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©  Cemented  carbide  compositions  and  process  for  making  such  compositions. 

The  compositions  comprise  about  80  to  about  97%  by 
weight  of  the  refractory  particles  of,  for  example,  tungsten 
carbide.  The  particles  are  bonded  within  an  alloy  matrix  of 
between  about  5  and  about  50%  nickel,  sufficient  carbon  to 
avoid  the  formation  of  detrimental  carbon  deficient  or  excess 
carbon  phases  and  a  balance  of  about  95  to  about  50%  iron 
by  weight.  In  a  preferred  embodiment,  the  alloy  matrix 
additionally  contains  from  about  5  to  about  20%  by  weight  of 
manganese. 

These  compositions  are  useful  for  rock  drilling. 



This  i n v e n t i o n   is  concerned   with  cemented  c o m p o s i t i o n s   and,  more 

p a r t i c u l a r l y ,   with  cemented  c a r b i d e   compos i t i ons   having  unique  c h a r a c t e -  

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

mining  o p e r a t i o n s .  

S imi la r   compos i t i ons   are  well  known  for  t h e i r   combina t ions   o f  

ha rdness ,   compress ive   s t r e n g t h   and  a b r a s i o n   r e s i s t a n c e .   Because  of  t h e s e  

p r o p e r t i e s ,   as  well  as  o t h e r s ,   cemented  ca rb ide   c o m p o s i t i o n s   are  u s e d  

e x t e n s i v e l y   in  i n d u s t r i a l   a p p l i c a t i o n s .   R e p r e s e n t a t i v e   are  c u t t i n g   t o o l s ,  

drawing  d ies ,   wear  p a r t s ,   d r i l l s   and  other   a p p l i c a t i o n s   where  h a r d n e s s ,  

compress ive   s t r e n g t h   and  ab ra s ion   r e s i s t a n c e   are  of  paramount  i m p o r t a n c e .  

A   r e p r e s e n t a t i v e   and  wide  v a r i e t y   of  these   c o m p o s i t i o n s ,  

d i f f e r e n t   p h y s i c a l   forms  in  which  they  may  be  u t i l i z e d   and  means  o f  

p r o d u c t i o n   are  de sc r i bed   in  U.S.  Pa ten t   No  3 ,384 ,465   and  U.S.  Pa ten t   No. 

3 ,450 ,511 .   These  compos i t i ons   are  p r i m a r i l y   composed  of  r e f r a c t o r y  

p a r t i c l e s   of,  for  example,  t u n g s t e n   ca rb ide   bound  wi th in   a  m e t a l l i c  

mat r ix .   Although  coba l t   is  the  most  common  metal  for  such  matr ix   b i n d e r s ,  

many  o the r s   have  also  been  employed .  

It  is  known,  for  example,  t h a t   va r ious   advan tages   may  flow  from 

the  use  of  n icke l   and/or   i ron  in  these   matrix  b i n d e r s .   These  metals   have  

been  s u b s t i t u t e d   for  some  or  a l l   of  the  coba l t   in  s e l e c t e d   c o m p o s i t i o n s .  

Such  s u b s t i t u t i o n s   are  d e s c r i b e d   in  U.S.  Pa ten t s   No.  3 , 8 1 6 , 0 8 1 ,   3 , 3 7 2 , 0 6 6  

and  3 ,746 ,519 .   There,  a l l oys   c o n t a i n i n g   both  n i c k e l   and  i ron  a r e  

d i s c l o s e d   as  being  u se fu l   in  matr ix   b inders   for  t ungs t en   and  o ther   such  

ca rb ide   p a r t i c l e s .  

An  impor tan t   q u a l i t y   of  a  cemented  ca rb ide   compos i t ion   is  i t s  

a b i l i t y   to  r e s i s t   the  p r o p a g a t i o n   of  small  cracks   wich  form  in  t h e  

compos i t ion   s u r f a c e .   It  is  of  p a r t i c u l a r   importance  in,  for  example,  a 

rock  d r i l l   where  such  cracks  may  form  soon  a f t e r   i t   is  put  in to   s e r v i c e .  

The  r e s i s t a n c e   to  p r o p a g a t i o n   of  s u r f a c e   cracks  is  r e f e r r e d   to  as  f r a c t u r e  

toughness   or,  in  more  exact  terms,   c r i t i c a l   s t r e s s   i n t e n s i t y   p a r a m e t e r ,  

i . e . ,   KIC .  This  p rope r ty   is  best   measured  in  a  t e s t   where  a  n a t u r a l   c r a c k  

can  be  s t a r t e d   and  stopped  s e v e r a l   t imes,   in  such  manner  t ha t   the  e n e r g y  

r e q u i r e d   to  p ropaga te   the  crack  can  be  a c c u r a t e l y   d e t e r m i n e d .  



Another  q u a l i t y   of  p a r t i c u l a r   importance  is  r e s i s t a n c e   to  h i g h  

a p p l i e d   s t r e s s ;   a  c i r c u m s t a n c e   again  encountered   in  rock  d r i l l i n g .   The 

invo lved   p r o p e r t y   of  ha rdness   d i r e c t l y   a f f e c t s   wear  r e s i s t a n c e   and 

t h e r e f o r e   the  l o n g e v i t y   of  use  of  a r t i c l e s   made  from  these   cemented  

c o m p o s i t i o n s .  

Despi te   the  wide  spread  use  and  i n v e s t i g a t i o n   of  such  cemented  

c o m p o s i t i o n s ,   s u b s t a n t i a l   improvement  in  compos i t ions   u s e f u l   in  r o c k  

d r i l l i n g   has  not  been  ach i eved .   Where  i n c r e a s e s   in  one  such  p rope r ty   have  

been  ob t a ined ,   other   i m p o r t a n t   ones  of ten  i nc lud ing   a b r a s i o n   r e s i s t a n c e  

and  hardness   have  s u f f e r e d .   Thus  composi t ions   having  the  c o m p o s i t e  

p r o p e r t i e s   d e s i r e d   for  t h i s   purpose  have  remained  u n a v a i l a b l e .  

Figure   1  is  a  graph  r e f l e c t i n g   the  su r face   harden ing   as  a  r e s u l t  

of  s imula ted   rock  d r i l l i n g   of  r e p r e s e n t a t i v e   compos i t ions   of  the  p r io r   a r t  

and  p re sen t   i nven t i on  -  a s   a  f unc t i on   of  d i s t a n c e   from  the  c o m p o s i t i o n  

s u r f a c e .   Figure   2  is  a  graph  of  f r a c t u r e   toughness   versus   a b r a s i o n  

r e s i s t a n c e   for  some  c o m p o s i t i o n s   of  t h i s   i nven t ion   as  compared  to  p r i o r  

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

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  improved  cemented  compos i -  

t i o n s   and,  more  p a r t i c u l a r l y ,   to  cemented  tungs ten   ca rb ide   c o m p o s i t i o n s  

having  p a r t i c u l a r   u t i l i t y   for  rock  d r i l l i n g   and/or   mining  o p e r a t i o n s .  

These  compos i t ions   solve  many  of  the  drawbacks  of  the  p r io r   a r t ,   i n c l u d i n g  

those   a l r e a d y   d i s c u s s e d   a b o v e .  

The  p r e s e n t   c o m p o s i t i o n s   are  composed  g e n e r a l l y   of  from  about  80 

to  about  97%  by  weight  of  r e f r a c t o r y   p a r t i c l e s   of,  for  example,  t u n g s t e n  

c a r b i d e .   These  p a r t i c l e s   are  bound  wi th in   from  about  3  to  about  20%  by 

weight  of  a  m e t a l l i c   matr ix   compr is ing   an  a l loy   of  between  about  5  and 

about  50%  n i c k e l ,   s u f f i c i e n t   carbon  to  avoid  the  format ion   of  d e t r i m e n t a l  

carbon  d e f i c i e n t   or  excess   carbon  phases  and  a  balance  of  from  about  95  t o  

about  50%  iron  by  weight .   In  a  f u r t h e r   improved  embodiment  these  a l l o y s  

a d d i t i o n a l l y   con ta in   manganese .  
The  major  component  of  the  p r e sen t   cemented  compos i t ions   is  i t s  

r e f r a c t o r y   p a r t i c l e s .   I t   is  t h i s   component,  g e n e r a l l y   p r e s e n t   in  about  80 

to  about  97%  by  t o t a l   weight ,   which  is  p r i m a r i l y   r e s p o n s a b l e   for  t h e  

ab ra s ion   r e s i s t a n c e   n e c e s s a r y   for  these   compos i t i ons '   u t i l i t i e s .  

Tungsten  c a r b i d e   g e n e r a l l y   c o n s t i t u t e s   at  l e a s t   50%,  and 

p r e f e r a b l y   from  70  to  100%,  of  these  r e f r a c t o r y   p a r t i c l e s .   I ts   well  known 

p h y s i c a l   p r o p e r t i e s   make  i t   p a r t i c u l a r l y   s u i t a b l e   for  t h i s   purpose.   In  



a d d i t i o n ,   va r ious   o the r   m a t e r i a l s   may  be  employed  in  c o n j u n c t i o n   with  i t .  

For  s p e c i f i c   a p p l i c a t i o n s ,   p a r t i c l e s   of  t i t a n i u m   c a r b i d e ,   t an t a lum  c a r b i d e  

and/or   va r ious   o ther   known  r e f r a c t o r i e s   may  be  admixed  with  the  p a r t i c l e s  

of  t u n g s t e n   c a r b i d e .   Most  commonly,  these   secondary   r e f r a c t o r i e s   a r e  

u t i l i z e d   in  an  amount  l e s s   than  50%,  p r e f e r a b l y   l e s s   than  20%,  by  t o t a l  

weight  of  p a r t i c l e s .  

As  known  in  the  a r t ,   the  ca rb ide   gra in   s ize   may  range  widely.   To 

provide   the  most  d e s i r e d   combina t ion   of  ab ra s ion   r e s i s t a n c e   and  t o u g h n e s s ,  

the  ca rb ide   gra in   s i ze   may  be  from  about  o n e - h a l f   (½)  to  about  15 µ m  o r  

mixtures   t h e r e o f .  

The  matrix  b inder   for  the  r e f r a c t o r y   p a r t i c l e s   of  the  p r e s e n t  

i n v e n t i o n   is  a  m e t a l l i c   a l l o y .   It  is  t h i s   a l loy   which  is  r e s p o n s i b l e   f o r  

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

unique  p r o p e r t i e s   of  the  p r e s e n t   a l l o y s ;   a  s u p e r i o r   combinat ion   o f  

f r a c t u r e   toughness   and  a b r a s i o n   r e s i s t a n c e   can  be  ach ieved   as  compared  t o  

many  of  those  of  the  p r i o r   a r t .  
,  i 

The  m e t a l l i c   a l l oy   compr i ses   and  may  c o n s i s t   e s e e n t i a l l y   of  f rom 

about  5  to  about  500%  by  weight  n i cke l   with  the  remainder   or  balance  b e i n g  

from  about  95  to  about  50%  by  weight  i ron .   Other  metals   such  as  c o b a l t ,  

molybdenum,  copper,   chromium  and  o the rs   may  be  p r e s e n t   a l so .   Within  t h e  

fo rego ing   p r o p o r t i o n s ,   such  a l l o y s   may  provide  s u b s t a n t i a l   improvement  o f ,  

in  p a r t i c u l a r ,   the  c r i t i c a l   p rope r ty   of  f r a c t u r e   t o u g h n e s s .  

In  a d d i t i o n   to  the  fo regoing   m e t a l l i c   components,   the  a l l o y  

should  con ta in   a  s u f f i c i e n t   amount  of  carbon  to  avoid  the  fo rmat ion   o f  

carbon  d e f i c i e n t   phases .   Gene ra l ly ,   no  more  than  about  2%  carbon  by  a l l o y  

weight  w i l l   be  p r e s e n t .   An  excess  of  carbon,  s u f f i c i e n t   to  produce  a  C-2 

or  above  r a t i n g   per  ASTM  s p e c i f i c a t i o n   B-276  should  be  avoided  a l so .   Such 

an  excess   may  reduce  the  d e s i r a b l e   performance  c h a r a c t e r i s t i c   of  t h e  

c o m p o s i t i o n .  

This  carbon  performs  s eve ra l   f u n c t i o n s   in  the  a l l o y .   Most 

i m p o r t a n t l y ,   i t   may  be  u t i l i z e d   to  avoid  the  fo rmat ion   of  harmful  d o u b l e  

ca rb ide s   of,  for  example,  i ron  with  the  t u n g s t e n .   Such  double  c a r b i d e s   a r e  

g e n e r a l l y   qui te   b r i t t l e   and  t h e r e f o r e   also  d e t r a c t   from  i m p o r t a n t  

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

In  a  f u r t h e r   embodiment  o f  t h e   p r e sen t   i n v e n t i o n ,   the  a l loy   o f  

the  b inder   matrix  a d d i t i o n a l l y   con ta ins   manganese,  d e s i r a b l y   f rom 



about  5  to  about  20%  by  weight .   This  metal  component  has  been  d i s c o v e r e d  

to  be  e s p e c i a l l y   advantageous   in  the  foregoing   a l l o y s   where  they  c o n t a i n  

about  5  to  about  30%  by  weight  n i c k e l .  

The  p r e s e n t   cemented  c a r b i d e   compos i t ions   may  be  employed  in  any 

n e c e s s a r y   shape  and  p repared   by  s t a n d a r d   cemented  ca rb ide   m a n u f a c t u r i n g  

t e c h n i q u e s .   For  conven ience ,   the  s e p a r a t e   a l loy   components  ( g e n e r a l l y   i n  

f i n e l y   powdered  form)  are  f i r s t   mixed  t o g e t h e r ,   for  example  in  a  b a l l  

mi l l .   The  admixture  may  then  simply  be  p r e s s e d  o r   molded  in to   the  d e s i r e d  

shape.  These  s teps   are  u s u a l l y   performed  in  the  p resence   of  a  l u b r i c a n t  

such  as  p a r a f f i n   or  p o l y e t h y l e n e   g lycol   which  can  s u b s e q u e n t l y   be 

s u b s t a n t i a l l y   removed.  

Once  in  (or  s i m u l t a n e o u s   with  format ion  of)  the  de s i r ed   s h a p e ,  

the  molded  components  can  be  s i n t e r e d   by  any  s t a n d a r d   ca rb ide   s i n t e r i n g  

t e c h n i q u e   known  to  one  s k i l l e d   in  the  a r t .   Upon  coo l ing ,   t h i s   y i e lds   an  

i n t e g r a l   compact  s u i t a b l e   for  i n i t i a l   u s e .  

For  those  compos i t i ons   c o n t a i n i n g   manganese,  i t   is  p r e f e r r e d   t o  

heat   them  in  hydrogen  or  o ther   r educ ing   gas  to  the  l i q u i d u s   t e m p e r a t u r e   o f  

the  b inder   and  then  complete  the  s i n t e r i n g   in  an  i n e r t   or  reduc ing   g a s .  
This  is  done  to  keep  the  loss   of  maganese  from  the  compos i t ion   to  a  

minimum. 

Many  of  the  unique  and  d e s i r a b l e   p r o p e r t i e s   of  the  p r e s e n t  

i n v e n t i o n   are  be l i eved   to  a r i s e   from  a  s t r a i n - i n d u c e d   p a r t i a l   t r a n s f o r m a -  

t ion   of  the  a u s t e n i t i c   matr ix  a l loy   to  m a r t e n s i t e .   This  occurs  under  a 

v a r i e t y   of  c i r c u m s t a n c e s ,   i n c l u d i n g   high  app l i ed   s t r e s s .   In  the  case  o f  

Her t z i an   con t ac t   ( s i m i l a r   to  t h a t   expe r i enced   by  compacts  in  r o c k  

d r i l l i n g )   the  s u r f a c e   l aye r   w i l l   p a r t i a l l y   t r a n s f o r m   to  m a r t e n s i t e   w h i l e  

the  i n t e r i o r   po r t i on   wi l l   remain  a u s t e n i t e .  

In  accordance  with  the  p r e s e n t   i n v e n t i o n ,   s t r a i n - i n d u c e d   t r a n s -  

fo rmat ion   is  be l i eved   to  cause  the  p resen t   compos i t ion   to  e x h i b i t   a 

hardened  s u r f a c e ,   which  enhances  the  wear  r e s i s t a n c e ,   while  r e t a i n i n g   a  

tough  core  of  a u s t e n i t i c   a l loy   matrix  to  r e s i s t   b r eak ing .   The  r e q u i s i t e  

cold  working  (or  s t r a i n   ha rden ing)   for  the  p a r t i a l   a l loy   t r a n s f o r m a t i o n  

wi l l   take  place  under  the  c o n d i t i o n s   of  use  of  the  cemented  c a r b i d e  

compos i t ion   in,  for  example,  rock  d r i l l i n g .  

The  presence   of  manganese  in  the  s u b j e c t   a l l o y s   has  an 

e s p e c i a l l y   s i g n i f i c a n t   e f f e c t   on  t h i s   phenomenon.  The  manganese  provides   a 

h ighly   d e s i r a b l e   harden ing   t r a n s f o r m a t i o n   when  the  matr ix  binder   i s  



s u b j e c t e d   to  p l a s t i c   d e f o r m a t i o n ,   such  as  t ha t   r e s u l t i n g   from  high  a p p l i e d  

s t r e s s .   Work  ha rden ing   is  l o c a l i z e d   at  the  ou te r   s u r f a c e   r eg ion   of  t h e  

compos i t ion ,   where  the  s t r e s s   is  a p p l i e d .   Consequen t ly ,   the  o v e r a l l  

toughness   of  the  p roduc t   is  m a i n t a i n e d .  

The  i n v e n t i o n   of  t h i s   a p p l i c a t i o n   wi l l   be  more  f u l l y   d e s c r i b e d  

and  b e t t e r   u n d e r s t o o d   from  the  fo l lowing   examples  and  c o m p a r a t i v e   r e s u l t s .  

EXAMPLE  I 

Various  t u n g s t e n   ca rb ide   sample  compos i t i ons   were  p r e p a r e d  

c o n t a i n i n g   from  84  to  85%  by  weight  of  t u n g s t e n   ca rb ide   and  15  to  16%  by 

weight  of  b inder   ma t r ix .   These  samples  c o n t a i n e d   d i f f e r i n g   a l l oy   c o n s t i -  

t u e n t s .   Their  p h y s i c a l   p r o p e r t i e s   were  de te rmined   and  were  compared  w i t h  

the  s t anda rd   commercial   grades  of  t ungs t en   c a r b i d e  -   c o b a l t   b inder   (WC- 

Co).  as  f o l l o w s  :  



Composit ions  X7503-86  and  X7503-86A  had  r e l a t i v e l y   low  n i c k e l  

a d d i t i o n s   and  r e l a t i v e l y   high  carbon  a d d i t i o n s .   These  compos i t i ons   had  a  

f r a c t u r e   toughness   ( K I C )   which  was  i n f e r i o r   to  t h a t   of  c o m p a r a b l e  

commercial  grade  WC-Co.  i . e . ,   Grade  55B  and  Grade  268.  

Composit ions  X7503-86B,  X7503-86E,   X7503-86F  and  X7503-86J,  i n  

which  the  n icke l   a d d i t i o n   was  from  30  to  40%  and  the  carbon  a d d i t i o n   was 

0.5%,  showed  a  s u b s t a n t i a l   i n c r e a s e   in  f r a c t u r e   toughness   w i t h o u t  

s i g n i f i c a n t   decrease   in  a b r a s i o n   r e s i s t a n c e .  

Composi t ions  X7503-86G  and  X7503-86H,  in  which  the  n i c k e l  

a d d i t i o n   was  in  excess   of  40%  and  the  carbon  was  e l i m i n a t e d   showed 

f r a c t u r e   toughness   and  a b r a s i o n   r e s i s t a n c e   which  were  lower.   Because  

ab ra s ion   r e s i s t a n c e   is  e q u a l l y   as  impor t an t   as  is  f r a c t u r e   toughness   t o  

s u i t a b i l i t y   of  compos i t i ons   for  rock  d r i l l i n g ,   these   c o m p o s i t i o n s ,   even  

though  equal  or  s u p e r i o r   to  commercial   Grades  55B  and  268  in  f r a c t u r e  

toughness ,   were  i n f e r i o r .  

EXAMPLE  I I  .  

Tungsten  c a rb ide   sample  compos i t i ons ,   a l l   c o n s i s t i n g   of  88%  by 

weight  of  t ungs t en   c a r b i d e   and  12%  by  weight  of  b inder   matrix  were  

p repa red .   Their  p h y s i c a l   p r o p e r t i e s   were  determined  and  were  compared  w i t h  

d e s i g n a t e d   s t andard   commer cal   grades   of  WC-Co  c o m p o s i t i o n s ,   as  f o l l o w s :  



All  compos i t i ons   of  t h i s   i n v e n t i o n   showed  s i g n i f i c a n t   i m p r o v e -  

ment  in  a b r a s i v e   r e s i s t a n c e   and  f r a c t i o n   t o u g h n e s s .   Thus  the  c o m b i n a t i o n  

of  p r o p e r t i e s   e x h i b i t e d   by  those  c o m p o s i t i o n s   having  i r o n / n i c k e l / -  

manganese/   carbon  a l loy   b inde r s   were  p a r t i c u l a r l y   d e s i r a b l e   are  shown  i n  

Figure  2 .  
EXAMPLE  I I I  

A  hardness   p r o f i l e   was  de termined   on  i n s e r t s   used  for  d r i l l i n g  

rock  for  each  of  the  f o l l o w i n g :  

These  p r o f i l s   were  o b t a i n e s   by  Tukon  Mic roha rdness   t e s t e r   using  a  knoop 

i n d e n t o r   and  a  500  gram  load.   They  are  p l o t t e d   as  the  graph  of  Figure  1 .  

As  dep ic ted   in  Figure   1,  both  samples  of  the  p resen t   i n v e n t i o n  

show  bases  for  t h e i r   s u b s t a n t i a l   improvement  over  s t anda rd   grades  o f  

c o b a l t - b o u n d   compos i t i ons .   At  the  compos i t ion   s u r f a c e s ,   samples  X7800-302G 

and  X7800-301Aa  e x h i b i t e d   the  h ighes t   degree  of  work  harden ing .   T h i s  

l o c a l i z e d   su r face   s u p e r i o r i t y   t r a n s l a t e d   d i r e c t l y   in to   improved  wear  

r e s i s t a n c e ,   p a r t i c u l a r l y   under  high  app l i ed   s t r e s s .  

That  su r face   s u p e r i o r i t y   was  combined  with  a  rapid   and  s u b s t a n -  

t i a l   dec rease   in  hardness   with  d i s t a n c e   from  the  compos i t ions   s u r f a c e .  

Thus,  they  also  d i s p l a y e d   higher   degrees   of  l o c a l i z a t i o n   of  h a r d n e s s  

s u p e r i o r i t y .   This  in  turn  permits   the  r e t e n t i o n   of  i n t e r n a l   t o u g h n e s s .  

Consequen t ly ,   the  compos i t i ons   of  the  p r e s e n t   i n v e n t i o n   e x h i b i t e d   r e l a -  

t i v e l y   h igher   o v e r a l l   toughness   than  ones  bound  with  a  conven t iona l   c o b a l t  

m a t r i x .  



Figure  2  a lso  shows  the  s u p e r i o r i t y   of  va r ious   of  the  p r e s e n t  

c o m p o s i t i o n s .   There  the  r e l a t i v e   f r a c t u r e   t oughness   and  abras ion   r e s i s -  

t ance   for  the  sample  and  commercial   c o m p o s i t i o n s   of  Example  II  a r e  

d e p i c t e d .   I t   may  be  seen  from  FIG.2  tha t   the  p r o p e r t i e s   of  the  p r e s e n t  

c o m p o s i t i o n s   are  s u p e r i o r   to  those   of  c o n v e n t i o n a l   t ungs t en   c a r b i d e - c o b a l t  

o n e s .  



1.  A  cemented  compos i t i on   compris ing   r e f r a c t o r y   p a r t i c l e s   o f  

tungs ten   ca rb ide   wi th in   a  m e t a l l i c   matrix  b inde r ,   c h a r a c t e r i z e d   in  t h a t  

said  matrix  r e p r e s e n t s   between  3  and  20o  by  weight  of  sa id   compos i t i on   and  

comprises   an  a l loy   of  between  5  and  50%  n i c k e l ,   an  amount  of  up  to  2% 

carbon  s u f f i c i e n t   to  avoid  fo rma t ion   of  d e t r i m e n t a l   carbon  d e f i c i e n t   o r  

excess  phases  and  the  ba lance   of  from  .95 to  50o  by  weight  compr i s ing   i r o n .  

2.  The  c o m p o s i t i o n s   of  Claim  1,  c h a r a c t e r i z e d   in  t ha t   t h e  

r e f r a c t o r y   p a r t i c l e s   a d d i t i o n a l l y   comprise  t i t a n i u m   or  t a n t a l u m   c a r b i d e .  

3.  The  compos i t i on   of  Claim  2,  c h a r a c t e r i z e d   in  t h a t   t h e  

composi t ion   has  an  a u s t e n i t i c   matrix  which  p a r t i a l l y   t r a n s f o r m s   t o  

m a r t e n s i t e   at  the  s u r f a c e   under  app l i ed   s t r e s s .  

4 . .The   compos i t i on   of  Claim  1,  c h a r a c t e r i z e d   in  t h a t   the  a l l o y  

a d d i t i o n a l l y   c o n t a i n s   manganese .  

5.  The  compos i t i on   of  Claim  1,  c h a r a c t e r i z e d   in  t h a t   the  a l l o y  

is  between  5  and  20 %  manganese  and  5  and  30%  n i c k e l .  

6.  The  compos i t i on   of  Claim  5,  c h a r a c t e r i z e d   in  t h a t   t h e  

r e f r a c t o r y   p a r t i c l e s   a d d i t i o n a l l y   comprise  t i t a n i u m   or  t an t a lum  c a r b i d e .  

7.  The  c o m p o s i t i o n   of  Claim  5,  c h a r a c t e r i z e d   in  t ha t   t h e  

composi t ion   has  an  a u s t e n i t i c   matrix  core  which  p a r t i a l l y   t r a n s f o r m s   t o  

m a r t e n s i t e   at  the  s u r f a c e   under  app l ied   s t r e s s .  

8.  A  process   for  d r i l l i n g   through  rock  with  a  cemented  c a r b i d e  

too l ,   c h a r a c t e r i z e d   in  t ha t   said  tool   is  composed  of  the  cemented  c a r b i d e  

composi t ion   of  any  of  Claims  1 - 7 .  

9.  A  process   for  p roducing   the  compos i t ion   of  any  of  Claims  1 - 7  

c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s  :  

(a)  p r e p a r i n g   a  powdered  admixture  of  the  r e f r a c t o r y   p a r t i c l e s  

and  m e t a l l i c   a l l o y ;  

(b)  s u b j e c t i n g   sa id   admixture   to  s u f f i c i e n t   heat  and  p r e s s u r e   t o  

produce  an  i n t e g r a l ,   s i n t e r e d   compac t ;  
(c)  cool ing   sa id   compact;  and 

(d)  s u b j e c t i n g   sa id   compact  to  high  app l ied   s t r e s s   to  i n d u c e  

format ion  of  m a r t e n s i t e   in  the  su r f ace   layer   of  said  c o m p o s i t i o n .  

10.  The  p rocess   of  Claim  9,  c h a r a c t e r i z e d   in  tha t   the  a l l o y  
con ta ins   manganese  and  the  admixture   is  heated  f i r s t   under  r educ ing   gas  t o  

the  a l loy   l i q u i d u s   t e m p e r a t u r e   and  then  s i n t e r e d   under  i n e r t   or  r e d u c i n g  

g a s .  
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