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Process  for  applying  a  dense  layer  of  hard  alloys  or  cermets  to  a  metal  object;  metal  objects  coated  with  a  dense 
layer  of  hard  alloys  or  cermets. 

A  process  for  applying  a  dense,  hard  and  wear-resis- 
tant  layer  of  cermets  or  ceramic  material  to  a  metal  object 
which  can  have  a  complicated  shape  by  the  spraying  on  of 
a  matrix  material  and  hard  particles  of  cermets  or  ceramic 
material,  followed  by  consolidation  of  the  sprayed-on  layer 
by  hot  isostatic  compaction  of  the  combination  at  high 
temperature  and  pressure  during  at  least ½  hour. 



The  invention  re la tes   to  a  process  for  applying  a  dense,  hard  and  wear- 

res is tant   layer  of  cermets  or  ceramic  material   to  a  metal  object  by  the  

spraying  on  of  a  matrix  material   and  hard  pa r t i c l e s   of  cermets  or  ceramic 

material ,   followed  by  consolidat ion  of  the  sprayed-on  layer  at  high  tempera- 

ture  and  p r e s su re .  

Bri t ish  Patent  1,451,113  discloses  a  process  for  spraying  a  layer  on  a 

metal  object,  such  layer  consist ing  of  a  metal  or  an  alloy,  which  may  con- 

tain  ceramic  mater ia ls ,   or  so-called  cermets.  In  spraying  by  known  methods, 

for  example  flame  spraying  or  plasma  spraying  of  powdered  mater ia ls ,   a  por -  

ous  layer  is  obtained.  In  many  cases,  the  adhesion  of  this  layer  to  the  

base  material   is  found  unsa t i s f ac to ry ,   and  therefore  the  said  patent  proposes 

consolidating  the  porous  layer  by  fusing  the  binder  metal  present  t h e r e i n  

under  vacuum,  thus  reducing  the  porosity.   To  combat  oxidation,   this  fus ion  

is  carried  out  under  vacuum.  According  to  the  patent,   good  resul ts   are  ob- 

tained  by  this  method  if  the  layer  consists  of  50  percent  by  weight  of  tung- 

sten  carbide  in  a  matrix  of  a  nickel-chromium  alloy  serving  as  binder  meta l .  

As  the  content  of  binder  metal  in  the  layer  decreases,  and  the  conten t  

of  hard  pa r t i c l e s   accordingly  increases,   it  seems  to  become  more  and  more 

d i f f i c u l t   to  consolidate  the  layer  by  fusing  the  binder  metal,  and  at  a 

binder  metal  content  of  30  percent  or  less,  it  becomes  p r ac t i ca l l y   impos- 

s i b l e .  

German  Letters  of  Disclosure  1,783,061  propose  appl ica t ion  of  a  com- 

parable  dense  layer  by  bui l t -up  welding,  using  a  tubular  or  rod  welding 

electrode  containing  a  binder  metal  and  tungsten  carbides.  Such  an  e l e c -  

trode,  according  to  the  spec i f i ca t ion ,   preferably  contains  30-40  percent .  



by  weight  of  binder  metal  and  70-60  percent  by  weight  of  carbide  p a r t i c l e s .  

During  welding,  this  material   is  further   mingled  with  some  quantity  of  molten 

base  mater ia l .   According  to  the  German  spec i f i c a t i on ,   the  binder  metal  must 

contain  at  least   one  of  the  metals  Co,  Ni,  Fe  or  Cr  as  chief  c o n s t i t u e n t .  

By  this-method  also,  it  is  not  possible  to  apply  a  dense  layer  to  a 

metal  object  such  that  the  layer  consists  of  more  than  70  percent  by  weight 

of  ceramic  or  cermet  pa r t i c l e s ,   such  as  hard  metal  carbides,   for  example  tung-  

sten  or  t i tanium  carbide,  or  other  hard  mater ia ls .   In  a  layer  with  so  h igh 

a  content  of  hard  pa r t i c l e s ,   a  cohesive  and/or  adhesive  bond  cannot  be  im- 

proved  by  in terna l   fus ion .  

According  to  the  invention,  in  a  process  of  the  type  i n i t i a l l y   r e f e r r e d  

to,  the  consol idat ion  of  the  sprayed-on  porous  layer  is  accomplished  by  i s o -  

s t a t i c   compaction  at  a  temperature  of  at  least   1000 C  and  a  pressure  of  a t  

least   1000  bars,  for  at  least   one  half  hour.  

In  this  way  it  is  possible  to  obtain  an  applied  layer  of  high  d e n s i t y  

and  markedly  improved  bonding  to  the  base  m a t e r i a l .  

The  process  according  to  the  invention  is  especia l ly   sui table   for  apply-  

ing  a  layer  of  tungsten  carb ide /cobal t   to  a  forged,  cast  or  s i n g e r   core  or 

similar  base  material .   Cermets  of  other  metals  or  ceramic  mater ials   may  a l -  

t e rna t ive ly   be  used,  for  example  TiC  or  Si3N4.  As  binder  metal,  a  metal  or  

an  alloy  consist ing  predominantly  of  Ni,  Co,  Fe  or  Cr  may  be  used.  P r e f e r -  

ably  cobalt  or  an  alloy  of  cobalt  and  nickel  (Co/Ni)  is  used.  The  proper  

choice  of  course  depends  part ly  on  the  base  material   used,  to  which  the  ap- 

plied  layer  must  bond  we l l .  

The  layer  is  applied  by  spraying  on  of  a  powder  mixture  containing  the  

binder  metal  and  the  pa r t i c l e s   in  the  desired  proportion  for  the  l a y e r .  

This  spraying  may  be  carried  out  in  conventional  manner,  for  example  by 

flame  spraying  or  plasma  spraying,  a  porous  layer  being  formed  in  e i t h e r  

case.  The  objects  may  be  completely  or  only  partly  coated  with  the  spraved 



layer.  Depending  on  the  desired  thickness  of  layer,  the  coating  material  may 

be  applied  in  one  or  several  thicknesses.   If  desired,  the  successive  l aye r s  

may  d i f fer   from  each  other  in  composit ion.  

If  necessary,  the  surface  may  then  be  f inished  smooth.  In  most  f a ce s ,  

however,  this  can  be  omitted  because  the  roughness  of  the  surface  after   con- 

sol idat ion  is  chiefly  determined  by  the  grain  size  of  the  pressure  t r a n s m i t t i n g  

medium.  If  the  proper  grain  size  is  used,  the  smoothness  of  the  surface  w i l l  

be  su f f i c i en t   in  most  cases  even  without  f inishing.   A  grain  size  of  0 .10-0.25 

mm  is  very  s a t i s f ac to ry   for  many  purposes.  

According  to  a  preferred  form  of  the  invention,  a  mixture  containing  a t  

least  7  percent  by  weight  of  cermet  pa r t i c les   is  used  for  the  sprayed-on  l a y e r ,  

and  preferably  a  mixture  consist ing  of  83-94  percent  by  weight  of  tungs ten  

carbide,  remainder  coba l t .  

The  thermal  expansion  coef f ic ien t s   of  cermets  or  ceramic  materials  d i f -  

fer  appreciably  from  those  of  metals.  To  prevent  the  applied  layers  from 

cracking  loose  as  a  resul t   of  thermal  s t resses   during  cooling  at  the  end  of 

the  consol idat ing  operation,  it  is  preferable  to  vary  the  content  of  cermets 

or  ceramic  materials  in  the  d i rect ion  of  depth  by  applying  the  cow:ing  l ave r  

in  two  or  more  steps,  the  content  of  binder  metal  being  varied  from  one 

sprayed-on  layer  to  another .  

The  invention  likewise  relates   to  metal  objects  completely  or  p a r t i a l l y  

coated  with  a  dense  layer  consist ing  of  a  binder  metal  and  so-called  cermet 

par t ic les   or  ceramic  materials   and  character ized  in  that  the  dense  coating  l a y -  

er  consists  of  at  least  70  percent  by  weight  of  the  hard  pa r t i c l e s ,   remainder 

binder  meta l .  

The  invention  re la tes   also  to  such  metal  objects  in  which  the  layer  con- 

sists   of  83-94  percent  by  weight  of  cermet  pa r t i c l e s ,   in  pa r t i cu la r   a  tungs ten  

carbide/cobal t   composit ion.  

More  spec i f i ca l ly   also,  the  invention  re la tes   to  objects  of  the  said  type 



generally  in  which  the  content  of  binder  metal  in  the  applied  hard  layer  v a r i e s  

with  the  distance  from  the  base  metal,  and  in  pa r t i cu la r   to  such  coated  o b j e c t s  

in  which  the  content  of  binder  metal  in  the  layer  decreases  with  i n c r e a s i n g  

distance  from  the  base  m a t e r i a l .  

The  invention  will  now  be  further   i l l u s t r a t e d   with  reference  to  f i g u r e s ,  

"Fig.  1  schematically  represent ing  an  object  produced  according  to  the  i nven t ion ,  

and  Figs.  2  and  3  showing  photographs  of  a  compacted  layer  before  and  af ter   use 

of  the  i nven t ion .  

After  spraying  on  of  the  layer  4,  the  coated  object  3  is  placed  in  a 

comparatively  thin-walled  holder  2,  for  example  of  low-alloy  s teel .   Then  the  

holder  is  completely  f i l l ed   with  a  pressure  t ransmi t t ing   medium  5  and  c losed 

gastight  with  a  cover  1.  Then  the  holder  2  is  placed  in  a  hot  i s o s t a t i c  

press  (not  shown)  in  which  the  holder  is  heated  to  the  consol idat ing  tempera- 

ture,  which  is  at  least  1000oC,  preferably  1000-1400°C.  The  temperature  dur ing 

this  operation  is  always  such  that  the  consol idat ion  takes  placed  in  the  s o l i d  

phase.  At  this  temperature,  the  binder  metal  is  not  melted,  but  some  s i n t e r i n g  

does  occur.  Simultaneously  with  the  raising  of  the  temperature,  or  after   the 

desired  temperature  has  been  reached,  the  gas  pressure  in  the  press  is  r a i s e d  

to  at  least   1000  bars,  preferably  up  to  1800  bars.  This  diminishes  the  volume 

of  the  holder  2,  and  the  gas  pressure  is  t ransmit ted  by  way  of  the  p r e s su re  

t ransmi t t ing   medium  5  to  the  object  3  with  sprayed-on  layer  4.  Under  the  

influence  of  this  temperature  and  pressure,   the  layer  4  is  consolidated,   whi le  

at  the  same  time  a  diffusion  bond  is  formed  with  the  base  material   3.  This 

process  takes  at  least   one  half-hour,   counting  from  attainment  of  the  c o n s o l i -  

dation  temperature  to  the  commencement  of  cooling.  Preferably  the  ope ra t ion  

is  continued  for  1/2  to  2  hours.  Then  the  temperature  and  pressure  are  allowed 

to  return  to  the  level  of  the  surroundings,  af ter   which  the  object  is  removed 

from  the  holder  2. 

Fig.  2  shows  a  photograph  of  a  plasma-sprayed  layer  4A  on  a  base  m a t e r i a l  

3A  before  the  invention  has  been  applied  to  the  object.  After  the  process  ac-  



cording  to  the  invention,   the  picture  of  Fig.  3  is  obtained,  which  clearly  shows 

that  1 )  layers   3  and  4  have  a t ta ined  maximum  density,   2)  an  optimum  d i f f u s i o n  

bond  6  has  been  formed  between  layers  3  and  4. 



1.  Process  for  applying  a  dense,  hard  and  wear - re s i s t an t   layer  of  c e r -  

mets  or  ceramic  material   to  a  metal  object  by  spraying-on  of  a  matrix  m a t e r i a l  

and  hard  pa r t i c l e s   of  cermets  or  ceramic  mater ia l ,   followed  by  consol idat ion  of  

the  sprayed-on  layer  at  high  temperature  and  pressure,   character ized  in  t h a t  

the  sprayed-on  layer  is  consolidated  by  i s o s t a t i c   compacting  at  a  tempera ture  

of  at  least   1000°C  and  a  pressure  of  at  least   1000  bars  for  at  least   1/2  hour.  

2.  Process  according  to  claim  1,  character ized  in  that  cobalt  and /o r  

nickel  is  used  as  binder  for  the  sprayed-on  l a y e r .  

3.  Process  according  to  claims  1  to  2,  character ized  in  that  a  layer  con- 

taining  ceramic  pa r t i c l e s   is  sprayed  on. 

4.  Process  according  to  claims  1  to  2,  character ized  in  that  cermet  p a r -  

t i c les   are  used  in  the  sprayed-on  l a y e r .  

5.  Process  according  to  claims  1  to  4,  character ized  in  that  a  mixture 

containing  at  least  70  percent  by  weight  of  cermet  p a r t i c l e s ,   for  example  tung- 

sten  carbide,  is  used  for  the  sprayed-on  l a y e r .  

6.  Process  according  to  claim  5,  character ized  by  use  of  a  sprayed-on 

layer  consist ing  83-94  percent  by  weight  of  tungsten  carbide,  remainder  c o b a l t .  

7.  Process  according  to  claim  6,  character ized  in  that  the  c o n s o l i d a t i o n  

is  carried  out  during  a  period  of  1/2  to  2  hours  at  a  temperature  of  1000-1400°C 

and  a  pressure  of  1000-1800  ba r s .  

8.  Process  according  to  claims  1  to  7,  character ized  in  that  the  c o a t -  

ing  layer  is  applied  in  two  or  more  steps,  the  content  of  binder  metal  in  the  

sprayed-on  layers  being  so  varied  as  to  prevent  the  layers  from  cracking  loose  

because  of  differences  in  coef f ic ien t   of  expansion. 

9.  Metal  objects  completely  or  p a r t i a l l y   coated  with  a  dense  layer  con- 



s is t ing  of  a  binder  metal  and  high-melting,   hard  cermet  pa r t i c l e s   or  ceramic 

pa r t i c l e s ,   character ized  in  that  the  dense  coating  layer,  consist ing  of  a t  

least  70  percent  by  weight  of  the  hard  p a r t i c l e s ,   remainder  a  binder  metal,  i s  

i s o s t a t i c a l l y   compacted. 

10.  Metal  objects  according  to  claim  9,  character ized  in  that  the  l a y e r  

consists  of  83-94  percent  by  weight  of  a  cermet  m a t e r i a l .  

11.  Metal  objects  according  to  claim  9  or  10,  character ized  in  that  the 

cermet  is  a  tungsten  ca rb ide .  

12.  Metal  objects  according  to  claims  9  to  11,  character ized  in  that  the 

binder  metal  consists  of  coba l t .  

13.  'Metal  objects  according  to  claims  9  to  12,  character ized  in  that  the 

layer  consists   of  83-94  percent  by  weight  of  tungsten  carbide  and  17-6  percent  

by  weight  of  c o b a l t .  

14.  Metal  objects  according  to  claims  9  to  13,  character ized  by  the  p r e s -  

ence  of  an  optimum  diffusion  bond  between  the  layer  and  the  base  m a t e r i a l .  

15.  Metal  objects  according  to  claims  9  to  14,  character ized  in  that  the 

content  of  binder  metal  in  the  layer  varies  with  the  distance  from  the  base 

m a t e r i a l .  

16.  Metal  objects  according  to  claim  15,  character ized  in  that  the  con- 

tent  of  binder  metal  in  the  layer  decreases  with  increasing  distance  from  the 

base  m a t e r i a l .  
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