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@  Steel-hard  carbide  macrostructured  tools,  compositions  and  methods  of  forming. 

57  Composition  of  matter  composed  of  30  to  80  weight 
per  cent  of  a  carbide  material  having  a  particle  size  greater 
than  400  mesh,  and  20  to  70  weight  per  cent  of  a  metallic 
matrix  material,  the  carbide  material  which  may  be  a  ce- 
mented  composite  (30),  being  embedded  in  and  bonded  to 
said  metallic  matrix  material  (25)  by  powder  metallurgical 
techniques  of  compaction  and  high  temperature  and  high 
pressure  diffusion  bonding;  and  tools  having  a  cemented 
carbide  wear  or  cutting  element  (30),  these  tools  also 
being  formed  by  powder  metallurgy  techniques. 



BACKGROUND  OF  THE  INVENTION 

S ince   1940,  w e a r - r e s i s t a n t   p a r t s   fo r   w e a r - p r o n e   t o o l s   a n d  

e q u i p m e n t   have  been  made  of  c e m e n t e d   c a r b i d e   a l l o y s   c o n s i s t -  

ing  of  a  f i n e l y - d i s p e r s e d   h a r d - c a r b i d e   phase   based   on  m e t a l s  

chosen   from  Groups  IVB,  VB  and  VIB  of  the  P e r i o d i c   t a b l e ,  

c e m e n t e d   by  c o b a l t   or  n i c k e l   or  b o t h .   P r o d u c e d   by  c o m p a c t i n g  

f i n e l y - m i l l e d   powders   f o l l o w e d   by  l i q u i d - p h a s e   s i n t e r i n g   t o  

a c h i e v e   c o n s o l i d a t i o n ,   cemen ted   c a r b i d e   a l l o y s   p o s s e s   m i c r o -  

s t r u c t u r e s   c h a r a c t e r i z e d   by  hard   c a r b i d e   g r a i n s   g e n e r a l l y   i n  

the   1  to  15  m i c r o n   r a n g e .  

The  use  o f  i r o n   or  s t e e l   as  b i n d e r   m a t e r i a l s   has  p roven   d i f f i -  

c u l t   b e c a u s e   the  f i n e l y - d i v i d e d   s t a t e   and  h igh   s p e c i f i c   s u r -  
f ace   of  the   d i s p e r s e d   ha rd   p h a s e s   p romote   the  f o r m a t i o n   o f  

c o m p a r a t i v e l y   b r i t t l e   b i n a r y   i n t e r s t i t i a l   a l l o y s   of  t u n g s t e n  
and  i r o n   wi th   c a r b o n ,   thus   r e d u c i n g  t h e   f r e e   b i n d e r   v o l u m e  
f r a c t i o n   and  e m b r i t t l i n g t h e   s i n t e r e d   body,   more  or  l e s s ,   d e -  

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

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

to  s a t i s f y   the   a f f i n i t y   b e t w e e n   i r o n   and  c a r b o n .  

U n l i k e   c o b a l t   and  n i c k e l ,   i r o n   forms  a  s t a b l e   c a r b i d e ,   F e 3 C ,  
and  has  a  g r e a t e r   t e n d e n c y   to  form  b r i t t l e   b i n a r y   c a r b i d e s  
than   c o b a l t   or  n i c k e l   b i n d e r   m a t e r i a l s .   Carbon  t r a n s f e r   f r o m  
the   ha rd   c a r b i d e   phase   or  p h a s e s   to  i r o n   is  p romoted   by  t h e  

p r e s e n c e   of  the  l i q u i d   or  p l a s t i c   s t a t e   of  an  i r o n   or  s t e e l  
b i n d e r   d u r i n g   l i q u i d - s t a t e   s i n t e r i n g ,   c a r r i e d   out  at  t e m p e -  
r a t u r e s   nea r   t o ,   a t ,   or  above  the   m e l t i n g   p o i n t   of  the   b i n d e r . .  



More  r e c e n t l y ,   u s e f u l   wear  p a r t s   have  been  made  by  c a s t i n g  

a  l i q u i d   s t e e l   or  c a s t   i r o n   me l t   i n t o   a  p r e p a r e d   bed  of  com-  

p a r a t i v e l y   c o a r s e   p a r t i c u l a t e ,   e . g . ,   1/8  inch   to  3/16  i n c h .  

s i n t e r e d ,   c emen ted   c a r b i d e .  

The  p r e s e n t   i n v e n t i o n   may  be  d i s t i n g u i s h e d   from  the   m o l t e n -  

s t e e l   c a s t i n g   method  of  C h a r l e s   S.  Baum,  U n i t e d   S t a t e s   P a t e n t  

Nos.  4 , 0 2 4 , 9 0 2   and  4 , 1 4 0 , 1 7 0   and  the   m o l t e n - c a s t   i r o n   m e t h o d  

of  Sven  Kar l   Gus tav   Ekemar  in  U n i t e d   S t a t e s   P a t e n t   No.  4 , 1 1 9 , 4 5 9  

by  two  main  f a c t o r s :   (1)  a  powder  compac t   of  s t e e l   or  i r o n   a n d  

g r a p h i t e   c o n t a i n i n g   d i s p e r s e d   p a r t i c u l a t e s   of  s i n t e r e d ,   c e -  
mented  c a r b i d e ,   or  a  number  of  p i e c e s   of  d i m e n s i o n e d   s i n t e r e d  

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

c r y s t a l s   is  s i n t e r e d   at  a  t e m p e r a t u r e   below  the   m e l t i n g   t e m -  

p e r a t u r e   of  s t e e l   or  c a s t   i r o n ,   and  (2)  in  p l a c e   of  the   u s e -  
of  m a t r i x - a l l o y   m e l t i n g   t e m p e r a t u r e s   to  a c h i e v e   a l l o y   d e n s i - .  

f i c a t i o n ,   h igh   c o m p a c t i o n   u n i t   p r e s s u r e s ,   bo th   b e f o r e   a n d  

a f t e r   s i n t e r i n g ,   are  u sed ,   t h e r e b y   a v o i d i n g   d e g r a d a t i o n   o f  

the  d i s p e r s e d   h a r d   phase   p a r t i c l e   s u r f a c e s   by  d e c o m p o s i t i o n ,  

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

Foundry   m e t h o d s ,   a l s o ,   l ack   the  w e l l - k n o w n   economic   a d v a n -  

t a g e s   i n h e r e n t   in  powder  m e t a l l u r g y   m e t h o d s ,   n o t a b l y ,   when  a  

m u l t i p l i c i t y   of  wear  p a r t s   e i t h e r   smal l   or  of  t h i n   s e c t i o n  

are   to  be  made.  A l so ,   b e c a u s e   of  the   n e c e s s a r i l y   r e l a t i v e l y  
h igh   p r o c e s s i n g   t e m p e r a t u r e s   and  l i q u i d i t y ,   e x c e s s i v e  a m o u n t s  
of  unwan ted   b i n a r y   c a r b i d e s   may  form  d e s p i t e   the  use  of  com-  

p a r a t i v e l y   c o a r s e ,   l o w - s u r f a c e   a r e a   c a r b i d e   p a r t i c l e s .  

S ince   b o t h   the   c o n v e n t i o n a l   powder  m e t a l l u r g y   method   o f  

p r e s s i n g   and  s i n t e r i n g   f i n e l y - m i l l e d   s t e e l - c e m e n t e d   c a r b i d e  

powders   and  me thods   i n v o l v i n g   c a s t i n g   l i q u i d   s t e e l   or  l i q u i d  
c a s t   i r o n   i n t o   p a r t i c u l a t e   c emen ted   c a r b i d e   p r e a r r a n g e d   i n  
molds  r e s u l t   in  p r o b l e m s   h e r e i n b e f o r e   d e s c r i b e d ,   i t   i s   t h e  

p r i m a r y   o b j e c t i v e   of  t h i s   i n v e n t i o n   to  d e v e l o p   a  method  b y  
which  a  s t e e l - c e m e n t e d   hard   c a r b i d e  a l l o y   can  be  f a b r i c a t e d  



e s s e n t i a l l y   f r e e   of  b i n a r y   i n t e r s t i t i a l   a l l o y s   of  i r o n   a n d  

t u n g s t e n   wi th   c a r b o n   and  in  which  the   d i s p e r s e d   hard   c a r b i d e  

phase   is  f r e e   of  b o u n d a r y - a r e a   d e c o m p o s i t i o n ,   m e l t i n g   o r  
t h e r m a l   c r a c k i n g   and  is  f i r m l y   bound  in  a  s t e e l   m a t r i x   e s s e n -  

t i a l l y   f r e e   of  m a c r o p o r o s i t y .  

I t   is  a l s o   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o d u c e   a  c o m p o s i -  
t i o n   of  m a t t e r   h a v i n g  d i s p e r s e d   hard   c a r b i d e   m a t e r i a l   f i r m l y  
and  a d h e r e n t l y   bonded  in  a  m e t a l l i c   m a t r i x   by  powder  m e t a l l u r -  

g i c a l   t e c h n i q u e s   of  c o m p a c t i o n  a n d   h igh   t e m p e r a t u r e   and  h i g h  

p r e s s u r e   d i f f u s i o n   b o n d i n g .  

I t   is  a  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to  m a n u f a c t u r e   t o o l s  

h a v i n g   ha rd   c a r b i d e   wear  or  c u t t i n g   i n s e r t s   embedded  in  a n d  

bonded  to  a  c o n s o l i d a t e d   s t e e l   powder  m a t r i x   or  c o m p o s i t i o n  
o f   m a t t e r   a c c o r d i n g   to  t h i s   i n v e n t i o n  

I t   is  a  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to  m a n u f a c t u r e   p a r t s  

be ing   s u b s t a n t i a l l y   n o n m a c h i n a b l e   and  of  s u f f i c i e n t   i m p a c t  
r e s i s t a n c e   to  make  them  s u i t a b l e   for   use  a s  s e c u r i t y   p l a t e s  

a n d   p a d l o c k   c o m p o n e n t s .  

BRIEF  SUMMARY  OF  THE  INVENTION 

The  method  of  the   p r e s e n t   i n v e n t i o n   i n v o l v e s   b l e n d i n g   a n d  

mix ing   s i n t e r e d ,   c e m e n t e d   t u n g s t e n   c a r b i d e   p a r t i c l e s   or  p r i -  

mary  u n m i l l e d   m a c r o c r y s t a l l i n e   ( i . e . ,   g r e a t e r   t h a n   400  mesh)  

t u n g s t e n   c a r b i d e   c r y s t a l s   wi th   a  m a t r i x   of  i r o n   and  g r a p h i t e  
powders   or  s t e e l   powder ,   co ld   i s o s t a t i c a l l y   p r e s s i n g   t h e  

c o m p o s i t e   in  a  p r e f o r m   mold  to  a  d e s i r e d   s h a p e ,   t hen   s o l i d -  

s t a t e   s i n t e r i n g   at   a  c o m p a r a t i v e l y   low  t e m p e r a t u r e ,   s p e c i f i -  

c a l l y ,   at  a  t e m p e r a t u r e   below  the  m e l t i n g   t e m p e r a t u r e   of  t h e  

s t e e l ,   p r e f e r a b l y ,   be tween   1900  d e g r e e s   and  2250  d e g r e e s   F a h -  

r e n h e i t ,   t h e n   hot   i s o s t a t i c a l l y   p r e s s i n g   (HIP)  the  s i n t e r e d  

body  at  a  t e m p e r a t u r e   we l l   below  the  m e l t i n g   p o i n t  o f   s t e e l  
to  a c h i e v e  f i n a l   d e n s i f i c a t i o n .   A  d i f f u s i o n   bond  is  f o r m e d  



be tween   the   ha rd   c a r b i d e   p a r t i c l e s   and  the  s u r r o u n d i n g   s t e e l  

powder ,   which  ho lds   the  w e a r - r e s i s t a n t   hard   c a r b i d e   p a r t i c l e s  
in  p l a c e .  

A  c r i t i c a l   f a c t o r   of  the  p r e s e n t   i n v e n t i o n   is  h i g h - p r e s s u r e  
d e n s i f i c a t i o n ,   bo th   co ld   and  h o t ,   to  avo id   p r o c e s s   t e m p e r a -  
t u r e s   which  p roduce   l i q u i d i t y   of  the   s t e e l   b i n d e r   phase   a n d ,  

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

tween  the   s t e e l   b i n d e r   m a t e r i a l   and  ha rd   d i s p e r s e d   p h a s e .   The  

t e c h n i q u e   is  re inforced  in  t h i s   r e s p e c t   by  the  use  of  a  h a r d  

d i s p e r s e d   p a r t i c l e   or  p a r t i c l e s   of  low  s p e c i f i c   s u r f a c e .   The  

method  a l s o   p r o v i d e s   a  s i g n i f i c a n t   advance   in  p r o d u c t i o n   c a -  

p a b i l i t y   fo r   the   m a n u f a c t u r e   of  s t e e l - c a r b i d e   wear  p a r t s   o f  

c o m p a r a t i v e l y   s m a l l   s i z e   or  of  t h i n   s e c t i o n   or  i n t r i c a t e   d e s i g n ,  
as  compared   w i t h   methods   as  d i s c l o s e d   in  U n i t e d  S t a t e s   p a t e n t s .  
h e r e i n b e f o r e   e n u m e r a t e d   in  which  m o l t e n   s t e e l   or  m o l t e n   c a s t  
i r o n   are   p o u r e d   i n t o   a  mold  p r e l o a d e d   wi th   p a r t i c l e s   of  c e m e n t -  
ed  c a r b i d e .  

F u r t h e r ,   bo th   c h e m i c a l   c o n t r o l   of  and  c o m p o s i t i o n a l   f l e x i b i -  

l i t y   of  the   m a t r i x   a l l o y   are   s u p e r i o r   to  m o l t e n - m e t a l   c a s t i n g  
m e t h o d s .   The  a v o i d a n c e   of  h igh   p r o c e s s i n g   t e m p e r a t u r e s   r e q u i r e d  
to  me l t   and  pour   s t e e l   or  c a s t   i r o n   p r o v i d e s   b e t t e r   e c o n o m y  
of  m o l d s ,   which  may  be  r e u s e d , -  a n d   m a t r i x   m e t a l s ,   which   are   n o t  

s u b j e c t   to  p o u r i n g   l o s s   and  r e c y c l e   c o s t .   The  method  of  t h e  

p r e s e n t   i n v e n t i o n   is   w e l l   s u i t e d   fo r   the  f o r m a t i o n   of  p a r t s  
t h a t   must  w i t h s t a n d   h i g h l y   a b r a s i v e   wear  f o r c e s   as  w e l l   a s  
impac t   f o r c e s .   The  p r o c e s s   is   i d e a l l y   s u i t e d   to  form  w e a r - r e -  
s i s t a n t   p a r t s   and  c u t t i n g   t o o l s   fo r   e q u i p m e n t   fo r   a g r i c u l t u r e ,  
road   and  h ighway  c o n s t r u c t i o n   and  m a i n t e n a n c e ,   c r u s h i n g ,   c o m -  
m i n u t i n g ,   e x c a v a t i o n ,   and  p r o c e s s i n g .   S ince   the  wear  r e s i s t a n c e  
of  the  p r o d u c t s   p r o d u c e d   by  t h i s   p r o c e s s   is  so  h i g h ,   so  as  t o  
make  them  p r a c t i c a l l y   n o n m a c h i n a b l e ,   t hey   are  a l s o   i d e a l l y  
s u i t e d   fo r   use  as  s e c u r i t y   p l a t e s   in  s a f e s .   This   wear  r e s i -  
s t a n c e   in  c o m b i n a t i o n   wi th   the   impac t   r e s i s t a n c e   of  t h e s e   c o m -  
p o s i t i o n s   makes  them  a l s o   s u i t a b l e   fo r   use  in  p a d l o c k s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  e x a c t   n a t u r e   of  the  p r e s e n t   i n v e n t i o n   w i l l   b e c o m e  m o r e  

c l e a r l y   a p p a r e n t   upon  r e f e r e n c e   to  the  f o l l o w i n g   d e t a i l e d  

s p e c i f i c a t i o n   t a k e n   in  c o n n e c t i o n   wi th   the  a c c o m p a n y i n g   d r a w -  

ings   in  w h i c h :  

F i g u r e   1  is  a  p h o t o m i c r o g r a p h   at  1500  m a g n i f i c a t i o n   s h o w i n g  

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

in  and  bonded  t o  a   c o n s o l i d a t e d   s t e e l   powder  m a t r i x .  

F i g u r e   2  is   a  c r o s s   s e c t i o n a l i z e d   p e r s p e c t i v e   view  of  a  w e a r  

p l a t e   h a v i n g   c e m e n t e d   c a r b i d e   i n s e r t s   embedded  in  and  b o n d e d  

to  a  c o n s o l i d a t e d   s t e e l   powder  m a t r i x .  

F i g u r e   3  is  a  c r o s s   s e c t i o n a l   view  of  p a r t   of  a  c u t t i n g   t o o l  
h a v i n g   c e m e n t e d   c a r b i d e   b u t t o n   embedded  in  and  bonded  to  a  
c o n s o l i d a t e d   s t e e l  p o w d e r   m a t r i x .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

P r e a l l o y e d   s t e e l   m a t r i x   powder ,   or  a  m i x t u r e   of  i r o n   p o w d e r  
and  g r a p h i t e   powder ,   c o m p r i s i n g   20  w e i g h t   per   cen t   (w/o)  t o  
70  w/o  of  the   f i n a l   m i x t u r e   is  b l e n d e d   and  mixed  wi th   30  w / o  
to  80  w/o  of  ha rd   c a r b i d e   p a r t i c l e s   of  W,  Ti,   Ta,  Nb,  or  Z r ,  
V,  Hf,  Mo,  B,  Si  Cr  or  a  m i x t u r e   of  t h e s e ,   e i t h e r   as  s i n t e r e d  
c e m e n t e d   c a r b i d e   p a r t i c l e s   or  as  p r i m a r y ,   u n c e m e n t e d ,   u n s i n -  
t e r e d ,   u n m i l l e d   c a r b i d e   c r y s t a l s .   About  3  per   c e n t   of  n a p h t h a  
or  o t h e r   l i q u i d   h y d r o c a r b o n   is  added  to  the  powder  b l end   d u r i n g  
mix ing   to  p r e v e n t   s e g r e g a t i o n   of  h i g h e r   d e n s i t y   c a r b i d e   p a r -  
t i c l e s   d u r i n g   m i x i n g   and  mold  f i l l i n g ,   s p e c i f i c a l l y   when  t h e  

d i s p e r s e d   hard   phase   is  composed  of  ha rd   c a r b i d e   p a r t i c l e s  

c o a r s e r   t han   abou t   250  m i c r o n s .  

For  d i s p e r s e d   hard   phase   p a r t i c l e s   f i n e r   than   abou t   250  m i c r o n s ,  
p a r a f f i n   wax  or  a  s o l i d   l u b r i c a n t   such  as  z inc   s t e a r a t e  m a y   b e  
u s e d ,   b e c a u s e   the  p o s s i b i l i t y   of  componen t   p a r t i c l e   s e g r e g a -  



t i o n   d u r i n g   mix ing   is  then   d i m i n i s h e d .  

Next ,   the   m a t r i x   powder  c o n t a i n i n g   the  d i s p e r s e d   hard   c a r b i d e  

p h a s e  i s   packed   in  a  p r e f o r m   mold  made  of  p o l y u r e t h a n e   o r  

o t h e r   e l a s t o m e r i c   p l a s t i c .   S t e e l   powders   of  d i f f e r e n t   c h e m i c a l  

c o m p o s i t i o n s   (such  as  c a r b o n ,   a l l o y   or  s t a i n l e s s   s t e e l   p o w -  
de r s )   or  e l e m e n t a l   powders   such  as  i r o n ,   c o p p e r   or  n i c k e l ,  

may  a l s o   be  packed   in  the   same  mold  wi th   the   main  c o m p o s i t e  
s t e e l   p o w d e r - c a r b i d e   b l e n d ,   in  any  d e s i r e d   l o c a t i o n ,   a d j a c e n t  
to  and  in  c o n t a c t   w i th   the  body  c o n t a i n i n g   the   hard   c a r b i d e  

d i s p e r s e d   p h a s e ,   or  s u r r o u n d i n g   such  body,   or  e n v e l o p i n g   a  
d i m e n s i o n e d ,   s i n t e r e d   cemen ted   c a r b i d e   i n s e r t .   The  p a c k e d  
mold  w i th   a  s u i t a b l e   f i t t e d   cove r   is  t hen   s e a l e d   and  p l a c e d   i n  

a  r u b b e r   bag  or  b a l l o o n   which  is  then   e v a c u a t e d ,   s e a l e d   a n d  

i s o s t a t i c a l l y   p r e s s e d , p r e f e r a b l y   at  abou t   35 ,000   p s i ,   bu t   n o t  

l e s s   t han   10 ,000  p s i .  

The  c o m p a c t e d   powder  p r e f o r m   is  t hen   removed  from  the  m o l d  
and  h e a t e d   in  vacuum  or  in  a  p r o t e c t i v e   or  r e d u c i n g   gas  a t -  

m o s p h e r e ,   e . g . ,   h y d r o g e n ,   to  a  t e m p e r a t u r e   below  the  m e l t i n g  

t e m p e r a t u r e   of  the   s t e e l   m a t r i x ,   p r e f e r a b l y   b e t w e e n   1900  d e -  

g r e e s   and  2100  d e g r e e s   F a h r e n h e i t ,   fo r   b e t w e e n   20  and  90  m i -  
n u t e s .  

An  a l t e r n a t i v e   p r e f o r m i n g   method  c o n s i s t s   of  p a c k i n g   the   c o m -  
p o s i t e   m i x t u r e   c o n t a i n i n g   p r e f e r a b l y   l i q u i d   h y d r o c a r b o n ,   e . g . ,  
n a p h t h a ,   p r e f e r a b l y   7  w/o  and  m e t h y l   c e l l u l o s e ,   p r e f e r a b l y  
0.5  w/o,   as  p r e s s i n g   l u b r i c a n t   and  g r e e n - s t a t e   b i n d e r ,   r e -  
s p e c t i v e l y ,   in  a  s t e e l   p r e f o r m   mold.   The  g reen   p r e f o r m   is  t h e n  
a i r   d r i e d   at  room  t e m p e r a t u r e ,   in  the  mold,   t h e n   removed  f r o m  
the  mold  and  p l a c e d   in  a  r u b b e r   bag  which  is  t h e n   e v a c u a t e d  
and  s e a l e d ,   r e ady   fo r   co ld   i s o s t a t i c   c o m p a c t i o n   as  h e r e i n b e -  
fo re   d e s c r i b e d .  

Compacts  t h u s   s o l i d - s t a t e   s i n t e r e d   r e t a i n   some  p o r o s i t y ;  
s h r i n k a g e   d u r i n g   s i n t e r i n g   does  not   exceed   1  pe r   c e n t .   I t   h a s  
been  f o u n d ,   h o w e v e r ,   t h a t   d e n s i f i c a t i o n   a c h i e v e d   by  h i g h -  



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

d e s c r i b e d   is  s u f f i c i e n t   to  e l i m i n a t e   any  i n t e r c o n n e c t e d  p o r e  

ne twork   and  t h a t   the   s i n t e r e d   b o d i e s ,   t h e r e f o r e ,   q u a l i f y   f o r  

e f f e c t i v e   f i n a l   d e n s i f i c a t i o n   by  known  hot  i s o s t a t i c   p r e s s i n g  

(HIP)  m e t h o d s .  

Hot  i s o s t a t i c   p r e s s i n g   fo r   the   p u r p o s e s   o f  t h i s   i n v e n t i o n   i s  

a p p l i e d   in  an  i n e r t   a t m o s p h e r e ,   p r e f e r a b l y  a t   1600  d e g r e e s   t o  

2300  d e g r e e s   F a h r e n h e i t   or  at  any  t e m p e r a t u r e   below  the   m e l t -  

ing  t e m p e r a t u r e   of  the   s t e e l   for   from  20  to  90  m i n u t e s   at  a  

minimum  p r e s s u r e   o f  1 0 , 0 0 0   p s i   b u t ,   p r e f e r a b l y   at   a  p r e s s u r e  
of  abou t   1 5 , 0 0 0  p s i   fo r   60  m i n u t e s .   E q u a l l y  i m p o r t a n t ,   a n  

a l l o y   l a y e r   is  fo rmed  at  the   i n t e r f a c e s   of  cemen ted   c a r b i d e  

p a r t i c l e s   a n d  s t e e l   m a t r i x .   This   i n t e r f a c i a l   a l l o y   bond,   w h i c h  

f i r s t   forms  d u r i n g   s i n t e r i n g   and  is  l a t e r   e n h a n c e d   d u r i n g   h o t  

i s o s t a t i c   p r e s s i n g ,   c o n s i s t s   of  a  t h i n   b o r d e r   a r e a   b e t w e e n ,  
for   e x a m p l e ,   a  0.75  per   c e n t   c a r b o n   s t e e l   m a t r i x   and  d i s p e r s e d  
c o b a l t - c e m e n t e d   c a r b i d e   p a r t i c l e s   in  a  1/8  inch   to  3/16  i n c h  

s i z e   r a n g e .   The  bond  is  t y p i c a l l y   l e s s   than  40  m i c r o n s   t h i c k ,  
and  no  g r e a t e r   t h a n   50  m i c r o n s   t h i c k .   The  i n t e r f a c i a l   b o n d i n g  

a l l o y   unde r   t h e s e   c o n d i t i o n s   is  composed  o f ,   p r i n c i p a l l y ,   c o -  
b a l t   and  i r o n .   Bond  f o r m a t i o n   becomes  i m p o r t a n t   e s p e c i a l l y  
when  the  ha rd   d i s p e r s e d  p h a s e   is  of  c o m p a r a t i v e l y   c o a r s e   p a r -  
t i c l e s ,   b e c a u s e   t h e s e   are   a p t  t o   p u l l  o u t   i f  n o t   s e c u r e l y  
a n c h o r e d   in  the  m a t r i x   a l l o y .  

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

p e r s e d   ha rd   phase   are   s e l e c t e d   from  w i t h i n   the  g e n e r a l   s i z e  

range   of  2.5  mesh  to  100  mesh,   in  the   U.S.  S ieve   S e r i e s ,   p r e -  
f e r r e d   s i z e   r a n g e s   b e i n g   -12  +20  mesh,  -6  +12  mesh,  a n d  

-4  +6  mesh.  S p e c i f i c   s e l e c t e d   mesh  r a n g e s   may  be  p r e p a r e d   b y  
known  methods   of  c r u s h i n g   and  s i z i n g   s i n t e r e d ,   c e m e n t e d  

c a r b i d e   t o o l   c o m p o n e n t s ,   and  which  a l l o y s   are  more  commonly  
of  a  c o b a l t   or  n i c k e l - c e m e n t e d   t u n g s t e n   c a r b i d e   (WC)  b a s e ,  
some t imes   c o n t a i n i n g  a l s o   TiC,  TaC  or  NbC  or  c o m b i n a t i o n s  
of  t h e s e   hard   c a r b i d e s  



An  a d d i t i o n a l   u s e f u l   a s p e c t   in  the   p r o c e s s   of  t he   p r e s e n t   i n -  

v e n t i o n   is  to  app ly   a  c o a t i n g   of  an  a l l o y   or  m e t a l ,   p r e f e r a b -  

ly  Corson  b r o n z e   or  n i c k e l ,   on  the   s u r f a c e s   of  a  d i m e n s i o n e d  

s i n t e r e d   c emen ted   t u n g s t e n   c a r b i d e   i n s e r t   of  s e l e c t e d   s h a p e  

and  s i z e ,   or  a  number  of  such  i n s e r t s ,   which  are  then   e m b e d -  

ded  in  a  s t e e l   or  i r o n - g r a p h i t e   m a t r i x   powder  at  s e l e c t e d   l o -  

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

s t a t i c a l l y   c o m p a c t e d .   The  c o r s o n   b r o n z e   c o a t i n g   used  m a y  b e  
e i t h e r   of  the  two  nomina l   c o m p o s i t i o n s   shown  in  Tab le   I .  

F o l l o w i n g  c o l d   i s o s t a t i c   c o m p a c t i o n   and  d u r i n g   s u b s e q u e n t   s i n -  

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

p a c t ,   the   c o a t i n g   on  the   c e m e n t e d   c a r b i d e   body  a u t o g e n o u s l y  
forms  a  d i f f u s i o n   bond,   to  i n c r e a s e   the  bond ing   s t r e n g t h   w i t h  

which  d i m e n s i o n e d   cemen ted   c a r b i d e   b o d i e s   are  h e l d  i n   the   m a -  
t r i x .   By  t h i s   me thod ,   a  c e m e n t e d   c a r b i d e   body,   or  a  number  o f  

them,  of  s p e c i f i c   shape  and  s i z e   may  r e p l a c e   a  d i s p e r s e d  
h a r d - c a r b i d e   phase   of  p a r t i c u l a t e   n a t u r e ,   and  t h e r e b y   form  a  
w e a r - r e s i s t a n t   body  o r  a   t o o l   fo r   c u t t i n g   or  d r i l l i n g  m e t a l  
or  r o c k .  

I t   i s   r e c o g n i z e d   t h a t   the   c o m p a r a t i v e l y   low  p r o c e s s i n g   t e m p e -  
r a t u r e s   employed  in  the  p r o c e s s   of  t h i s   i n v e n t i o n   may,  in  c a -  

ses  in  which  s t e e l   m a t r i x   powder  c o m p o s i t i o n s   are   used   w h i c h  
do  not  bond  we l l   to  p a r t i c l e s   of  a  d i s p e r s e d   hard   c a r b i d e   p h a s e ,  
r e s u l t   in  i n a d e q u a t e   bond  s t r e n g t h   at  the   m a t r i x - c a r b i d e  

p a r t i c l e   i n t e r f a c e .   In  such  c a s e s ,   fo r   example   when  a l l o y   s t e e l  



powders   a re   used  w h i c h  a r e   known  to  b e  l e s s   s i n t e r a b l e   at  t h e  

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

in  the   p r o c e s s   of  t h i s   i n v e n t i o n ,   i t  h a s   been  found  b e n e f i c i a l  

to  p r e c o a t   the   ha rd   c a r b i d e   p a r t i c l e s   wi th   n i c k e l   or  c o p p e r ,  

fo r   e x a m p l e ,   by  known  p r o c e s s e s   such  a s  e l e c t r o l e s s   me ta l   c o a t -  

ing  or  by  vacuum  v a p o r - p h a s e   c o a t i n g .   N i c k e l   c o a t i n g s  t h u s  

a p p l i e d   to  t he   ha rd   c a r b i d e   d i s p e r s e d   f r a c t i o n ,   p r i o r   to  b l e n d -  

i n g ,   have  been  found  to  i m p r o v e  c a r b i d e   p a r t i c l e   b o n d i n g  

s t r e n g t h .   Such  p r e c o a t i n g   of  the   ha rd   c a r b i d e   p a r t i c l e s   w o u l d  

a l s o   be  b e n e f i c i a l   when  s t a i n l e s s   s t e e l   powders   are  b e i n g  
u s e d .  

A  f u r t h e r   and  u s e f u l   p a r t   of  the   f o r e g o i n g   method  is  the   i n -  

c o r p o r a t i o n   of  a  d i s p e r s e d   ha rd   c a r b i d e   phase   in  a  s t e e l   o r  

i r o n - g r a p h i t e   powder  compact   c o n s i s t i n g   of  u n m i l l e d   m a c r o -  

c r y s t a l l i n e   c a r b i d e   c r y s t a l s   in  s i z e   r ange   f r a c t i o n s  b e t w e e n  

60  mesh  and  400  mesh,  in  the   U.S.  S i eve   S e r i e s ,   and  in  p r e -  
f e r r e d   mesh  r a n g e s ,   e . g . ,   minus  60  p lus   100  mesh,   minus  80 

p l u s   200  mesh,   or  minus  150  mesh  p lus   325  mesh,  i n s t e a d   o f  

a n d  i n   p l a c e   of  p a r t i c l e s   of  c e m e n t e d   c a r b i d e .   The  method  o f  

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

t u r e d   c e m e n t e d   c a r b i d e   c o m p o s i t i o n s   is  e x a c t l y   as  h e r e t o f o r e  
d e s c r i b e d .  

The  r e l a t i v e l y   low  p r o c e s s i n g   t e m p e r a t u r e   p r a c t i c e d   r e s u l t s  
in  a  m a c r o s t r u c t u r e   e s s e n t i a l l y   f r e e   of  b r i t t l e   doub l e   c a r -  
b i d e s   of  i r o n   and  t u n g s t e n   ( e t a   phase)   and  g ros s   p o r o s i t y .  
The  t e n d e n c y   for   l i q u i d - p h a s e   s i n t e r e d ,   m i c r o s t r u c t u r e d ,   c e -  
mented   t u n g s t e n   c a r b i d e   a l l o y s   e m p l o y i n g   a  s t e e l   b i n d e r ,   f o r  
e x a m p l e ,   in  p l a c e   of  t h e  u s u a l   c o b a l t   b i n d e r ,   to  d e v e l o p  
b r i t t l e   e t a - t y p e   p h a s e s   is  we l l   known.  I t   is  b e l i e v e d   t h a t   t h e  
a v o i d a n c e  o f   l i q u i d   phase   s i n t e r i n g   and  c o n s e q u e n t l y   t h e  
a v o i d a n c e   of  c a r b o n - t r a n s f e r   t h a t   such  p r a c t i c e   e n c o u r a g e s ,   a s  
we l l   as  the  u n i q u e l y   low  s p e c i f i c   s u r f a c e   of  the   u n m i l l e d   m a -  
c r o c r y s t a l l i n e   c a r b i d e   p a r t i c l e s   c o m p r i s i n g   the   d i s p e r s e d   h a r d  

p h a s e   are   e s s e n t i a l   fo r   the   s u c c e s s f u l   f o r m a t i o n   of  the  t w o -  



p h a s e ,   s t e e l - c a r b i d e   m a c r o s t r u c t u r e s   p r o d u c e d   by  t h i s   m e t h o d .  

I t  s h o u l d   be  u n d e r s t o o d   t h a t   l i q u i d   phase   s i n t e r i n g   as  r e -  

f e r r e d   to  h e r e i n   means  s i n t e r i n g   at  a  t e m p e r a t u r e   at  w h i c h  

the  s t e e l   b i n d e r   is  at  l e a s t   p a r t i a l l y   l i q u i d .   The  p r o h i b i t i o n  
of  l i q u i d   phase   s i n t e r i n g   in  t h i s   i n v e n t i o n ,   t h e r e f o r e ,   d o e s  

not  app ly   to  any  lower   m e l t i n g   p o i n t   m e t a l s   or  a l l o y s   ( e . g . ,  

c o p p e r   or  c o r s o n   b ronze )   which  may  be  added  as  a  powder  o r  

c o a t i n g   to  p romote   b o n d i n g   or  d e n s i f i c a t i o n ,   and  may  i n t e n -  

t i o n a l l y   become  l i q u i d   d u r i n g   s i n t e r i n g   or  hot   i s o s t a t i c  

p r e s s i n g .  

The  use  of  u n m i l l e d   m a c r o c r y s t a l l i n e   ha rd   c a r b i d e   c r y s t a l s   a s  

a  d i s p e r s e d   hard   phase   is  a  p r e f e r r e d   embodiment   of  the   m e t h o d  

of  t h i s   i n v e n t i o n ,   as  an  e f f i c i e n t   means  of  m a i n t a i n i n g   a  
hard   p h a s e  p o s s e s s i n g   low  s p e c i f i c   s u r f a c e .   I t   is  r e c o g n i z e d ,  

h o w e v e r ,   t h a t   e s s e n t i a l l y   b i n d e r l e s s ,   ha rd   a g g r e g a t e s   of  f i n e r  

or  m i l l e d   ha rd   c a r b i d e s   may  be  so  u s e d .  

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

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

the  m a t r i x - c a r b i d e   powder  m i x t u r e s ,   or  of  e i t h e r   of  t h e s e   t w o  
m a t e r i a l s   s e p a r a t e l y ,   p r i o r   to  co ld   i s o s t a t i c   c o m p a c t i o n ,  

s i n t e r i n g   and  HIP.  The  fo rmer   p r a c t i c e ,   w i d e l y   c o n s i d e r e d   e s -  
s e n t i a l   to  sound  c o m m e r c i a l   c e m e n t e d   c a r b i d e   s t r u c t u r e s ,   l e a d s  

to  e n h a n c e d   r e a c t i o n   be tween   c a r b i d e s   and  i r o n - b a s e   m a t r i x  

powders   w i th   r e s u l t a n t   f o r m a t i o n   of  b r i t t l e   d o u b l e   c a r b i d e s .  

A v o i d a n c e   of  powder  m i l l i n g   a l s o   r e d u c e s   c o s t .  

The  method  of  the   i n v e n t i o n   may  employ  any  of  the   m a c r o c r y -  
s t a l l i n e   c a r b i d e s ,   or  c o m b i n a t i o n s   or  s o l i d   s o l u t i o n s   of  t h e m ,  

s p e c i f i c a l l y   WC,  TiC,  TaC  or  NbC,  a l l   e x h i b i t i n g   the   low  s p e -  
c i f i c   s u r f a c e   and  a n g u l a r ,   b l o c k y   shapes   t y p i f y i n g   t h e s e  

c o a r s e l y - c r y s t a l l i n e   mono  and  b i n a r y   c a r b i d e s .   I t   is  known 
t h a t   p r i m a r y   m a c r o c r y s t a l l i n e   c a r b i d e   m a t e r i a l s   may  be  f i n e l y  
m i l l e d ,   t o g e t h e r   w i t h   c o b a l t   or  n i c k e l ,   to  form  c e m e n t e d - c a r -  
b ide   m i c r o s t r u c t u r e s   by  l i q u i d - p h a s e   s i n t e r i n g   i n  t h e   t e m p e r a -  
t u r e   r ange   2400  d e g r e e s   to  2800  d e g r e e s   F a h r e n h e i t ,   in  w h i c h  



the   r e s u l t a n t   d i s p e r s e d   ha rd   c a r b i d e   p h a s e s   are   t y p i c a l l y   b e -  

tween  one  m i c r o n   and  abou t   t en   m i c r o n s .   The  method  of  t he   i n -  

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

l i n e   c a r b i d e   g r a i n s   in  s i z e   r a n g e s   s e l e c t e d   from  w i t h i n   t h e  

much  c o a r s e r   e x t r e m e s   of  250  m i c r o n s   to  abou t   40  m i c r o n s .  

This  i n v e n t i o n   is   f u r t h e r   e x p l a i n e d   by  the   f o l l o w i n g   e x a m p l e s :  

EXAMPLE  N O .  1  

Wear  r e s i s t a n t   c u t t i n g   t i p s   were  f a b r i c a t e d   fo r   r o t a r y   s u g a r  

cane  s h r e d d i n g   m a c h i n e s .   A  u n i f o r m l y   b l e n d e d   m i x t u r e   c o m p o s e d  

o f  a p p r o x i m a t e l y   55  w/o  1/8  i nch   to  3/16  inch   c o b a l t   c e m e n t e d  

t u n g s t e n   c a r b i d e   g r a n u l e s ,   a p p r o x i m a t e l y   44.67  w/o  minus  100 

mesh  a t o m i z e d   i r o n   powder  and  0.33  w/o  of  minus  325  mesh  g r a -  
p h i t e   powder  was  p r e p a r e d .   Dur ing   b l e n d i n g   5  w/o  of  n a p h t h a  

was  added  to  m i n i m i z e   s e g r e g a t i o n   o f  t h e   h i g h e r - d e n s i t y   c e m e n t -  

e d  c a r b i d e   p a r t i c l e s .   The  damp  m i x t u r e   was  m a n u a l l y   c o m p a c t e d  
i n t o   an  e l a s t o m e r i c   p o l y u r e t h a n e   mold  c a v i t y   of  the   d e s i r e d  

t o o l   s h a p e ,   d i m e n s i o n e d   to  a l l ow   fo r   co ld   i s o s t a t i c   p o w d e r  

c o m p a c t i o n   p lus   one  per   c e n t   s i n t e r i n g   s h r i n k a g e .   F o l l o w i n g  
co ld   i s o s t a t i c   c o m p a c t i o n   at  35,000  p s i ,   the   c o m p a c t e d   p r e -  
form  was  removed  from  the  mold  and  vacuum  s i n t e r e d   at  2000  d e -  

g r e e s   F a h r e n h e i t   for   60  m i n u t e s ,   f o l l o w i n g   which  the   s i n t e r e d  

body  was  i s o s t a t i c a l l y   p r e s s e d   at  2250  d e g r e e s   F a h r e n h e i t   f o r  

60  m i n u t e s   at  15 ,000   p s i   unde r   h e l i u m .  

M e t a l l o g r a p h i c   e x a m i n a t i o n   d i s c l o s e d   a  m a t r i x   s t r u c t u r e   com-  

posed   of  m o s t l y   p e a r l i t e   a n d  a   l i t t l e   f e r r i t e   t y p i c a l   of  c o n -  
v e n t i o n a l   s l o w - c o o l e d   0.75  per   cen t   c a rbon   s t e e l   of  low  p o r o -  
s i t y .   The  c e m e n t e d   c a r b i d e - m a t r i x   i n t e r f a c e s   were  o c c u p i e d  
by  bands   of  a  w i d t h   of  abou t   5  m i c r o n s   of  an  a l l o y   b e l i e v e d   t o  
be  composed  of  i r o n   and  c o b a l t ,   p r i n c i p a l l y .   The  cemen ted   c a r -  
b ide   d i s p e r s e d   p a r t i c l e s   a p p e a r e d   u n i m p a i r e d   by  t h e r m a l   c r a c k -  

ing  and  no  e v i d e n c e   of  d i s s o l u t i o n ,   m e l t i n g   or  d e c o m p o s i t i o n  
of  the  d i s p e r s e d   c a r b i d e   phase   e x i s t e d   at  or  nea r   the  i n t e r -  
f a c i a l   b o u n d a r i e s ,   such  b o u n d a r i e s   be ing   sha rp   e x c e p t   fo r   t h e  



a f o r e m e n t i o n e d   i r o n -   c o b a l t   a l l o y   d i f f u s i o n   zone.   No  p o t e n -  

t i a l l y   h a r m f u l   c o n c e n t r a t i o n s   of  e t a   phase   were  o b s e r v e d .  

Tes t   b o d i e s   were  m a n u a l l y   ben t   over   a  m a n d r e l   by  hammering  a t  

room  t e m p e r a t u r e   and  found  to  have  a  h igh   r e s i s t a n c e   to  i m p a c t  

l o a d i n g   and  to  be  e s s e n t i a l l y   f r e e   of  b r i t t l e   f r a c t u r e .  

F i g u r e   1  is  a  p h o t o m i c r o g r a p h   of  a  t y p i c a l   a r ea   in  a  c o m p o s i t e  

p r o d u c e d   a c c o r d i n g   to  Example  1,  e x c e p t   t h a t   s i n t e r i n g   was  

done  at  2100  d e g r e e s   F a h r e n h e i t .   A  c o b a l t   cemented   t u n g s t e n  

c a r b i d e   g r a n u l e   40  is  shown  m e t a l l u r g i c a l l y   bonded  to  a  p l a i n  

ca rbon   s t e e l   hav ing   a  m o s t l y   p e a r l i t i c  s t r u c t u r e   50  by  a  d i f -  

f u s i o n   zone  45  c o n t a i n i n g   i r o n   and  c o b a l t .   The  d i f f u s i o n   z o n e  

45  is   a p p r o x i m a t e l y   m i c r o n s   t h i c k .  

EXAMPLE  N O .  2  - 

A  w e a r - r e s i s t a n t ,   two  inch   s q u a r e  b y   3/8  inch   t h i c k  p l a t e   was  

f a b r i c a t e d   c o n s i s t i n g   of  60  w/o  of  u n m i l l e d   minus  60  p l u s   100 

mesh  m a c r o c r y s t a l l i n e   WC  c e m e n t e d   by  40  w/o  of  0.75  per  c e n t  

C  s t e e l   c o n t a i n i n g   2  w/o  Cu.  A  u n i f o r m l y   dry  b l e n d e d   m i x t u r e  

of  minus  60  p lus   100  mesh  m a c r o c r y s t a l l i n e   WC  c r y s t a l s ,   m i n u s  

325  mesh  g r a p h i t e   powder ,   minus  100  mesh  i r o n   powder ,   and  m i -  

nus  325  mesh  c o p p e r   powder  were  dry  b l e n d e d ,   u n m i l l e d ,   to  a  

u n i f o r m   m i x t u r e ,   t hen   dampened  by  b l e n d i n g   w i th   l i q u i d   n a p h t h a  
and  m e t h y l   c e l l u l o s e   e q u a l ,   r e s p e c t i v e l y ,   to  7  per   c e n t   a n d  

0.5  w/o  of  the   dry  m i x t u r e ,   and  t hen   packed   i n t o   a  s t e e l   p r e -  
form  mold  to  a  f i r m , . g r e e n ,   p l a t e   shape  of  d i m e n s i o n s   e q u a l   t o  

a p p r o x i m a t e l y   102  per   c e n t   of  the   d e s i r e d   f i n a l   d i m e n s i o n .  

F o l l o w i n g   a i r   d r y i n g   in  the  mold  at  room  t e m p e r a t u r e ,   the   c o m -  

p a c t   was  removed  from  the  mold ,   p l a c e d   in  a  r u b b e r   bag  a n d  

f u r t h e r   p r o c e s s e d   by  co ld   i s o s t a t i c   c o m p a c t i o n ,   s i n t e r i n g   a n d  

HIP  as  d e s c r i b e d   in  Example  N o .  1 .   M e t a l l o g r a p h i c   e x a m i n a t i o n  

r e v e a l e d   a  m a c r o s t r u c t u r e   of  m a c r o c r y s t a l l i n e   WC  e v e n l y   d i -  

s p e r s e d   t h r o u g h o u t   a  s t e e l   m a t r i x .   A  5  m ic ron   t h i c k   bond  l a y e r  

of  unknown  c o m p o s i t i o n   was  o b s e r v e d   at  W C - s t e e l   i n t e r f a c e s .  



These   i n t e r f a c e s   were  f r e e   of  b r i t t l e   b i n a r y   c a r b i d e   p h a s e s  

and  c r a c k s .  

EXAMPLE  N O .  3  .  

A  c o m p o s i t e   1  1 / 2   i nch   c u b i c   w e a r - r e s i s t a n t   body  of  s t e e l   e n -  

c l o s i n g   a  d i m e n s i o n e d   p l a t e   of  s i n t e r e d ,   c e m e n t e d   5  w/o  c o -  
b a l t - t u n g s t e n   c a r b i d e   was  f a b r i c a t e d ,   p u r p o s e f u l l y   e m b e d d i n g  

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

g reen   powder   p r i o r   to  i s o - c o m p a c t i o n   so  t h a t   i t s   o u t e r   s u r f a c e  

was  f l u s h   w i th   the   o u t e r   s u r f a c e   of  t he   s t e e l   c u b e .  A   d r y  u n -  

m i l l e d   b l e n d   c o m p r i s e d   of  97.25  w/o  minus  100  mesh  a t o m i z e d  

i r o n   p o w d e r ,   2  w/o  minus  325  Cu  powder  and  0.75  w/o  g r a p h i t e  

was  made,   t hen   b l e n d e d   w i th   n a p h t h a   and  m e t h y l   c e l l u l o s e   e q u a l  

t o ,   r e s p e c t i v e l y ,  5   w/o  and  0.3  w/o  of  the   dry  b l e n d .   This   was  

then   p a c k e d   i n t o   an  e l a s t o m e r i c   mold  f o l l o w i n g   which  a  o n e  
inch   s q u a r e   by  1/4  i nch   t h i c k   p l a t e   of  s i n t e r e d   cemen ted   c a r -  

b ide   was  p r e s s e d   down  i n t o   the   i r o n   powder  mix  s o  t h a t   t h e  
o u t e r   s u r f a c e s   were  c o n g r u e n t .  

The  mold ,   a f t e r   s e a l i n g ,   was  p l a c e d   in  a  r u b b e r   bag,   e v a c u a t e d ,  

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

from  the   mold ,   s i n t e r e d   and  hot   i s o s t a t i c a l l y   compac t ed   as  i n  

Example  N o .  1 .   M e t a l l o g r a p h i c   e x a m i n a t i o n   r e v e a l e d   t h a t   t h e  

p r e p o s i t i o n e d   s i n t e r e d   c a r b i d e   p l a t e   was  bonded  by  a  5  m i c r o n  

i n t e r f a c i a l   bond  phase   to  the   s t e e l   m a t r i x   s u r r o u n d i n g   i t   o n  
t h r e e   s i d e s   and  t h a t   the   e n t i r e   s t r u c t u r e   a p p e a r e d   sound  a n d  

f r e e   of  c r a c k s .  

F i g u r e   2  p r e s e n t s   a  d e s c r i p t i o n   of  a  wear  p l a t e   20  m a n u f a c -  

t u r e d   in  the   manner   d e s c r i b e d   in  t h i s   e x a m p l e ,   e x c e p t   t h a t  

t h r e e   r a t h e r   one  c emen ted   c a r b i d e   i n s e r t s   30  are  e m b e d d e d  

in  the  p l a t e   20  such  t h a t   a  s u r f a c e   45  of  each  i n s e r t   30  i s  

s u b s t a n t i a l l y   f l u s h   wi th   the  work ing   end  40  of  the   t o o l   2 0 .  

I t   w i l l   be  n o t e d   t h a t   the   i n t e r f a c i a l   bond  35  is  s u b s t a n t i a l -  

ly  u n i f o r m   and  c o n t i n u o u s   and  forms  a  tough   and  a d h e r e n t   b o n d  

be tween   the  c e m e n t e d   c a r b i d e   and  the  c o n s o l i d a t e d   c a r b o n  

s t e e l   and  c o p p e r   m a t r i x   2 5 .  



In  c e r t a i n   wear  a p p l i c a t i o n s ,   d e p e n d i n g   on  the   c o r r o s i o n   n a -  

t u r e   of  the   e n v i r o n m e n t   in  which  the  wear  p l a t e   w i l l   be  u s e d ,  

s t a i n l e s s   s t e e l   or  a l l o y   s t e e l   powders  may  be  a d v a n t a g e o u s l y  
s u b s t i t u t e d   fo r   the   i r o n ,   c a r b o n   and  c o p p e r   powders   u t i l i z e d  

in  t h i s   e x a m p l e .  

F i g u r e   3  p r o v i d e s   a  c r o s s   s e c t i o n a l  v i e w   of  a n o t h e r   e m b o d i m e n t  

of  a  t o o l   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 .   This   t o o l   1  c a n  
be  m a n u f a c t u r e d   s u b s t a n t i a l l y   as  d e s c r i b e d   in  Example  3,  e x -  
cep t   t h a t   the   cemen ted   c a r b i d e   i n s e r t   5  is  a l l o w e d   to  h a v e  

i t s   w o r k i n g   end  2  e x t e n d   ou tward   and  beyond  the  s t e e l   body  10 

of  t o o l   1.  As  shown  in  t h i s   f i g u r e ,   the  i n s e r t   5  bonded  t o  

the   s t e e l   body  10  b y  a   d i f f u s i o n   zone  15  which  was  formed  b y  
the  i n t e r d i f f u s i o n   of  c o b a l t   from  the  i n s e r t   5  and  i r o n   f r o m  

the  s t e e l   body  10  d u r i n g   h igh   t e m p e r a t u r e   and  h igh   p r e s s u r e  
s i n t e r i n g   o p e r a t i o n s .  

M o d i f i c a t i o n s   may be   made  w i t h i n   the  scope   of  the  a p p e n d e d  
c l a i m s .  



1.  A  c o m p o s i t i o n   of  m a t t e r   c o m p r i s i n g :   30  to  80  w e i g h t   p e r  
c e n t   of  a  c a r b i d e   m a t e r i a l   h a v i n g   a  s i z e   g r e a t e r   t han   400  m e s h ;  

s a i d   c a r b i d e   m a t e r i a l   s e l e c t e d   from  the  group  of  hard   c a r b i d e s  

c o n s i s t i n g   of  t u n g s t e n   c a r b i d e ,   t i t a n i u m   c a r b i d e ,   t a n t a l u m   c a r -  

b i d e ,   n i ob ium  c a r b i d e ,   z i r c o n i u m   c a r b i d e ,  
vanad ium  c a r b i d e ,   h a f n i u m   c a r b i d e ,   molybdenum  c a r b i d e ,   c h r o m i -  

um  c a r b i d e ,   boron   c a r b i d e ,   s i l i c o n   c a r b i d e ,   t h e i r   m i x t u r e s ,  
t h e i r   s o l i d   s o l u t i o n s ,   and  t h e i r   c emen ted   c o m p o s i t e s ;   20  t o  

70  w e i g h t   per   c e n t   of  a  m a t r i x   m a t e r i a l   s e l e c t e d   from  the  g r o u p  
c o n s i s t i n g   of  s t e e l ,   s t e e l   and  i r o n ,   s t e e l   and  c o p p e r ,   a n d  

s t e e l   and  n i c k e l ;   s a i d   c a r b i d e   m a t e r i a l - e m b e d d e d   in  and  b o n d e d  

to  s a i d   m a t r i x ;   and  an  i n t e r f a c e   be tween   s a i d   c a r b i d e   m a t e r i a l  

and  s a i d   m a t r i x   no  g r e a t e r   t h a n   50  m i c r o n s   in  t h i c k n e s s .  

2.  A  c o m p o s i t i o n  o f   m a t t e r   a c c o r d i n g   to  Claim  1  f u r t h e r   c h a -  

r a c t e r i z e d   in  t h a t   s a i d  i n t e r f a c e   has  a  t h i c k n e s s   of  0  t o  
.40  m i c r o n s .  

3.  A  c o m p o s i t i o n   of  m a t t e r   a c c o r d i n g   to  Claim  1  w h e r e i n  s a i d  

c a r b i d e   m a t e r i a l   is  a  c e m e n t e d   c o m p o s i t e   hav ing   a  c o b a l t   b i n -  

de r ;   and  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d   i n t e r f a c e   has  i r o n  

and  c o b a l t   and  a  t h i c k n e s s   of  0  to  40  m i c r o n s .  

4.  A  c o m p o s i t i o n   of  m a t t e r   a c c o r d i n g   to  Claim  3  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   c e m e n t e d   c o m p o s i t e   c o n t a i n s   t u n g s t e n  
c a r b i d e .  

5.  A  c o m p o s i t i o n   of  m a t t e r   a c c o r d i n g   to  Claim  1  f u r t h e r  
c h a r a c t e r i z e d   in  t h a t   s a i d   h a r d   c a r b i d e   is   t u n g s t e n   c a r b i d e .  

6.  A  c o m p o s i t i o n   of  m a t t e r   a c c o r d i n g   to  Claim  1 ,  f u r t h e r  
c h a r a c t e r i z e d   in  t h a t   s a i d   c o m p o s i t i o n   is  d u c t i l e   at  r o o m  

t e m p e r a t u r e .  



7.  A  c o m p o s i t i o n   of  m a t t e r   a c c o r d i n g   to  Claims  1,  3  or  5 

f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d   s t e e l   is  an  a l l o y   s t e e l .  

8.  A  c o m p o s i t i o n   of  m a t t e r   a c c o r d i n g   to  Claims  1,  3  o r  5  -  

f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d   s t e e l   is  a  s t a i n l e s s   s t e e l .  

9.  A  c o m p o s i t i o n   of  m a t t e r   c o m p r i s i n g :   30  to  80  w e i g h t   p e r  
cen t   of  a  c a r b i d e   m a t e r i a l   h a v i n g   a  s i z e   g r e a t e r   than   400 

mesh  and  h a v i n g   a  m e t a l l i c   c o a t i n g ;   s a i d   c a r b i d e   m a t e r i a l  

s e l e c t e d   from  the  group  of  ha rd   c a r b i d e s   c o n s i s t i n g   of  t u n g -  
s t e n   c a r b i d e ,   t i t a n i u m   c a r b i d e ,   t a n t a l u m   c a r b i d e ,   n i o b i u m  

c a r b i d e ,   z i r c o n i u m   c a r b i d e ,   vanad ium  c a r b i d e ,   ha fn ium  c a r b i d e ,  

molybdenum  c a r b i d e ,   chromium  c a r b i d e ,   boron   c a r b i d e ,   s i l i c o n  

c a r b i d e ,   t h e i r   m i x t u r e s ,   t h e i r   s o l i d   s o l u t i o n s   and  t h e i r   c e -  
mented   c o m p o s i t e s ;   20  to  70  w e i g h t   per   c e n t   of  a  m a t r i x  m a -  

t e r i a l  s e l e c t e d   from  the   g roup  c o n s i s t i n g   of  s t e e l ,   s t e e l   a n d  

i r o n ,   s t e e l   and  c o p p e r ,   and  s t e e l   and  n i c k e l ;   and  s a i d   m e t a l -  

l i c   c o a t i n g   f o r m i n g   a  tough   and  a d h e r e n t   bond  be tween   s a i d  

c a r b i d e   m a t e r i a l   and  s a i d   m a t r i x .  

10.  A  c o m p o s i t i o n  o f   m a t t e r   a c c o r d i n g   to  Claim  9  f u r t h e r  
c h a r a c t e r i z e d   in  t h a t   s a i d   s t e e l   is  s e l e c t e d   from  the   g r o u p  
c o n s i s t i n g   of  a l l o y   s t e e l s   and  s t a i n l e s s   s t e e l s .  

11.  A  method  for   m a n u f a c t u r i n g   s t e e l   ha rd   c a r b i d e   c o m p o s i t e  
wear  r e s i s t a n t   b o d i e s   c o m p r i s i n g :   b l e n d i n g   20  to  70  w e i g h t  

per  cen t   of  s t e e l   f o rming   powders   w i th   30  to  80  w e i g h t   p e r  
cen t   of  hard   c a r b i d e   p a r t i c l e s   h a v i n g   a  p a r t i c l e  s i z e   b e t w e e n  

2.5  and  400  mesh  to  p r o d u c e  a   m i x t u r e ;   co ld   p r e s s i n g   s a i d  

n i x t u r e   to  p r o d u c e   a  c o m p a c t e d   p r e f o r m ;   and  d e n s i f y i n g   s a i d  

compac ted   p r e f o r m   v ia   a  h igh   t e m p e r a t u r e   and  h igh   p r e s s u r e -  
d i f f u s i o n   b o n d i n g   and  s i n t e r i n g   p r o c e s s ,   and  s a i d   h igh   t e m p e -  
r a t u r e   b e i n g   below  the  m e l t i n g   t e m p e r a t u r e   of  s a i d   s t e e l .   28 



12.  A  method  for   m a n u f a c t u r i n g   s t e e l   ha rd   c a r b i d e   c o m p o s i t e  

wear  r e s i s t a n t   b o d i e s   a c c o r d i n g   to  Claim  11  f u r t h e r   c h a r a c t e -  

r i z e d   by  c o a t i n g   s a i d   hard   c a r b i d e   p a r t i c l e s   w i th   a  m e t a l l i c  

c o a t i n g   p r i o r   to  s a i d   b l e n d i n g   wi th   s a i d   s t e e l  f o r m i n g   p o w d e r s .  

13.  A  method  for   m a n u f a c t u r i n g   s t e e l   ha rd   c a r b i d e   c o m p o s i t e  

wear  r e s i s t a n t   b o d i e s   a c c o r d i n g   to  Claims  11  or  12  w h e r e i n  

s a i d   d e n s i f y i n g   of  s a i d   compac t ed   p r e f o r m   v i a   d i f f u s i o n   b o n d -  

ing  c h a r a c t e r i z e d   by  s i n t e r i n g   s a i d   c o m p a c t e d   p r e f o r m   at  a  

t e m p e r a t u r e   above  1900  d e g r e e s   F a h r e n h e i t   and  below  the  s o l i -  

dus  t e m p e r a t u r e   of  s a i d   s t e e l   to  m i n i m i z e   i n t e r c o n n e c t e d   p o -  

r o s i t y   in  the   p r e f o r m   and  t hen   hot  i s o s t a t i c a l l y   p r e s s i n g  

s a i d   p r e f o r m   at  a  p r e s s u r e   above  10,000  p s i   and  a  t e m p e r a t u r e  

b e t w e e n   1600  d e g r e e s   F a h r e n h e i t   and  the  m e l t i n g   t e m p e r a t u r e  
of  the  s t e e l .  

14.  A  c o m p o s i t i o n   of  m a t t e r   c o m p r i s i n g :   30  to  80  w e i g h t   p e r  
c e n t   of  a  c a r b i d e   m a t e r i a l   h a v i n g   a  s i z e   g r e a t e r   t han   400 

mesh;  s a i d   c a r b i d e   m a t e r i a l   s e l e c t e d   from  the  group  of  h a r d  

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

t a n t a l u m   c a r b i d e ,   n iob ium  c a r b i d e ,   z i r c o n i u m   c a r b i d e ,   v a n a d i -  

um  c a r b i d e ,   h a f n i u m   c a r b i d e ,   molybdenum  c a r b i d e ,   c h r o m i u m  

c a r b i d e ,   boron   c a r b i d e ,   s i l i c o n   c a r b i d e ,   t h e i r   m i x t u r e s ,   t h e i r  

s o l i d   s o l u t i o n s   and  t h e i r   c emen ted   c o m p o s i t e s ;   20  to  70  w e i g h t  

per  cen t   of  a  m a t r i x   m a t e r i a l   s e l e c t e d   from  the  g roup  c o n -  

s i s t i n g   of  s t e e l ,   s t e e l   and  i r o n ,   s t e e l   and  c o p p e r ,   and  s t e e l  

and  n i c k e l ;   c h a r a c t e r i z e d   in  t h a t   s a i d   c a r b i d e   m a t e r i a l   i s  

embedded  in  and  bonded  to  s a i d   m a t r i x   by  powder  m e t a l l u r g i c a l  
t e c h n i q u e s   of  c o m p a c t i o n   and  d i f f u s i o n   b o n d i n g   below  t h e  

m e l t i n g   t e m p e r a t u r e   of  the  s t e e l .  

15.  A  t o o l   c o m p r i s i n g :   a  work ing   end  h a v i n g   a  ha rd   wear  r e -  
s i s t a n t   c e m e n t e d   c a r b i d e   i n s e r t ;   a  body  h a v i n g   s t e e l ;   a  b o n d  

r e g i o n   j o i n i n g   s a i d   i n s e r t   to  s a i d   body;   c h a r a c t e r i z e d   i n  
t h a t   s a i d   bond  r e g i o n   c o m p r i s e s   an  a l l o y   h a v i n g   i r o n   and  c o -  
b a l t .   ' 



16.  A  t o o l   c o m p r i s i n g :   a  work ing   end  hav ing   a  ha rd   wear  r e -  
s i s t a n t   c o b a l t   cemen ted   c a r b i d e   i n s e r t ;   a  body  h a v i n g   s t e e l :  
s a i d   i n s e r t   powder  m e t a l l u r g i c a l l y   bonded  to  s a i d   body  by  a  
d i f f u s i o n   zone  formed  d u r i n g   h igh   t e m p e r a t u r e   s i n t e r i n g   b e -  
low  the  m e l t i n g   p o i n t   of  s a i d   s t e e l ;   and  s a i d   d i f f u s i o n   z o n e  

h a v i n g   i r o n   and  c o b a l t .  

17.  A  method  of  f o r m i n g   a  c emen ted   c a r b i d e   t o o l   c h a r a c t e -  

r i z e d   by  embedding   a  p r e d i m e n s i o n e d   c o b a l t   c e m e n t e d   c a r b i d e -  
i n s e r t   in  a  p r e d e t e r m i n e d   l o c a t i o n   in  a  b l e n d   of  s t e e l   f o r m -  

ing  powder ;   c o n s o l i d a t i n g   s a i d   powder  a round   s a i d   i n s e r t  

to  form  a  p r e f o r m ;   and  i n t e r d i f f u s i n g   c o b a l t   from  s a i d   i n s e r t  

wi th   i r o n   from  s a i d   c o n s o l i d a t e d   s t e e l   f o r m i n g   powder  a d j a -  
cen t   the   i n s e r t   at   a  h igh  t e m p e r a t u r e   below  the  m e l t i n g   p o i n t  
of  s a id   s t e e l   and,   s i m u l t a n e o u s l y   at  a  h igh   p r e s s u r e ,   t o  
form  a  m e t a l l u r g i c a l  b o n d   be tween   s a i d   i n s e r t   and  s a i d   s t e e l .  
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