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@  Bond-coating  alloys  for  thermal  spraying. 

An  alloy,  suitable  for  flame  spraying  in  powder  form  onto  a 
metal  substrate  to  provide  a  bond-coat  thereon,  which  con- 
tains,  by  weight,  from  2  to  30%  aluminium,  from  2  to  25% 
chromium,  from  0  to  8%  silicon,  from  0  to  4%  boron  and  from  0 
to  6%  iron,  the  balance,  apart  from  impurities,  being  copper 
and/or  nickel.  The  alloys  are  useful  for  repairing  and  building 
up  metal  surfaces  by  metal  coating,  for  restoration  or  finishing 
purposes,  and  for  acting  as  a  bond-coat  for  the  application  of  a 
ceramic  coating. 



This  invention  relates  to  bond-coat ing   alloys  for  thermal  spraying 

and  par t icular ly   to  an  alloy  suitable  for  flame  spraying  in  powder  fo rm 

onto  a  metal  substrate   to  provide  a  bond-coat  t h e r e o n .  

In  the  application  of  metal  coatings  by  thermal  spraying  it  is 

necessary  for  the  surface  of  the  metal  substrate   to  be  roughened  in  order  

to  provide  a  key  for  sa t i s fac tory   adhesion  of  the  coating.  Such  roughening 

is  carried  out  on  substrates   made  from  mater ials   having  a  hardness  of  less 

than  about  300  DPN,  by  mechanical   means  such  as,  for  example,  by  g r i t -  

blasting  or  by  rough-machining   techniques.   However,  such  roughening 

t r e a t m e n t   is  i ne f f ec t ive   on  substrate   mater ia ls   having  a  hardness  g r e a t e r  

than  300  DPN  and  it  is  then  necessary  to  apply  an  in te rmedia te   bond  c o a t  

to  the  substrate  upon  which  bond-coat  the  metal  or  ceramic  coating  may 

be  thermally  sprayed.  

Additionally  bond-coats  are  required  if  the  substrate   is  in  the  form 

of  a  thin  section  which  would  be  distorted  by  gr i t -blast ing  or  r o u g h -  

machining.  Such  bond-coats  bond  metal lurgical ly   to  the  substrate   and  a r e  



capable   of  r e p e a t e d   c o a t i n g   a p p l i c a t i o n s   a l t hough   they  need  be  

used  in  a l l   cases  for   r e p e a t e d   c o a t i n g   a p p l i c a t i o n s .   In  t h i s  

aspec t   they  d i f f e r   from  s o - c a l l e d   " s e l f - b o n d i n g   c o a t i n g s "   which  a r e  

normal ly   i n t ended   as  s ing le   depos i t   c o a t i n g s   which  show  some  measure  o f  

m e t a l l u r g i c a l   bonding  to  a  m e t a l l i c   s u b s t r a t e   but  are  not  n e c e s s a r i l y  

s u i t a b l e   for   use  as  bond-coa t s   on  metal   s u b s t r a t e s   such  as  h a r d e n e d  

s t e e l s .   This  s p e c i f i c a t i o n   is  only  concerned  with  b o n d - c o a t s .  

Such  a  bond-  coat,  sprayed  on  as  a  thin  adherent   layer,  p rov ides  

a t t a c h m e n t   for  a  subsequent,  thicker,  sprayed  deposit  .To  be  e f fec t ive   t h e  

bond-coat   material   must  be  capable  of  adhering  with  suff ic ient   s t r e n g t h  

to  a, smooth  machined  surface  of  a  substrate   and  this  convent ional ly   is 

achieved  by  ensuring  that  the  t empera tu re   of  the  bond-coa t   p a r t i c l e s  

issuing  from  the  spraying  apparatus  remains  high  until  they  meet  t h e  

substra te   surface.   The  additional  heat  necessary  may  be  provided  by  an  

exothermic  reaction  between  the  bond  coat  mater ia l   and  oxygen  in  t h e  

spray  flame  in  the  case,  for  example,  of  an  exothermic   bond  coat  m a t e r i a l  

such  as  molybdenum.  When  molybdenum  is  sprayed  from  a  w i r e - s p r a y  

gun  it  reacts  with  oxygen  either  in  the  air  or  in  the  flame  to  form  a  

volatile  oxide.  This  reaction  is  accompanied  by  the  evolution  of  h e a t  

and  the  part icles  which  reach  the  substrate   thus  are  at  a  high  t e m p e r a t u r e  

and  are  free  from  surface  oxidation.  However,  it  has  been  thought  t h a t  

flame  spraying  molybdenum  in  powder  form  produces  a  bond-coat   which 

has  inferior  adhesion  to  that  produced  by  spraying  molybdenum  in  wi re  

fo rm.  



Composi te   mater ia ls   containing  or  comprising  nickel  and  a lumin ium,  

such  as  nickel  coated  aluminium  powders,  agglomera ted   n i cke l / a l umin ium 

powders  and  composite   wires  have  been  proposed  for  use  as  b o n d - c o a t  

mater ia ls   but  such  mater ia ls   are  costly  and/or  in  short  supply.  These  

mater ials ,   when  sprayed,  react   to  form  nickel  aluminide  with  t h e  

evolution  of  heat  sufficient   to  promote  meta l lurgical   bonding  at  t h e  

i n t e r f a c e .   Powdered  mater ia ls   such  as  the  above  have  been  used  also  in 

association  with  other  alloy  powders  to  provide  "self  bonding"  coa t ings ,  

but  such  mixtures  are  not  normally  advocated  as  bond-coa t s .  

There  is  thus  a  need  for  a  mater ial   of  lower  cost  for  a  b o n d - c o a t  

which  can  be  manufac tu red   by  simple  alloying  from  readily  obtainable  r aw  

m a t e r i a l s .  

Whilst  it  has  been  proposed  to  use  a luminium-bronze  as  a  bond-coa t  

obtained  by  wire  spraying,  it  has  been  noted  that  only  limited  adhesion  is 

obtainable  when  the  mater ia l   is  sprayed  in  powder  f o r m .  

Surprisingly  it  has  now  been  discovered  that  the  addition  of 

sufficient   chromium  to  an  alloy  of  copper  and/or  nickel  con ta in ing  

aluminium  provides  a  bond  s trength  when  sprayed  ordDasmoothly  mach ined  

surface  which  is  sufficient   to  enable  the  material   to  be  used  as  a  b o n d -  

c o a t .  



Accord ing ly   the  i n v e n t i o n   p rov ides   an  a l l o y ,   s u i t a b l e   for   f l a m e  

s p r a y i n g   in  powder  form  onto  a  metal   s u b s t r a t e   to  p rovide   a  b o n d - c o a t  

t h e r e o n ,   which  c o n t a i n s ,   by  weight ,   from  2  to  30%  aluminium,  from  2  t o  

25%  chromium,  from  0  to  8%  s i l i c o n ,   from  0  to  4%  boron  and  from  0  t o  

6%  i ron ,   the  b a l a n c e ,   apar t   from  i m p u r i t i e s ,   be ing   copper  a n d / o r  

n i c k e l .  

P r e f e r a b l y   the  a l l o y   con t a in s   from  2  to  15%  aluminium.  A d v a n t a g e o u s -  

ly  the  a l l o y   c o n t a i n s   not  l e s s   than  5%  chromium.  More  p r e f e r a b l y   t h e  

a l l o y   c o n t a i n s   6.0%  aluminium,  8.5%  chromium,  4.6%  s i l i c o n   and  49.0% 

copper ,   the  b a l a n c e ,   apar t   from  i m p u r i t i e s ,   b e i n g  n i c k e l .  

An  advantageous   combina t ion   of  p r o p e r t i e s   is  e x h i b i t e d   by  a  p r e f e r r e d  

a l l o y   c o n t a i n i n g ,   by  weight ,   5%  aluminium,  10%  chromium,  5%  s i l i c o n ,   and 

45%  copper ,   the  ba l ance ,   apar t   from  i m p u r i t i e s ,   be ing  n i c k e l .   A  f u r t h e r  

p r e f e r r e d   a l l o y   c o n t a i n s ,   by  weight ,   8%  aluminium,  4%  chromium,  2% 

s i l i c o n ,   and  15%  n i c k e l ,   the  ba lance ,   apar t   from  i m p u r i t i e s ,   b e i n g  

c o p p e r .  

In  the  f o l l o w i n g ,   bond-coa t s   were  t e s t e d   by  means  of  a  s c r a t c h   t e s t  

in  which  the  b o n d - c o a t i n g s   where  app l i ed   to  s t e e l   samples  a p p r o x i m a t e l y  

50  mm  x  50  mm  x  10  mm  in  s ize   and  adhes ion   of  the  bond-coa t   was  j u d g e d  

by  o b s e r v i n g   the  e f f e c t s   of  s c r i b i n g ,   down  to  the  s u b s t r a t e ,   two  l i n e s  

a p p r o x i m a t e l y   3  mm  a p a r t .   The  t e s t   samples  were  used  in  the  a s  

machined  c o n d i t i o n   a f t e r   d e g r e a s i n g   with  an  o rganic   so lven t   i m m e d i a t e l y  

p r i o r   to  s p r a y i n g .   The  samples  were  p r e h e a t e d   only  s u f f i c i e n t l y   t o '  

p reven t   c o n d e n s a t i o n   of  mois tu re   on  t h e i r   s u r f a c e s   and  each  m a t e r i a l   was 

sprayed  in  a  rap id   s e r i e s   of  o v e r l a p p i n g   p a s s e s ,   two  l a y e r s   b e i n g  



app l i ed ,   with  the  second  being  at  r i g h t   angles  to  the  f i r s t   to  give  a  

depos i t   t h i c k n e s s   of  a p p r o x i m a t e l y   0.25  mm. 

Molybdenum  powder  sprayed  with  an  oxidising  flame  produced  a 

bond-coat  with  good  cohesion  and  adhesion  but  spraying  with  a  neutral  or 

reducing  flame  gave  a  coating  having  virtually  no  adhesion.  

Nickel  aluminium  composite  proprie tary  powders  were  f l a m e  

sprayed  to  produce  b o n d - c o a t i n g s   with  good  cohesion  and  adhesion 

whereas  nickel  aluminium  pre-alloyed  powders  when  flame  sprayed  gave  a 

coating  with  good  cohesion  but  reduced  adhesion.  

A  90%  copper,  10%  aluminium  alloy  in  pre-alloyed  form  provided  a 

flame  sprayed  coating  with  adequate  adhesion  and  best  results  were  

obtained  with  an  oxidising  f l a m e .  

Bond-coatings  were  then  produced  from  an  alloy  of  the  invention  in 

powder  form.  Sa t i s fac tory   bonding  and  adhesion  cha rac te r i s t i c s   were  

obtained  with  alloys  containing,  by  weight,  from  2  to  30%,  p r e f e r a b l y  

from  2  to  15%,  aluminium,  from  2  to  25%,  preferably  from  5  to  25%, 

chromium,  from  0  to  8%  silicon,  from  0  to  4%  boron  and  0  to  6%  iron,  the  

balance,  apart  from  impurities,   being  copper  and/or  nickel.  '  O p t i m u m  

qualities  were  achieved  with  alloy  compositions  containing  aluminium  in 

the  range  of  from  2.5  to  8%  and  preferred  alloy  composit ions,   a c c o r d i n g  

to  the  invention,  contained  by  weight,  5%  aluminium,  10%  chromium,  5% 

silicon,  45%  copper,  balance,  apart  from  impurities,  being  nickel,  and 



c o n t a i n e d ,   b y  w e i g h t ,   8%  aluminium,  4%  chromium,  2%  s i l i c o n ,   15% 

n i c k e l ,   b a l a n c e ,   apa r t   from  i m p u r i t i e s ,   being  copper.   A  f u r t h e r  

p r e f e r r e d   a l l o y   compos i t ion   a c c o r d i n g   to  the  i n v e n t i o n   c o n t a i n e d  

6.0%  aluminium,  8.5%  chromium,  4.5%  s i l i c o n   and  49.5%  copper,   t h e  

ba l ance ,   apa r t   from  i m p u r i t i e s ,   being  n i c k e l .  

Such  a l l o y s   a cco rd ing   to  the  i n v e n t i o n   produced  b o n d - c o a t i n g s  

with  bond  s t r e n g t h s   comparable  to  tha t   of  u n r e a c t e d   n i c k e l - a l u m i n i u m  

composi tes   but  s u p e r i o r   to  tha t   of  well   sprayed  molybdenum  o r  

aluminium  bronze  m a t e r i a l s .  

F u r t h e r   t e s t s   were  c a r r i e d   out  in  which  f u r t h e r   c o a t i n g s   were  

a p p l i e d   to  the  i n t i a l   bond -coa t .   Tor  t h i s   t e s t   the  i n i t i a l   b o n d -  

coat  was  a p p l i e d   to  a  s t e e l   bar  which  had  been  g r i t - b l a s t e d   in  o r d e r  

to  ensure ,   as  f a r   as  p o s s i b l e ,   tha t   on  subsequent   t e s t i n g   any  f a i l u r e  

would  be  at  the  bond-coa t   b u i l d - u p   i n t e r f a c e .  

Two  samples  were  p r e p a r e d ,   one  us ing   aluminium  bronze  as  the  b o n d -  

coat  and  one  us ing   the  a l l o y   a c c o r d i n g   to  the  i n v e n t i o n .   The  b u i l d - u p  

c o a t i n g   in  each  case  was  a  p r o p r i e t a r y   n i c k e l   base  a l l o y .   The  s a m p l e s ,  

p repared   as  above,  were  s u b j e c t e d   to  hammering  u n t i l   f a i l u r e   and  i t   was 

observed  tha t   the  c o a t i n g   a p p l i e d   with  the  use  of  the  aluminium  b r o n z e  

bond-coa t   f a i l e d   at  the  b o n d - c o a t / s u b s t r a t e   i n t e r f a c e   whereas  t h e  

sample  c a r r y i n g   a  bond-coa t   a c c o r d i n g   to  the  i n v e n t i o n   w i t h s t o o d  

g r e a t e r   hammering  and  u l t i m a t e l y   f a i l e d   at  the  b o n d - c o a t / b u i l d - u p   c o a t  

i n t e r f a c e   thus  d e m o n s t r a t i n g   the  s u p e r i o r   adhes ion   of  the  b o n d - c o a t  

a l l o y   of  the  i n v e n t i o n .  



A d d i t i o n a l   t e s t s   were  c a r r i e d   out  to  a s c e r t a i n   the  r e s i s t a n c e   o f  

an  a l l o y   acco rd ing   to  the  i n v e n t i o n   to  c o r r o s i o n   in  a  marine  o r  

s i m i l a r   c o r r o s i v e   envi ronment ,   in  comparison  with  tha t   of  a  c o n v e n t -  

iona l   n i c k e l / a l u m i n i u m   bond-coat   a l l o y .   Accord ing ly   two  s ample s  

were  p repared   by  sp ray ing   l aye r s   of  the  a l l oy   on  to  s t a i n l e s s   s t e e l  

t e s t   pane l s ,   one  sample  us ing   a  c o n v e n t i o n a l   n i c k e l / a l u m i n i u m   b o n d -  

coat  a l l oy   having  a  nominal  compos i t ion ,   by  weight ,   of  95%  n i c k e l  

and  5%  aluminium  and  the  o ther   sample  us ing   a  bond-coa t   a l l oy   a c c o r d -  

ing  to  the  i n v e n t i o n   having  a  nominal  compos i t i on ,   by  weight ,   of  6.0% 

aluminium,  8.5%  chromium,  4.6%  s i l i c o n ,   31.9%  n i c k e l   and  49.0% 

copper.   Both  samples  were  weighed  and  immersed  in  3%  sodium  c h l o r i d e  

s o l u t i o n .   The  samples  were  removed  at  f ixed   i n t e r v a l s   from  t h e  

s o l u t i o n ,   weighed  and  the  r e s u l t s   r ecorded .   Af te r   six  days  a l l   t h e  

c o n v e n t i o n a l   n i c k e l / a l u m i n i u m   c o a t i n g   had  been  removed  from  t h e  

immersed  area  of  the  r e s p e c t i v e   sample  whereas  the  c o a t i n g   of  t h e  

a l l o y   a cco rd ing   to  the  i n v e n t i o n   showed  an  i n i t i a l   a t t a c k   e q u i v a l e n t  

to  2.75  m i l l i g r ams   per  square  dec imet re   per  day  dur ing   the  f i r s t   s i x  

days  of  immersion,  a f t e r   which  no  f u r t h e r   weight  loss   was  n o t e d .  

Thus  the  a l l o y   a c c o i d i n g   to  the  p r e s e n t   i n v e n t i o n   was  found  to  have  

g r e a t l y   s u p e r i o r   r e s i s t a n c e   to  marine  c o r r o s i o n   than  the  c o n v e n t i o n a l  

n i c k e l / a l u m i n i u m   a l l o y .  

An  a l l oy   a cco rd ing   to  the  i n v e n t i o n ,   hav ing   the  nominal  c o m p o s i t i o n  

given  in  the  f o r e g o i n g   example,  was  used  as  a  bond-coa t   for   a p p l y i n g  

a  c o a t i n g   of  COLMONOY  C290  (Trade  Mark)  having  a  nominal  c o m p o s i t i o n ,  

by  weight ,   of  13.3%  chromium,  1.5%  boron,  2.5%  s i l i c o n ,   0.4%  c a r b o n  

37.0%  n i c k e l ,   with  the  ba lance ,   apa r t   from  i m p u r i t i e s ,   being  i r o n ,  

to  e l e c t r i c   motor  sha f t s   and  to  an  h y d r a u l i c   ram.  The  sha f t s   were  



s a t i s f a c t o r i l y   r e p a i r e d   in  t h i s   way.  The  ram  was  rough  t h r e a d e d  

to  i n c r e a s e   the  c o a t i n g   con t ac t   area ,   sprayed  with  the  b o n d - c o a t  

of  the  a l l o y   of  the  i n v e n t i o n   to  a  t h i c k n e s s   of  0.1  mm  en  w h i c h  

a  f u r t h e r   c o a t i n g   of  the  COLMONOY  C  290  a l l oy   was  b u i l t   up  to  a  

t h i c k n e s s   s u f f i c i e n t   to  machine  back  to  the  o r i g i n a l   ram  s i z e .  

Thus  i t   can  be  seen  t ha t   bond-coa t s   produced  from  an  a l l o y   a c c o r d -  

ing  to  the  i n v e n t i o n   possess   very  good  p r o p e r t i e s   of  adhes ion   t o  

the  s u b s t r a t e ,   s u f f i c i e n t   even  to  w i t h s t a n d   the  severe   t e s t   o f  

subsequent   machining .   These  good  adhes ion   p r o p e r t i e s   enable   a  

bond-coa t   produced  from  an  a l l o y   of  the  i n v e n t i o n   to  be  used  f o r  

r e c l a m a t i o n   of  areas   of  components  which  have  been  mismachined  t o  

dimensions   below  the  minimum  r e q u i r e d   d imens ions .   Such  a reas   may 

be  bond-coa ted   and  s u b s e q u e n t l y   machined  or  ground  to  the  r e q u i r e d  

dimensions   wi thou t   the  need  for   roughening   or  u n d e r c u t t i n g   of  t h e  

s u b s t r a t e   area  to  be  r e c l a i m e d .  

Moreover  a l l oys   a cco rd ing   to  the  p r e sen t   i n v e n t i o n   may  be  u s e d  

as  bond-coa t s   for   the  a p p l i c a t i o n   of  ceramic  d e p o s i t s ,   such  a s  

alumina  (nominal  compos i t ion   by  weight ,   94.0%  aluminium  o x i d e ,  

2.5%  t i t a n i u m   oxide,   2.0%  s i l i c o n   d iox ide ,   plus  usua l   i m p u r i t i e s )  

or  TITANIA  (Trade  Mark)  (nominal  compos i t ion ,   by  weight ,   50%  a l u m i n -  

ium  oxide ,   50%  t i t a n i u m   d iox ide )   to  a  metal   s u b s t r a t e .   In  t h e  

l a t t e r   case  the  bond-coa t   may  be  app l i ed   d i r e c t l y   onto  a  m a c h i n e d  

and  degreased   s u b s t r a t e   wi thout   g r i t - b l a s t i n g   be ing   n e c e s s a r y .  



1.  An  a l l o y ,   s u i t a b l e   for  flame  sp ray ing   in  powder  form  onto  a  

metal   s u b s t r a t e   to  provide   a  bond-coat   t he reon ,   which  c o n t a i n s ,   by  

weight ,   from  2  to  30%  aluminium,  from  2  to  25%  chromium,  from  0  t o  

8%  s i l i c o n ,   from  0  to  4%  boron  and  from  0  to  6%  i ron ,   the  b a l a n c e ,  

apar t   from  i m p u r i t i e s ,   being  copper  and /or   n i c k e l .  

2.  An  a l l o y   a c c o r d i n g   to  claim  1,  c o n t a i n i n g   from  2  to  15% 

a lumin ium.  

3.  An  a l l o y   a cco rd ing   to  claim  1  or  claim  2,  c o n t a i n i n g   not  l e s s  

than  5%  chromium. 

4 .  A n   a l l o y   a cco rd ing   to  any one  of  claims  1  to  3,  c o n t a i n i n g  

6.0%  aluminium,  8.5%  chromium,  4.6%  s i l i c o n   and  49.0%  copper ,   t h e  

ba l ance ,   apar t   from  i m p u r i t i e s ,   being  n i c k e l .  

5.  An  a l l o y   a cco rd ing   to  any one  of  claims  1  to  3,  c o n t a i n i n g  

5%  aluminium,  10%  chromium,  5%  s i l i c o n   and  45%  copper ,   the  b a l a n c e ,  

apar t   from  i m p u r i t i e s ,   being  n i c k e l .  

6.  An  a l l o y   a cco rd ing   to  claim  1  or  claim  2,  c o n t a i n i n g   8% 

aluminium,  4%  chromium,  2%  s i l i c o n   and  15%  n i c k e l ,   the  ba l ance ,   a p a r t  

from  i m p u r i t i e s ,   being  c o p p e r .  

7.  An  a l l o y ,   s u i t a b l e   for   flame  sp ray ing   in  powder  form  onto  a  

metal   s u b s t r a t e   to  provide   a  bond-coat   t he r eon ,   s u b s t a n t i a l l y   a s  

h e r e i n b e f o r e   d e s c r i b e d .  




	bibliography
	description
	claims
	search report

