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©  Process  for  the  preparation  of  precious-metal  coated  particles. 

A  process  for  the  preparation  of  precious  metal-coated 
particles  which  comprises  adding  a  reducing  agent  to  an 
aqueous  suspension  containing: 
(A)  homogeneously  suspended  core  material  particles; 
(B)  homogeneously  suspended  precious  metal  salt  parti- 

cles;  and 
(C)  dissolved  precious  metal  ions 
in  an  aqueous  acidic  medium  having  little  dissolving  capac- 
ity  for  the  core  material  to  produce  precious  metal-coated 
particles  through  gelling  state,  and  recovering  the  produced 
precious  metal-coated  particles.  Other  analogous  processes 
for  the  preparation  of  precious  metal-coated  particles  via 
gelling  state  are  also  disclosed. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r   t h e   p r e p a r a t i o n  

of  p r e c i o u s   m e t a l - c o a t e d   p a r t i c l e s .   More  p a r t i c u l a r l y ,   t h i s  

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

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

t i a l l y   c o m p l e t e l y   w i t h   a  p r e c i o u s   m e t a l   l a y e r .  

P a r t i c l e s   c o m p r i s i n g   a  c o r e   m a t e r i a l   p o r t i o n   made  o f  

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

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

a r e   e m p l o y e d   or   u n d e r   s t u d y   in  v a r i o u s   a r t s .   For   i n s t a n c e ,  

p a r t i c l e s   in  w h i c h   p r e c i o u s   m e t a l   s u c h   as  g o l d   or   s i l v e r   i s  

c o a t e d   on  a  c o r e   p o r t i o n   made  of  n o n - p r e c i o u s   m e t a l   such  a s  

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

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

a  c o n t a c t o r   and  so  f o r t h   u sed  in   e l e c t r i c   c i r c u i t s .   H e r e t o -  

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

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

made  of  p u r e   p r e c i o u s   m e t a l   such  as  g o l d ,   s i l v e r ,   p l a t i n e m  

or  p a l l a d i u m   w i t h   a  s m a l l   amount   of  a d d i t i v e s .   The  z d d i t i . ; e s  

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

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

s e l e c t e d   f rom  m a t e r i a l s   g i v i n g   s u b s t a n t i a l l y   no  d i s t u r b a n c e  

to   t h e   e l e c t r o c o n d u c t i v i t y .   S i n c e   t h e   use   of  p r e c i o u s  

m e t a l   i s   v e r y   e x p e n s i v e   and  t he   p r i c e  o f   t h e   p r e c i o u s   m e t a l  

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

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

s u c h   as  c o p p e r   and  n i c k e l   have   been   c a r r i e d   o u t   in   the   a r t s  

of   e l e c t r o c o n d u c t i v e   m a t e r i a l s   such   as  t h e   e l e c t r o c o n d u c t i v e  

p a s t e .   H o w e v e r ,   s i n c e   s u c h   m i x t u r e s   show  e l e c t r o c o n d u c t i v e  

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

b e e n   d i s c o n t i n u e d .   In  p l a c e   of  t h e s e   m i x t u r e s ,   p a r t i c l e s  
of  n o n - p r e c i o u s   m e t a l   c o a t e d   w i t h   p r e c i o u s   m e t a l   have  b e e n  

s t u d i e d   f o r   s u b s t i t u t i n g   t h e   pure   p r e c i o u s   m e t a l   c o m p o n e n t  
as  s e e n ,   f o r   i n s t a n c e ,   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n s   N o .  
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t h e   use   of   p a r t i c l e s   of  c o p p e r   c o r e   c o a t e d   w i t h   s i l v e r   m e t a l ,  

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

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

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

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

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

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

t i o n ,   and  c h e m i c a l   p l a t i n g .   The  c h e m i c a l   p l a t i n g   can  b e  

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

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

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

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

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

s u c r o s e ,   n a m e l y ,   t h e   s i l v e r   m i r r o r   r e a c t i o n .   In  t h e   a f o r e -  

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

ing  t h e   s i l v e r   m i r r o r   r e a c t i o n   i s   c o n c r e t e l y   d i s c l o s e d .  

H o w e v e r ,   a c c o r d i n g   to   e x p e r i m e n t s   of  t h e   p r e s e n t   i n v e n t o r ,  

t h e   s i l v e r   m i r r o r   r e a c t i o n   i s   c o n s i d e r e d   to   be  p r a c t i c a l l y  

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

p a r t i c l e s   of  h i g h   q u a l i t y   f o r   t h e   use   as  t h e   e l e c t r o c o n -  

d u c t i v e   m a t e r i a l .   The  p a r t i c l e s   p r e p a r e d   by  t h e   use   o f  

the   s i l v e r   m i r r o r   r e a c t i o n   n e i t h e r  s h o w   s a t i s f a c t o r y   e l e c t r o -  

c o n d u c t i v i t y   n o r   a p p r o p r i a t e   a d h e s i v e   p r o p e r t y   to   a  s o f t  

s o l d e r .  

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

the   s o f t   s o l d e r   i s   c o n s i d e r e d   to   o r i g i n a t e   f rom  c o n t a m i n a -  

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

m a t e r i a l .   In  t h e   r e a c t i o n   s o l u t i o n   f o r   t h e   s i l v e r   m i r r o r  

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

n i c k e l   and  c o p p e r   a r e   in  p a r t   d i s s o l v e d   in  t h e   a q u e o u s  
n i t r i c   a c i d .   A c c o r d i n g l y ,   when  t h e   p r e c i o u s   m e t a l   l a y e r  

is   c o a t e d   on  t h e   c o r e   m e t a l   p a r t i c l e ,   t he   d i s s o l v e d   c o r e  

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

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



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

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

s i v e   p r o p e r t y   to   t h e   s o f t   s o l d e r .  

In  a d d i t i o n   t o   t h e   a b o v e - d e s c r i b e d   d r a w b a c k s ,   t h e r e  

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

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

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

in   a  p r e c i o u s   m e t a l - c o n t a i n i n g   a q u e o u s   s o l u t i o n ,   e t c . ;   t h a t  

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

t h i c k   and  u n i f o r m   p r e c i o u s   m e t a l   c o a t i n g   l a y e r   on  the   c o r e  

m e t a l   p a r t i c l e s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o c e s s   f o r   the   p r e -  

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

p r e c i o u s   m e t a l   c o a t i n g   l a y e r   has   s u b s t a n t i a l l y   no  c o n t a m i -  

n a t i o n   w i t h   t h e   c o r e   m a t e r i a l   e m p l o y e d .  

The  p a r t i c l e s   p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e s s   o f  

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

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

s u b s t a n t i a l l y   no  c o n t a m i n a t i o n   w i t h   t h e   c o r e   m a t e r i a l .  

Fo r   t h i s   r e a s o n ,   t h e   so  p r e p a r e d   p a r t i c l e s   g i v e   s a t i s f a c t o r y  

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

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

c i r c u i t s .  

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

a d d i n g   a  r e d u c i n g   a g e n t   to   an  a q u e o u s   s u s p e n s i o n   c o n t a i n i n g :  

(A)  h o m o g e n e o u s l y   s u s p e n d e d   c o r e   m a t e r i a l   p a r t i c l e s ;  

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

p a r t i c l e s ;   a n d  

(C)  d i s s o l v e d   p r e c i o u s   m e t a l   i o n s  

in  an  a q u e o u s   a c i d i c   medium  h a v i n g   l i t t l e   d i s s o l v i n g   c a p a c i t y  
f o r   t h e   c o r e   m a t e r i a l   to   p r o d u c e   p r e c i o u s   m e t a l - c o a t e d   p a r -  
t i c l e s   t h r o u g h   g e l l i n g   s t a t e ,   and  r e c o v e r i n g   t h e   p r o d u c e d  

p r e c i o u s   m e t a l - c o a t e d   p a r t i c l e s .  

The  a b o v e - d e s c r i b e d   p r o c e s s   i s   r e f e r r e d   to   h e r e i n -  

a f t e r   as  " p r e c i o u s   m e t a l   s a l t   s u s p e n s i o n   p r o c e s s " .   T h e  



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

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

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

A n o t h e r   c h a r a c t e r i s t i c   f e a t u r e   l i e s   in   t h a t   t h e   r e d u c t i o n  

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

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

E x a m p l e s   of   t h e   p r e c i o u s   m e t a l s   e m p l o y e d   in  t h e   p r o c e s s  

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

d i u m .   T h e r e   i s   no  s p e c i f i c   l i m i t a t i o n   on  t h e   s a l t   form  o f  

t h e   p r e c i o u s   m e t a l ,   so  f a r   as  t he   s a l t   i s   s o l u b l e   in  t h e  

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

to   an  e x t e n t ,   a t   l e a s t ,   e n a b l i n g   to  form  t h e   s u s p e n d e d   s a l t  

p h a s e   and  t h e   d i s s o l v e d   i o n i c   p h a s e   in  t h e   m e d i u m .   E x a m p l e s  

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

T h e r e   i s   l i k e w i s e   no  s p e c i f i c   l i m i t a t i o n   on  t h e   s i z e s   o f  

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

p a r t i c l e   s i z e   i s   a l m o s t   s i m i l a r   to   or  l e s s   t h a n   t h e   m e a n  

s i z e   of  t h e   c o r e   m a t e r i a l   p a r t i c l e s .  

E x a m p l e s   of  t h e   c o r e   m a t e r i a l s   i n c l u d e   n o n - p r e c i o u s  

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

c o b a l t   and  i r o n ,   and  t h e s e   a l l o y s ,   o x i d e s   of   m e t a l l i c   o r  

n o n - m e t a l l i c   e l e m e n t s   s u c h   as  a l u m i n u m   o x i d e ,   z i r c o n i u m  

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

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

c o r e   m a t e r i a l s   a r e   c o p p e r   and  n i c k e l .   The  mean  d i a m e t e r  

o f   t h e   c o r e   m a t e r i a l   p a r t i c l e s   i s   g e n e r a l l y   l e s s   t h a n   3 0  p  

and  p r e f e r a b l y   l e s s   t h a n   1 0  p .  

The  a q u e o u s   a c i d i c   med ium  to  be  e m p l o y e d   in  t h e   a b o v e -  

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

f o r   t h e   p r e c i o u s   m e t a l   s a l t   to   be  e m p l o y e d   and  s h o u l d   h a v e  

l i t t l e   d i s s o l v i n g   c a p a c i t y   f o r   the   c o r e   m a t e r i a l   to   be  e m -  

p l o y e d   in   t h e   r e a c t i o n .   A c c o r d i n g l y ,  a n  a q u e o u s   i n o r g a n i c  

a c i d   c o n s i s t i n g   of   a  s t r o n g   i n o r g a n i c   a c i d   s u c h   as  h y d r o -  

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

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



as  m e t h y l   a l c o h o l ,   e t h y l   a l c o h o l ,   a c e t o n e ,   t e t r a h y d r o f u r a n ,   o r  

e t h y l   e t h e r   can  be  i n c l u d e d   in   t h e   i n o r g a n i c   a c i d   s o l u t i o n .  

The  i n o r g a n i c   a c i d   is   s e l e c t e d   d e p e n d i n g   upon  n a t u r e   of  t h e  

c o r e   m a t e r i a l .   Fo r   i n s t a n c e ,   s i n c e   n i t r i c   a c i d   d i s s o l v e s  

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

when  t h e   c o r e   m a t e r i a l   i s   s e l e c t e d   f rom  c o p p e r   and  n i c k e l .  

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

c o p p e r   or   n i c k e l   i s   u s e d   as  t h e   c o r e   m a t e r i a l .  

T h e r e   i s   no  s p e c i f i c   l i m i t a t i o n   on  the   r e d u c i n g   a g e n t  

to   be  e m p l o y e d   in  t he   p r o c e s s ,   so  f a r   as  i t   can  r e d u c e   b o t h  

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

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

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

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

l a y e r   q u a l i t y ,   h y d r o g e n   p e r o x i d e   and  o r g a n i c   r e d u c i n g  

a g e n t s   s u c h   as  h y d r a z i n e   a r e   p r e f e r r e d .   P a r t i c u l a r l y   p r e -  

f e r r e d   i s   h y d r a z i n e .   The  r e d u c i n g   a g e n t   i s   added   to   t h e  

s u s p e n s i o n   in   an  amoun t   e n o u g h   t o   r e d u c e   t h e   p r e c i o u s  

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

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

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

t h o s e   p r e s e n t   in   t h e   s u s p e n d e d   s a l t   fo rm  and  t h o s e   p r e s e n t  

in  t h e   i o n i c   f o rm  p r e f e r a b l y   r a n g e s   f rom  1/9  to  7 / 3 ,   m o r e  

p r e f e r a b l y   1 / 9  -   4 / 6 .   The  r a t i o   of  t h e   amoun t   of  t h e   c o r e  

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

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

s i m i l a r   to   t h e   r a t i o   of  t h o s e   in   t h e   r e a c t i o n   s y s t e m ,   a n d  

g e n e r a l l y   r a n g e s   f rom  1/9  to   7 / 3 .  

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

m a t e r i a l ,   t h e   p r e c i o u s   m e t a l   ( p r e c i o u s   m e t a l   s a l t ) ,   t h e  

i n o r g a n i c   a c i d   to   be  i n c l u d e d   in   t h e   a q u e o u s   a c i d i c   m e d i u m  

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

(1)  c o p p e r  -   s i l v e r   ( s i l v e r   n i t r a t e   or  s i l v e r   c h l o r i d e )  

-  h y d r o c h l o r i c   a c i d  -   h y d r a z i n e ;   a n d  

(2)  n i c k e l  -   s i l v e r   ( s a m e )  -   h y d r o c h l o r i c   a c i d  -  

h y d r a z i n e .  



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

c o m b i n a t i o n   ( 1 ) .  

A  c o p p e r   p o w d e r   i s   a d d e d   to   c o n c .   h y d r o c h l o r i c   a c i d   t o  

p r e p a r e   a  s u s p e n s i o n   [ ( I )   s u s p e n s i o n ] .   Most   of  c o m m e r c i a l l y  

a v a i l a b l e   c o p p e r   p o w d e r s   a r e   c o a t e d   w i t h   t h e   o x i d e   f i l m ,  

and  t h i s   o x i d e   f i l m   w o r k s   n e g a t i v e l y   in   p r o v i d i n g   a  s a t i s -  

f a c t o r y   a d h e s i o n   b e t w e e n   t h e   c o p p e r   c o r e   and  t he   s i l v e r  

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

c o p p e r   p o w d e r   i s   p r e f e r a b l y   p r o c e s s e d   t o   r emove   t h e   o x i d e  

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

t h e   i n v e n t i o n .   The  r e m o v a l   of  t h e   o x i d e   f i l m   can  b e  

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

i n t o   d i l u t e   h y d r o c h l o r i c   a c i d   or  an  a q u e o u s   s o l u t i o n   of   a  

r e d u c i n g   a g e n t   s u c h   as  h y d r a z i n e   or   h y d r o g e n   p e r o x i d e .  

S e p a r a t e l y ,   a  s i l v e r   s a l t   s u c h   as  s i l v e r   c h l o r i d e   o r  

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

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

f o r   a  w h i l e   to   d i s s o l v e   a  p o r t i o n   of   t h e   s i l v e r   s a l t   i n  

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

to   as  ( I I )   s u s p e n s i o n .  

The  ( I I )   s u s p e n s i o n   i s   a d d e d ,   a t   o n c e   or  p o r t i o n w i s e ,  

t o   t h e   (I)  s u s p e n s i o n   u n d e r   s t i r r i n g .   To  t h e   so  o b t a i n e d  

s u s p e n s i o n   m i x t u r e   i s   f u r t h e r   a d d e d   u n d e r   s t i r r i n g   h y d r a z i n e  

in   an  a m o u n t   e n o u g h   to   r e d u c e   a l l   of   t h e   s i l v e r   s a l t   c o n -  

t a i n e d   in  t h e   s u s p e n s i o n   m i x t u r e .   The  h y d r a z i n e   i s   p r e f e r a b l y  

a d d e d   by  two  p o r t i o n s .   At  t h e   same  t i m e   of  t he   a d d i t i o n   o f  

h y d r a z i n e   or  w i t h i n   a  w h i l e   a f t e r   t h e   a d d i t i o n ,   t h e   s u s p e n -  
s i o n   m i x t u r e   t u r n s   i n t o   g e l l i n g   s t a t e .   V i g o r o u s   s t i r r i n g  

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

t h e   g e l l i n g   s t a t e   i s   b r o k e n   to   c o n v e r t   t h e   m i x t u r e   a g a i n  

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

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

t h e   g e l l i n g   s t a t e   i s   b r o k e n .   The  so  o b t a i n e d   s i l v e r   c o a t -  

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



no  c o n t a m i n a t i o n   w i t h   c o p p e r .  

T h i s   i n v e n t i o n   f u r t h e r   p r o v i d e s   a n o t h e r   p r o c e s s   f o r  

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

c o m p r i s e s :  

a d d i n g   a  p o r t i o n   of   a  r e d u c i n g   a g e n t   to   an  a q u e o u s  

s u s p e n s i o n   c o n t a i n i n g :  

(A)  h o m o g e n e o u s l y   s u s p e n d e d   c o r e   m a t e r i a l   p a r t i c l e s ;  

a n d  

(B)  d i s s o l v e d   p r e c i o u s   m e t a l   i o n s  

in  an  a q u e o u s   a c i d i c   med ium  h a v i n g   l i t t l e   d i s s o l v i n g   c a p a c i t y  

f o r   t h e   c o r e   m a t e r i a l   to   c o n v e r t   t h e   a q u e o u s   s u s p e n s i o n   t o  

a  g e l l i n g   s u s p e n s i o n ;  

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

t h e   g e l l i n g   s u s p e n s i o n ;   a n d  

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

c l e s .  

The  a b o v e - d e s c r i b e d   p r o c e s s   i s   r e f e r r e d   to  h e r e i n a f t e r  

as  " p r e c i o u s   m e t a l   s o l u t i o n   p r o c e s s " .   The  c h a r a c t e r i s t i c  

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

t h e   c o a t i n g   r e a c t i o n   i s   n e c e s s a r i l y   c a r r i e d   ou t   i n ' a   g e l l -  

i n g   s u s p e n s i o n .  

E x a m p l e s   of  t h e   c o r e   m a t e r i a l ,   t h e   p r e c i o u s   m e t a l  

( p r e c i o u s   m e t a l   s a l t ) ,   t h e   a q u e o u s   a c i d i c   med ium,   and  t h e  

r e d u c i n g   a g e n t   a re   t h e   same  as  t h o s e   d e s c r i b e d   f o r   t h e  

p r e c i o u s   m e t a l   s u s p e n s i o n   p r o c e s s .   The  r a t i o   b e t w e e n   t h e  

c o r e   m a t e r i a l   and  t h e   p r e c i o u s   m e t a l   is   a l s o   t h e   same  a s  

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

( r e f e r r e d   to   h e r e i n a f t e r   as  S u s p e n s i o n   P r o c e s s ) .  

The  p r e c i o u s   m e t a l   s o l u t i o n   p r o c e s s   w i l l   be  d e s c r i b e d  

h e r e i n b e l o w   w i t h   r e f e r e n c e   to   a  p r e f e r r e d   c o m b i n a t i o n   o f  

c o p p e r  -   g o l d   ( H A u C l 4 )  -   h y d r o c h l o r i c   a c i d  -   h y d r a z i n e .  

The  (I)  s u s p e n s i o n   of  c o p p e r   p o w d e r   i s   p r e p a r e d   i n  

t h e   same  m a n n e r   as  in  S u s p e n s i o n   P r o c e s s .  

S e p a r a t e l y ,  a   g o l d   s a l t   s u c h   as  HAuct4  i s   i n t r o d u c e d  

in  h y d r o c h l o r i c   a c i d   to  make  i t s   s o l u t i o n   [ ( I I )   s o l u t i o n ] .  



The  (I)  s u s p e n s i o n   and  t h e   ( I I )   s o l u t i o n   a r e   m i x e d ,   and  a  
p o r t i o n   of  a  r e d u c i n g   a g e n t   s u c h   as  h y d r a z i n e   i s   a d d e d  

u n d e r   s t i r r i n g   to   t h e   r e s u l t i n g   m i x t u r e   to  t u r n   i t   to  a 

g e l l i n g   s u s p e n s i o n .   A n o t h e r   p o r t i o n   of  t h e   r e d u c i n g   a g e n t  
i s   t h e n   a d d e d   to   t h e   g e l l i n g   s u s p e n s i o n   u n d e r   v i g o r o u s   s t i r r -  

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

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

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

c o n s i s t s   of   p u r e   g o l d   m e t a l   w i t h   s u b s t a n t i a l l y   no  c o n t a m i -  

n a t i o n   w i t h   c o p p e r .  
T h i s   i n v e n t i o n   f u r t h e r   p r o v i d e s   a n o t h e r   p r o c e s s   f o r  

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

c o m p r i s e s   m i x i n g :  

(A)  an  a q u e o u s   g e l l i n g   m i x t u r e   c o m p r i s i n g ,   in  t h e  

a q u e o u s   p h a s e ,   t h e   p r e c i o u s   m e t a l   ion   and  c h e l a t e d   p r e c i o u s  

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

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

(B)  h y d r o g e n   p e r o x i d e   in   an  a m o u n t   e n o u g h   to   r e d u c e  

w h o l e   of  t h e   p r e c i o u s   m e t a l   i on   and  t h e   c h e l a t e d   p r e c i o u s  

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

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

f o r m ;  

(C)  an  a q u e o u s   s u s p e n s i o n   o f - c o r e   m a t e r i a l   p a r t i c l e s  

in  an  a q u e o u s   medium  h a v i n g   l i t t l e   d i s s o l v i n g   c a p a c i t y   f o r  

t h e   c o r e   m a t e r i a l ;   a n d  

(D)  an  a l k a l i   a g e n t ,  

to   b r e a k   t h e   g e l l i n g   s t a t e   of  t h e   (A)  g e l l i n g   m i x t u r e ,   a n d  

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

The  a b o v e - d e s c r i b e d   p r o c e s s   is  r e f e r r e d   t o   h e r e i n a f t e r  

as  " p r e c i o u s   m e t a l   c h e l a t i o n   p r o c e s s "   or  s i m p l y   " c h e l a t i o n  

p r o c e s s " .   The  c h a r a c t e r i s t i c   f e a t u r e   of  t h e   p r e c i o u s   m e t a l  

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

m e t a l   to   fo rm  t h e   c o a t i n g   l a y e r   i s   s u b j e c t e d   t o   t h e   r e d u c -  

t i o n   to   f o r m   t h e   c o a t i n g   l a y e r ,   in  t h e   c h e l a t e d   form  a n d  

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

s i o n .  



E x a m p l e s   of  t h e   p r e c i o u s   m e t a l s   ( p r e c i o u s   m e t a l   s a l t s )  

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

p e n s i o n   p r o c e s s .  

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

i o n   and  c h e l a t e d   p r e c i o u s   m e t a l   c o m p o u n d   r e f e r r e d   to   as  (A) 

in  t h e   above   can  be  p r e p a r e d ,   f o r   i n s t a n c e ,   as  f o l l o w s .  

A  w a t e r - s o l u b l e   p r e c i o u s   m e t a l   s a l t   such   as  s i l v e r  

n i t r a t e   i s   d i s s o l v e d   in  w a t e r   to   p r e p a r e   an  a q u e o u s   p r e -  

c i o u s   m e t a l   ion   s o l u t i o n   of  a  r e l a t i v e l y   h i g h   c o n c e n t r a t i o n  

s u c h   as  5  -   50  % by  w e i g h t .   S e p a r a t e l y ,   a  c h e l a t i n g   a g e n t  

s u c h   as  EDTA  ( e t h y l e n e d i a m i n e t e t r a a c e t i c   a c i d )   in  t h e   s o d i u m  

s a l t   form  i s   d i s s o l v e d   in  w a t e r   to   p r e p a r e   a  s o l u t i o n   c o n -  

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

2  %  by  w e i g h t .   The  so  p r e p a r e d   a q u e o u s   p r e c i o u s   m e t a l   i o n  

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

i n g   in  t h e   f o r m a t i o n   of  an  a q u e o u s   g e l l i n g   m i x t u r e   c o m p r i s -  

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

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

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

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

an  amount   of  l e s s   t h a n   t h e   s t o i c h i o m e t r i c   amount   f o r   t h e  

c o u n t e r p a r t   m e t a l   ion   to   be  i n c o r p o r a t e d   in  t he   m i x t u r e .  

More  p r e f e r a b l y ,   t h e   c h e l a t i n g   a g e n t   i s   in  an  amount   of   l e s s  

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

r a t e d   m e t a l   i on   w h i c h   s e r v e s   as  t h e   c o u n t e r p a r t   in  t h e  

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

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

r e a c t i o n   to   r e d u c e   t h e   q u a l i t y   of  t h e   c o a t i n g   l a y e r .  

E x a m p l e s   of   t h e   c h e l a t i n g   a g e n t s   to   be  e m p l o y e d   i n  

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

s u c h   as  EDTA,  o x y c a r b o x y l i c   a c i d s   s u c h   as  c i t r i c   a c i d ,   a n d  

c o n d e n s e d   p h o s p h a t e s .   P a r t i c u l a r l y   p r e f e r r e d   is   EDTA. 

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

a  r e d u c i n g   a g e n t   in  an  a l k a l i n e   s o l u t i o n   to  r e d u c e   t h e   i o n i c  



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

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

h y d r o g e n   p e r o x i d e   i s   p r e f e r a b l y   e m p l o y e d   in  an  e x c e s s i v e  

a m o u n t .  

The  a q u e o u s   s u s p e n s i o n   of  c o r e   m a t e r i a l   p a r t i c l e s  

r e f e r r e d   to   as  (C)  in  t h e   a b o v e   p r e f e r a b l y   c o m p r i s e s   t h e  

c o r e   m a t e r i a l   p a r t i c l e s   in  a  r a t i o   r a n g i n g   f rom  1 / 1 0 0 0   t o  

1 / 1 0   ( r a t i o   by  w e i g h t )   p e r   t h e   a m o u n t   of  w a t e r .  

The  c o r e   m a t e r i a l s   can   be  s e l e c t e d   f rom  t h o s e   d e s c r i b e d  

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

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

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

m a t e r i a l s   s e l e c t e d   from  n i c k e l ,   and   m e t a l   o x i d e s   such   a s  

z i r c o n i u m   o x i d e   and  t i t a n i u m   d i o x i d e .   As  f o r   t h e   s i z e   a n d  

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

r e f e r e n c e   i s   made  to  t h e   d e s c r i p t i o n   g i v e n   h e r e i n b e f o r e   f o r  

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

The  a l k a l i   a g e n t   a s s i s t s   h y d r o g e n   p e r o x i d e   to   work  a s  

a  r e d u c i n g   a g e n t .   E x a m p l e s   of  t h e   a l k a l i   a g e n t s   to   b e  

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

h y d r o x i d e s   s u c h   as  s o d i u m   h y d r o x i d e   and  p o t a s s i u m   h y d r o x i d e .  

The  a l k a l i   a g e n t   i s   g e n e r a l l y   e m p l o y e d   as  an  a q u e o u s   s o l u t i o n .  

In  p r a c t i c i n g   t h e   c h e l a t i o n   p r o c e s s ,   t he   f o u r   (A),   ( B ) ,  

(C)  and  (D)  a g e n t s   can  be  m i x e d   in   any  s e q u e n c e   or  s i m u l t a -  

n e o u s l y .   N e v e r t h e l e s s ,   t h e   s e q u e n c e s   d e s c r i b e d   b e l o w   a r e  

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

m e t a l   c o a t i n g   l a y e r   of  h i g h   q u a l i t y .  

S e q u e n c e   I :   H y d r o g e n   p e r o x i d e   i s   added   to   t h e   (A) 

g e l l i n g   m i x t u r e ;   t h e n   t h e   (C)  s u s p e n s i o n   and  f i n a l l y   t h e  

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

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

m e t a l - c o a t e d   p a r t i c l e s   upon  t h e   a d d i t i o n   of  t he   a l k a l i  

a g e n t .   T h i s   s e q u e n c e   is   a d v a n t a g e o u s l y   a p p l i e d   when  m a t e -  

r i a l   h a v i n g   some  s o l u b i l i t y   in  an  a q u e o u s   a l k a l i n e   s o l u t i o n  

s u c h   as  t i t a n i u m   d i o x i d e   ( T i 0 2 )   i s   e m p l o y e d   as  t h e   c o r e  

m a t e r i a l .  



S e q u e n c e   I I :   H y d r o g e n   p e r o x i d e   i s   added   to   t h e   (A) 

g e l l i n g   m i x t u r e ;   s e p a r a t e l y ,   a  p o r t i o n   ( e . g . ,   a  h a l f )   o f  

t h e   a l k a l i   a g e n t   i s   added   to   t h e   (C)  s u s p e n s i o n ;   t h e  

l a t t e r   (C  +  a l k a l i   a g e n t )   i s   a d d e d   to   t h e   f o r m e r   (A  + 

h y d r o g e n   p e r o x i d e ) ;   t h i s   p r o c e d u r e   g i v e s   p r e c i p i t a t i o n   o f  

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

c o r e   p a r t i c l e ;   and  f i n a l l y   t h e   r e m a i n i n g   p o r t i o n   of  t h e  

a l k a l i   a g e n t   i s   a d d e d   t h e r e t o   to   b r e a k   t h e   g e l l i n g   s t a t e  

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

p a r t i c l e s .   A l t e r n a t i v e l y ,   t h e   w h o l e   p o r t i o n   of  t h e   a l k a l i  

a g e n t   can  be  a d d e d   to  t he   (C)  s u s p e n s i o n   in  t h e   i n i t i a l  

s t a g e   i n s t e a d   of   t h e   d i v i s i o n a l   a d d i t i o n .   In  t h i s   c a s e ,  

t h e   a d d i t i o n   of   t h e   m i x t u r e   of  (C)  s u s p e n s i o n   and  t h e  

a l k a l i   a g e n t   t o   t h e  m i x t u r e   of  (A)  g e l l i n g   m i x t u r e   a n d  

h y d r o g e n   p e r o x i d e   i n s t a n t l y   b r e a k s   t h e   g e l l i n g   s t a t e   o f  

t h e   l a t t e r  m i x t u r e   to   form  a  s i m p l e   s u s p e n s i o n   c o n t a i n i n g  

p r e c i o u s   m e t a l - c o a t e d   p a r t i c l e s .  

S e q u e n c e   I I   i n c l u d i n g   t h e   a l t e r n a t i v e   s e q u e n c e   i s  

a d v a n t a g e o u s l y   a p p l i e d   when  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  

no  s o l u b i l i t y   in   an  a q u e o u s   a l k a l i n e   s o l u t i o n   such   a s  

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

As  i s   d e s c r i b e d   h e r e i n b e f o r e ,   t h e   p r o c e s s   of  t h e   i n v e n -  

t i o n   e m p l o y s   a  r e a c t i o n   s y s t e m   in  w h i c h   t h e   c o r e   m a t e r i a l   i s  

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

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

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

t i a l l y   no  c o n t a m i n a t i o n   w i t h   t h e   c o r e   m a t e r i a l .   Fo r   t h i s  

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

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

e m p l o y e d   as  e l e c t r o c o n d u c t i v e   m a t e r i a l s   f o r   t he   use   i n  

e l e c t r i c   c i r c u i t ,   such   as  e l e c t r i c   c o n t a c t o r   and  e l e c t r o -  

c o n d u c t i v e   p a s t e   b e c a u s e   t h e s e   show  s u b s t a n t i a l l y   s a m e  

e l e c t r o c o n d u c t i v i t y   and  a d h e s i o n   to   s o f t   s o l d e r   as  p u r e  
m e t a l   m a t e r i a l s   s h o w .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  i l l u s t r a t e d   more  i n  

d e t a i l   by  t h e   f o l l o w i n g   l i m i t a t i o n .  



E x a m p l e   1  P r e p a r a t i o n   of  s i l v e r - c o a t e d   c o p p e r   p a r t i c l e s  

In  an  a q u e o u s   h y d r a z i n e   s o l u t i o n   was  i m m e r s e d   3  g.  o f  

a  c o m m e r c i a l l y   s u p p l i e d   c o p p e r   p o w d e r   to   r emove   t h e   o x i d e  

f i l m   o v e r   t he   c o p p e r   p o w d e r .   The  g r e a t e r   p o r t i o n   of  t h e  

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

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

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

f r o m   o x i d a t i o n .   To  t h i s   s o l u t i o n   was  a d d e d   400  ml.  cf   c o n c .  

h y d r o c h l e r i c   a c i d ,   and  t h e   m i x t u r e   was  t h e n   s t i r r e d   to   p r e -  

p a r e   a  s u s p e n s i o n   [ ( I a )   s u s p e n s i o n ]   in  w h i c h   t h e   c o p p e r  

p o w d e r   was  u n i f o r m l y   s u s p e n d e d .  

S e p a r a t e l y ,   50  ml .   of  a q u e o u s   s o l u t i o n   c o n t a i n i n g   10  g .  
of   s i l v e r   n i t r a t e   ( a p p r o x i m a t e l y   6  g.  as  t h e   s i l v e r )   w a s  

a d d e d   to  200  ml .   of  c o n c .   h y d r o c h l o r i c   a c i d ,   and  t h e  

m i x t u r e   was  s t i r r e d .   T h u s ,   a  s u s p e n s i o n   in  w h i c h   t h e   i n t r o -  

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

some  p o r t i o n   b e i n g   d i s s o l v e d   in   t h e   l i q u i d   p h a s e   in  t h e  

i o n i c   form  and  t h e   r e m a i n i n g   p o r t i o n   b e i n g   p r e s e n t   in  t h e  

f o r m   of  p o w d e r y   c r y s t a l s   was  p r e p a r e d   . . . . .   [ ( I I a )   s u s p e n s i o n ] .  

To  the   ( I a )   s u s p e n s i o n   was  a d d e d   a  p o r t i o n   ( a p p r o x i -  

m a t e l y   50  m l . )   of  t h e   ( I I a )   s u s p e n s i o n   and  t h e   m i x t u r e   w a s  

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

s i l v e r   over   t h e   c o p p e r   p o w d e r   s u r f a c e   and  of  b l a c k e n i n g  

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

( I I a )   s u s p e n s i o n   was  i n t r o d u c e d   i n t o   t h e   m i x t u r e .   To  t h e  

so  o b t a i n e d   s u s p e n s i o n   was  a d d e d   50  mi.   of  h y d r a z i n e   (80  % 

s o l u t i o n   of  h y d r a z i n e   h y d r a t e ,   same  h e r e i n a f t e r ) ,   and  t h e  

m i x t u r e   was  s t i r r e d   to   become  a  g e l l i n g   m i x t u r e .   The  g e l l -  

i n g   m i x t u r e   was  f u r t h e r   s t i r r e d   v i g o r o u s l y   to   s u s p e n d   t h e  

c o p p e r   powder   u n i f o r m l y   in  t h e   m i x t u r e ,   and  150  mk.  o f  

h y d r a z i n e   was  a d d e d   to   t h e   s t i r r e d   g e l l i n g   m i x t u r e   to   b r e a k  

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

c o a t e d   w i th   m e t a l l i c   s i l v e r .   The  s i l v e r - c o a t e d   p a r t i c l e s  

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

s i l v e r   and  c o p p e r   in   t he   r a t i o   by  w e i g h t   of  a p p r o x i m a t e l y  

2  :   1 .  



E x a m p l e   2  P r e p a r a t i o n   of  g o l d - c o a t e d   c o p p e r   p a r t i c l e s  

The  p r o c e d u r e   d e s c r i b e d   in  E x a m p l e   1  was  r e p e a t e d ,  

u s i n g   3  g.  of  t h e   c o p p e r   p o w d e r ,   250  ml .   of   c o n c .   h y d r o -  

c h l o r i c   a c i d   and  200  mZ.  of  w a t e r ,   to   p r e p a r e   a  c o p p e r -  

c o n t a i n i n g   s u s p e n s i o n   . . . . .   [ ( I b )   s u s p e n s i o n ] .  

S e p a r a t e l y ,   1 0 . 8   g.  of  HAuCI4  ( a p p r o x i m a t e l y   6 . 2 6   g .  
as  g o l d )   was  a d d e d   t o   250  ml.  of  c o n c   h y d r o c h l o r i c   a c i d ,  

and  t h e   m i x t u r e   was  s t i r r e d   to   p r e p a r e   a  s o l u t i o n   in  w h i c h  

t h e   a d d e d   g o l d   s a l t   was  c o m p l e t e l y   d i s s o l v e d   . . . . .   [ ( I I b )  

s u s p e n s i o n ] .  

The  ( I I b )   s u s p e n s i o n   was  a d d e d   t o   t h e   ( Ib )   s u s p e n s i o n  

by  two  t i m e s   a d d i t i o n   p r o c e d u r e   in  t h e   same  m a n n e r   as  i n  

E x a m p l e   1  t o   p r e p a r e   a  s u s p e n s i o n .   'To  t h e   so  p r e p a r e d  

s u s p e n s i o n   was  a d d e d   80  ml.   of  h y d r a z i n e ,   f o r m i n g   a  g e l l i n g  

m i x t u r e .   F u r t h e r ,   160  ml.   of  h y d r a z i n e   was  a d d e d   to   t h e  

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

s t i r r e d   to   b r e a k   t h e   g e l l i n g   s t a t e   i n t o   a  s i m p l e   s u s p e n s i o n  

in  w h i c h   p a r t i c l e s   c o a t e d   w i t h   m e t a l l i c   g o l d   we re   s u s p e n d e d .  

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

and  s h o w e d   t h e   g o l d  :   c o p p e r   r a t i o   by  w e i g h t   of   a p p r o x i -  

m a t e l y   2 . 1  :   1 .  

E x a m p l e   3  P r e p a r a t i o n   of  s i l v e r - c o a t e d   t i t a n i u m   d i o x i d e  

p a r t i c l e s  

A  g e l l i n g   s o l u t i o n   was  p r o d u c e d   by  m i x i n g   an  a q u e o u s  
s o l u t i o n   of  10  g.  of  s i l v e r   n i t r a t e   in  50  ml .   of  w a t e r   a n d  

an  a q u e o u s   s o l u t i o n   of  15  g.  of  d i s o d i u m   e t h y l e n e d i a m i n e -  

t e t r a a c e t a t e   (EDTA)  in  200  ml.  of  w a t e r .   50  ml .   of  w a t e r  

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

of   t h e   s o l u t i o n .   To  t h e   g e l l i n g   s o l u t i o n   was  a d d e d   100  

ml.   of  a q u e o u s   h y d r o g e n   p e r o x i d e   (30  %  a q u e o u s   s o l u t i o n ) .  

To  t h i s   g e l l i n g   s o l u t i o n   was  f u r t h e r   a d d e d   a  s u s p e n s i o n   o f  

1  g.  of  t i t a n i u m   d i o x i d e   powder   (mean  d i a m e t e r :   2  µ)  i n  

150  ml.   of  w a t e r ,   and  t h e   m i x t u r e   was  w e l l   s t i r r e d .   To 

t h i s   g e l l i n g   s u s p e n s i o n   was  added   u n d e r   v i g o r o u s   s t i r r i n g  



100  ml.  of  a q u e o u s   s o d i u m   h y d r o x i d e   (NaOH  5  g . / 2 5   ml.   w a t e r ) ,  

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

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

s i l v e r .   F u r t h e r ,   150  ml.  of  a q u e o u s   h y d r o g e n   p e r o x i d e  

(30  %)  was  a d d e d   t o   t h e   s u s p e n s i o n   to   c o m p l e t e   t h e   r e a c t i o n .  

The  so  p r o d u c e d   s i l v e r - c o a t e d   p a r t i c l e s   were   c o l l e c t e d  

by  f i l t r a t i o n ,   w a s h e d   w i t h   w a t e r   and  d r i e d   to  g i v e   g r a y -  
c o l o r e d   p a r t i c l e s .   Y i e l d   6 .8   g.  ( t h e o r e t i c a l   y i e l d   7 .0   g . )  

Example   4  P r e p a r a t i o n   of  s i l v e r - c o a t e d   n i c k e l   p a r t i c l e s  

A  g e l l i n g   s o l u t i o n   was  p r o d u c e d   by  m i x i n g   an  a q u e o u s  
s o l u t i o n   of  10  g.  of  s i l v e r   n i t r a t e   in   .50  ml.   of  w a t e r   a n d  

an  a q u e o u s   s o l u t i o n   of  15  g.  of  d i s o d i u m   s a l t   of  EDTA  i n  

300  mk.  of  w a t e r .   150  ml.  of  w a t e r   was  a d d e d   to   t h e   g e l l -  

i ng   s o l u t i o n   to   r e d u c e   the   v i s c o s i t y   of  t h e   s o l u t i o n .   T o  

t h e   g e l l i n g   s o l u t i o n   was  a d d e d   150  ml,.  of  a q u e o u s   h y d r o g e n  

p e r o x i d e   (30  %).  To  t h i s   g e l l i n g   s o l u t i o n   was  f u r t h e r  

added   a  s u s p e n s i o n   of  1 .5   g.  of   p o w d e r y   n i c k e l   m e t a l   ( m e a n  

d i a m e t e r :   3  µ)   in   50  ml .  of  a q u e o u s   s o d i u m   h y d r o x i d e   (NaOH 

5  g . / 2 5   ml.  w a t e r ,   same  h e r e i n b e l o w ) ,   and  t he   m i x t u r e   w a s  

w e l l   s t i r r e d .   At  t h i s   s t a g e ,   t h e r e  w a s  o b s e r v e d   no  n o t i c e -  

a b l e   c h a n g e   in   t h e   m i x t u r e ,   e x c e p t   t h a t   t he   h y d r o g e n   p e r o x i d e  

began   to  d e c o m p o s e   s l o w l y   and  t h a t   a  s m a l l   amount   of  s i l v e r  w a s  

d e p o s i t e d   on  t h e   m e t a l l i c   n i c k e l   p o w d e r .   To  t h i s   m i x t u r e  

was  f u r t h e r   a d d e d   u n d e r   s t i r r i n g   50  mi .   of   a q u e o u s   s o d i u m  

h y d r o x i d e   to   b r e a k   t h e   g e l l i n g   s t a t e   q u i c k l y   and  s i m u l -  

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

c o a t e d   w i t h   s i l v e r .   The  so  p r o d u c e d   s i l v e r - c o a t e d   p a r t i c l e s  

were   r e c o v e r e d   in   t h e   same  m a n n e r   as  in  Example   3  to   g i v e  

g r a y - c o l o r e d   p a r t i c l e s .   Y i e l d   7 .4   g.  ( t h e o r e t i c a l   y i e l d  
7.5  g . )  

Example   5  P r e p a r a t i o n   of  s i l v e r - c o a t e d   z i r c o n i u m   o x i d e  

p a r t i c l e s  

In  t h i s   e x a m p l e ,   Zro2  was  p r e - t r e a t e d   in  t h e   f o l l o w i n g  



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

q u a l i t y .  

To  200  ml .   of  w a t e r   were   a d d e d   10  g.  of  p o w d e r y   Z r 0 2  
(mean  d i a m e t e r :   1 .5   p ) ,   1  g.  of  s i l v e r   n i t r a t e   and  1  m l .  

of  a  m i x t u r e   of   s u r f a c e   a c t i v e   a g e n t s   ( a n i o n i c   and  n o n i o n i c  

s u r f a c e   a c t i v e   a g e n t s ) ,   and  t h e  s o   p r o d u c e d   m i x t u r e   w a s  
s t i r r e d .   To  t h i s   s t i r r e d   m i x t u r e   was  t h e n   a d d e d   5  ml .   o f  

a q u e o u s   h y d r a z i n e   m o n o h y d r a t e   s o l u t i o n   (80  %).  The  s t i r r -  

ing  was  c o n t i n u e d   to   r e d u c e   t h e   s i l v e r   ion  to   p r e c i p i t a t e  

the   m e t a l l i c   f o r m   o v e r   t h e   s u r f a c e   of  t he   ZrO2  p a r t i c l e s .  

The  so  p r o d u c e d   s i l v e r - c o a t e d   p a r t i c l e s   were  c o l l e c t e d   b y  

f i l t r a t i o n ,   w a s h e d   w i t h   w a t e r ,   d r i e d   and  t h e n   f i r e d   a t  

4 5 0  ° C ,   f o r   30  min .   in  a i r y   a t m o s p h e r e .   T h e r e   was  o b t a i n e d  

a  s u b s t a n t i a l l y   t h e o r e t i c a l   a m o u n t   of  ZrO2  p a r t i c l e s   c o a t e d  

p r e l i m i n a r i l y   w i t h   s i l v e r   ( s i l v e r   6  g . / 1 0 0   g.  Z r 0 2 ) .  
To  100  ml .   of  a q u e o u s   s o d i u m   h y d r o x i d e   (NaOH  5  g . / 2 5  

ml.  w a t e r )   was  a d d e d   1  g.  of   t h e   a b o v e   s i l v e r - c o a t e d   Z rO2  

p a r t i c l e s   to   g i v e   a  u n i f o r m   s u s p e n s i o n .  

S e p a r a t e l y ,   a  g e l l i n g   m i x t u r e   was  p r e p a r e d   by  m i x i n g  

an  a q u e o u s   s o l u t i o n   of  10  g.  of  s i l v e r   n i t r a t e   in  50  m t .  

of  w a t e r   and  an  a q u e o u s   s o l u t i o n   of   15  g.  of  d i s o d i u m   s a l t  

of  EDTA  in  200  ml .   of  w a t e r   u n d e r   s t i r r i n g ,   and  f u r t h e r  

a d d i n g   50  ml .   of   w a t e r   to   t h e   m i x t u r e .   To  t h e   so  p r e p a r e d  

g e l l i n g   m i x t u r e   was  added   100  ml.   of  a q u e o u s   h y d r o g e n  

p e r o x i d e   (30  %),  and  s u b s e q u e n t l y   t h e   Z r O 2 - c o n t a i n i n g  

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

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

p a r t i c l e s   c o a t e d   w i t h   s i l v e r .   T h e . p r e c i p i t a t e d   p a r t i c l e s  

were  r e c o v e r e d   in  t h e   same  m a n n e r   as  in  Example   3.  Y i e l d  

7.4  g.  ( t h e o r e t i c a l   y i e l d   7 .5   g . )  

Example   6  P r e p a r a t i o n   of  g o l d - c o a t e d   c o p p e r   p a r t i c l e s  

A  g e l l i n g   s o l u t i o n   was  p r o d u c e d   by  m i x i n g   an  a q u e o u s  
s o l u t i o n   of  11  g.  of  HAuCl4  in  75  ml.   of  w a t e r   and  a n .  

a q u e o u s   s o l u t i o n   of  25  g.  of  d i s o d i u m   s a l t   of  EDTA  in  300  m l .  



of  w a t e r .   W a t e r   was  a d d e d   to   t h i s   g e l l i n g   s o l u t i o n   t o  

a d j u s t   t h e   v o l u m e   of   t h e   s o l u t i o n   to   400  ml.   To  t h i s   g e l l -  

i n g   s o l u t i o n   was  a d d e d   150  mk.  of  a q u e o u s   h y d r o g e n   p e r o x i d e  

(30  %) .  

S e p a r a t e l y ,   a  c o m m e r c i a l l y   s u p p l i e d   p o w d e r y   c o p p e r  

(mean  d i a m e t e r :   5  p )   was  i m m e r s e d   in   an  a q u e o u s   h y d r a z i n e  

s o l u t i o n   f o r   1  h o u r   u n d e r   s t i r r i n g   to   r e m o v e   t h e   o x i d e  

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

w i t h   w a t e r .   2  g.  o f  t h e   so  p r e p a r e d   p o w d e r y   c o p p e r   w a s  

i n t r o d u c e d   i n t o   140  ml.   of  a q u e o u s   s o d i u m   h y d r o x i d e   (NaOH 

5  g . / 2 5   ml.   w a t e r )   to   o b t a i n   a  h o m o g e n e o u s   s u s p e n s i o n .   T h e  

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

u n d e r   s t i r r i n g .   The  g e l l i n g   s t a t e   was  q u i c k l y   b r o k e n   t o  

p r e c i p i t a t e   c o p p e r   p a r t i c l e s   c o a t e d   w i t h   g o l d .   The  s o  

p r e c i p i t a t e d   p a r t i c l e s   were   t h e n   r e c o v e r e d   in   t h e   s a m e  

m a n n e r   as  d e s c r i b e d   in  E x a m p l e   3  to   g i v e   b r o w n - c o l o r e d  

p a r t i c l e s .   Y i e l d   8 .2   g.  ( t h e o r e t i c a l   y i e l d   8 . 3 7   g . )  

E x a m p l e   7  A p p l i c a t i o n   to   e l e c t r o c o n d u c t i v e   p a s t e  

A  m i x t u r e   c o n s i s t i n g   of  t h e   a b o v e - l i s t e d   m a t e r i a l s  

was  k n e a d e d   in  a  t h r e e - r o l l e r s   t y p e   k n e a d e r   t o   g i v e   a  

p a s t e .  

The  p a s t e   was  p r i n t e d   on  a  c e r a m i c   b a s e   p l a t e   t h r o u g h  

t h e   s c r e e n   p r i n t i n g   m e t h o d .   The  so  p r i n t e d   c e r a m i c   b a s e  

p l a t e   was  d r i e d   a t   150  °C  f o r   30  m i n . ,   and  t h e n   p l a c e d   i n  

a  f i r i n g   f u r n a c e .   The  i n t e r n a l   t e m p e r a t u r e   of  t he   f u r n a c e  

was  e l e v a t e d   to   8 0 0  ° C   o v e r   1  h o u r ,   and  t h i s   800  °C  t e m p e r -  

a t u r e   was  m a i n t a i n e d   f o r   10  min .   The  p r i n t e d   p l a t e   w a s  

t h e n   t a k e n   o u t   of   t h e   f u r n a c e   and  c o o l e d   t o   room  t e m p e r a t u r e .  



The  so  p r o d u c e d  p r i n t e d   p l a t e   showed   s i l v e r   m e t a l l i c  
s u r f a c e   a t   t h e   p r i n t e d   p o r t i o n .   The  S c a n n i n g   E l e c t r o n  

M i c r o s c o p e   ( JSM-25S)   m a n u f a c t u r e d   by  J a p a n   E l e c t r o n   O p t i c s  

L a b o r a t o r y   C o . ,   L t d .   was  a p p l i e d   to   t h e   s u r f a c e   of  t h e  

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

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

t h a t   t h e   m e t a l l i c   s u r f a c e   s u b s t a n t i a l l y   c o n s i s t e d   of  p u r e  
s i l v e r   m e t a l   w i t h   no  t r a c e   of  c o p p e r   m e t a l .  

The  p r i n t e d   p l a t e   was  i m m e r s e d   in  a  s o f t   s o l d e r   b a t h ,  

and  t h e r e   was  o b s e r v e d   t h a t   w h o l e   s u r f a c e   of  t h e   m e t a l l i c  

p r i n t e d   a r e a   was  c o m p l e t e l y   c o v e r e d   w i t h   t h e   s o f t   s o l d e r .  

The  X - r a y   M i c r o a n a l y z e r   (EMX-SM)  m a n u f a c t u r e d   by  S h i m a z u  

S e i s a k u s h o ,   L t d . ,   J a p a n ,   was  a p p l i e d   to   t h e   s e c t i o n   of  t h e  

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

o b s e r v a t i o n   i n d i c a t e d   t h a t   t h e   j o i n i n g   f a c e   b e t w e e n   the   s o f t  

s o l d e r   p o r t i o n   and  t he   p r i n t e d   m e t a l   p o r t i o n   was  p e r f e c t l y  

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

f o r m l y   d i s p e r s e d   w i t h i n   t h e   s i l v e r   m e t a l   l a y e r .   The  e l e c t r o -  

c o n d u c t i v i t y   was  a l m o s t   e q u i v a l e n t   to  p u r e   s i l v e r ,   2  x  10 -6Ω cm. 

The  a b o v e - d e s c r i b e d   o b s e r v a t i o n s   i n d i c a t e   t h a t   t h e r e  

i s   s u b s t a n t i a l l y   no  c o n t a m i n a t i o n   w i t h   c o p p e r   m e t a l   in  t h e  

s i l v e r   m e t a l   c o a t i n g   l a y e r .   T h i s   means  t h a t   t h e   c o v e r a g e  

of  s i l v e r   o v e r   t h e   c o p p e r   p a r t i c l e s   i s   p e r f e c t   f o r   t h e  

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

E x a m p l e   8  A p p l i c a t i o n   t o   e l e c t r o c o n d u c t i v e   p a s t e  

The  p r o c e d u r e s   of  E x a m p l e   7  were   r e p e a t e d   e x c e p t   t h a t  

t h e   s i l v e r - c o a t e d   c o p p e r   p a r t i c l e s ' w e r e   r e p l a c e d   w i t h   t h e  

g o l d - c o a t e d   c o p p e r   p a r t i c l e s   p r o d u c e d   in  E x a m p l e   2  a n d  

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

was  c h a n g e d   i n t o   0 . 4  g .   i n s t e a d   of  t he   0 .2  g.  t o   p r o d u c e   a 

m e t a l   p r i n t e d   p l a t e .  

The  o b s e r v a t i o n s   w e r e   c a r r i e d   ou t   by  means   of  t h e  

S c a n n i n g   E l e c t r o n   M i c r o s c o p e   ( JSM-25S   m e n t i o n e d   as  a b o v e )  

in  t h e   same  manner   as  in  E x a m p l e   7  to  i n d i c a t e   t h a t   t h e  



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

w i t h   no  t r a c e   of  c o p p e r   m e t a l .  

The  p r i n t e d   p l a t e   was  p l a c e d   on  a  h o t   p l a t e   k e p t   a t  

450  °C,  and  a  s i l i c o n e  t i p  w a s   p l a c e d   on  t h e   p r i n t e d   m e t a l  

s u r f a c e .   The  so  p l a c e d   s i l i c o n e   t i p   was  w e l l   a d h e r e d   t o  

t h e   m e t a l   s u r f a c e .  

The  o b s e r v a t i o n s   d e s c r i b e d   a b o v e   i n d i c a t e   t h a t   t h e r e  

w a s  s u b s t a n t i a l l y   no  c o n t a m i n a t i o n   w i t h   c o p p e r   m e t a l   i n  

t h e   g o l d   m e t a l   c o a t i n g   l a y e r .   A c c o r d i n g l y ,   t h e   c o v e r a g e  
of  g o l d   o v e r   t h e   c o p p e r   p a r t i c l e s   w a s  p e r f e c t   f o r   t h e  

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

E x a m p l e   9  A p p l i c a t i o n   to   e l e c t r o c o n d u c t i v e   p a s t e  

The  p r o c e d u r e s   of  E x a m p l e   7  were   r e p e a t e d   e x c e p t   t h a t  

t h e   s i l v e r - c o a t e d   c o p p e r   p a r t i c l e s   were   r e p l a c e d   w i t h   t h e  

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

E x a m p l e   3 .  

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

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

m a n n e r   as  in  E x a m p l e   7  to   g i v e   t h e   same  r e s u l t s .   T h e  

e l e c t r o c o n d u c t i v i t y   of  t h e   a b o v e   p a s t e   was  a l m o s t   e q u i v a -  

l e n t   to   t h e   p u r e   s i l v e r   p a s t e .   T h u s ,   t h e   s i l v e r   s u r f a c e  

was  f o r m e d   on  t h e   p a r t i c l e   w i t h   s u b s t a n t i a l l y   no  c o n t a m i -  

n a t i o n   w i t h   t i t a n i u m   d i o x i d e .  

E x a m p l e   10  A p p l i c a t i o n   to   e l e c t r o c o n d u c t i v e   p a s t e  

The  p r o c e d u r e s   of  E x a m p l e   7  were   r e p e a t e d   e x c e p t   t h a t  

t h e   s i l v e r - c o a t e d   c o p p e r   p a r t i c l e s   were  r e p l a c e d   w i t h   t h e  

s i l v e r - c o a t e d   n i c k e l   p a r t i c l e s   p r o d u c e d   in  E x a m p l e   4 .  

The  o b s e r v a t i o n s   on  t h e   s u r f a c e   and  t h e   s u r f a c e  

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

e l e c t r o c o n d u c t i v i t y   were   c a r r i e d   ou t   in  t h e   same  m a n n e r  

as  in  E x a m p l e   7  to   g i v e   t h e   same  r e s u l t s .   T h u s ,   t h e  

s i l v e r   s u r f a c e   was  f o r m e d   on  t h e   p a r t i c l e   w i t h   s u b s t a n -  

t i a l l y   no  c o n t a m i n a t i o n   w i t h   n i c k e l .  



E x a m p l e   11  A p p l i c a t i o n   to   e l e c t r o c o n d u c t i v e   p a s t e  
The  p r o c e d u r e s   of  E x a m p l e   7  we re   r e p e a t e d   e x c e p t   t h a t  

t h e   s i l v e r - c o a t e d   c o p p e r   p a r t i c l e s   w e r e   r e p l a c e d   w i t h   t h e  

s i l v e r - c o a t e d   z i r c o n i u m   o x i d e   p a r t i c l e s   p r o d u c e d   in  E x a m p l e  
5 .  

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

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

c o n d u c t i v i t y   w e r e   c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x a m p l e   7  t o   g i v e   t h e   same  r e s u l t s .   T h u s ,   t h e   s i l v e r  

s u r f a c e   was  f o r m e d   on  the   p a r t i c l e   w i t h   s u b s t a n t i a l l y   n o  

c o n t a m i n a t i o n   w i t h   z i r c o n i u m   o x i d e .  

E x a m p l e   12  A p p l i c a t i o n   to   e l e c t r o c o n d u c t i v e   p a s t e  

The  p r o c e d u r e s   of  E x a m p l e   8  w e r e   r e p e a t e d   e x c e p t   t h a t  

t h e   g o l d - c o a t e d   c o p p e r   p a r t i c l e s   w e r e   r e p l a c e d   w i t h   t h e  

g o l d - c o a t e d   c o p p e r   p a r t i c l e s   p r o d u c e d   in  E x a m p l e   6 .  

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

of  t h e   p r i n t e d   m e t a l   p o r t i o n   were   c a r r i e d   ou t   in  t h e   s a m e  

m a n n e r   as  in   E x a m p l e   8  to   g i v e   t h e   same  r e s u l t s .   T h e  

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

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

r e s u l t .  

T h u s ,   t h e   g o l d   s u r f a c e   was  f o r m e d   on  the   p a r t i c l e  

w i t h   s u b s t a n t i a l l y   no  c o n t a m i n a t i o n   w i t h   c o p p e r   m e t a l .  



1.  A  p r o c e s s   f o r   t he   p r e p a r a t i o n   of  p r e c i o u s   m e t a l - c o a t e d  

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

a q u e o u s   s u s p e n s i o n   c o n t a i n i n g :  

(A)  h o m o g e n e o u s l y   s u s p e n d e d   c o r e   m a t e r i a l   p a r t i c l e s ;  

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

p a r t i c l e s ;   a n d  

(C)  d i s s o l v e d   p r e c i o u s   m e t a l   i o n s  

in  an  a q u e o u s   a c i d i c   medium  h a v i n g   l i t t l e   d i s s o l v i n g   c a p a c -  
i t y   f o r   t h e   c o r e   m a t e r i a l   t o   p r o d u c e   p r e c i o u s   m e t a l - c o a t e d  

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

p r e c i o u s   m e t a l - c o a t e d   p a r t i c l e s .  

2.  A  p r o c e s s   f o r   t he   p r e p a r a t i o n   of   p r e c i o u s   m e t a l - c o a t e d  

p a r t i c l e s   as  c l a i m e d   in  C l a i m   1,  in   w h i c h   t h e   p r e c i o u s   m e t a l  

i s   g o l d   or  s i l v e r .  

3.  A  p r o c e s s   f o r   the   p r e p a r a t i o n   of  p r e c i o u s   m e t a l - c o a t e d  

p a r t i c l e s   as  c l a i m e d   in  C l a i m   1,  in   w h i c h   t h e   r e d u c i n g   a g e n t  

i s   h y d r a z i n e .  

4.  A  p r o c e s s   f o r   t he   p r e p a r a t i o n  o f   p r e c i o u s   m e t a l - c o a t e d  

p a r t i c l e s   as  c l a i m e d   in  C l a i m   1,  in   w h i c h   t h e   r a t i o   of  t h e  

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

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

s i o n   r a n g e s   f rom  1/9  to   4 / 6 .  

5.  A  p r o c e s s   f o r   t he   p r e p a r a t i o n   of  p r e c i o u s   m e t a l - c o a t e d  

p a r t i c l e s   w h i c h   c o m p r i s e s :  

a d d i n g   a  p o r t i o n   of  a  r e d u c i n g   a g e n t   to   an  a q u e o u s  

s u s p e n s i o n   c o n t a i n i n g :  

(A)  h o m o g e n e o u s l y   s u s p e n d e d   c o r e   m a t e r i a l   p a r t i c l e s ;  

a n d  

(B)  d i s s o l v e d   p r e c i o u s   m e t a l   i o n s  



in   an  a q u e o u s   a c i d i c   med ium  h a v i n g   l i t t l e   d i s s o l v i n g   c a p a c -  
i t y   f o r   t he   c o r e   m a t e r i a l   to   c o n v e r t   t h e   a q u e o u s   s u s p e n s i o n  

to   a  g e l l i n g   s u s p e n s i o n ;  

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

t h e   g e l l i n g   s u s p e n s i o n ;   a n d  

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

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

p a r t i c l e s   as  c l a i m e d   in   C l a i m   5,  in  w h i c h   t h e   r e d u c i n g   a g e n t  
i s   h y d r a z i n e .  

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

p a r t i c l e s   as  c l a i m e d   in   C l a i m   5,  i n   w h i c h   t h e   r a t i o   of  t h e  

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

p r e c i o u s   m e t a l   c o n t a i n e d   in   t h e   s u s p e n s i o n   r a n g e s   from  1 / 9  

t o   4 / 6 .  

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

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

(A)  an  a q u e o u s   g e l l i n g   m i x t u r e   c o m p r i s i n g ,   in  t h e  

a q u e o u s   p h a s e ,   t h e   p r e c i o u s   m e t a l   i on   and  c h e l a t e d   p r e c i o u s  

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

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

(B)  h y d r o g e n   p e r o x i d e   in  an  a m o u n t   e n o u g h   to   r e d u c e  

w h o l e   of   t he   p r e c i o u s   m e t a l   i on   and  t h e   c h e l a t e d   p r e c i o u s  

m e t a l   compound   p r e s e n t   in  b o t h   of  t h e   a q u e o u s   p h a s e   and  t h e  

s u s p e n d e d   p a r t i c l e   p h a s e   to   c o n v e r t   to   t h e   m e t a l l i c   f o r m ;  

(C)  an  a q u e o u s   s u s p e n s i o n   of.  c o r e   m a t e r i a l   p a r t i c l e s  
in   an  a q u e o u s   medium  h a v i n g   l i t t l e   d i s s o l v i n g   c a p a c i t y   f o r  

t h e   c o r e   m a t e r i a l ;   a n d  

(C)  an  a l k a l i   a g e n t ,  

t o   b r e a k   the   g e l l i n g   s t a t e   of  t he   (A)  g e l l i n g   m i x t u r e ,   a n d  

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

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



p a r t i c l e s   as  c l a i m e d   in  C l a i m   8,  in  w h i c h   t h e   m i x i n g   i s  

c a r r i e d   o u t   in  t h e   s e q u e n c e   o f :  

a d d i t i o n   of  t h e   h y d r o g e n   p e r o x i d e   to   t h e   a q u e o u s   g e l l -  

ing   m i x t u r e ;  

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

p a r t i c l e s   to   t h e   p r o d u c e d   m i x t u r e ;   and  t h e n  

a d d i t i o n   of  t h e   a l k a l i   a g e n t   to   t h e   p r o d u c e d   m i x t u r e .  

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

p a r t i c l e s   as  c l a i m e d   in   C l a i m   8,  in  w h i c h   t h e   m i x i n g   i s  

c a r r i e d   o u t   b y :  

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

p e r o x i d e   to   o b t a i n   a n o t h e r   a q u e o u s   g e l l i n g   m i x t u r e ;  

and  s e p a r a t e l y  

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

p a r t i c l e s   w i t h   t h e   a l k a l i   a g e n t   to   o b t a i n   an  a q u e o u s  
a l k a l i n e   s u s p e n s i o n ,  

and  t h e n   m i x i n g   t h e   o b t a i n e d   a q u e o u s   g e l l i n g   m i x t u r e  

w i t h   t h e   o b t a i n e d   a q u e o u s   a l k a l i n e   s u s p e n s i o n ,  

and  a d d i n g   an  a d d i t i o n a l   amoun t   of  t h e   a l k a l i  a g e n t ,  

i f   n e c e s s a r y .  

l l .   A  p r o c e s s   f o r   t h e   p r e p a r a t i o n ' o f   p r e c i o u s   m e t a l - c o a t e d  

p a r t i c l e s   as  c l a i m e d   in   C l a i m   8,  in  w h i c h   t h e   r a t i o   of  t h e  

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

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

1/9   to   4 / 6 .  
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