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©  Roll  for  hot  forming  steel  rod. 
Disclosed  herein  is  a  carbide  roll  having  an  improved 

composition  for  hot  forming  steel  rod  in  multi-stand  rolling 
mills.  The  improved  composition  comprises  the  addition  of 
nickel  as  a  binder  material  to  a  normal  tungsten  carbide- 
cobalt  roll  composition,  preferably,  so  that  the  composition 
by  volume  is  approximately:  tungsten  carbide-70  percent; 
nickel-10  percent;  and  cobalt-  20  percent.  A  dual  composi- 
tion  is  disclosed,  wherein  the  above  composition  forms  the 
inner  layer  of the  roll  and  an  outer  layer  may  be  composed  of, 
by  volume,  tungsten  carbide -  70  percent  and  cobalt -  30 
percent. 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   c o n c e r n s   c e m e n t e d   c a r b i d e   r o l l s  

f o r   h o t - f o r m i n g   s t e e l   rod  in  m u l t i - s t a n d   r o l l i n g  

m i l l s ,   e s p e c i a l l y   in  a  f i n i s h e d   rod   d i a m e t e r   r a n g e  

of   7 / 3 2   i n c h e s   to   1 /2   i n c h .   C a r b i d e   r o l l s ,  

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

1 7 0 0 ° F   to   2 2 0 0 ° F   r a n g e ,   have   g a i n e d   w i d e   use   i n  

m u l t i - s t a n d   s t e e l - r o d   r o l l i n g   m i l l s   a n d ,   to   a  l a r g e  

e x t e n t ,   h a v e   r e p l a c e d   c h i l l e d   c a s t   i r o n   r o l l s ,  

e s p e c i a l l y   in  f i n i s h i n g   r o l l   m i l l   s t a n d s .  

The  d e v e l o p m e n t   of  t w i s t   f r e e   r o d   m i l l s  

a l l o w e d   t h e   u se   of  h i g h e r ,   more   e c o n o m i c a l   h o t  

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

d i m e n s i o n s   or   rod   s u r f a c e   c o n d i t i o n .   The  s u c c e s s -  

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

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

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

b e i n g   d e s i g n e d   to   w i t h s t a n d   h i g h e r   r o l l i n g   s p e e d s .  

The  s o l e   h a r d   c a r b i d e   c o n s t i t u e n t   in  t h e s e  

r o l l   a l l o y s   p r e f e r r e d   by  t h o s e   s k i l l e d   in  t h e   a r t ,  

and  m o s t   s u c c e s s f u l   in  a p p l i c a t i o n ,   h a s   b e e n  

t u n g s t e n   c a r b i d e   (WC)  and  c o b a l t .  

The  r e a l i z a t i o n   of  t he   b e n e f i t s   of   s t i l l  

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

d e s i g n   is   now  c a p a b l e ,   h o w e v e r ,   r e q u i r e s   r o l l  

m a t e r i a l s   p o s s e s s i n g   more  t o u g h n e s s .   B o t h   t h e  

s u r f a c e   d e g r a d a t i o n   of  r o l l   g r o o v e   s u r f a c e s ,   o r  

o t h e r   w o r k i n g   s u r f a c e   c o n f i g u r a t i o n ,   and  m a s s i v e  



r o l l   f r a c t u r e   a r e   r e l a t e d   to   s e v e r a l   f a c t o r s ,   a m o n g  

w h i c h   m a j o r   f a c t o r s   a r e   t h e r m a l   c r a c k i n g   c a u s e d   b y  

a l t e r n a t e   h e a t i n g   and  c o o l i n g   of   t h e   m i l l   r o l l   a s  

i t   e n c o u n t e r s   t he   h o t   s t e e l   r o d   and  s t r e s s e s   due  t o  

m o u n t i n g   and  t o r q u e   t r a n s m i s s i o n .  

R o l l s   u s e d   f o r   s l o w e r   r o l l i n g   s p e e d s   a n d  

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

m i l l s   and  b a r   m i l l s   h a v i n g   a  f i n i s h e d   rod  d i a m e t e r  

o f   o n e - h a l f   i n c h   to  t h r e e   i n c h e s ,   a r e   s u b j e c t   t o  

e v e n   g r e a t e r   t h e r m a l   s t r e s s   b e c a u s e   t h e r m a l   c y c l i n g  

i s   a c c e l e r a t e d   by  l o n g e r   t i m e   i n t e r v a l s   o f  

r o l l - t o - w o r k   c o n t a c t   and  c o o l i n g   e x p o s u r e   a n d ,  

a l s o ,   h i g h e r   r o l l i n g   t o r q u e   and  s t r e s s e s   due  to  t h e  

s l o w e r   s p e e d .  

One  of   t h e   c a u s e s   of  m i l l   r o l l   f a i l u r e   is   d u e  

to   t h e   t e n s i l e   s t r e s s   i m p o s e d   on  t h e   i n s i d e  

d i a m e t e r   of   t h e   m i l l   r o l l   when  m o u n t e d   in  w o r k i n g  

p o s i t i o n .   The  r o l l s   a r e   u s u a l l y   m o u n t e d   o n  

m a n d r e l s   w i t h   means   f o r   e x e r t i n g   r a d i a l l y   o u t w a r d  

c o n t a c t   w i t h   t h e   i n s i d e   d i a m e t e r   of   t h e   r o l l .   T h e  

c o n t a c t   w i t h   t h e   m a n d r e l   m u s t   be  s u f f i c i e n t   so  a s  

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

and   t h e   r o l l .   As  c e m e n t e d   c a r b i d e s   a r e   u s u a l l y  

r e l a t i v e l y   weak  in  t e n s i l e   s t r e n g t h ,   t h e   t e n s i l e  

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

t h e   r o l l .   B e n d i n g   s t r e s s e s   due   to   h i g h   t o r q u e  

t r a n s m i s s i o n   can   a l s o   a t t r i b u t e   to   r o l l   f a i l u r e s .  



The  a d d i t i o n   of  t a n t a l u m   c a r b i d e   (TaC)  to  t h e  

o u t e r   p a r t   of   t h e   r o l l   h e l p s   c o n t r o l   t h e   t h e r m a l  

c r a c k i n g   of  t h e   o u t e r   l a y e r   due  to  t h e r m a l   s t r e s s e s  

b u t   i n c r e a s e s   t h e   c o s t   of  m a n u f a c t u r e   of   t h e   m i l l  

r o l l .   In  o r d e r   to  r e d u c e   the   o v e r a l l   c o s t   of  t h e  

m i l l   r o l l ,   i t   was  t h o u g h t   t h a t   t he   s u b s t i t u t i o n   o f  

n i c k e l   (Ni)   f o r   some  of  t he   c o b a l t   in  t h e   i n n e r  

r i n g   c o u l d   be  a c h i e v e d   w i t h o u t   any  m a j o r   l o s s   i n  

t e n s i l e   s t r e n g t h   or   w e a r   r e s i s t a n c e ,   (Ni)   b e i n g   a  

l e s s   e x p e n s i v e   c o m m o d i t y   t h a n   c o b a l t   ( C o ) .  

S u r p r i s i n g l y ,   t h e   a d d i t i o n   of  Ni  to  t h e   b i n d e r  

m a t e r i a l   of  t h e   i n n e r   r i n g   d r a m a t i c a l l y   i n c r e a s e s  

t h e   t e n s i l e   s t r e n g t h   r a t h e r   t h a n   r e d u c i n g   i t .  

I t   i s   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 v i d e   a  

c e m e n t e d   c a r b i d e   r o l l   f o r   h o t   f o r m i n g   s t e e l   rod   i n  

m u l t i - s t a n d   rod  or   b a r   m i l l s   wh ich   i s   s i g n i f i c a n t l y  

m o r e   r e s i s t a n t   to   t h e r m a l   c r a c k i n g   and  s t r e s s  

r e l a t e d   f a i l u r e s .  

I t   i s   an  a d d i t i o n a l   o b j e c t   of  t h i s   i n v e n t i o n  

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

as  e v i d e n c e d   by  l o n g e r   r o l l   s e r v i c e   t i m e   a n d  

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

w o u l d   o c c u r .  



BRIEF  SUMMARY OF  THE  INVENTION 

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

c a r b i d e   r o l l   can   h a v e   t h e   t h e r m a l   f a t i g u e   a n d  

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

n i c k e l   t o   t h e   r o l l   c o m p o s i t i o n .   P r e f e r a b l y ,   t h e  

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

c o m p r i s e ,   by  v o l u m e :   t u n g s t e n   c a r b i d e - - 7 0   p e r c e n t  ;  

n i c k e l - - 1 0   p e r c e n t ;   and  c o b a l t - - 2 0   p e r c e n t  ;  

h o w e v e r ,   t h e   c o m p o s i t i o n   may  be  in   t h e   r a n g e ,   b y  

v o l u m e ,   o f :   t u n g s t e n   c a r b i d e - - 4 5   t o   72  p e r c e n t ;  

n i c k e l - - 5   to   30  p e r c e n t ;   and  c o b a l t - - 0   to   4 2  

p e r c e n t .  

B e c a u s e   of  t h e   c o s t   of  t h e   c o b a l t ,   t h e   use   o f  

n i c k e l   i s   a l s o   more   e c o n o m i c a l   in   a  d u a l   c o m p a c t  

r o l l   w i t h   an  o u t e r   l a y e r   p r e f e r a b l y   c o m p r i s e d   o f ,  

by  v o l u m e ,   70  p e r   c e n t   t u n g s t e n   c a r b i d e   and  30  

p e r c e n t   c o b a l t .   The  o u t e r   l a y e r ,   h o w e v e r ,   may  b e  

in  t h e   r a n g e   o f ,   by  v o l u m e ,   24  t o   43  p e r c e n t  

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

o r   i n   c o m b i n a t i o n   t a n t a l u m   c a r b i d e ,   t a n t a l u m ,  

n i c k e l   and  c h r o m e .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  i n v e n t i o n   c o n c e r n s   a  d u a l - c o m p o s i t i o n  

c a r b i d e   r o l l   c o m p r i s i n g   a  l o n g e r - w e a r i n g   p e r i p h e r a l  

o r   o u t e r   c e m e n t e d   c a r b i d e   zone   in  w h i c h   t he   r o l l i n g  

g r o o v e s ,   or  w o r k i n g   s u r f a c e s ,   a r e   f o r m e d   a n d  

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

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

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

n i c k e l   o r   t u n g s t e n   c a r b i d e - n i c k e l   a l l o y   p r e f e r a b l y  

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

s t r u c t u r e   i d e n t i c a l   w i t h   or   s i m i l a r   to  t h a t   w h i c h  

e x i s t s   in  t he   p e r i p h e r a l   or   o u t e r   z o n e .  

Bo th   z o n e s   f o r m   a  s o l i d ,   i n t e g r a t e d   r o l l   b o d y  

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

n i c k e l   p o w d e r   b l e n d s   s u i t a b l e   f o r   e a c h   zone  a r e  

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

p r e s s ,   t h e n   s i n t e r e d   t o g e t h e r   as  a  s i n g l e  

p r e s s i n g .  

The  i m p r o v e d   m i l l   r o l l   p o s s e s s e s   as  i t s  

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

c a r b i d e   s t r u c t u r e ,   of   w h i c h   t he   o u t e r   or  r o l l i n g  

zone   w i l l   be  a  h a r d   w e a r   r e s i s t a n t   m a t e r i a l ,  

p r e f e r a b l y   a  t u n g s t e n   c a r b i d e - c o b a l t   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   and  an  i n n e r   z o r e   of  c e m e n t e d  

t u n g s t e n   c a r b i d e - c o b a l t   n i c k e l ,   p r e f e r a b l y   h a v i n g  

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

m e t a l .  



I t   i s   r e c o g n i z e d   t h a t   d i s s i m i l a r i t i e s   b e t w e e n  

t h e   z o n e s   in  c a r b i d e   g r a i n   s i z e   r a n g e ,   v o l u m e  

p e r c e n t   of  b i n d e r   and  b i n d e r   c o m p o s i t i o n   may  n o t  

c a u s e   an  u n a c c e p t a b l e   r a t e   of  f r a c t u r e   f a i l u r e   o f  

t h e   r o l l   b e c a u s e   of  i n h e r e n t   d i f f e r e n c e s   in  t h e r m a l  

c o e f f i c i e n t   of  e x p a n s i o n   b e t w e e n   t h e   z o n e s ,   e i t h e r  

in   u se   o r   d u r i n g   m a n u f a c t u r e .   N e v e r t h e l e s s ,  

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

c a r b i d e   g r a i n   s i z e   r a n g e s   and  b i n d e r   c o m p o s i t i o n s  

in  t h e   o u t e r   and  i n n e r   z o n e s   a r e   a  p r e f e r r e d  

e m b o d i m e n t   of  t h i s   i n v e n t i o n .  

C e m e n t e d   c a r b i d e   r i n g s   w e r e   made  h a v i n g   a n  

o u t e r   zone   c o m p o s i t i o n   in   t e r m s   of   p e r c e n t   b y  

v o l u m e   of   t u n g s t e n   c a r b i d e - - 7 0   p e r c e n t ;   t a n t a l u m  

c a r b i d e - - 1 2   p e r c e n t ;   and  c o b a l t - - 3 0   p e r c e n t ,  

i n t e g r a t e d   by  m e a n s   o f   a  s i n t e r - b o n d e d   i n t e r f a c e  

w i t h   an  i n n e r   c e m e n t e d   c a r b i d e   c o r e   zone   h a v i n g   a  

c o m p o s i t i o n   in  p e r   c e n t   by  v o l u m e   of  t u n g s t e n  

c a r b i d e - - 7 0   p e r c e n t   and   c o b a l t - - 2 0   p e r c e n t ,   a n d  

n i c k e l - - 1 0   p e r c e n t .  

B o t h   z o n e s   w e r e   made   to   h a v e   a  t u n g s t e n  

c a r b i d e   g r a i n   s i z e   r a n g e   o f   a p p r o x i m a t e l y   9 0  

p e r c e n t   3  to   12  m i c r o n .   The  d e s i g n   d e n s i t y   of  t h e  

o u t e r   and  i n n e r   z o n e   was  a p p r o x i m a t e l y   1 3 . 5 5   g r a m s  

p e r   c u b i c   c e n t i m e t e r .   The  o u t e r   zone   was  0 . 2 5 0  

i n c h e s   t h i c k ,   j u s t   s u f f i c i e n t   in  r a t i o   to   p r o v i d e  

f o r   o u t e r   zone   m a t e r i a l   b o t h   to   a c c o m m o d a t e   t h e  

f o r m i n g   of  t h e   r o l l i n g   g r o o v e   and  t h e   s u b s e q u e n t  



g r i n d i n g   of  t h e   g r o o v e   b e t w e e n   r o l l   p a s s e s   in  a n  

a c t u a l   rod   m i l l   r o l l .  

C a r b i d e   g r a i n   s i z e   r a n g e s   t y p i c a l l y   u s e d   i n  

r o l l s   in  a c c o r d   w i t h   t h e   c u r r e n t   a r t   v a r y   a c c o r d i n g  

to  t he   p r e c e p t s   of  m a n u f a c t u r e r s ;   i t   is  r e c o g n i z e d  

t h a t   a t   l e a s t   some  of  t h e   e c o n o m i c   b e n e f i t   of   t h i s  

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

r a n g e s   e m p l o y e d   in  t h e   p e r i p h e r a l   and  i n n e r   z o n e s .  

An  i n c o r p o r a t i o n   of  n i c k e l ,   as  an  i m p o r t a n t  

h o t   s t e e l   rod   m i l l   r o l l   c o n s t i t u e n t ,   is   in  i t s e l f ,  

b o t h   n o v e l   and  u s e f u l   r e a l i z e   t h e   i n c r e a s e   i n  

s t r e n g t h   f rom  a  d u a l - c o m p o s i t i o n   r o l l .   T h e r e f o r e ,  

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

t h e   same  c o m p o s i t i o n   t h r o u g h o u t   as  t h e   p e r i p h e r a l  

zone   w i l l   p o s s e s s   some ,   i f   n o t   a l l ,   w i l l   n o t  

r e c e i v e   t h e   b e n e f i t s   of   a  d u a l - c o m p o s i t i o n   r o l l .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t he   v o l u m e   p e r  

c e n t   of  b i n d e r ,   as  w e l l   as  t h e   b i n d e r   c o m p o s i t i o n ,  

may  be  a l t e r e d   in  e i t h e r   or  b o t h   z o n e s   w i t h o u t  

i m p a i r i n g   some  or   any  of  t h e   e c o n o m i c   b e n e f i t s   o f  

t h i s   i n v e n t i o n ,   and  t h a t ,   f u r t h e r ,   the   b e n e f i t s   o f  

t h i s   i n v e n t i o n   can   be  r e a l i z e d   in  h o t   r o l l i n g  

m e t a l s   o t h e r   t h a n   s t e e l .  

T e s t s   on  t h e   above   c o n c e p t s   were   c a r r i e d   o u t  

by  m a k i n g   t e s t   r i n g s   as  f u r t h e r   d e s c r i b e d   h e r e i n .  

T e s t   r i n g s   h a v i n g   a p p r o x i m a t e   s i z e   of  3 . 5 0 0  

i n c h e s   OD  x  1 . 9 0 0   i n c h e s   ID  x  0 . 5 0 0   i n c h e s   t h i c k  

were   f o r m e d   in  a  m e c h a n i c a l   p r e s s .   I n i t i a l l y ,   t h e  



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

i n n e r   r i n g   of  t h e   d e s i g n a t e d   c o m p o s i t i o n   w e r e  

s e p a r a t e d   by  a  t h i n ,   m e t a l   s l e e v e .   The  s l e e v e   w a s  

c a r e f u l l y   r e m o v e d   and  t h e   p o w d e r   was  c o m p a c t e d   in  a  

s i n g l e   p r e s s i n g   and  s i n t e r e d   as  a  s i n g l e   u n i t .  

F i f t y   p e r   c e n t   o f   t h e   s p e c i m e n s   w e r e   f u r t h e r  

s u b j e c t e d   to   h o t   i s o s t a t i c   p r e s s i n g   p r o c e s s .  

Hot  i s o s t a t i c   p r o c e s s i n g   c o n d i t i o n s   f o r   I t e m s  

2  and  4  w e r e   h o t   i s o s t a t i c a l l y   p r e s s e d   a t   2 4 9 0  

d e g r e e s   F a h r e n h e i t   to   2500  d e g r e e s   F a h r e n h e i t   f o r  

an  e i g h t   h o u r   t i m e   p e r i o d   and  I t e m   6  was  h o t  

i s o s t a t i c a l l y   p r e s s e d   a t   2310  d e g r e e s   F a h r e n h e i t   t o  

2370   d e g r e e s   F a h r e n h e i t   f o r   an  e i g h t   h o u r   t i m e  

p e r i o d .  

W i t h   r e g a r d   to   I t e m s   5  and  6,  t h e   low  s t r e s s  

v a l u e s   w e r e   q u e s t i o n a b l e   and  we re   a t t r i b u t e d   to  t h e  

c o n d i t i o n   of   t h e   t e s t i n g   e q u i p m e n t ,   s u b s e q u e n t l y  

u p g r a d e d ,   and  new  t e s t s   ( I t e m   7)  w e r e   c o r d u c t e d .  

The  r i n g   s p e c i m e n s   were   g r o u n d   o u t s i d e  

d i a m e t e r ,   i n s i d e   d i a m e t e r   and  s i d e s .   The  t e s t i n g  

was  a c c o m p l i s h e d   by  t h e   use   of   a  t a p e r e d   s . . e e v e   a n d  

a  t a p e r e d   ram  f i t t e d   i n t o   t h e   i n s i d e   d i a m e t e r   o f  

t h e   r i n g s .   S t r a i n   g a u g e s   we re   m o u n t e d   on  the   o u t -  

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

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

t h e   t a p e r e d   ram  and  t h e   t a p e r e d   s l e e v e   w h i c h  

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

and  s t r a i n   m e a s u r e m e n t s   r e c o r d e d .   D u p l i c a t e  



1.  A  r o l l   f o r   ho t   f o r m i n g   rod  p r o d u c t s   w h i c h  

c o m p r i s e s :   a  h a r d   wea r   r e s i s t a n t   and  p e r i p h e r a l  

s u r f a c e   f o r   e n g a g i n g   and  f o r m i n g   rod  p r o d u c t s ; . a n d  

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

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

n i c k e l   c o m p r i s i n g   a t   l e a s t   10  p e r c e n t   of  t he   b i n d e r  

m a t e r i a l ,   by  v o l u m e .  

2.  A  r o l l   a c c o r d i n g   to  C l a i m   1  in  w h i c h   s a i d  

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

c o b a l t   and  n i c k e l .  

3.  A  r o l l   a c c o r d i n g   to   C l a i m  2   wh ich   f u r t h e r  

c o m p r i s e s   a  s a i d   i n n e r m o s t   s u r f a c e   in  t he   r a n g e   o f ,  

by  v o l u m e   t u n g s t e n   c a r b i d e - - 4 5   to   72  p e r c e n t ;  

n i c k e l - - 5   to   30  p e r c e n t ;   a n d  c o b a l t - 1   to   42  

p e r c e n t .  



p r o c e d u r e s   we re   u s e d   to  t e s t   r i n g s   c o n s i s t i n g   o f  

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

t h e   t e s t   p r o v i d e d   d a t a   i n d i c a t i n g   t h a t   t h e  

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

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

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

p e r c e n t   b i n d e r   and  g r a i n   s i z e .  

TEST  RESULTS 

M o d i f i c a t i o n s   may  be  made  w i t h i n   t he   s c o p e   of  t h e  

a p p e n d e d   c l a i m s .  
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