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©  Boride-dispersed  alloy  material  and  process  for  manufacturing  same. 
  A  process  for  manufacturing  a  boride-dispersed  alloy 
material  having  high  electrical  and  thermal  conductivity 
comprises  preparing  a  metallic  matrix  containing  0.5  to  40 
atom  %  of  at  least  one  boride-forming  metal  element,  such 
as  beryllium,  magnesium,  aluminum,  titanium,  cobalt  or 
nickel,  the  balance  being  gold,  silver  or  an  alloy  of  gold  or 
silver,  and  diffusing  boron  into  the  matrix  to  form  therein  a 
surface  layer  in  which  fine  particles  of  a  boride  are  uniformly 
dispersed,  and  which  has  a  thickness  of  0.01  to  0.25  mm. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the   I n v e n t i o n :  

T h i s   i n v e n t i o n   r e l a t e s   to  a  b o r i d e - d i s p e r s e d   a l l o y  

m a t e r i a l ,   i . e . ,   an  a l l o y   m a t e r i a l   c o n t a i n i n g   a  b o r i d e  

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

and  a  p r o c e s s   f o r   m a n u f a c t u r i n g   s ame .   Such   a l l o y   is  u s e f u l  

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

l i k e .  

D e s c r i p t i o n   of  t he   P r i o r   A r t :  

I t   is  known  t h a t   a  c o m p o s i t e   m a t e r i a l   c o m p o s e d   of  a  

m e t a l   and  a  b o r i d e   can  be  p r o d u c e d   by  s i n t e r i n g   or  m e l t i n g .  

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

of  a  f i n e   b o r i d e   p o w d e r   and ,   f o r   e x a m p l e ,   c o p p e r   p o w d e r ,   a n d  

s i n t e r i n g   i t   a t   an  a p p r o p r i a t e   t e m p e r a t u r e   in  an  a p p r o p r i a t e  

gas   a t m o s p h e r e .   T h i s   m e t h o d ,   h o w e v e r ,   i n v o l v e s   d i f f i c u l t y  

in  the   u n i f o r m   d i s t r i b u t i o n   of  t he   b o r i d e ,   and  i s  

e x p e n s i v e .   The  l a t t e r   m e t h o d   c o m p r i s e s   p r e p a r i n g   a  m i x t u r e  

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

m e l t   i t ,   and  c o o l i n g   t he   m o l t e n   m i x t u r e   to   s o l i d i f y   i t .  

T h i s   m e t h o d   has   t h e   d i s a d v a n t a g e   of  t he   b o r i d e   b e i n g  

c r y s t a l l i z e d   when  the   m o l t e n   a l l o y   is  s o l i d i f i e d .   T h e  

b o r i d e   fo rms   too   c o a r s e   p a r t i c l e s   to  be  s a t i s f a c t o r i l y  

f i n e l y   d i v i d e d   e v e n   by  f o r g i n g .   M o r e o v e r ,   b o t h   of  t h e s e  

m e t h o d s   f a i l   to  have   a  b o r i d e   d i s t r i b u t e d   e x c l u s i v e l y   in  t h e  

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

p r o d u c e s   an  a l l o y   h a v i n g   low  e l e c t r i c a l   c o n d u c t i v i t y .  



SUMMARY  OF  THE  INVENTION 

I t   is   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  

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

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

e x c e l l e n t   in  w e a r ,   a d h e s i o n   and  a r c   r e s i s t a n c e .  

I t   i s   a n o 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   p r o v i d e   a  

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

d i s p e r s e d   o n l y   in  t he   s u r f a c e   p o r t i o n   of  a  s u b s t r a t e   o f  

g o l d ,   s i l v e r ,   a  g o l d   a l l o y   or  a  s i l v e r   a l l o y .  

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

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

The  b o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l   of  t h i s   i n v e n t i o n  

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

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

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

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

The  p r o c e s s   of  t h i s   i n v e n t i o n   c o m p r i s e s :   p r e p a r i n g   a  

m e t a l l i c   m a t r i x   c o n t a i n i n g   0 .5   to  40  a tom %  of  a t   l e a s t   o n e  

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

f rom  g o l d ,   s i l v e r ,   a  g o l d   a l l o y   and  a  s i l v e r   a l l o y ;   a n d  

d i f f u s i n g   b o r o n   i n t o   t he   m a t r i x   to  form  t h e r e i n   a  s u r f a c e  

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

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

The  b o r i d e - f o r m i n g   m e t a l   e l e m e n t   is  s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  b e r y l l i u m   ( B e ) ,   m a g n e s i u m   (Mg),   a l u m i n u m  

( A l ) ,   s i l i c o n   ( S i ) ,   t i t a n i u m   ( T i ) ,   v a n a d i u m   (V) ,   c h r o m i u m  

( C r ) ,   m a n g a n e s e   (Mn),   i r o n   ( F e ) ,   c o b a l t   ( C o ) ,   n i c k e l   ( N i ) ,  

g a l l i u m   ( G a ) ,   a r s e n i c   ( A s ) ,   z i r c o n i u m   ( Z r ) ,   n i o b i u m   ( N b ) ,  

m o l y b d e n u m   (Mo),   p a l l a d i u m   ( P d ) ,   cadmium  ( C d ) ,   t a n t a l u m  

( T a ) ,   t u n g s t e n   (W)  and  p l a t i n u m   ( P t ) .  



BRIEF  DESCRIPTION  OF  THE  DRAWING 

FIGURE  1  is  a  m i c r o p h o t o g r a p h   s h o w i n g   a  c r o s s  

s e c t i o n ,   a l o n g   the   t h i c k n e s s ,   of  a  b o r i d e - d i s p e r s e d   a l l o y  

m a n u f a c t u r e d   f rom  an  a l l o y   c o m p o s e d   of  85  a tom %  of  g o l d   a n d  

15  a tom %  of  c o b a l t   by  a  p r o c e s s   e m b o d y i n g   t h i s   i n v e n t i o n   a s  

w i l l   h e r e i n a f t e r   be  d e s c r i b e d   in  EXAMPLE  1 ;  

FIGURE  2  is  a  m i c r o p h o t o g r a p h   s h o w i n g   a  c r o s s  

s e c t i o n ,   a l o n g   the   t h i c k n e s s ,   of  a  b o r i d e - d i s p e r s e d   a l l o y  

m a n u f a c t u r e d   f rom  an  a l l o y   c o m p o s e d   of  70  a tom %  of  g o l d   a n d  

30  a tom %  of  v a n a d i u m   in  EXAMPLE  2  of  t h i s   i n v e n t i o n ;   a n d  

FIGURE  3  is  a  m i c r o p h o t o g r a p h   s h o w i n g   a  c r o s s  

s e c t i o n ,   a l o n g   t he   t h i c k n e s s ,   of  a  b o r i d e - d i s p e r s e d   a l l o y  

m a n u f a c t u r e d   f rom  an  a l l o y   c o m p o s e d   of  93  a tom  %  of  s i l v e r  

and  7  a tom %  of  t i t a n i u m   in  EXAMPLE  5 .  

DETAILED  DESCRIPTION 

The  b o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l   of  t h i s   i n v e n t i o n  

c o m p r i s e s   a  s u b s t r a t e   m a i n l y   c o m p o s e d   of  g o l d   or  s i l v e r .  

T h i s   c o m p o s i t i o n   is  f a v o r a b l e   s i n c e   g o l d   and  s i l v e r   h a v e  

h i g h   e l e t r i c a l   and  t h e r m a l   c o n d u c t i v i t y .   F u r t h e r ,   t h e y   h a v e  

e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   a g a i n s t   e v e r y   k i n d   of  a c i d i c  

s o l u t i o n   such   as  h y d r o c h l o r i c   a c i d   or  s u l f u r i c   a c i d   a n d  

a l k a l i n e   s o l u t i o n   such   as  s o d i u m   h y d r o x i d e   or  c a l c i u m  

h y d r o x i d e .   Gold  and  s i l v e r   a l s o   e x h i b i t   h i g h   r e s i s t a n c e  

a g a i n s t   o x i d a t i o n   when ,   f o r   e x a m p l e ,   h e a t e d   in  the   a i r .  

The  s u b s t r a t e ' o f   t he   b o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l  

of  t h i s   i n v e n i t o n   is  c o m p o s e d   of  one  of  t he   f o l l o w i n g  

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

(1)  g o l d   or  s i l v e r ;  

(2)  a  g o l d   a l l o y ,   a  s i l v e r   a l l o y   or  a  g o l d - s i l v e r  

a l l o y ;  



(3)  an  a l l o y   c o m p o s e d   of  g o l d   a n d / o r   s i l v e r   and  a t  

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

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

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

n i c k e l ,   g a l l i u m ,   a r s e n i c ,   z i r c o n i u m ,   n i o b i u m ,   m o l y b d e n u m ,  

p a l l a d i u m ,   c a d m i u m ,   t a n t a l u m ,   t u n g s t e n   and  p l a t i n u m ;  

(4)  an  a l l o y   c o m p o s e d   of  g o l d   a n d / o r   s i l v e r   and  a t  

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

c o n s i s t i n g   of  c o p p e r ,   z i n c ,   t i n   l e a d ,   e t c . ; a n d  

(5)  an  a l l o y   c o m p o s e d   of  g o l d   a n d / o r   s i l v e r ,   at   l e a s t  

one   b o r i d e - f o r m i n g   e l e m e n t   s e l e c t e d   f rom  t he   g r o u p  

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

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

n i c k e l ,   g a l l i u m ,   a r s e n i c ,   z i r c o n i u m ,   n i o b i u m ,   m o l y b d e n u m ,  

p a l l a d i u m ,   c a d m i u m ,   t a n t a l u m ,   t u n g s t e n   and  p l a t i n u m ,   and  a t  

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

c o n s i s t i n g   of  c o p p e r ,   z i n c ,   t i n ,   l e a d ,   e t c .  

As  d e s c r i b e d   a b o v e ,   t he   s u b s t r a t e   c o m p o s e d   of  g o l d  

and  s i l v e r   has   e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   and  o x i d a t i o n  

r e s i s t a n c e .   F u t h e r ,   t h e   s u b s t r a t e   c o m p o s e d   of  g o l d   a n d / o r  

s i l v e r   a l l o y e d   w i t h   a  b o r i d e   f o r m i n g   e l e m e n t   a n d / o r   a  

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

c h a r a c t e r i s t i c s ,   e . g .   h i g h   m e c h a n i c a l   s t r e n g t h .  

In  t he   b o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l   of  t h i s  

i n v e n t i o n ,   t he   s u r f a c e   l a y e r   has   t he   d i f f u s i o n   s t r u c t u r e  

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

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

in  t he   s u r f a c e   p o r t i o n   of  t he   s u b s t r a t e .  

The  b o r i d e - f o r m i n g   e l e m e n t   is  s e l e c t e d   f rom  the   g r o u p  

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

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

n i c k e l ,   g a l l i u m ,   a r s e n i c ,   z i r c o n i u m ,   n i o b i u m ,   m o l y b d e n u m ,  



p a l l a d i u m ,   c a d m i u m ,   t a n t a l u m ,   t u n g s t e n ,   p l a t i n u m ,   e t c .  

T h e s e   e l e m e n t s   h a v e   r e l a t i v e l y   h i g h   h a r d n e s s ,   a  low  s p e c i f i c  

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

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

g o l d ,   s i l v e r ,   a  g o l d   a l l o y ,   a  s i l v e r   a l l o y   or  a  g o l d - s i l v e r  

a l l o y ,   and  c o m b i n i n g   w i t h   b o r o n   to  form  f i n e   and  u n i f o r m l y  

d i s p e r s e d   p a r t i c l e s   of  a  b o r i d e .  

The  s u r f a c e   l a y e r   of  t he   b o r i d e - d i s p e r s e d   a l l o y  

m a t e r i a l   of  t h i s   i n v e n t i o n   i n c l u d e s   f i n e   and  u n i f o r m l y  

d i s p e r s e d   p a r t i c l e s   of  a t   l e a s t   one  b o r i d e   s e l e c t e d   from  t h e  

g r o u p   c o n s i s t i n g   of  A l B 2 ,   A l B 1 0 ,   AsB,  AsB6,  CdB6,  Co2B,  C o B ,  

CrB,   CrB2 ,   FeB,  Fe2B,   MgB2,  MgB4,  MoB2,  M02B,  NbB,  N b B 2 ,  

N i2B ,   P t B ,   P t 2 B 3 ,   TaB,  TaB2 ,   T i B 2 ,   VB,  VB2,  W2B5'  Z r B 2 .  

A c c o r d i n g l y ,   t h e   s u r f a c e   p o r t i o n   of  t h e   s u b s t r a t e  

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

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

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

and  a r c . F u r t h e r ,   s i n c e   t he   s u b s t r a t e   is  m a i n l y   f o r m e d   o f  

g o l d   or  s i l v e r ,   t he   s u r f a c e   l a y e r   f o r m e d   t h e r e o n   a l s o  

p o s s e s s e s   e x c e l l e n t   c o r r o s i o n   and  o x i d a t i o n   r e s i s t a n c e .  

T h i s   c o m p o s i t i o n   s e r v e s   to  p r e v e n t   the   f o r m a t i o n   of  o x i d e s  

on  the   s u r f a c e .  

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

s u r f a c e   p o r t i o n   of  t he   m e t a l l i c   m a t e r i a l   has  a  s u r f a c e   l a y e r  

w h i c h   is  0 . 0 1   to  0 . 2 5   mm  in  d e p t h ,   and  w h i c h   c o n t a i n s   0 .5   t o  

40  a tom %  of  at   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  Be,  Mg,  A 1 ,  

S i ,   T i ,   V,  Cr ,   Mn,  Fe,  Co,  Ni ,   Ga,  As,  Zr,   Nb,  Mo,  Pd,  C d ,  

Ta,   W and  P t ,   t he   b a l a n c e   b e i n g   g o l d ,   s i l v e r   or  an  a l l o y   o f  

g o l d   or  s i l v e r ,   s i n c e   i t   is  i m p o r t a n t   to  form  a  b o r i d e   i n  

t he   s u r f a c e   l a y e r   a l o n e .   The  r e s t   of  the   m e t a l l i c   m a t e r i a l  

may  be  a d d e d   w i t h   any  m e t a l ,   d e p e n d i n g   on  the   p u r p o s e   f o r  

w h i c h   the   a l l o y   is  u s e d .  

At  l e a s t   one  of  t he   m e t a l   e l e m e n t s   h e r e i n a b o v e   l i s t e d  



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

s o l u t i o n   or  b e i n g   d i s p e r s e d   in  g o l d ,   s i l v e r ,   or  an  a l l o y   o f  

g o l d   or   s i l v e r ,   and  c o m b i n i n g   w i t h   t he   b o r o n   d i f f u s e d   in  t h e  

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

p a r t i c l e s   t h e r e i n .   M o r e o v e r ,   t he   b o r i d e   of  any  such   e l e m e n t  

h a s   a  r e l a t i v e l y   h i g h   d e g r e e   of  h a r d n e s s ,   a  low  s p e c i f i c  

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

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

t h e   m a t e r i a l   p r o d u c e d   by  t he   p r o c e s s   of  t h i s   i n v e n t i o n   c a n  

a d v a n t a g e o u s l y   be  u s e d .   TABLE  1  c o m p a r e s   t he   p h y s i c a l  

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

e l e t r i c a l   c o n t a c t   m a t e r i a l s .   A l l   of  t h e s e   b o r i d e s   have  a  

s p e c i f i c   r e s i s t a n c e   of  14  to  100  x  1 0 - 6 p c m ,   a  m e l t i n g   p o i n t  

of  1 , 2 2 0 ° C   to  3 , 1 0 0 ° C   and  a  h a r d n e s s   of  Hv  1 , 5 0 0   to  3 , 3 0 0 ,  

and  a r e   s u p e r i o r   to  t he   c o n v e n t i o n a l   m a t e r i a l s   in  m e l t i n g  

p o i n t   and  h a r d n e s s .  

The  p r o p o r t i o n   of  t he   b o r i d e - f o r m i n g   e l e m e n t   is  i n  

t h e   r a n g e   of  0 . 5   to  40  a tom  %.  I f   i t   is  l e s s   t h a n   0 .5   a t o m  

%,  i t   is  i m p o s s i b l e   to  form  t he   b o r i d e   in  a  s u f f i c i e n t  

q u a n t i t y   to  e n s u r e   t he   e f f e c t   e x p e c t e d   f rom  t he   r e s u l t i n g  

b o r i d e .   I f   i t   e x c e e d s   40  %,  t he   f o r m a t i o n   of  too  m u c h  

b o r i d e   d i s a b l e s   i t s   p r o p e r   m i x i n g   w i t h   g o l d ,   s i l v e r   or  a  

g o l d   or  s i l v e r   a l l o y   in  t he   m a t e r i a l   p r o d u c e d   by  t h i s  

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

c o n d u c t i v i t y   and  t h e r m a l   c o n d u c t i v i t y ,   and  t h e   f o r m a t i o n   o f  

a  s u r f a c e   l a y e r   w h i c h   is  e a s y   to  c r a c k   or  p e e l .  

The  s u r f a c e   l a y e r   in  w h i c h   the   b o r i d e   is  d i s p e r s e d  

has   a  d e p t h   of  0 . 0 1   to  0 . 2 5 . m m .   T h i s   l i m i t a t i o n   is  i m p o r t a n t  

to   e n s u r e   t h e   w e a r ,   a d h e s i o n   and  a r c   r e s i s t a n c e   r e q u i r e d   o f  

t h e   s u r f a c e   of  any  e l e t r i c a l   c o n t a c t   t h a t   may  be  f o r m e d   f r o m  

t h e   m a t e r i a l   a c c o r d i n g   to   t h i s   i n v e n t i o n ,   w h i l e   s a t i s f y i n g  

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



c o n d u c t i v i t y   in  the   i n n e r   p o r t i o n   of  the   a l l o y   m a t r i x .   T h e  

d i s t r i b u t i o n   of  a  b o r i d e   t h r o u g h o u t   t he   a l l o y   m a t r i x   is  n o t  

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

c o n d u c t i v i t y .   T h i s   p u r p o s e   can  be  b e t t e r   a t t a i n e d   if  g o l d  

or  s i l v e r   of  h i g h e r   p u r i t y   is  e m p l o y e d   in  t he   m a t r i x ,   or  a  

r e i n f o r c i n g   e l e m e n t   is   a d d e d   t h e r e t o ,   d e p e n d i n g   on  t h e  

c h a r a c t e r i s t i c s   r e q u i r e d ,   w h i l e   t he   b o r i d e   is  d i s p e r s e d  

o n l y   in  t h e   s u r f a c e   l a y e r .  

The  d i f f u s i o n   of  b o r o n   may,  on  some  o c c a s i o n s ,   f a i l  

to  form  a  u n i f o r m   l a y e r   of  f i n e   b o r i d e   p a r t i c l e s ,   d e p e n d i n g  

on  the   c o m p o s i t i o n   of  t he   m a t e r i a l   in  the  s u r f a c e   l a y e r .   On 

s u c h  o c c a s i o n s ,   i t   is  a d v i s a b l e   to  a c h i e v e   u n i f o r m   b o r i d e  

d i s t r i b u t i o n   by  r e d u c i n g   the   q u a n t i t y   of  a  b o r i d e - f o r m i n g  

m e t a l   e l e m e n t   in  t h e   m a t r i x   a l l o y ,   or  a d d i n g   a n o t h e r   e l e m e n t  

t h a t   may  fo rm  a  b o r i d e   more  e a s i l y .  

The  m e t a l l i c   m a t e r i a l   may,  as  a  w h o l e ,   c o m p r i s e   a n  

a l l o y   of  a  b o r i d e - f o r m i n g   e l e m e n t   w i t h   g o l d   or  s i l v e r .   T h i s  

a l l o y   may  be  p r e p a r e d   by  m e l t i n g   the   m e t a l s   in  q u e s t i o n .  

I t   has   h i t h e r t o   been   u s u a l   to  use   a  Ag-Ni   a l l o y ,  

Ag-CdO  or  A g - I n O   as  a  s i l v e r - c o n t a i n i n g   m a t e r i a l   f o r  

e l e t r i c a l   c o n t a c t s .   Any  of  t h e s e   m a t e r i a l s   p e r  s e   can  b e  

u s e d   as  t he   m a t r i x   a l l o y   f o r   t h i s   i n v e n t i o n ,   or  i t   i s  

p o s s i b l e   to   add  a  b o r i d e - f o r m i n g   e l e m e n t   t h e r e t o .   N i c k e l  

and  c o p p e r   r e d u c e   t he   c o n s u m p t i o n   of  s i l v e r   by  an  a r c ,   o r  

t he   l i k e ,   and  InO  and  Cdo  p r o v i d e   a  c l e a n   s u r f a c e .  

A l t e r n a t i v e l y ,   an  a l l o y   is  f o r m e d   o n l y   in  t he   s u r f a c e  

l a y e r   of  t h e   m e t a l l i c   m a t e r i a l .   Most   t y p i c a l l y ,   a  m e t a l ,  

such   as  v a n a d i u m   or  n i c k e l ,   is  c o a t e d   on  the   s u r f a c e   of  g o l d  

or  s i l v e r   as  the   m a t r i x ,   and  h e a t e d   f o r   d i f f u s i o n   i n t o   t h e  

m a t r i x   so  t h a t   an  a l l o y   may  be  f o r m e d   o n l y   in  i t s   s u r f a c e  

l a y e r .   The  m e t a l ,   such   as  v a n a d i u m ,   can  be  c o a t e d   on  t h e  

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

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



s p u t t e r i n g   or  s p r a y   c o a t i n g .   The  d i f f u s i o n   of  v a n a d i u m ,  

e t c .   i n t o   t he   m a t r i x   may  be  e f f e c t e d   by  i t s   t h e r m a l  

d i f f u s i o n   a t   a  h i g h   t e m p e r a t u r e .  

The  m e t a l l i c   m a t e r i a l   can  be  of  any  s h a p e ,   i n c l u d i n g  

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

w h i c h   t he   a l l o y   w i l l   be  u s e d .  

The  m e t a l l i c   m a t e r i a l   t h u s   p r e p a r e d   is  s u b j e c t e d   t o  

b o r o n i z i n g   by  a  known  m e t h o d ,   f o r   e x a m p l e ,   i m m e r s i n g   t h e  

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

b o r o n ,   b u r y i n g   the   m e t a l l i c   m a t e r i a l   in  a  m i x t u r e   of  t h e  

p o w d e r   of  b o r o n   c a r b i d e ,   e t c .   and  t he   p o w d e r   of  b o r o n  

f l u o r i d e ,   ammonium  c h l o r i d e ,   e t c .   and  h e a t i n g   i t ,   or  v a c u u m  

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

m a t e r i a l   c o m b i n e s   w i t h   v a n a d i u m ,   e t c .   in  t h e   m a t r i x   a l l o y   t o  

fo rm  a  b o r i d e   or  b o r i d e s .   At  l e a s t   one  of  t he   f o l l o w i n g  

b o r i d e s   is  f o r m e d :   A lB2 ,   A I B l O ,   AsB,  AsB6,  CdB6,  Co2B,  CoB,  

CrB,   CrB2 ,   FeB,  Fe2B,   MgB2,  MgB4,  MoBv,  M02B,  NbB,  N b B 2 ,  

N i2B ,   P tB ,   P t 2 B 3 ,   TaB,  TaB2,   T i B 2 ,   VB,  VB2,  W2B5,  ZrB2,   e t c .  

A  l a y e r   in  w h i c h   b o r i d e   p a r t i c l e s   a re   d i s p e r s e d   i s ,  

t h u s ,   f o r m e d   in  g o l d ,   s i l v e r   or  a  g o l d   or  s i l v e r   a l l o y .   T h e  

s m a l l e r   t h e   b o r i d e   p a r t i c l e s ,   t he   b e t t e r .   A c c o r d i n g   to  t h e  

p r o c e s s   of  t h i s   i n v e n t i o n ,   t h e r e   is  f o r m e d   a  b o r i d e   h a v i n g  

an  a v e r a g e   p a r t i c l e   d i a m e t e r   o f ,   s a y ,   0 .1   to  10  m i c r o n s .  

The  s u r f a c e   l a y e r   p r e f e r a b l y   c o n t a i n s   0 .6  to  50  %  by  v o l u m e  

of  b o r i d e   p a r t i c l e s ,   and  has   a  t h i c k n e s s   of  0 .01   to  0 . 2 5   mm, 

and  p r e f e r a b l y   0 . 0 1   to  0 .1   mm.  A  t h i c k e r   l a y e r   c a n ,   i f  

d e s i r e d ,   be  f o r m e d   by  a  l o n g e r   b o r o n i z i n g   t i m e ,   or  a  h i g h e r  

b o r o n i z i n g   t e m p e r a t u r e .  

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

d i s t r i b u t i o n   of  f i n e   b o r i d e   p a r t i c l e s   e x c l u s i v e l y   in  t h e  

s u r f a c e   l a y e r   of  t he   m e t a l l i c   m a t e r i a l .   M o r e o v e r ,   i t   i s  

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





p r o d u c e s   a  b o r i d e - d i s p e r s e d   a l l o y   w h i c h   is  s u p e r i o r   i n  

p r o p e r t i e s   to  t h e   p r o d u c t   of  t he   c o n v e n t i o n a l   m e t h o d .  

As  is   o b v i o u s   f rom  TABLE  1,  t h e   b o r i d e s   a re   h i g h e r  

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

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

c h e m i c a l   s t a b i l i t y .   T h e r e f o r e ,   t h e   m e t a l l i c   m a t e r i a l  

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

l a y e r   in  a c c o r d a n c e   w i t h   t he   p r o c e s s   of  t h i s   i n v e n t i o n   has   a  

s u r f a c e   l a y e r   w h i c h   is  e x c e l l e n t   in  w e a r ,   a d h e s i o n   and  a r c  

r e s i s t a n c e ,   and  t h u s   p r o v i d e s   a  m a t e r i a l   fo r   e l e t r i c a l  

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

c o n t a c t   a r e a .   The  p r o d u c t   of  t h i s   i n v e n t i o n   is  s u f f i c i e n t l y  

h i g h   in  e l e c t r i c a l   and  t h e r m a l   c o n d u c t i v i t y   as  a  m a t e r i a l   f o r  

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

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

s u r f a c e   l a y e r ,   w h i l e   t h e   m a t r i x   c o m p r i s e s   g o l d ,   s i l v e r   or  a  

g o l d   or  s i l v e r   a l l o y   w h i c h   is  a  s t i l l   b e t t e r   c o n d u c t o r .   T h e  

m a t e r i a l   as  a  w h o l e   is  low  in  r e s i s t a n c e ,   s i n c e   the   b o r i d e  

e x i s t s   o n l y   in  i t s   s u r f a c e   l a y e r .  

The  p r o c e s s   of  t h i s   i n v e n t i o n   can  p r o d u c e   a  

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

m a t r i x   c o m p o s i t i o n   so  s e l e c t e d   as  to  f a c i l i t a t e   i t s   w o r k i n g ,  

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

c o n d u c t i v i t y .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  f u r t h e r   d e t a i l  

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

EXAMPLE  1 

A  c o b a l t - g o l d   a l l o y   c o m p o s e d   of  85 .0   atom  %  of  Au  a n d  

1 5 . 0   a tom  %  of  Co  and  in  a  s h a p e   h a v i n g   a  d i a m e t e r   of  10  mm 

was  p r e p a r e d   by  m e l t i n g   95  p a r t s   by  w e i g h t   of  g o l d   and  5 

p a r t s   by  w e i g h t   of  c o b a l t .   The  a l l o y   was  swaged   i n t o   a  

d i a m e t e r   of  4  mm,  and  t h e n ,   r o l l e d   i n t o   a  p l a t e   h a v i n g   a  



t h i c k n e s s   of  1  mm.  A  s a m p l e   m e a s u r i n g   4  mm  by  20  mm  w a s  

p r e p a r e d   f rom  t he   p l a t e .   The  s a m p l e   was  i m m e r s e d   f o r   f o u r  

h o u r s   in  a  m o l t e n   s a l t   b a t h   c o n t a i n i n g   60  p a r t s   by  w e i g h t   o f  

b o r a x   (Na2B407)   and  40  p a r t s   by  w e i g h t   of  b o r o n   c a r b i d e  

(B4C)  p o w d e r   h a v i n g   a  p a r t i c l e   d i a m e t e r   of  79  to  149  pm, 

and  h a v i n g   a  t e m p e r a t u r e   of  9 0 0 ° C ,   w h e r e b y   b o r o n   w a s  

d i f f u s e d   i n t o   t he   s a m p l e .   The  s a m p l e   was  r e m o v e d   f rom  t h e  

b a t h ,   and  a i r   c o o l e d .  

The  s a m p l e   was  c u t   to  p r e s e n t   a  c r o s s   s e c t i o n ,   and  i t  

was  e x a m i n e d   by  a  m i c r o s c o p e .   The  r e s u l t i n g   m i c r o p h o t o g r a p h  

is   shown  in  FIGURE  1,  in  w h i c h   a  l a y e r   in  w h i c h   a  b o r i d e   i s  

d i s t r i b u t e d   is  shown  a t   1,  and  a  c o b a l t - g o l d   m a t r i x   a l l o y   a t  

2.  The  r e s u l t s   i n d i c a t e   the   d i s t r i b u t i o n   of  b o r i d e  

p a r t i c l e s   h a v i n g   a  d i a m e t e r   of  2  to  10  µm  up  to  a  d e p t h   o f  

a b o u t   0 .08   mm  b e l o w   t he   s u r f a c e   of  t he   a l l o y .   The  b o r i d e   i n  

t h e   s u r f a c e   l a y e r   s h o w e d   a  r a t i o   of  a b o u t   18  %  by  v o l u m e .  

The  b o r i d e   was  i d e n t i f i e d   by  X - r a y   d i f f r a c t i o n   and  EPMA  a s  

CoB.  The  m e t a l   s u r r o u n d i n g   the   b o r i d e   was  g o l d .  

EXAMPLE  2 

A  n i c k e l - g o l d   a l l o y   c o m p o s e d   of  73  a tom  %  of  Au  a n d  

27  a tom %  of  Ni  was  p r e p a r e d   by  m e l t i n g   90  p a r t s   by  w e i g h t  

of  g o l d   and  10  p a r t s   by  w e i g h t   of  n i c k e l .   B o r o n   was  d i f f u s e d  

in  t he   a l l o y   by  t h e   m e t h o d   s e t   f o r t h   in  EXAMPLE  1.  As  a  

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

s u r f a c e   l a y e r   w h i c h   was  a b o u t   0 .1  mm  in  d e p t h  ,   and  in  w h i c h  

a  b o r i d e   h a v i n g   a  p a r t i c l e   d i a m e t e r   of  5  to  20  µm  had  b e e n  

d i s t r i b u t e d .   The  b o r i d e   was  i d e n t i f i e d   as  Ni2B,   and  f o u n d  

to  o c c u p y   a b o u t   32  %  by  vo lume   in  t he   s u r f a c e   p o r t i o n .  

EXAMPLE  3 

Gold   and  v a n a d i u m   were   m e l t e d   to  form  an  a l l o y  

c o m p o s e d   of  70  a tom  %  of  g o l d   and  30  a tom %  of  v a n a d i u m ,   a n d  

a  c o l u m n a r   s a m p l e   h a v i n g   a  d i a m e t e r   of  6 .4   mm  and  a  l e n g t h  



of  24  mm  was  p r e p a r e d   t h e r e f r o m .   The  s a m p l e   was  b u r i e d   in  a  

m i x t u r e   c o n s i s t i n g   of  75  %  by  w e i g h t   of  b o r o n   c a r b i d e  

p o w d e r ,  5  %   by  w e i g h t   of  ammonium  c h l o r i d e   p o w d e r   and  20  % 

by  w e i g h t   of  a l u m i n a   p o w d e r .   The  w h o l e   was  p l a c e d   in  a n  
a l u m i n a   c r u c i b l e ,   h e a t e d   a t   900°C  f o r   f o u r   h o u r s ,   and  a i r  

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

b o r i d e - d i s p e r s e d   s u r f a c e   l a y e r   1  was  p r o d u c e d .   FIGURE  2  i s  

a  m i c r o p h o t o g r a p h   s h o w i n g   a  c r o s s   s e c t i o n   t h e r e o f .   T h e  

l a y e r   1  had  a  t h i c k n e s s   of  a b o u t   0 . 0 6   mm.  The  b o r i d e   had  a  

p a r t i c l e   d i a m e t e r   of  a b o u t   5  to  15  µm,  and  was  i d e n t i f i e d   a s  

VB2.  The  b o r i d e   was  f o u n d   to   o c c u p y   a b o u t   36 %  by  vo lume  i n  

t h e   l a y e r   1 .  

EXAMPLE  4 

An  a l l o y   c o m p o s e d   of  95  a tom  %  of  Ag  and  5  atom  %  o f  

Co  was  p r e p a r e d   by  m e l t i n g   97  p a r t s   by  w e i g h t   of  s i l v e r   a n d  

3  p a r t s   by  w e i g h t   of  c o b a l t .   The  a l l o y   was  b o r o n i z e d   by  t h e  

m e t h o d   e m p l o y e d   in  EXAMPLE  1  to  y i e l d   a  b o r i d e - d i s p e r s e d  

a l l o y .   The  a l l o y   was  f o u n d   to  have   a  b o r i d e - d i s p e r s e d   l a y e r  

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

a b o u t   0 .5   µm.  The  l a y e r   had  a  t h i c k n e s s   of  0 . 0 9   mm.  T h e  

b o r i d e   o c c u p i e d   a b o u t   6  %  by  v o l u m e   in  t he   l a y e r .  

EXAMPLE  5 

An  a l l o y   c o m p o s e d   of  93  a tom  %  of  Ag  and  7  atom  %  o f  

Ti  was  p r e p a r e d   by  m e l t i n g   97  p a r t s   by  w e i g h t   of  s i l v e r   a n d  

3  p a r t s   by  w e i g h t   of  t i t a n i u m .   The  a l l o y   was  b o r o n i z e d   b y  

t h e   m e t h o d   e m p l o y e d   in  EXAMPLE  1,  w h e r e b y   a  b o r i d e - d i s p e r s e d  

l a y e r   h a v i n g   a  b o r i d e - d i s p e r s e d   l a y e r   1  was  p r o d u c e d .  

FIGURE  3  i s   a  m i c r o p h o t o g r a p h   s h o w i n g   a  c r o s s   s e c t i o n  

t h e r e o f .   The  l a y e r   1  had  a  t h i c k n e s s   of  a b o u t   0 . 2 5   mm.  T h e  

b o r i d e   had  a  p a r t i c l e   d i a m e t e r   of  a b o u t   2  to  15  pm,  a n d  

o c c u p i e d   a b o u t   8  %  by  v o l u m e   in  t he   l a y e r   1.  The  b o r i d e   w a s  

i d e n t f i e d   by  X - r a y   d i f f r a c t i o n   as  T i B 2 .  



1.  A  p r o c e s s   f o r   m a n u f a c t u r i n g   a  b o r i d e - d i s p e r s e d  

a l l o y   m a t e r i a l   c o m p r i s i n g :  

p r e p a r i n g   a  m e t a l l i c   m a t r i x   c o n t a i n i n g   0 .5   to  40  a t o m  

%  of  a t   l e a s t   one  b o r i d e - f o r m i n g   m e t a l   e l e m e n t ,   the   b a l a n c e  

b e i n g   g o l d ,   s i l v e r ,   a  g o l d   a l l o y   or  a  s i l v e r   a l l o y ;   a n d  

d i f f u s i n g   b o r o n   i n t o   s a i d   m a t r i x   to  form  t h e r e i n   a  

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

b o r i d e - f o r m i n g   m e t a l   e l e m e n t   a re   u n i f o r m l y   d i s p e r s e d .  

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

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

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

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

n i c k e l ,   g a l l i u m ,   a r s e n i c ,   z i r c o n i u m ,   n i o b i u m ,   m o l y b d e n u m ,  

p a l l a d i u m ,   c a d m i u m ,   t a n t a l u m ,   t u n g s t e n ,   and  p l a t i n u m .  

3.  A  p r o c e s s   a c c o r d i n g   to  C a l i m   1,  w h e r e i n   s a i d  

b o r i d e - f o r m i n g   e l e m e n t   e x i s t s   o n l y   in  s a i d   s u r f a c e   l a y e r .  

4.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   s a i d  

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

t h e   s u r f a c e   of  a  m a t r i x   m a t e r i a l   s e l e c t e d   f rom  g o l d ,   s i l v e r ,  

a  g o l d   a l l o y   and  a  s i l v e r   a l l o y ,   and  h e a t i n g   s a i d   m a t r i x  

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

m a t e r i a l   to  form  s a i d   s u r f a c e   l a y e r .  

5.  A  p r o c e s s   a c c o r d i n g   C la im   1,  w h e r e i n   s a i d   m a t r i x  

i s ,   as  a  w h o l e ,   c o m p o s e d   of  an  a l l o y   of  s a i d   b o r i d e - f o r m i n g  

e l e m e n t   and  g o l d   or  s i l v e r .  

6.  B o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l   c o m p r i s i n g :  

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

a l l o y   or  a  s i l v e r   a l l o y ,   a n d  

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



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

in  w h i c h   f i n e   p a r t i c l e s   of  a  b o r i d e   a re   u n i f o r m l y   d i s p e r s e d .  

7.  B o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l   a c c o r d i n g   t o  

C l a i m   6,  w h e r e i n   s a i d   s u b s t r a t e   i s   c o m p o s e d   of  g o l d   a n d / o r  

s i l v e r   and  l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e   g r o u p  

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

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

n i c k e l ,   g a l l i u m ,   a r s e n i c ,   z i r c o n i u m ,   n i o b i u m ,   m o l y b d e n u m ,  

p a l l a d i u m ,   c a d m i u m ,   t a n t a l u m ,   t u n g s t e n   and  p l a t i n u m .  

8.  B o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l   a c c o r d i n g   t o  

C l a i m   6,  w h e r e i n   s a i d   b o r i d e   is   c o m p o s e d   of  a t   l e a s t   o n e  

m i x t u r e   of  a  compound   of  b o r o n   and  a t   l e a s t   one  e l e m e n t  

s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  b e r y l l i u m ,   m a g n e s i u m ,  

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

i r o n ,   c o b a l t ,   n i c k e l ,   g a l l i u m ,   a r s e n i c ,   z i r c o n i u m ,   n i o b i u m ,  

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

p l a t i n u m .  

9.  B o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l   a c c o r d i n g   t o  

C l a i m   6,  w h e r e i n   s a i d   b o r i d e   i s   a  m i x t u r e   c o m p o s e d   of  a t  

l e a s t   one  b o r i d e   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

A l B 2 ,   A1B10,   AsB,  AsB6,   CdB6,  Co2B,  CoB,  CrB,  CrB2,   F e B ,  

Fe2B,   MgB2,  MgB4,  MoB2,  Mo2B,  NbB,  NbB2,  Ni2B,   P tB,   P t 2 B 3 ,  

TaB,  TaB2 ,   T i B 2 ,   VB,  VB2,  W2B5  and  Z r B 2 .  

10.   B o r i d e - d i s p e r s e d   a l l o y   m a t e r i a l   c o m p r i s i n g  

a  s u b s t r a t e   m a i n l y   c o m p o s e d   of  g o l d   or  s i l v e r ,   and  a  s u r f a c e  

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

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

b o r i d e   a r e   u n i f o r m l y   d i s p e r s e d   by  d i f f u s i o n ,   w h e r e i n   s a i d  

s u r f a c e   l a y e r   has  a  d e p t h   of  f rom  0 .01   to  0 . 2 5   mm  and  s a i d  

f i n e   b o r i d e   p a r t i c l e s   i n c l u d e d   in  s a i d   s u r f a c e   l a y e r   have  a n  

a v e r a g e   d i a m e t e r   of  0 . 1   to  10  m i c r o n s .  
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