t e d  

from  the  group  c o n s i s t i n g   of  c a r b o n ,   g r a p h i t e ,   and  p o l y m e r s .  



6.  In  a  method  for   c o a t i n g   a  s u b s t r a t e   w h e r e i n  

a  powdered   c o a t i n g   m a t e r i a l   is  s u s p e n d e d   w i t h i n   a  h i g h  

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

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

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

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

form  a  c o a t i n g   t h e r e o n ,   the  improvemen t   for   i n c r e a s i n g  

the  wear  r e s i s t a n c e   of  s a id   c o a t i n g ,   s a i d   improvemen t   com- 

p r i s i n g   a  powdered   c o a t i n g   m a t e r i a l   h a v i n g   a  c o m p o s i t i o n  

such  t h a t   the  c o a t i n g   d e p o s i t e d   onto  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  from  about   6.5  to  abou t   9.0  w e i g h t   p e r c e n t  

c o b a l t ,   from  about   2.0  to  about   4.0  we igh t   p e r c e n t   c h r o m i u m ,  

from  about   3.0  to  about   4.0  w e i g h t   p e r c e n t   ca rbon   and  t h e  

b a l a n c e   t u n g s t e n .  

7.  A  method  a c c o r d i n g   to  c l a im  6  w h e r e i n   the  p o w d e r e d  

c o a t i n g   m a t e r i a l   has  a  c o m p o s i t i o n   such  t h a t   the  c o a t i n g   d e -  

p o s i t e d   onto   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  f r o m  

about   7.0  to  about   8.5  w e i g h t   p e r c e n t   c o b a l t ,   from  a b o u t  

2.5  to  about   3.5  we igh t   p e r c e n t   chromium,  from  about   3.0  t o  

about   4.0  we igh t   p e r c e n t   c a rbon   and  the  b a l a n c e   t u n g s t e n .  

8.  A  method  a c c o r d i n g   to  c l a im  6  w h e r e i n   the  pow- 

dered   c o a t i n g   m a t e r i a l   is  s u s p e n d e d   w i t h i n   a  h igh  t e m p e r a t u r e ,  

h igh   v e l o c i t y   ga seous   s t r eam  p r o d u c e d   by  a  d e t o n a t i o n   d e v i c e .  

9.  A  method  a c c o r d i n g   to  c l a im  w h e r e i n   the  pow- 

dered   c o a t i n g   m a t e r i a l   has  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  



of  from  abou t   6.5  to  abou t   9.0  w e i g h t   p e r c e n t   c o b a l t ,  

from  abou t   2.0  to  abou t   4.0  w e i g h t   p e r c e n t   c h r o m i u m ,  

from  abou t   3..0  to  abou t   4.0  w e i g h t   p e r c e n t   c a r b o n   a n d  

the  b a l a n c e   t u n g s t e n .  

10.  A  method  a c c o r d i n g   to  c l a i m   6  w h e r e i n   t h e  

powdered   c o a t i n g   m a t e r i a l   is  s u s p e n d e d   w i t h i n   a  h igh   t e m -  

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

p l a sma   arc   t o r c h .  

11.  A  method  a c c o r d i n g   to  c l a im  10  w h e r e i n   t h e  

powdered   c o a t i n g   m a t e r i a l   has  a  c o m p o s i t i o n   which  is  s u b -  

s t a n t i a l l y   the  same  as  the  c o m p o s i t i o n   of  s a i d   c o a t i n g .  

12.  A  method  for   c o a t i n g   a  s u b s t r a t e   c o m p r i s i n g :  

f e e d i n g   a  m i x t u r e   of  oxygen  and  a  f ue l   gas  i n t o   the  b a r r e l  

of  a  d e t o n a t i o n   gun  a long   w i th   a  powdered   c o a t i n g   m a t e r i a l ;  

i g n i t i n g   the  oxygen  and  f u e l   gas  m i x t u r e   to  p r o d u c e   a  

d e t o n a t i o n   wave  a long   the  l e n g t h   of  s a i d   b a r r e l   w h i c h  

a c c e l e r a t e s   s a i d   powdered   c o a t i n g   m a t e r i a l   i n  a   h igh   t e m -  

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

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

d e p o s i t   s a i d  p o w d e r e d   c o a t i n g   m a t e r i a l   and  form  a  c o a t i n g  

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

such  t h a t   the  c o a t i n g   d e p o s i t e d   onto  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  from  about   6.5  to  about   9.0  w e i g h t   p e r c e n t  

c o b a l t ,   from  about   2.0  to  about   4.0  w e i g h t   p e r c e n t   ch romium,  

from  about   3.0  to  about   4.0  w e i g h t   p e r c e n t   c a rbon   and  t h e  

b a l a n c e   t u n g s t e n .  



13.  A  method  a c c o r d i n g   to  c l a i m   12  w h e r e i n   t h e  

powdered   c o a t i n g   m a t e r i a l   has  a  c o m p o s i t i o n   such  t h a t   t h e  

c o a t i n g   d e p o s i t e d   onto   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  from  abou t   7.0  to  abou t   8.5  w e i g h t   p e r c e n t   c o b a l t ,   f r o m  

abou t   2.5  to  about   3.5  w e i g h t   p e r c e n t   chromium,  from  a b o u t  

3.0  to  about   4.0  w e i g h t   p e r c e n t   c a rbon   and  the  b a l a n c e  

t u n g s t e n .  

14.  A  method  a c c o r d i n g   to  c l a im  12  w h e r e i n   t h e  

r a t i o   of  oxygen  to  f u e l   gas  in  s a i d   m i x t u r e   is  a p p r o x i m a t e l y  

1 . 0 .  

15.  A  method  a c c o r d i n g   to  c l a im   14  w h e r e i n   t h e  

powdered   c o a t i n g   m a t e r i a l   has  a  c o m p o s i t i o n   which  is  s u b -  

s t a n t i a l l y   the  same  as  the  c o m p o s i t i o n   of  s a i d   c o a t i n g .  

16.  A  method  a c c o r d i n g   to  c l a im   12  w h e r e i n   t h e  

r a t i o   of  oxygen  to  f u e l   gas  in  s a i d   m i x t u r e   is  b e t w e e n  

about   1 : 1 . 1   and  1 : 1 . 2 .  

17.  A  method  a c c o r d i n g   to  c l a im  16  w h e r e i n   t h e  

powdered   c o a t i n g   m a t e r i a l   has  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   of  about   10  w e i g h t   p e r c e n t   c o b a l t ,   about   4 

w e i g h t   p e r c e n t   chromium,  abou t   5.2  w e i g h t   p e r c e n t   c a r b o n  

and  the  b a l a n c e   t u n g s t e n .  

18.  A  powdered   c o a t i n g   c o m p o s i t i o n   fo r   a p p l y i n g   a 

wear  and  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   to  a  s u b s t r a t e   by  a 

t h e r m a l   sp ray   p r o c e s s   c o n s i s t i n g   e s s e n t i a l l y   of  from  a b o u t  



6.5  to  about   9.0  w e i g h t   p e r c e n t   c o b a l t ,   from  about   2.0  t o  

about   4.0  w e i g h t   p e r c e n t   chromium,  from  about   3 . 0  t o   a b o u t  

4.0  we igh t   p e r c e n t   ca rbon   and  the  b a l a n c e   t u n g s t e n .  

19.  A  powdered   c o a t i n g   c o m p o s i t i o n   a c c o r d i n g   t o  

c la im  18  c o n s i s t i n g   e s s e n t i a l l y   of  from  about   7.0  to  a b o u t  

8.5  w e i g h t   p e r c e n t   c o b a l t ,   from  about   2.5  to  about   3 . 5  

we igh t   p e r c e n t   chromium,  from  about   3.0  to  about   4.0  w e i g h t  

p e r c e n t   ca rbon   and  the  b a l a n c e   t u n g s t e n .  

20.  A  powdered   c o a t i n g   c o m p o s i t i o n   a c c o r d i n g   t o  

c la im  19  c o n s i s t i n g   of  s i n t e r e d   p o w d e r s .  

21.  An  a r t i c l e   c o m p r i s i n g   a  s u b s t r a t e   and  a  c o a t i n g  

a p p l i e d   to  s a id   s u b s t r a t e   by  a  t h e r m a l   sp ray   p r o c e s s ,   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   of  from  about   6.5  to  a b o u t  

9.0  we igh t   p e r c e n t   c o b a l t ,   from  about   2.0  to  about   4 . 0  

we igh t   p e r c e n t   chromium,  from  about   3.0  to  about   4.0  w e i g h t  

p e r c e n t   ca rbon   and  the  b a l a n c e   t u n g s t e n .  

22.  An  a r t i c l e   a c c o r d i n g   to  c la im  21  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   of  from  about   7.0  to  a b o u t  

8.5  we igh t   p e r c e n t   c o b a l t ,   from  about   2.5  to  about   3.5  w e i g h t  

p e r c e n t   chromium,  from  about   3.0  to  about   4.0  we igh t   p e r c e n t  

carbon   and  the  b a l a n c e   t u n g s t e n .  
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