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(S)  Process  for  depositing  composite  coatings  containing  inorganic  particles  from  an  electroplating  bath. 

Solid  inorganic  particles  and  metals  are  codeposited 
from  electroplating  baths  to  form  a  coating  of  a  very 
homogeneous  structure,  said  positively  charged  resin  parti- 
cles,  which  have  a  particle  size  of  less  than  300  µm,  being 
kept  dispersed  in  said  baths  in  the  presence  of  a  cationic 
fluorocarbon  surfactant  in  at  least  the  same  weight  ratio  to 
the  particles  in  the  bath  liquid  as  in  an  0,005  N  KN03-solution 
In  which  the  particles  assume  a  zeta-potential  of  at  least  +40 
mV  with  the  exclusive  use  of  said  cationic  fluorocarbon 
compound. 



Process   for  d e p o s i t i n g   compos i te   c o a t i n g s   c o n t a i n i n g   i n o r g a n i c   p a r t i c l e s  

from  an  e l e c t r o p l a t i n g   b a t h .  

The  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   for  the  c o d e p o s i t i o n   from  a n  

e l e c t r o p l a t i n g   bath   of  a  meta l   and  s o l i d   i n o r g a n i c   p a r t i c l e s   on  a n  

o b j e c t   a c t i n g   as  c a thode ,   which  p a r t i c l e s   are  kept  suspended  i n  t h e  

bath  l i q u i d . i n   the  p r e s e n c e   o f  a   s u r f a c t a n t   and  have  an  ave rage   s i z e  

of  l e s s   than  300  µm  and  are  used  i n  a   c o n c e n t r a t i o n   of  10  to  150  grammes 

per  l i t r e   of  bath  l i q u i d ,   and  r e l a t e s   to  o b j e c t s   e n t i r e l y   or  p a r t i a l l y  

p rov ided   with  a  c o a t i n g   thus   d e p o s i t e d .  

A  p r o c e s s   of  the  type  i n d i c a t e d   above  is  d e s c r i b e d   in  the  Uni ted   S t a t e s  

P a t e n t   S p e c i f i c a t i o n   3  891  542.  From  a  bath  n i cke l   and  s i l i c i u m  

ca rb ide   p a r t i c l e s   are  c o d e p o s i t e d   e l e c t r o l y t i c a l l y   on  an  o b j e c t   w h i c h  

se rves   as  ca thode .   The  s i l i c i u m   ca rb ide   p a r t i c l e s   are  kept   suspended   i n  

the  bath  with  the  aid  of  a  s u r f a c t a n t . M e n t i o n   is  made,  i n t e r   a l i a ,   o f  

sodium  l a u r y l   s u l p h a t e .  

A  d i s a d v a n t a g e   to  the  known  p r o c e s s   is   t h a t   only  a  low  p e r c e n t a g e   o f  

p a r t i c l e s   can  be  i n c o r p o r a t e d   i n to   the  composite   l a y e r s .   Mention  i s  

made  of  a  weight   p e r c e n t a g e   of  s i l i c i u m   ca rb ide   of  3  to  5%.  T h i s  

p e r c e n t a g e   can  only  be  o b t a i n e d   a t  a   r e l a t i v e l y   high  c o n c e n t r a t i o n  

(90   to  150  grammes  per  l i t r e )   of  s i l i c i u m   carb ide   p a r t i c l e s   in  t h e  

bath  l i q u i d .   Other  c o n d i t i o n s   are  an  e x c e p t i o n a l l y   high  e l e c t r o l y t e  

c o n c e n t r a t i o n   and  very  v i g o r o u s   a g i t a t i o n   of  the  b a t h  l i q u i d .   The  l a t t e r  

r e q u i r e m e n t   s e rve s   to  i n h i b i t   s e d i m e n t a t i o n   of  the  s u s p e n s i o n   and  t o  

ob ta in   a  s u f f i c i e n t l y   homogeneous  d i s t r i b u t i o n   of  the  p a r t i c l e s   i n  

the  c o a t i n g .  

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 roce s s   which  makes  i t   p o s s i b l e   t o  

i n c o r p o r a t e   far  h ighe r   p e r c e n t a g e s   of  so l id   p a r t i c l e s   i n to   the  c o a t i n g s  



with  the  use  of  an  e l e c t r o p l a t i n g   bath   having  a  fa r   lower  c o n c e n -  

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

a g i t a t i o n   o f  t h e   b a t h .  

The  i n v e n t i o n   c o n s i s t s   in  t h a t   in  a  p roce s s   of  the  known  t y p e  

i n d i c a t e d   above  use  is   made  of  a  s u r f a c t a n t   in  the  form  of  a  

c a t i o n i c   f l u o r o c a r b o n   compound  in  at  l e a s t   the  same  weight   r a t i o   t o  

the  p a r t i c l e s   in  the  ba th   l i q u i d   as  in  an  0,005  N  KNO3-so lu t ion   i n  

which  the  p a r t i c l e s   assume  a  z e t a - p o t e n t i a l   of  at  l e a s t   +40  mV  w i t h  

the  e x c l u s i v e   use  of  s a id   c a t i o n i c   f l u o r o c a r b o n   compound .   I t   s h o u l d  

be  added  t h a t   the  use  of  a  c a t i o n i c   compound  for  the  c o d e p o s i t i o n  

from  an  e l e c t r o p l a t i n g   ba th   of  a  me ta l   and  s o l i d   i n o r g a n i c   p a r t i c l e s  

on  an  o b j e c t   a c t i n g   as  ca thode   has  been  proposed  be fo re   in  t h e  

Uni ted  S t a t e s   P a t e n t   S p e c i f i c a t i o n   3  844  910.  An  a m i n o - o r g a n o s i l i c i u m  

compound,  for  i n s t a n c e   g a m m a - p r o p y l t r i e t h o x y s i l a n e   is  employed  t h e n  

to  promote  the  i n c o r p o r a t i o n   i n t o   a  ma t r ix   of  meta l   of  n o n - m e t a l l i c  

p a r t i c l e s   such  as  s i l i c i u m   c a r b i d e .   Although  the  r e s u l t s   o b t a i n e d  

with  t h a t   p r o c e s s   are  b e t t e r   than  those   o f  t h e   p r e v i o u s   p r o c e s s e s ,  

for  a  g r e a t   number  of  uses   the  p e r c e n t a g e   of  p a r t i c l e s   i n c o r p o r a t e d  

is  s t i l l   i n s u f f i c i e n t .  

Moreover,  in  the  case  of  a  p a r t i c l e   s ize   of  over  10  microns   the  amount  

of  n o n - m e t a l l i c   p a r t i c l e s   t h a t   can  be  i n c o r p o r a t e d   in  t h a t   way  h a s  

been  found  to  d e c r e a s e   wi th   i n c r e a s i n g   average  p a r t i c l e   s i z e .  

The  use  of  a  c a t i o n i c   s u r f a c t a n t   in  the  i n c o r p o r a t i o n   of  s o l i d  

i n o r g a n i c   p a r t i c l e s   i n t o   a  ma t r i x   o f  m e t a l  a l s o   is   ment ioned  in  B r i t i s h  

P a t e n t   S p e c i f i c a t i o n   1  070  343.  The  amount  of  c a t i o n i c   s u r f a c t a n t  

employed,  v i z . c e t y l t t i m e t h y l a m m o n i u m   bromide,   is  only  10  mg 

per  25  grammes  of  p a r t i c l e s   and  i s   i n s u f f i c i e n t   to  cause  t h e  

p a r t i c l e s   to  assume  a  z e t a - p o t e n t i a l   of  at  l e a s t   +40  mV  in  an  

0,005  N  KN03- so lu t i on .   Moreover,   the  s u r f a c t a n t   then  employed  is   o f  

the  hydrocarbon   type,   which  has  a  very   u n f a v o u r a b l e  i n f l u e n c e   on  t h e  

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

In  the  Japanese   P a t e n t   S p e c i f i c a t i o n   50-45735  use  is  made  of  a  

s u r f a c t a n t   o f  t h e   f l u o r o c a r b o n   type  for  the  c o d e p o s i t i o n   from  an 

e l e c t r o p l a t i n g   bath  of  gold  and  a b r a s i o n - r e s i s t a n t   n o n - m e t a l l i c  

p a r t i c l e s   on  an  o b j e c t   a c t i n g   as  ca thode .   In  the  example  given  in  i t  



the  i n c o r p o r a t i o n   of  t i t a n i u m   n i t r i d e   (Ti  N)  is  c a r r i e d   out  w i t h  

the  use  of  3  g  of  s u r f a c t a n t   of  the  f l u o r o c a r b o n   type  per   20  g 
of  p a r t i c l e s .   As  the  p a r t i c l e s   used  than  are  very  sma l l ,   v i z .   0,05  µm, 

so  t h a t   the  s p e c i f i c   s u r f a c e   area  is  very  l a r g e ,   said  amount  o f  

s u r f a c t a n t   w i l l   not  be  s u f f i c i e n t   to  ob ta in   a  z e t a - p o t e n t i a l   i n  

an  0,005  KNO3-so lu t ion   of  at  l e a s t   +40  mV.  Moreover,   n o t h i n g   i s  

sa id   in  t h i s   p a t e n t   s p e c i f i c a t i o n   about  the  charge   of  the  f l u o r o -  

carbon  s u r f a c t a n t   used  in  the  example .  

F i n a l l y ,   ment ion   should   s t i l l   be  made  of  the  United  S t a t e s   P a t e n t  

S p e c i f i c a t i o n   3  787  294.  Use  is  made  in  i t   of  a  c a t i o n i c   s u r f a c t a n t  

of  the  f l u o r o c a r b o n   type  for  the  c o d e p o s i t i o n   from  an  e l e c t r o p l a t i n g  

bath  of  a  meta l   and  g r a p h i t e   f l u o r i d e   p a r t i c l e s   on  an  o b j e c t   a c t i n g  

as  c a thode .   Of  g r a p h i t e   f l u o r i d e   p a r t i c l e s ,   however,  i t   is   g e n e r a l l y  

known  t h a t   they  r a t h e r   r e semble   p o l y f l u o r o c a r b o n   p a r t i c l e s   t h a n  

p a r t i c l e s   whose  i n c o r p o r a t i o n   forms  the  s u b j e c t   of  the  p r e s e n t  

i n v e n t i o n .   Said  Uni ted   S t a t e s   P a t e n t   S p e c i f i c a t i o n   can  t h e r e f o r e   n o t  

be  c o n s i d e r e d   to  c o n t a i n   a  g e n e r a l   t e ach ing   with  r ega rd   to  t h e  

i n c o r p o r a t i o n   of  i n o r g a n i c   s o l i d   p a r t i c l e s   i n to   a  meta l   c o a t i n g .  

For  the  d e t e r m i n a t i o n   of  the  su r f ace   area  of  the  p a r t i c l e s   use  i s  

p r e f e r a b l y   made  of  the  n i t r o g e n   a d s o r p t i o n   method  of  B r u n a u e r ,  

Emmett  and  T e l l e r   (BET),  which  is  s t a n d a r d i z e d   in  the  German  I n d u s t r l  

S t anda rd   DIN  66132.  By  s o l i d   i n o r g a n i c   p a r t i c l e s   t h a t  c a n   be  i n -  

c o r p o r a t e d   when  use  is  made  of  t h e  p r e s e n t   process.   a c c o r d i n g   to  t h e  

i n v e n t i o n   are  to  be  u n d e r s t o o d   here  not  only  a l l   p a r t i c l e s ,   t h a t   a r e  

of  s o l i d   i n o r g a n i c   compounds  which  are  i n e r t   r e l a t i v e   to  the  b a t h . .  

c o n d i t i o n s ,   such  as  the  c a r b i d e s ,   b o r i d e s ,   s i l i c i d e s   or  n i t r i d e s   o f  

t i t a n i u m ,   z i r c o n i u m ,   wolfram,  hafnium,  niobium,  t a n t a l u m ,   chromium,  

molybdenum,  vanadium  and  thor ium,   but  also  p a r t i c l e s   of  s imple   o r  

c o m p o s i t e   meta l   ox ides   such  as  A1203;  Si02;  IrO2;  Cr2O3;  ZrO2;  Pb02;  

Pb304;  A1203.2Ti02;   BeO.SiO2  and ZrO2Si.  To  o b t a i n   an  a b r a s i o n -  

r e s i s t a n t   c o a t i n g   e s p e c i a l l y   the  i n c o r p o r a t i o n   of  SiC  or  B4C  p a r t i c l e s  

i's  men t ioned .   Also  p a r t i c l e s   of  meta l s   or  meta l   a l l o y s   can  in  t h i s  

way  be  i n c l u d e d   in  compos i te   metal   c o a t i n g s .   Also  s u i t a b l e  a r e  

g r a p h i t e ,   s u l p h u r ,   s i l i c i u m ,   diamond,  s u l p h i d e s   (such  a s  m o l y b d e n u m  

d i s u l p h i d e )   and  s i l i c a t e s   ( t a l c ,   m i c a ) .  



The  p e r c e n t a g e   of  i n o r g a n i c   p a r t i c l e s   t h a t   may  form  p a r t   of  c o m p o s i t e  

c o a t i n g s   when  use  is  made  of  the  p r o c e s s   accord ing   to  the  i n v e n t i o n  

v a r i e s   from  a  few  per  cen t   to  the  t h e o r e t i c a l l y   maximum  v o l u m e  

p e r c e n t a g e   of  around  70%.  I t   has  been  found  t h a t   the  s m a l l e r   t h e  

p a r t i c l e s   the  more  of  them  can  b e  d e p o s i t e d   f romr the   same  a m o u n t ' b y  

w e i g h t  p e r   l i t r e  o f   ba th   l i q u i d .  

I t   w i l l   be  c l e a r   t h a t   for   the  number  of  meta ls   t h a t   may  be  used  t h e  

same  l i m i t a t i o n   ho lds   as  for   t h e  n u m b e r   t h a t   can  be  d e p o s i t e d   from  a n  

e l e c t r o p l a t i n g   bath  in  the  known  manner.   As  examples  of  t h e s e   m e t a l s  

may  be  ment ioned  s i l v e r ,   i r o n ,   l ead ,   n i c k e l ,   c o b a l t ,   c a d m i u m ,   c o p p e r ,  

z i n c . a n d   m e t a l l i c   a l l o y s   such  as  b ronze ,   b ra s s   and  the  l i k e ,  

In  a d d i t i o n   to  s o l i d   i n o r g a n i c   p a r t i c l e s   the  e l e c t r o p l a t i n g   b a t h s  

used  in  the  p r o c e s s   a c c o r d i n g   to  the  i n v e n t i o n   may  c o n t a i n   p a r t i c l e s  

of  some  o t h e r   i n o r g a n i c   or  o r g a n i c   m a t e r i a l .   As  an  example  t h e r e o f  

may  be  ment ioned   a  c o m b i n a t i o n   of  SiC,MoS2  and  Pb-oxide   +  PTFE.  Of  

p a r t i c u l a r   impor t ance   in  t h i s   c o n n e c t i o n   are  r e s i n o u s   p a r t i c l e s   o f ,  

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

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

po lyamides ,   p o l y i m i d e s ,   a r o m a t i c   po lyamides   and  p o l y u r e t h a n e s .   I f   u s e  

is  made  of  such  c o m b i n a t i o n   of  d i f f e r e n t   p a r t i c l e s   i t   is  a d v i s a b l e  

as  much  as  p o s s i b l e   to  choose  the  same  p a r t i c l e   s i z e . ,  

The  p r e p a r a t i o n   of  the  d i s p e r s i o n s   to  be  employed  in  the  p r e s e n t   p r o c e s s  

may  be  c a r r i e d   out  in  any  c o n v e n i e n t   manner.  I t   may  be  e f f e c t e d   b y  

adding  the  c a l c u l a t e d   amount  of  c a t i o n i c   s u r f a c t a n t   to  the  e l e c t r o -  

p l a t i n g   bath  in  which  the  e n v i s a g e d   p a r t i c l e s   have  been  t a k e n   up  o r ,  

a s  i s   p r e f e r r e d ,  f i r s t   adding  the  w e t t i n g   agent  to  a  very  s t r o n g l y  

a g i t a t e d ,   c o n c e n t r a t e d   s u s p e n s i o n   of  the  p a r t i c l e s   to  be  o c c l u d e d  

and  s u b s e q u e n t l y   adding  the  r e s u l t i n g   suspens ion   to  the  e l e c t r o p l a t i n g  

b a t h .  

P a r t i c u l a r l y  i n   the  s i m u l t a n e o u s   i n c o r p o r a t i o n   of  r e s i n o u s   p a r t i c l e s  

i t   is  very  much  a d v i s a b l e   t h a t   the  v a r i o u s   d i s p e r s i o n s   shou ld  be  

p repa red   s e p a r a t e l y  p r i o r   to  t h e i r   be ing   added  to  the  e l e c t r o p l a t i n g  

b a t h .  



In  the  p r o c e s s   a cco rd ing   to  the  i n v e n t i o n   use  should  be  made  o f  

c a t i o n i c   s u r f a c e   a c t i v e   f l u o r o c a r b o n   compounds.  The  s t r u c t u r a l  

formulae   of  some  of  these   compounds  are  as  f o l l o w s :  

Of  the  above  compounds  the  l a s t - m e n t i o n e d   one  is  to  be  p r e f e r r e d   i n  

t h a t   i t   is  a  s u r f a c t a n t . t h a t   g ives   the  most  f a v o u r a b l e   r e s u l t s .  

In  view  of  the  p o s s i b i l i t y   of  e l e c t r o c h e m i c a l   o x i d a t i o n   a n d  

p r e c i p i t a t i o n   i t   is  p r e f e r r e d   t h a t   the  anion  of  said  l a s t - m e n t i o n e d  

compound  be  r e p l a c e d   with  a  Cl -  or  SO42-  i o n .  

Under  some  c i r c u m s t a n c e s   i t   may  be  d e s i r a b l e   for  the  e l e c t r o p l a t i n g  

b a t h  a l s o   to  c o n t a i n   a  s t r e s s   r e d u c i n g   agen t ,   such  as  p - t o l u e n e  

sulphonamide  or  s a c c h a r i n .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d   in  the  f o l l owing   e x a m p l e s ,  

which  are  a l l   d i r e c t e d   to  the  c o d e p o s i t i o n   from  an  e l e c t r o p l a t i n g  

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

c o m p o s i t i o n s   and  p a r t i c l e   s i z e s .   F i r s t   of  a l l   a  d e s c r i p t i o n   w i l l  

be  given  of  the  g e n e r a l   c o n d i t i o n s   used  in  the  examples ,   a f t e r   w h i c h  

the  r e s u l t s   of  the  expe r imen t s   w i l l   be  summarized  in  a  number  o f  

t a b l e s .  

The  e x p e r i m e n t s  a c c o r d i n g   to  the  p r o c e s s   of  the  i n v e n t i o n   w e r e  

c a r r i e d   out  with  the  use  of  a  c a t i o n i c   f l u o r o c a r b o n - c o n t a i n i n g  

s u r f a c t a n t .   For  compar i son ,   e x p e r i m e n t s   a l so   were  c a r r i e d   o u t  

in  the  p r e sence   of  a  c a t i o n i c   s u r f a c t a n t   not  c o n t a i n i n g   a  f l u o r o -  

c a r b o n   c h a i n ,  v i z .   a  s u r f a c t a n t   of  the  hydrocarbon   t y p e .  



Measurement   of  z e t a - p o t e n t i a l  

P r e p a r a t o r y   to  the  e x p e r i m e n t s  f i r s t   the  z e t a - p o t e n t i a l   of  t h e  

s o l i d   i n o r g a n i c   p a r t i c l e s   to  be  i n c o r p o r a t e d   by  e l e c t r o d e p o s i t i o n  

was  measured  as  a  f u n c t i o n   of  the  amount  of  s u r f a c t a n t .   T h i s  

was  done  in  o r d e r   to  de te rmine   at  what  amount  of  s u r f a c t a n t   t h e  

p a r t i c l e   p o t e n t i a l   exceeded  +40  mV.  I n  t h e   a c t u a l   e x p e r i m e n t s  

in  the  e l e c t r o l y t e   ba th   then  a  somewhat  l a r g e r   amount  of  s u r f a c t a n t  

was  used  than  the  amount  thus  d e t e r m i n e d .   Moreover,   in  Example  I  

e x p e r i m e n t s   were  c a r r i e d   o u t  w i t h   the  same  s u r f a c t a n t  i n   2 

c o n c e n t r a t i o n s   t h a t   were  lower  than  t h a t   of  s a id   de t e rmined   amoun t .  

The  measurement   of  the  z e t a - p o t e n t i a l   was  so  c a r r i e d   out  t h a t  a s  

f a r   as  p o s s i b l e   the  same  c o n c e n t r a t i o n s   of  the  s o l i d   i n o r g a n i c  

p a r t i c l e s   in  the  aqueous  d i s p e r s i o n s   were  used  as  those   t h a t   w e r e  

to  be  employed  in  the  e l e c t r o p l a t i n g   b a t h .  

In  350  m l - b e a k e r s   a  s e r i e s   of  d i s p e r s i o n s   were  p r e p a r e d ,   one  o f  

them  c o n s i s t i n g   of  12½  grammes  of  s o l i d   i n o r g a n i c   p a r t i c l e s   a n d  

250  ml  of  d e m i n e r a l i z e d   water .   The  o t h e r   d i s p e r s i o n s   of  the  s e r i e s  

c o n t a i n e d   v a r y i n g   ampunits of  s u r f a c t a n t   as  well   as  12h  g  of  s o l i d  

i n o r g a n i c   p a r t i c l e s   and  250  ml  of  d e m i n e r a l i z e d   wate r .   For  e a c h  

of  the  v a r i o u s   k inds   of  p a r t i c l e s   a  s e p a r a t e   s e r i e s   of  d i s p e r s i o n s  

w e r e  p r e p a r e d   in  t h i s   way.  By  " v a r i o u s   k i n d s  o f   p a r t i c l e s "   a r e  

not  only  to  be  u n d e r s t o o d   here  p a r t i c l e s   of  d i f f e r e n t   c h e m i c a l  

c o m p o s i t i o n s ,   but  a l so   those  t h a t   only  d i f f e r   in  p a r t i c l e   s i z e .  

The  c o n t e n t s   of  the  beaker s   were  homogenized  for  2  minutes   w i t h  

an  U l t r a   Turrax   s t i r r e r ,   type  T  45/N  of  the  German  f irm  o f  

Janke  und  Kunkel  A.G.,  o p e r a t i n g  a t   a  speed  of  10  000  r e v o l u t i o n s  

per   minute .   S u b s e q u e n t l y ,   the  d i s p e r s i o n s   were  a l lowed  to  s t and   f o r  

15  hours   to  p e r m i t   the  a i r   to  escape .   Next,  t h e  d i s p e r s i o n s   w e r e  

s t i r r e d   with  a  magne t ic   s t i r r e r   for  about   10  minu tes   w i t h o u t   a i r  

o c c l u s i o n   and  v i s u a l l y   i n s p e c t e d   then  for   s t a b i l i t y ,   f l o c c u l a t i o n  

symptoms  and  s e d i m e n t a t i o n   speed.  S u b s e q u e n t l y ,   the  d i s p e r s i o n s   were  

s t i r r e d   with  the  magnet ic   s t i r r e r   for   about   5  minu te s ,   a f t e r   w h i c h  

fro:n  each  beaker   1  ml  of  the  d i s p e r s i o n   was  taken,   which  was  d i l u t e d  

wi th   50  ml  of  an  a q u e o u s  0 , 0 5 %  -   s o l u t i o n   of  KNO3  (0,005  N  KN03- 
s o l u t i o n ) .  

Of  the  d i s p e r s i o n s   thus  d i l u t e d   the  v e l o c i t y   of  the  s o l i d   i n o r g a n i c  

p a r t i c l e s   under  the  i n f l u e n c e   of  an  e l e c t r i c   f i e l d   was  m e a s u r e d .  



From  t h i s   v e l o c i t y ,   the  e l e c t r i c   c o n d u c t i v i t y   of  the  d i s p e r s i o n  

and  the  e l e c t r i c   f i e l d   s t r e n g t h ,   the  z e t a - p o t e n t i a l   was  c a l c u l a t e d .  

For  f u r t h e r   p a r t i c u l a r s   about  the  measurement  of  the  z e t a - p o t e n t i a l  

r e f e r e n c e   is  made  to  " E l e c t r o p h o r e s i s " ,   Duncan  J.  Shaw,  Academic  

P re s s ,   London,  New  York,  1 9 6 9 . .  

In  the  f o l l o w i n g   Example  I  the  p r o c e d u r e   used  in  the  e x p e r i m e n t s  

wi l l   be  f u r t h e r   d e s c r i b e d .   The  same  p r o c e d u r e ,   m u t a t i s   m u t a n d i s ,  

is  used  in  a l l   the  o the r   examples .   D i f f e r e n c e s ,   i f   any,  b e t w e e n  

the  examples  w i l l   appear   from  the  r e s p e c t i v e   t a b l e s .   In  t h e s e  

t a b l e s   are  summarized  the  v a r i o u s   c o n d i t i o n s   u s e d  i n   the  e x p e r i m e n t s  

and  the  r e s u l t s   o b t a i n e d   with  the  e x p e r i m e n t s .  

Example  I  

For  the  e l e c t r o l y t e   bath  use  was  made  of  a  W a t t ' s   n i c k e l   p l a t i n g  

ba th ,   the  s o l i d   i n o r g a n i c   p a r t i c l e s   of  s i l i c i u m   c a r b i d e   h a v i n g  

being  s u p p l i e d   by  Kempten  GmbH,  Munich,  under  the  name  SiC  1 2 0 0 .  

They  are  p a r t i c l e s   having  a  mesh  va lue   of  1200  and  an  average   s i z e  

of  about   5  µm. 

A  1½  1 - W a t t ' s   n i c k e l   p l a t i n g   bath   was  p r epa red   employing  t h e  

f o l l o w i n g   compos i t i on   i n g r e d i e n t s :  

g r a m m e s / l i t r e  

The  pH  was  4,2  and  the  t e m p e r a t u r e   5 2  C .  

To  t h i s   bath  the re   were  added  75  grammes  of  SiC1200  and  375  mg 

of  a  c a t i o n i c   f l u o r o c a r b o n  .   s u r f a c t a n t ,   i . e .  5   mg  o f  

s u r f a c t a n t   per  1  gramme  of  SiC.  The  s u r f a c t a n t   had  the  f o l l o w i n g  

s t r u c t u a l   f o r m u l a :  

In  a  200  ml -beaker   t h i s   m ix tu re   was  homogenized  with  an  U l t r a   T u r r a x  

s t i r r e r  o f   the  type  ment ioned  be fo re   at  a  speed  of  10  000  r e v o l u t i o n s  

per  minute .   S u b s e q u e n t l y ,   the  r e s u l t i n g   d i s p e r s i o n   was  g e n t l y  

s t i r r e d   for   ha l f   an  hour  at  a  t e m p e r a t u r e   of  520C  with  an  IKA  Com- 

bimag  magnet ic   s t i r r e r   to  a l low  the  e s c a p e  o f   a i r   occ luded   in  t h e  



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

As  could  a f t e r w a r d s   be  e s t a b l i s h e d  ,   the  d i s p e r s i o n   o b t a i n e d   l o o k e d  

m o d e r a t e l y   s t a b l e .  

As  ca thode   now  a  round  bar  of  s t a i n l e s s   s t e e l   60  mm  long  and  4  mm 

in  d i a m e t e r   was  hung  in  the  bath  c o n t a i n e d   in  the  b e a k e r .   The  b a r  

had  been  p r e t r e a t e d   s u c c e s s i v e l y   by  b l a s t i n g   with  g r a n u l a r   c o r u n d u m  

having  a  mesh  va lue   of  220,  r i n s i n g ,   d e g r e a s i n g   with  an  a l k a l i n e  

d e t e r g e n t ,   r i n s i n g ,   a c t i v a t i n g   in  a  b o i l i n g   s o l u t i o n   of  FeCl3  a n d  

again   r i n s i n g   with  w a t e r .  

The  anode  hanging  in  the  beaker   c o n s i s t e d   of  a  n i c k e l   p l a t e   1  mm 

t h i c k ,   8  cm  he igh ,   and  15  cm  long  and  was  so  bent   t h a t   i t   w a s .  j u s t  

t ouch ing   the  i n s i d e   wal l   of  the  beake r .   The  anode  and  the  c a t h o d e  

were  then  connec ted   to  a  c u r r e n t   source   supp ly ing   a  d i r e c t   c u r r e n t  

of  0,75  A. 

So  c o n s i d e r i n g   the  c y l i n d r i c a l   o u t e r   su r f ace   area   of  the  c a t h o d e  

the  c u r r e n t   d e n s i t y   was  10  A/dm2.  The  e l e c t r o d e p o s i t i n g   l a s t e d   15 

minu te s ,   t h e   ba th   be ing   m o d e r a t e l y   s t i r r e d   to  p r e v e n t   s e d i m e n t a t i o n  

of  SiC  p a r t i c l e s .   Next,  the  ca thode   and  the  anode  were  removed  f r o m  

the  beaker ,   r i n s e d   with  water   and  t r a n s f e r r e d   to  a  beake r   of  t h e  

same  d imens ions   c o n t a i n i n g   a  normal  W a t t ' s   n i c k e l   p l a t i n g   b a t h  

(wi thout   SiC  or  s u r f a c t a n t ) .  I n   t h i s   bath.  the  ca thode   bar  was  s u b -  

j e c t e d   to  a  c o n t i n u e d   e l e c t r o p l a t i n g   t r e a t m e n t   l a s t i n g   30  m i n u t e s   a t  

a  c u r r e n t   d e n s i t y   of  5  A/dm .  As  a  r e s u l t ,   a  second,   e n t i r e l y   n i c k e l  

coat ing . .was   d e p o s i t e d   on  the  composi te   coa t ing   of  n i c k e l   and  s i l i c i u m  

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

Of  the  bar  thus   t r e a t e d   a  15  mm  long  p iece   was sawn  off   and  e n t i r e l y  

embedded  in  a  s o l i d i f y i n g   mass.  Then  the  i n t e g r a t e d   whole  of  embedd ing  

mass  and  bar  was  ground  off   u n t i l   a  s e m i - c y l i n d r i c a l   p a r t   of  t h e  

bar  was  l e f t ,   the  ou t e r   n i c k e l   c o a t i n g   se rv ing   as  s u p p o r t i n g   l a y e r .  

On  the  f i n e - g r o u n d   face  the  i n c o r p o r a t e d   da rke r   SiC  p a r t i c l e s   c o u l d  

be  very  well  d i s t i n g u i s h e d   from  the  l i g h t e r   n i c k e l .  

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

t h e r e f o r e   be  very  well   d e t e r m i n e d ; v i s u a l l y .   The  volume  p e r c e n t a g e  

of  i n c o r p o r a t e d   SiC  p a r t i c l e s   was  de te rmined   with  a  Ze i ss   m i c r o v i d e o m a t .  

The  expe r imen t   was  c a r r i e d   out  at  3  d i f f e r e n t  c o n c e n t r a t i o n s   of  s u r -  

f a c t a n t ,   based  on  the  amount  by  weight   of  SiC  p a r t i c l e s :  



a.  5 mg  of  s u r f a c t a n t  p e r   gramme  of  SiC 

b.  10mg  of  s u r f a c t a n t   per  gramme  of  S iC  

c.  20mg  o f  s u r f a c t a n t   per  o ramme of  S i C  

T h e  r e s u l t s   of  the  exper iment   are  summarized  in  Table  1,  which  a l s o  

g ives   the  above-ment ioned   e x p e r i m e n t a l   c o n d i t i o n s .  

By  the  term  " z e t a - p o t e n t i a l   w i thou t   s u r f a c t a n t "   used  in  t h i s   t a b l e  

and  a l so   in  o the r   t a b l e s   is  meant  the  z e t a - p o t e n t i a l   which  was 

measured  with  the  d i s p e r s i o n   which  e x c l u s i v e l y   c o n t a i n e d   t h e  

r e s p e c t i v e   i n o r g a n i c   p a r t i c l e s   and  d e m i n e r a l i z e d   w a t e r .  

A s  i s   shown  by  Table  1,  the  use  of  r e s p e c t i v e l y   5  and  10  m g  o f  

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

l i t t l e   SiC,  which  was  moreover  i nhomogeneous ly   d i s t r i b u t e d   in  t h e  

n i c k e l .   The  z e t a - p o t e n t i a l s   in  the  c o r r e s p o n d i n g   0,005  N  KNO3-so lu t ions  
were  below  +40  mV  and  were  -25  and  +12mV,  r e s p e c t i v e l y .   I t   was 

a l s o   found  t h a t   dur ing  the  d i s p e r s i n g   of  the  e l e c t r o l y t e ,   t h e  

p a r t i c l e s   and  the  s u r f a c t a n t ,   us ing   5  and  10  mg  of  s u r f a c t a n t   p e r  

gramme  of  SiC,  r e s p e c t i v e l y ,   a  f l o c c u l e n t   to  very  f l o c c u l e n t   m i x t u r e  

was  f o r m e d .  

Both  q u a n t i t a t i v e l y   and  q u a l i t a t i v e l y   the  i n c o r p o r a t i o n   was  c o n -  

s i d e r a b l y   b e t t e r   when  use  was  made  of  20  mg  of  s u r f a c t a n t   per  gramme 

of  p a r t i c l e s   having  a  z e r o - p o t e n t i a l   of  +76  mV.  The  volume  p e r c e n t a g e  

of  the  i n c o r p o r a t e d   SiC  p a r t i c l e s   was  57,  and  the  p a r t i c l e s  w e r e  

homogeneous ly   d i s t r i b u t e d   in  the  n i c k e l .  

Example  I I  

The  p r o c e d u r e  u s e d   in  Example  I  was  r e p e a t e d   with  SiC  p a r t i c l e s  

hav ing   a  s ize   of  about  15  µm  and  s u p p l i e d   by  the  Dutch  f i rm  o f  

Norton  at  Rot terdam  under  the  name  SiC  500.  The  c o n d i t i o n s   and  t h e  

r e s u l t s   are  given  in  Table  2 .  

Example  I I I  

In  the  expe r imen t   r e l a t i n g   to  t h i s   example  the  s o l i d   i n o r g a n i c  

p a r t i c l e s   were  of  B4C.  P a r t i c l e s   of  t h i s   boron  c a rb ide   having  a 

p a r t i c l e   s i ze   of  about  2  µm,  known  under  the  name  B4C1500,  had  b e e n  

o b t a i n e d   from  the  German  firm  of  Kempten  GmbH,  Munich .  

Use  was  made  of  a  n i cke l   s u l f a m a t e   bath  and  a  d i f f e r e n t   c a t i o n i c  

f l u o r o c a r b o n   s u r f a c t a n t   from  t h e . o n e   used  in  t h e  

Examples  I  and  I I .   The  s u r f a c t a n t   now  had  as  s t r u c t u r a l   f o r m u l a  



F u r t h e r   c o n d i t i o n s   and  the  r e s u l t s   of  t h i s   e x p e r i m e n t   are  i n c l u d e d  

in  Table   3.  The  t a b l e   shows  t h a t   under  the  given  c o n d i t i o n s   t h e  

p a r t i c l e s   were  q u i t e   s a t i s f a c t o r i l y   i n c o r p o r a t e d ,   both   q u a n t i t i v e l y  

and  q u a l i t a t i v e l y ,   a l so   when  use  was  made  o f  b o r o n   c a r b i d e .  

Example  IV 

In  t h i s   example  use  was  made  of  s o l i d ' i n o r g a n i c   MoSi2  p a r t i c l e s  

s u p p l i e d   by  the  f irm  of  S ta rck   at  W e s t - B e r l i n ,   The  bath   was  a g a i n  

a  W a t t ' s   n i c k e l   p l a t i n g   bath  and  the  s u r f a c t a n t   aga in   of  the  t y p e  

u s e d  i n   the  Examples  I  and  I I .   F u r t h e r   da ta   are  men t ioned   in  Table   4 .  

Also  in  t h i s   e x p e r i m e n t   both  a  q u a l i t a t i v e l y   and  q u a n t i t a v i l y  

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

Example  V 

The  m a t e r i a l   of  the  s o l i d   i n o r g a n i c   p a r t i c l e s   in  t h i s  e x p e r i m e n t  

was  a  diamond  powder  s u p p l i e d   by  the  Swiss  f i rm  of  Rudolf   Spr ing   A.G. 

under  the  name  Diamond  grade  3.  Use  was  made  of  a  n i c k e l   s u l f a m a t e  

ba th   and  the  same  type  of  s u r f a c t a n t   as  employed  in  Example  I I I .  

Table  5  gives-  f u r t h e r   p a r t i c u l a r s   about   the  c o n d i t i o n s   used  in  a n d  

the  r e s u l t s   o b t a i n e d   by  the  expe r imen t .   C o n s i d e r i n g   the  r e l a t i v e l y  
s m a l l   c o n c e n t r a t i o n   of  diamond  powder  (as  l i t t l e  a s   20  g / l i t r e   b a t h  

l i q u i d )   a  r e m a r k a b l y   high  p e r c e n t a g e   of  i n c o r p o r a t e d   diamond  p o w d e r  

was  r e a c h e d   (28%)  compared  with  the  p e r c e n t a g e   o b t a i n e d   with  t h e  

known  e l e c t r o p l a t i n g   p r o c e s s   for  d e p o s i t i o n   of  m e t a l s   and  d i amond  

p o w d e r  .  

Example  VI 

In  the  expe r imen t   r e l a t i n g   to  t h i s   example  the  s o l i d   i n o r g a n i c  

s u b s t a n c e   c o n s i s t e d   of  chromium  powder  having  a  p a r t i c l e   s ize   o f  

about  2  pm.  The  powder  had  been  supp l i ed   by  the  American  firm  o f  

Alfa   P r o d u c t s   at  Danvers .   The  expe r imen t   was  aga in   c a r r i e d   out  in  a  

W a t t ' s   n i c k e l   p l a t i n g   ba th ,   use  being  made  of  the  same  s u r f a c t a n t  

as  in  Example  I.  The  c o n d i t i o n s   and  the  r e s u l t s   of  the  e x p e r i m e n t  

are  g iven   in  Table  6.  The  composi te   l ayer   c o n t a i n e d   47  per  cent   b y  



volume  of  chromium  powder  which  was  homogeneously  d i s t r i b u t e d   in  i t .  

When  t h i s   exper iment   was  c a r r i e d   out  in  accordance   with  the  p r o c e d u r e  

d e s c r i b e d   in  said  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   1  070  343,  us ing  as  s u r -  

f a c t a n t   n - h e x a d e c y l t r i m e t h y l   ammonium  bromide  (CTAB)  (a  n o n - f l u o r o c a r b o n -  

c o n t a i n i n g   s u r f a c t a n t )   the  ze ta   p o t e n t i a l   was  found  to  have  a  va lue   n o t  

exceeding   +20  mV.  The  p a r t i c l e s   were  inhomogeneous ly   d i s t r i b u t e d   o v e r  

the  s u r f a c e .  

The  r e s u l t i n g   coa t ing   was  b lack   and  had  a  poor  a p p e a r a n c e .  

I n  t h e   f o l l o w i n g   t h ree   c o m p a r a t i v e   examples  use  was  made,  as  i n  

Example  I,  of  a  W a t t ' s   n i c k e l   p l a t i n g   bath   c o n t a i n i n g   d i s p e r s e d   s i l i c i u m  

c a r b i d e   p a r t i c l e s   r e f e r r e d   to  as  SiC1200.  However,  i n s t e a d   of  w i t h  

a  c a t i o n i c   f l u o r o c a r b o n   s u r f a c t a n t   the  t r e a t m e n t   was  c a r r i e d   out  i n  
the  p r e s e n c e  o f   c a t i o n i c   hyd roca rbon   s u r f a c t a n t s .   ` 

Example  V I I  

In  t h a t   case  the  c a t i o n i c  h y d r o c a r b o n   s u r f a c t a n t   h a d  t h e  

f o l l o w i n g   s t r u c t u r a l   f o r m u l a :  

The  c o n d i t i o n s   and  r e s u l t s   of  the  e x p e r i m e n t s   are  shown  in  Table  7 .  

Example  V I I I  

The  c a t i o n i c   s u r f a c t a n t   used  here  had  the  f o l l o w i n g   s t r u c t u r a l   f o r m u l a :  

F u r t h e r   data  are  ment ioned  in  Table   8 .  

Example  IX 

In  the  expe r imen t   c a r r i e d   out  a c c o r d i n g   to  t h i s   example  use  was  made 

of  a  c a t i o n i c   s u r f a c t a n t   having  the  s t r u c t u r a l   f o r m u l a :  

Table  9  g ives   f u r t h e r   data   on  e x p e r i m e n t a l   c o n d i t i o n s   and  r e s u l t s .  



Although  in  a l l   the  c o m p a r a t i v e   Examples  V I I  -   IX  the  z e t a - p o t e n t i a l  
can  be  seen  to  l i e   above  the  s e t   lower  l i m i t   of  +40  mV,  the  u s e  o f  

a  c a t i o n i c   s u r f a c t a n t   which  is  not  of  the  f l u o r o c a r b o n   type  r e s u l t s  

in  the  i n c o r p o r a t i o n   of  a  c o n s i d e r a b l y   lower  amount  of  SiC  than  i s  

the  case  in  Example  I  for  a  z e r o - p o t e n t i a l   of  +76  mV  (0,  12  and  10 

per  cent  by  volume  in  the  Examples  VII,  VIII   and  IX,  r e s p e c t i v e l y ,  

a g a i n s t   57  per  cent   by  volume  in  Example  I ) .  

Example  X 

In   the  exper imen t   a c c o r d i n g   to  t h i s   example  use  was  made  of  a  

m i x t u r e   of  two  i n o r g a n i c   s u b s t a n c e s .   One  s u b s t a n c e   was  S i C 1 2 0 0 ,  

as  employed  in  Example  VI I I .   The  o t h e r   subs t ance   was  molybdenum 

d i s u l p h i d e   having  a  p a r t i c l e   s i z e   of  about   25  µm.  I t   had  b e e n  

o b t a i n e d   from  the  Swiss  f irm  of  F luka   A.G. 

The  exper iment   was  again  c a r r i e d   out  in  a  W a t t ' s   n i c k e l p l a t i n g  

ba th ,   use  being  made  of  the  same  s u r f a c t a n t   as  in  Example  I .  

In  t a b e l   10  the  c o n d i t i o n s   used  and  the  r e s u l t s   ob ta ined   a r e  

summarized.  The  composi te   l a y e r   c o n t a i n e d   27  per  cent  by  volume  o f  

s i l i c i u m  c a r b i d e   and  18  per  cent   by  volume  of  m o l y b d e n u m  d i s u l p h i d e .  

Both  s u b s t a n c e s   were  homogeneous ly   d i s t r i b u t e d   in  the  metal   c o a t i n g .  























1. A  p r o c e s s   for   the  c o d e p o s i t i o n   from  an  e l e c t r o p l a t i n g   ba th   o f  

a  meta l   and  s o l i d   i n o r g a n i c   p a r t i c l e s   on  an  o b j e c t   a c t i n g   as  c a t h o d e ,  

which  p a r t i c l e s   are  kept   suspended  in  the  bath  l i q u i d   in  t h e  

p r e s e n c e   of  a  s u r f a c t a n t   and  have  an  average   s i ze   of  l e s s   t h a n  

300  µm  and  are  used  in  a  c o n c e n t r a t i o n   of  10  to  150  grammes  p e r  
l i t r e   of  ba th   l i q u i d ,   c h a r a c t e r i z e d   in  t h a t   as  s u r f a c t a n t   t h e r e   i s  

used  a  c a t i o n i c   f l u o r o c a r b o n   compound  in  at  l e a s t   the  same  w e i g h t  

r a t i o   to  the  p a r t i c l e s   in  the  bath  l i q u i d   as  in  an  0,005  N  KNO3- 
s o l u t i o n   in  which  the  p a r t i c l e s   assume  a  z e t a - p o t e n t i a l   of  at  l e a s t  

+40 mV  with  the  e x c l u s i v e   use  of  s a i d  c a t i o n i c   f l u o r o c a r b o n   compound. 

.  2.   A  p r o c e s s   a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  t h a t   the  amount  

of  c a t i o n i c   f l u o r o c a r b o n   compound  is  so  chosen  t h a t   in  an  0 , 0 0 5  

N  KN03  s o l u t i o n   the  p a r t i c l e s   assume  a  z e t a - p o t e n t i a l   of  at  l e a s t  

+  60  mV  with  the  e x c l u s i v e   use  of  sa id   c a t i o n i c   f l u o r o c a r b o n   compound 

3.  A  p r o c e s s   a c c o r d i n g   to  claim  1  or  2,  c h a r a c t e r i z e d   in  t h a t   a s  

c a t i o n i c   f l u o r o c a r b o n   compound  the re   is  used  a  compound  h a v i n g  

one  of  the  f o l l o w i n g   s t r u c t u r a l   f o r m u l a e :  



4  A   p r o c e s s   acco rd ing   to  any  one  of  the  p r e c e d i n g   c l a i m s ,  

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

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

5.  A  p r o c e s s   accord ing   to  claim  4,  c h a r a c t e r i z e d   in  t h a t   the  d i f f e r e n t  

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

6.  A  p r o c e s s   a c c o r d i n g   to  claim  4,  c h a r a c t e r i z e d   in  t h a t   the  d i f f e r e n t  

.k ind   of  s o l i d   p a r t i c l e s   are  o r g a n i c   p a r t i c l e s .  
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