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Method  for  brush  electroplating,  electrode  and  electrolyte  therefore. 
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©  A  brush  electrode  for  use  in  electrotreating  a  metal 
surface,  comprises  an  electrode  (2)  covered  by  an  absorb- 
ent  abrasive  material  (4)  formed  of  synthetic  fibres.  A 
preferred  abrasive  material  is  a  mixed  polypropylene/ 
nylon  felt  in  which  the  fibres  are  consolidated  by  needle- 
punching  and  bonded  with  acrylic  resin.  The  invention 
includes  a  method  of  depositing  a  metal  or  an  alloy  on 
to  a  metal  body  using  the  brush  electrode,  which  allows 
good  quality  deposits  to  be  obtained  without  the  need  to 
transport  the  metal  body  to  a  factory  for  the  treatment. 
A  solution  for  use  in  the  method,  which  is  especially 
stable  under  such  conditions,  includes  metal  ions  which 
will  form  an  alloy,  a  hydroxy-carboxylic  acid  such  as  a 
gluconate  or  heptonate  to  complex  metal  ions,  and  a 
carboxylic  acid  such  as  acetic  acid  also  to  complex  metal 
ions.  Best  results  are  obtained  when  the  pH  of  the  solution 
is  between  0.5  and  2. 
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The  i n v e n t i o n   r e l a t e s   to  a p p a r a t u s   and  chemica l s   u se fu l   in  e l e c t r o -  

t r e a t i n g   a  metal  s u r f a c e   by  a  s o - c a l l e d   brush  t e c h n i q u e .   This  t e c h n i q u e  

may  be  used  to  e l e c t r o p l a t e   or  e l e c t r o - c l e a n   a  metal  s u r f a c e .   The  m e t a l  

s u r f a c e   may  be  the  die  s u r f a c e   of  a  f o r g i n g   or  p r e s s i n g   t o o l ,   a  p r i n t e d  

c i r c u i t ,   a  p r i n t i n g   r o l l e r ,   an  a i r c r a f t   component  or  the  l i k e .   The 

d e p o s i t   may  be  put  on  to  i n c r e a s e   r e s i s t a n c e   to  wear  or  to  c o r r o s i o n   o r  

both.  For  conven ience   and  b r e v i t y   t h i s   system  wi l l   be  c a l l e d   c o l l e c t i v e l y  

"brush  p l a t i n g " .  

It  has  been  known  f o r   many  years   to  e l e c t r o p l a t e   metal  d e p o s i t   on  t o  

metal  e n g i n e e r i n g   components  to  i n c r e a s e   t h e i r   u se fu l   l i f e .   One  method  o f  

e l e c t r o p l a t i n g   i nvo lves   immersing  the  component  in  a  bath  c o n t a i n i n g   a 

s o l u t i o n   of  the  metal  ions  to  form  a  d e p o s i t   of  metal   or  a l l o y ,   the  s o -  

c a l l e d   vat  or  bath  p l a t i n g   t e c h n i q u e .   This  method  cannot  be  used  to  p l a t e  

l a rge   metal  bodies   such  as  m e t a l - f o r m i n g   d i e s ,   or  components  of  ships   and  

a i r c r a f t   which  cannot   be  e a s i l y   t r a n s p o r t e d   to  an  e l e c t r o p l a t i n g   p l a n t .  

Another   method  i nvo lves   app ly ing   a  p l a t i n g   s o l u t i o n   to  the  m e t a l  

body  by  means  of  a  brush  anode  with  the  metal  body  a c t i n g   as  the  c a t h o d e  

to  d e p o s i t   a  coa t i ng   from  the  s o l u t i o n   on  to  the  metal  body.  The  b r u s h  

comprises   an  e l e c t r o d e   having  a  s t y l u s   po r t i on   covered  by  an  a b s o r b e n t  

m a t e r i a l   such  as  sof t   co t ton   wool  and  in  use  the  s t y l u s   is  moved  over  t h e  



s u r f a c e   to  be  p l a t e d .   This  t e c h n i q u e   became  i n d u s t r i a l   in  the  1 9 5 0 ' s ,  

see  e .g .   M.  R u b i n s t e i n ,   "Brush  p l a t i n g   now  p r a c t i c a l "   M a t e r i a l s   & 

Methods  (1954)  40  6-8.  Brush  p l a t i n g   s t a r t e d   as  a  means  of  r e p a i r i n g  

d e f e c t i v e   a reas   of  a  vat  p l a t e d   metal  s u r f a c e   and  i t   has  been  a d o p t e d  

commerc ia l ly   fo r   p l a t i n g   in  s i t u   l a rge   components  of  sh ips   and  a i r -  

c r a f t s   and  f i x e d   items  such  as  s t a t u e s   and  r o o f s .   While  the  a b s o r b e n t  

co t ton   wool  f u n c t i o n s   qu i t e   well  as  an  a b s o r b e n t   m a t e r i a l ,   i t   can  c a u s e  

e l e c t r i c a l   problems  and  the  co t ton   wool  f i b r e s   can  be  r e l e a s e d   to  be  

inc luded   in  the  p l a t e d   d e p o s i t .   The  s o l u t i o n s   used  in  brush  e l e c t r o -  

p l a t i n g   are  s u b j e c t e d   to  much  more  severe   o p e r a t i n g   c o n d i t i o n s   t h a n  

those   of  bath  e l e c t r o p l a t i n g   t e c h n i q u e s .   For  example,  the  b r u s h  

e l e c t r o p l a t i n g   s o l u t i o n s   are  s u b j e c t e d   to  high  and  v a r i a b l e   c u r r e n t  

d e n s i t i e s ,   which  can  give  r i s e   to  l o c a l i s e d   b o i l i n g   of  the  s o l u t i o n ,  

and  they  may  a lso   be  s u b j e c t e d   to  l a rge   v a r i a t i o n s   in  pH  due  t o  

l o c a l i s e d   loss   of  metal  ions  from  the  s o l u t i o n .   While  c o n v e n t i o n a l  

bath  e l e c t r o p l a t i n g   s o l u t i o n s   have  been  t r i e d   fo r   use  in  brush  e l e c t r o -  

p l a t i n g ,   they  are  g e n e r a l l y   u n s u i t a b l e   due  to  t h e i r   i n a b i l i t y   to  form  a 

coa t ing   having  a  s u f f i c i e n t   t h i c k n e s s   and  where  r e l e v a n t   a  s u i t a b l e  

con ten t   of  a l l o y .  

It  is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  improve  a  brush  p l a t i n g  

t e c h n i q u e   by  p r o v i d i n g   a  brush  of  improved  s t r u c t u r e   the  use  of  w h i c h  

enab les   p l a t i n g   to  be  done  e f f i c i e n t l y   and  y i e l d s   a  p l a t i n g   of  improved  

q u a l i t y .   In  a d d i t i o n   it  is  an  o b j e c t   of  the  i n v e n t i o n   to  p rov ide   a 

p l a t i n g   s o l u t i o n   e s p e c i a l l y   adapted   f o r   use  in  a  method  of  brush  p l a t i n g .  

According  to  a  f i r s t   f e a t u r e   of  the  i n v e n t i o n   t h e r e   is  p r o v i d e d  

a  brush  e l e c t r o d e   f o r   use  in  c o n t a c t i n g   the  s u r f a c e   of  a  metal  par t   t o  

be  t r e a t e d   such  as  the  s u r f a c e   of  a  metal  forming  too l   with  a  t r e a t i n g  

s o l u t i o n ,   compr i s ing   an  e l e c t r o d e   having  a  s t y l u s   po r t i on   adapted  t o  

hold  t r e a t i n g   s o l u t i o n ,   in  which  the  s t y l u s   p o r t i o n   i n c l u d e s   an 

abso rben t   a b r a s i v e   m a t e r i a l .  

By  v i r t u e   of  i t s   a b r a s i v e   na tu re   when  the  a b s o r b e n t   m a t e r i a l   i s  



brushed  over  the  metal  s u r f a c e   being  p l a t e d ,   s u r f a c e   i r r e g u l a r i t i e s   i n  

the  p l a t i n g   are  rubbed  away  as  they  form  so  g iv ing   the  p l a t i n g   a 

uniform  and  smooth  f i n i s h .   This  u n i f o r m i t y   and  smoothness  can  be  o b t a i n e d  

even  when  the  brush  is  used  by  u n s k i l l e d   o p e r a t i v e s .   In  a d d i t i o n ,   t h e  

p l a t i n g   r a t e   is  a l so   improved .  

P r e f e r a b l y   the  ab so rben t   a b r a s i v e   m a t e r i a l   is  formed  o f  

s y n t h e t i c   f i b r e s .   With  such  f i b r e s   the  m a t e r i a l   can  have  a  l a rge   i n t e r n a l  

volume  which  g ives   the  m a t e r i a l   the  a b i l i t y   to  absorb  a  l a rge   q u a n t i t y   o f  

the  t r e a t i n g   s o l u t i o n .   S y n t h e t i c   f i b r e s   tend  to  be  i n e r t   to  the  ac ids   and 

heat  of  the  t r e a t i n g   s o l u t i o n .   F ib r e s   which  are  a n g u l a r   in  shape  are  much 

p r e f e r r e d   s ince   they  tend  to  be  more  a b r a s i v e .   The  f i b r e s   may  be  h e l d  

t o g e t h e r   in  any  conven i en t   way;  it  is  p r e f e r r e d   to  c o n s o l i d a t e   them  by 

needle   punching  and  b inding   them  by  r e s i n .   A  p r e f e r r e d   a b s o r b e n t  

a b r a s i v e   m a t e r i a l   is  a  mixed  p o l y p r o p y l e n e / n y l o n   f e l t   bonded  with  a c r y l i c  

r e s i n .  

P r e f e r a b l y   the  m a t e r i a l   has  a  f i b r e   d e n s i t y   of  between  400  g / s q . m .  

and  1000  g /sq .m.   to  al low  a  s a t i s f a c t o r y   amount  of  the  s o l u t i o n   to  be  

absorbed .   The  t h i c k n e s s   of  the  f i b r o u s   m a t e r i a l   cover ing   the  e l e c t r o d e  

is  p r e f e r a b l y   between  0.2  mm  and  15  mm. 

The  a b s o r b e n t   a b r a s i v e   m a t e r i a l   may  a lso   be  used  with  o t h e r   s u i t a b l e  

m a t e r i a l s .   The  f e l t   may  be  l o c a t e d   on  top  of  a  co t ton   gauze  l oca t ed   a b o u t  

the  e l e c t r o d e .  

The  abso rben t   a b r a s i v e   m a t e r i a l   may  be  held  to  the  e l e c t r o d e   by 

any  conven i en t   means  such  as  bands  or  s t r a p s .   It  is  usual   to  hold  t h e  

m a t e r i a l   on  to  the  s t y l u s   end  of  the  e l e c t r o d e   which  however  may  be  

shaped,   e .g .   r e c e s s e d ,   to  r e c e i v e   the  m a t e r i a l .  

The  e l e c t r o d e   used  in  brush  p l a t i n g   is  t y p i c a l l y   i n e r t .   The 

e l e c t r o d e   may  be  formed  of  i n e r t   m a t e r i a l   such  as  p la t inum  or  p l a t i n u m  



a l l o y s ,   s t a i n l e s s   s t e e l   or  carbon;   high  p u r i t y   high  d e n s i t y   carbon  i s  

p r e f e r r e d .  

The  brush  e l e c t r o d e   of  the  i n v e n t i o n   may  be  used  to  apply  as  a  

t r e a t i n g   s o l u t i o n   an  e l e c t r o c l e a n i n g   s o l u t i o n   or  an  e l e c t r o p l a t i n g  

s o l u t i o n .   In  the  former   case  the  e l e c t r o d e   w i l l   be  c a t h o d i c   and  t h e  

t r e a t i n g   s o l u t i o n   w i l l   t y p i c a l l y   i nc lude   d i l u t e   mine ra l   ac ids   and  i n  

the  l a t t e r   case  the  e l e c t r o d e   wi l l   be  a n o d i c .  

According  to  a n o t h e r   a spec t   of  the  i n v e n t i o n ,   t h e r e   is  p r o v i d e d  

a  method  of  brush  e l e c t r o p l a t i n g   a  metal   s u r f a c e ,   compr i s ing   c o n n e c t i n g  

the  metal   s u r f a c e   to  the  n e g a t i v e   pole  of  a  d i r e c t   c u r r e n t   or  r e c t i f i e d  

a l t e r n a t i n g   c u r r e n t   power  source ,   we t t i ng   a  brush  e l e c t r o d e   of  t h e  

i n v e n t i o n   with  an  aqueous  a c i d i c   s o l u t i o n   c o n t a i n i n g   metal  ions  w h i c h  

wi l l   form  a  d e p o s i t   of  a  metal  or  an  a l l o y ,   connec t ing   the  b r u s h  

e l e c t r o d e   to  the  p o s i t i v e   pole  of  the  power  source ,   and  app ly ing   t h e  

wetted  e l e c t r o d e   to  the  s u r f a c e   of  the  metal  body  to  make  an  e l e c t r i c a l  

c i r c u i t   and  d e p o s i t   the  a l l oy   on  to  the  metal  body .  

The  metal  ions  p r e s e n t   in  the  s o l u t i o n   may  be  adapted  to  d e p o s i t  

a  metal   or  an  a l l o y   on  the  metal   s u r f a c e   being  p l a t e d .   It  is  p r e f e r r e d  

fo r   w e a r - r e s i s t a n c e   t h a t   the  ions  form  a  d e p o s i t   of  a  b inary   or  a 

t e r n a r y   a l l o y .   Examples  of  b inary   a l l o y s   which  have  been  d e p o s i t e d   by 

the  method  of  the  i n v e n t i o n   i nc lude   coba l t -molybdenum  which  has  been  

d e p o s i t e d   with  a  molybdenum  con ten t   of  about  8%  or  more  and  c o b a l t -  

t u n g s t e n   which  has  been  d e p o s i t e d   with  a  t u n g s t e n   con ten t   of  up  t o  

about  19%,  both  a l l o y s   being  d e p o s i t e d   in  a  c o a t i n g   t h i c k n e s s   of  up 
to  about  30 urn.  Examples  of  o t h e r   b ina ry   a l l o y s   which  may  be  d e p o s i t e d  

by  the  method  are  n icke l -molybdenum,   n i c k e l - t u n g s t e n ,   i r on -mo lybdenum 

and  i r o n - t u n g s t e n ,   and  examples  of  t e r n a r y   a l l o y s   are  i r o n - n i c k e l -  

molybdenum  and  c o b a l t - t u n g s t e n - m o l y b d e n u m .   The  metal   ions  are  u s u a l l y  

p r e s e n t e d   as  w a t e r - s o l u b l e   s a l t s ,   and  the  c o n c e n t r a t i o n   depends  on  t h e  

p a r t i c u l a r   s a l t   used.  In  the  case  of  c o b a l t   s u l p h a t e   the  c o n c e n t r a t i o n  



can  be  between  100  g / l   and  s a t u r a t i o n   and  is  u s u a l l y   between  150  and 

600  g / l .   In  the  case  of  sodium  molybdate   the  c o n c e n t r a t i o n   can  be  

between  1  g / l   and  100  g / l ,   and  is  u s u a l l y   between  3  g / l   and  50  g / l .  

Sodium  t u n g s t a t e   may  be  used  at  the  same  c o n c e n t r a t i o n   as  the  sod ium 

molybdate   or  in  a  h igher   c o n c e n t r a t i o n .  

It  is  much  p r e f e r r e d   to  i nc lude   in  the  s o l u t i o n   both  a  h y d r o x y -  

c a r b o x y l i c   acid  and  a  c a r b o x y l i c   acid  to  complex  metal  ions  if  b r u s h  

p l a t i n g   of  a  depos i t   of  an  a l l o y   is  to  be  at  a  s a t i s f a c t o r y   i n d u s t r i a l  

r a t e .  

The  h y d r o x y - c a r b o x y l i c   acid  may  have  from  2  to  8  carbon  a t o m s ,  

from  one  to  six  hydroxyl   groups  and  from  one  to  t h r e e   ca rboxy l   g r o u p s .  
This  m a t e r i a l   may  a lso   be  p r e s e n t e d   to  the  s o l u t i o n   as  a  w a t e r - s o l u b l e  

s a l t .   P r e f e r a b l y   the  h y d r o x y - c a r b o x y l i c   acid  has  the  gene ra l   f o r m u l a  

CnH2nOn+1  where  n  is  an  i n t e g e r   from  2  to  8.  G lucona te s   and  h e p t o n a t e s  

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

h y d r o x y - c a r b o x y l i c   acid  is  p r e s e n t   in  the  s o l u t i o n   may  be  from  50  g / l  

to  800  g / l   but  for   best   r e s u l t s   the  c o n c e n t r a t i o n   should  be  be tween  

100  g / l   and  400  g / l .  

The  p r e sence   of  c a r b o x y l i c   acid  s e rves   to  i n c r e a s e   the  maximum 

usab le   v o l t a g e   and  the  c u r r e n t   d e n s i t y   which  i n c r e a s e   the  r a t e   o f  

p l a t i n g ,   and  in  a d d i t i o n   i t s   p re sence   i n c r e a s e s   the  r e s i s t a n c e   of  t h e  

d e p o s i t e d   a l l o y   to  c r a c k i n g .   The  c o n c e n t r a t i o n   of  the  c a r b o x y l i c   a c i d  

may  be  as  low  as  10  g / l   and  the  maximum  c o n c e n t r a t i o n   is  about  100  g / l ,  

above  which  the  p l a t i n g   e f f i c i e n c y   f a l l s .   Mono-,  d i -   or  t r i - c a r b o x y l i c  

ac ids   may  be  used  and  they  may  be  p r e s e n t e d   to  the  s o l u t i o n   as  a  w a t e r -  

s o l u b l e   s a l t .   Mixture  of  s u i t a b l e   m a t e r i a l s   may  be  used.  Ace ta t e   and 

fo rmate   have  proved  to  be  e f f e c t i v e .  

The  p l a t i n g   s o l u t i o n   p r e f e r a b l y   has  a  pH  of  below  about  4,  mos t  

p r e f e r a b l y   below  3,  s ince   p l a t i n g   e f f i c i e n c y   t ends   to  f a l l   if  the  pH 



is  above  t h i s   va lue .   Best  r e s u l t s   are  o b t a i n e d   w i th in   the  pH  r a n g e  

of  0.5  to  2.  A  p l a t i n g   s o l u t i o n   as  made  up  may  have  a  pH  va lue   o u t s i d e  

t h i s   r ange ,   in  which  case  acid  or  a l k a l i   may  be  added  as  a p p r o p r i a t e   t o  

reach  the  d e s i r e d   v a l u e .  

I t   is  p r e f e r r e d   to  form  a  p l a t i n g   of  about  5  to  30  ym  t h i c k .  

In  p r a c t i c e   the  c o a t i n g   is  p r e f e r a b l y   at  l e a s t   10 µm  t h i c k .  

The  o p e r a t i n g   v o l t a g e   may  range  from  10  to  35  v o l t s ,   p r e f e r a b l y  

18  to  20  v o l t s .   The  h igher   o p e r a t i n g   v o l t a g e s   are  p r e f e r r e d  i f   a  

h ighe r   c o n t e n t   of  molybdenum  is  r e q u i r e d   in  the  d e p o s i t .  

One  example  of  the  i n v e n t i o n   wi l l   now  be  d e s c r i b e d   with  r e f e r e n c e  

to  the  accompanying  d i ag rammat ic   drawing  which  is  a  s ide  view  of  a  b r u s h  

e l e c t r o d e   f o r   use  in  the  me thod .  

The  brush  e l e c t r o d e   compr i ses   a  handle  1  to  one  end  of  which  i s  

secured   a  carbon  e l e c t r o d e   2  shown  in  ghost  o u t l i n e .   The  handle  1  i s  

of  an  e l e c t r i c a l   i n s u l a t i n g   m a t e r i a l   and  a  wire  3  passes   from  t h e  

e l e c t r o d e   2  th rough   the  handle  1.  A  f e l t   4  covers  the  e l e c t r o d e   2  and 

is  held  on  to  the  brush  by  an  e l a s t i c   band  5.  The  f e l t   4  is  5  mm  t h i c k .  

The  f e l t   was  formed  of  75%  p o l y p r o p y l e n e   f i b r e s   and  25%  n y l o n  

f i b r e s   which  were  c o n s o l i d a t e d   by  needle   punching  to  a  d e n s i t y   of  a b o u t  

580  g .m 2.   The  c o n s o l i d a t e d   f e l t   was  then  dipped  in  a c r y l i c   r e s i n  

which  was  then  heat  cured  to  bond  the  f i b r e s   t o g e t h e r .   The  n y l o n  

f i b r e s   were  of  t r i n o d u l a r   shape  and  the  p o l y p r o p y l e n e   f i b r e s   o f  

r e c t a n g u l a r   shape.   The  formed  f e l t   was  then  l o c a t e d   on  the  e l e c t r o d e   2 

and  held  t h e r e   by  the  band  5.  

In  use  the  wire  3  is  connected   to  one  pole  of  a  s u i t a b l e   power 

source  and  a  metal  body  to  be  coated  is  connected   to  the  o the r   p o l e .  



When  coa t ing   the  body  by  the  method  of  the  i n v e n t i o n ,   the  e l e c t r o d e   i s  

connected   as  the  anode  and  the  metal  body  is  connec ted   as  the  c a t h o d e .  

The  brush  e l e c t r o d e   may  a lso   be  used  for   c l e a n i n g   or  e t ch ing   of  t h e  

metal  body  in  a  known  manner  p r i o r   to  p l a t i n g ,   to  give  the  body  a 

s u r f a c e   which  is  b e t t e r   able  to  be  coa ted ,   in  which  cases   t h e  

e l e c t r o d e   is  connec ted   as  the  c a t h o d e .  

The  f o l l o w i n g   Example  i l l u s t r a t e s   how  the  brush  e l e c t r o d e   may  be  

used  in  the  method  of  the  i n v e n t i o n .  

EXAMPLE  1 

An  aqueous  s o l u t i o n   was  made  by  d i s s o l v i n g   the  f o l l o w i n g   in  w a t e r  

This  gave  a  s o l u t i o n   having  a  pH  of  about  3.5  which  was  t h e n  

a d j u s t e d   to  a  value  of  about   1.0  by  a d d i t i o n   of  minera l   a c i d .  

A  p r e - c l e a n e d   too l   die  was  connected   to  the  n e g a t i v e   pole  of  a 

r e c t i f i e d   a l t e r n a t i n g   c u r r e n t   power  source  g iv ing   about  20  v o l t s .   The 

brush  e l e c t r o d e   was  connected   to  the  p o s i t i v e   pole  of  the  power  s o u r c e .  

The  t i p   of  the  brush  e l e c t r o d e   was  then  dipped  into  the  p l a t i n g   s o l u t i o n  

so  tha t   the  f e l t   absorbed  the  s o l u t i o n ,   and  the  wetted  e l e c t r o d e   was 

then  brushed  over  the  too l   die .   The  amount  of  m a t e r i a l   d e p o s i t e d   was 

moni tored   by  means  of  an  ampere-hour   meter   connected   in  the  c i r c u i t .  

The  brush  was  kept  moving,  and  was  always  kept  wet  with  the  s o l u t i o n .  

An  area  of  one  square  decamet re   was  coated  to  a  t h i c k n e s s   o f  

about  1 fm  in  about  2  minu te s .   The  a c t u a l   coa t ing   r a t e   o b t a i n e d  



depends  upon  the  s i ze   of  the  brush  e l e c t r o d e   and  o p e r a t o r   s k i l l ,  

however,  no  problem  was  encoun te red   in  p roducing   a  coa t i ng   of  more  

than  12  fm  t h i c k .   On  a n a l y s i s ,   the   c o a t i n g   was  found  to  be  a  c o b a l t -  

molybdenum  a l l o y   c o n t a i n i n g   between  6%  and  12%  molybdenum.  The  c o a t i n g  

was  c h a r a c t e r i s e d   by  a  very  f i ne   g ra in   s i z e ,   a  low  c o e f f i c i e n t   o f  

f r i c t i o n   and  a  s a t i n   f i n i s h .   The  p r e sence   of  the  coa t i ng   extended  t h e  

l i f e   of  the  die  s i g n i f i c a n t l y .  

Example  2 

The  s o l u t i o n   of  Example  1  was  made  up  using  50  g / l   of  the  m o l y b d a t e  

and  the  pH  a d j u s t e d   to  1.5  and  s i m i l a r   good  r e s u l t s   were  o b t a i n e d .  

The  method  of  the  i n v e n t i o n   makes  it   p o s s i b l e   for   an  o p e r a t o r   t o  

t r a v e l   from  s i t e   to  s i t e   doing  c o a t i n g   jobs   using  p o r t a b l e   a p p a r a t u s .  

The  p l a t i n g   s o l u t i o n   is  s t a b l e   under  l o n g - t e r m   s t o r a g e   c o n d i t i o n s  

and  is  not  s u s c e p t i b l e   to  c o n t a m i n a t i o n   or  burning  dur ing  brush  p l a t i n g .  

The  q u a l i t y   of  the  coa t i ng   ob t a ined   by  the  method  is  at  l e a s t   as  good  a s  

those   o b t a i n e d   by  bath  e l e c t r o p l a t i n g   t e c h n i q u e s ,   and  good  q u a l i t y  

c o a t i n g s   w i l l   be  ob t a ined   d e s p i t e   the  v a r i a t i o n s   in  s o l u t i o n   pH  and 

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

The  metal   s u r f a c e s   to  be  p l a t ed   by  the  method  of  the  i n v e n t i o n   w i l l  

t y p i c a l l y   be  of  metal   forming  t o o l s .   Such  t o o l s   may  be  d ies   and  mou lds  

and  i nc lude   hot  f o r g i n g   d ies   and  cold  p r e s s i n g   t o o l s .   In  a  s e r i e s   o f  

f i e l d   e v a l u a t i o n s   p l a t i n g   d i f f e r e n t   t o o l s   us ing  the  brush  e l e c t r o d e   a n d  

s o l u t i o n s   of  the   i n v e n t i o n ,   it  was  observed  t h a t   when  p l a t i n g   the  t o o l  

s u r f a c e s   to  produce  a  coba l t -molybdenum  a l l o y   p l a t i n g   about  12  um  t h i c k ,  

t h e r e   was  an  average   i n c r e a s e   in  die  l i f e   of  60%  fo r   press   t o o l s   and  50% 

for   drop  hammer  d i e s .   In  the  case  of  a  hot  f o r g i n g   die  it  was  f u r t h e r  

no t iced   t h a t   the  metal  being  formed  flowed  more  e a s i l y   over  the  d i e  

s u r f a c e   and  as  a  r e s u l t   the  f o r g i n g   t e m p e r a t u r e   could  be  lowered  g i v i n g  

a d d i t i o n a l   saving  on  energy  c o s t s .   In  the  case  of  cold  p r e s s i n g   t o o l s ,  



b i t s   of  metal  from  the  metal  being  formed  in  the  too l   are  l e f t   on  t h e  

die  s u r f a c e   and  t h i s   metal   pick  up  must  be  removed  by  hand  p o l i s h i n g  

if  the  s u r f a c e   of  metal   being  formed  in  the  too l   is  not  to  be  s c o r e d  

and  o t h e r w i s e   damaged.  This  metal  pick  up  is  removed  from  time  to  t i m e  

and  the  too l   is  then  out  of  commission  be fore   i t   can  be  r eused .   In  t h e  

case  of  p l a t ed   d ies   it   was  found  t h a t   t h e r e   was  a  d e c r e a s e   in  the  t i m e  

fo r   which  they  were  out  of  commission  of  about  78%  compared  to  u n p l a t e d  

t o o l s .   In  a d d i t i o n   a  p l a t ed   die  needs  l i t t l e   or  no  l u b r i c a t i o n  

compared  with  an  unp la t ed   die  so  saving  l abour   in  apply ing   l u b r i c a n t  

and  a lso   in  c l e a n i n g   the  l u b r i c a n t   off  at  a  l a t e r   s t a g e .  

In  a l l   the  f i e l d   t r i a l s   quoted  above  the  p l a t i n g   was  done  on  s i t e  

in  a  p lan t   or  f a c t o r y   wi thout   removing  the  too l   to  a  p l a t i n g   bath  and 

so  t he se   improvements  were  ob t a ined   wi thout   t r a n s p o r t   cos t s   and  loss   o f  

t o o l s   to  the  p l an t   fo r   pro longed  p e r i o d s .  



1.  A  brush  e l e c t r o d e   for  use  in  e l e c t r o t r e a t i n g   a  m e t a l  

s u r f a c e ,   such  as  the  s u r f a c e   of  a  metal   forming  too l ,   c o m p r i s i n g  

an  e l e c t r o d e   having  a  s t y l u s   p o r t i o n   adapted  to  hold  and  apply  a  

t r e a t i n g   s o l u t i o n   to  e l e c t r o t r e a t   the  metal   s u r f a c e ,  

c h a r a c t e r i s e d   in  t h a t   the  s t y l u s   po r t ion   i nc ludes   an  
abso rben t   a b r a s i v e   m a t e r i a l   ( 4 ) .  

2.  A  brush   e l e c t r o d e   acco rd ing   to  Claim  1,  in  which  t h e  

absorben t   a b r a s i v e   m a t e r i a l   (4)  is  formed  of  s y n t h e t i c   f i b r e s .  

3.  A  brush  e l e c t r o d e   accord ing   to  Claim  2,  in  which  t h e  

f i b r e s   are  angu la r   in  s h a p e .  

4.  A  brush   e l e c t r o d e   accord ing   to  Claim  2  or  Claim  3,  i n  

which  the  f i b r e s   are  held  t o g e t h e r   by  c o n s o l i d a t i n g   them  by  n e e d l e  

punching  and  b ind ing   with  r e s i n .  

5.  A  brush  e l e c t r o d e   acco rd ing   to  Claim  4,  in  which  t h e  

abso rben t   ab r a s ive   m a t e r i a l   is  a  mixed  p o l y p r o p y l e n e / n y l o n   f e l t  

bonded  with  a c r y l i c   r e s i n .  



6.  A  method  of  e l e c t r o t r e a t i n g   a  metal  s u r f ace ,   c o m p r i s i n g  

connec t ing   the  metal   su r f ace   to  the  n e g a t i v e   pole  of  a  d i r e c t  

cu r r en t   or  r e c t i f i e d   a l t e r n a t i n g   cu r r en t   power  source,   we t t i ng   a  

brush  e l e c t r o d e   with  an  aqueous  a c i d i c   s o l u t i o n   c o n t a i n i n g   m e t a l  

ions  which  w i l l   form  a  depos i t   of  a  metal  or  an  a l l o y ,   c o n n e c t i n g  

the  b rush   e l e c t r o d e   to  the  p o s i t i v e   pole  of  the  power  source ,   and  

apply ing   the  we t ted   e l e c t r o d e   to  the  su r face   of  the  metal  body  t o  

make  an  e l e c t r i c a l   c i r c u i t   and  d e p o s i t   the  metal  or  a l l oy   on  to  t h e  

metal  b o d y ,  

c h a r a c t e r i s e d   by  apply ing   to  the  metal  s u r f a c e   by  a  

brush  e l e c t r o d e   a c c o r d i n g   to  any  one  of  Claims  1  to  5,  an  a q u e o u s  

s o l u t i o n   having  a  pH  below  4  for  s u f f i c i e n t   time  and  at  a  

s u f f i c i e n t   v o l t a g e   to  bu i l d   up  on  the  metal  su r face   a  d e p o s i t   o f  

metal  or  metal   a l l o y   at  l e a s t   10 pm  t h i c k .  

7.  A  method  accord ing   to  Claim  6,  in  which  the  s o l u t i o n  

i nc ludes   a  h y d r o x y - c a r b o x y l i c   acid  and  a  ca rboxy l i c   acid  to  complex  

metal  i o n s .  

8.  A  method  accord ing   to  Claim  6  or  Claim  7,  in  which  t h e  

s o l u t i o n   has  a  pH  of  between  0.5  and  2 . 0 .  

9.  A  method  accord ing   to  any  one  of  Claims  6  to  8,  in  wh ich  

the  d e p o s i t   is  b u i l t   up  to  a  t h i c k n e s s   of  between  10  pm  and  30  µm. 

10.  A  method  accord ing   to  any one  of  Claims  6  to  9,  in  wh ich  

the  metal   s u r f a c e   to  be  e l e c t r o t r e a t e d   is  par t   of  a  metal   f o r m i n g  

too l   l o c a t e d   in  a  metal   forming  f a c t o r y .  

11.  A  metal   su r f ace   having  depos i t ed   the reon   a  metal   or  m e t a l  

a l l o y ,  



c h a r a c t e r i s e d   in  t h a t   the  metal   or  metal  a l l oy   h a s  

been  d e p o s i t e d   by  a  method  a cco rd ing   to  any one  of  Claims  6  to  10 .  

12.  An  aqueous  a c i d i c   s o l u t i o n   for  use  in  e l e c t r o t r e a t i n g  

a  metal   s u r f a c e , c o n t a i n i n g   metal   ions  which  w i l l   form  a  d e p o s i t   o f  

a  metal   or  an  a l l o y ,  

c h a r a c t e r i s e d   by  the  presence   of  both  a  h y d r o x y -  

c a r b o x y l i c   acid  and  a  c a r b o x y l i c   acid,   the  s o l u t i o n   having  a  pH 

below  4 .  

13.  A  s o l u t i o n   a c c o r d i n g   to  Claim  12,  i n  

which  The  pH  of  the  s o l u t i o n   is  between  0.5  and  2 . 0 .  

14.  A  s o l u t i o n   acco rd ing   to  Claim  12  or  Claim  13,  in  w h i c h  

the  h y d r o x y - c a r b o x y l i c   acid  has  from  2  to  8  carbon  atoms,  from  one 

to  s ix   hydroxy l   groups  and  from  one  to  t h r ee   carboxyl   g r o u p s .  

15.  A  s o l u t i o n   a cco rd ing   to  any  one  of  Claims  12  to  14,  i n  

which  the  h y d r o x y - c a r b o x y l i c   acid   is  g lucona te   or  h e p t o n a t e .  

16.  A  s o l u t i o n   a cco rd ing   to  any  one  of  Claims  12  to  15,  i n  

which  the  h y d r o x y - c a r b o x y l i c   acid   is  p r e sen t   in  a  c o n c e n t r a t i o n   o f  

between  50  g/1  and  800  g/1  and  the  c a r b o x y l i c   acid  is  p r e s e n t   in  a  

c o n c e n t r a t i o n   of  between  10  g/1  and  100  g / 1 .  

17.  A  s o l u t i o n   acco rd ing   to  any  one  of  Claims  12  to  16,  i n  

which  the  metal   ions  are  s e l e c t e d   to  form  a  cobal t -molybdenum  or  a  

c o b a l t - t u n g s t e n   a l l o y .  

18.  A  s o l u t i o n   a cco rd ing   to  any  one  of  Claims  12  to  16,  i n  

which  the  metal   ions  are  s e l e c t e d   to  form  a  n ickel -molybdenum,   a  

n i c k e l - t u n g s t e n ,   an  i ron-molybdenum,  an  i r o n - t u n g s t e n ,   an  i r o n -  

n icke l -molybdenum  or  a  c o b a l t - t u n g s t e n - m o l y b d e n u m   a l l o y .  
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