
J E u r o p a i s c h . e s   

Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 5 8   5 3 7  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82300710.9  ©  Int.  CI.3:  C  25  C  7/00 
_  C  25  C  5/02 
@  Date  of  filing:  12.02.82 

©Priority:  13.02.81  GB  8104624  ©Applicant:  NATIONAL  RESEARCH  DEVELOPMENT 
CORPORATION 
P.O.  Box  236  Kingsgate  House  66-74  Victoria  Street 

©  Date  of  publication  of  application:  London  SW1E6SHGB) 
25.08.82  Bulletin  82/34 

@  Inventor:  Holland,  Frank  Stanley 
©  Designated  Contracting  States:  5  Castleton  Road 

DE  FR  IT  Stockport  Cheshire  SK7  6LB(GB) 

©  Inventor:  Walsh,  Francis  Charles 
70  Nicholas  Crescent 
Fareham  Hampshire(GB) 

©  Representative:  Neville,  Peter  Warwick 
Patent  Department  National  Research  Development 
Corporation  P.O.  Box  236  Kingsgate  House 
66-74  Victoria  Street  London  SW1  E  6SL(GB) 

©  Electrodeposition  cell. 
An  electrodeposition  cell  has  a  rotating  cathode  and  a 

scraper  for  removing  deposit  from  the  cathode.  The  axial 
extent  of the  engaging  part  of the  scraper  is  less  than  half  (for 
example  1/63)  of  the  axial  extent  of  the  electrode,  and  that 
part  is  axially  movable  to  engage  any  part  of  the  cathode  as 
the  cathode  rotates.  The  scraper  does  not  strip  bare  the 
surface  of  the  cathode,  but  leaves  a  microscopically  rough 
deposit,  which  improves  the  deposition  rate. 



This  i nven t ion   r e l a t e s   to  an  e l e c t r o d e p o s i t i o n   ce l l   having  a 

r o t a t i n g   c y l i n d r i c a l   d e p o s i t i o n   e l e c t r o d e   and  to  a  method  o f  

removing  depos i t   from  such  an  e l e c t r o d e .  

Ro ta t ing   c y l i n d r i c a l   ca thodes   for  r ecover ing   metals  from 

d i l u t e   s a l t   s o l u t i o n s   in  e l e c t r o d e p o s i t i o n   ce l l s   are  known,  f o r  

example  from  UK  Patent   S p e c i f i c a t i o n   No.  1505736.  Depending  on 

the  cur ren t   dens i ty ,   the  p e r i p h e r a l   speed  of  the  r o t a t i n g   c y l i n d e r ,  

and  the  s a l t   c o n c e n t r a t i o n ,   the  metal  may  deposi t   as  a  l o o s e l y  

adherent   deposi t   which  is  washed  off  the  cathode.   However,  t h e  

cu r r en t   that   can  be  passed  through  a  f r e sh ly   washed  cathode  i s  

much  less   (e .g .   six  to  s ix ty   times  less)   than  can  be  p a s s e d  

through  a  cathode  bea r ing   a  rough  depos i t ,   at  comparable  c u r r e n t  

e f f i c i e n c i e s .  

The  i nven t ion   is  an  e l e c t r o d e p o s i t i o n   ce l l   having  a  r o t a t i n g  

c y l i n d r i c a l   d e p o s i t i o n   e l e c t r o d e   and  a  means  for  removing  d e p o s i t  

from  tha t   e l e c t r o d e ,   such  tha t   the  e l e c t r o d e   r e t a i n s   a  s u b s t a n t i a l l y  

rough  e l e c t r o d e p o s i t   ( i . e .   is  not  ba red) .   P r e f e r a b l y ,   th is   means 

is  a  s c r ape r   engaging  the  e l e c t r o d e p o s i t   and  breaking  away  i t s  

outer   p o r t i o n .   P r e f e r a b l y   the  ax ia l   extent   of  the  engaging  p a r t  
of  the  sc raper   does  not  exceed  half   the  axial   extent   of  the  e l e c t r o d e ,  

the  engaging  par t   being  a x i a l l y   movable  so  that   (with  the  e l e c t r o d e  

r o t a t i n g )   the  sc raper   can  engage  any  point   on  the  e l e c t r o d e p o s i t .  

The  engaging  par t   may be  a r ranged  to  be  a x i a l l y   movable  by 

making  the  sc raper   a x i a l l y   movable,  or  the  sc raper   may  comprise  a 

r o t a t a b l e   h e l i c a l   blade  whose  axis  is  p a r a l l e l   to  the  c y l i n d e r  

ax is ;   r o t a t i o n   of  the  s c r ape r   about  i t s   own  axis  wi l l   thus  c ause  

the  contac t   area  to  t r a v e r s e   the  e l e c t r o d e   a x i a l l y .   Other  means 

of  removal  to  leave  a  s u b s t a n t i a l l y   rough  sur face   are  p o s s i b l e ,  

such  as  v i b r a t i o n   (which  may  be  u l t r a s o n i c )   or  a i r - b l a s t i n g ,   f o r  

example .  

The  axia l   extent   of  the  part   of  the  sc raper   at  any  i n s t a n t  

engaging  the  e l e c t r o d e   p r e f e r a b l y   does  not  exceed  0.1  of  the  a x i a l  

extent   of  the  e l e c t r o d e ,   more  p r e f e r a b l y   does  not  exceed  0 .01  

t h e r e o f ,   most  p r e f e r a b l y   does  not  exceed  0 . 0 0 2 .  



The  i n v e n t i o n   is  also  a  method  of  removing  depos i t   from  a 

r o t a t i n g   c y l i n d r i c a l   d e p o s i t i o n   e l e c t r o d e   in  an  e l e c t r o d e p o s i t i o n  

ce l l   during  e l e c t r o d e p o s i t i o n   such  tha t   the  e l e c t r o d e   r e t a i n s   a 

s u b s t a n t i a l l y   rough  e l e c t r o d e p o s i t .   To  keep  the  e l e c t r o d e p o s i t   a t  

l e a s t   m i c r o s c o p i c a l l y   rough  even  the  i n s t a n t   a f t e r   some  has  b e e n  

removed,  the  method  of  removal  may  comprise  e.g.  a i r - b l a s t i n g   o r  

v i b r a t i o n   (which  may  be  u l t r a s o n i c ) ,   but  p r e f e r a b l y   c o m p r i s e s  

applying  to  the  e l e c t r o d e p o s i t ,   such  that   i t   wi l l   not  bare  t h e  

e l e c t r o d e ,   a  s c rape r   breaking  away  the  outer  po r t ion   of  t h e  

e l e c t r o d e p o s i t .   P r e f e r a b l y   the  s c rape r   scrapes  not  more  than  0 . 1  

(more  p r e f e r a b l y   not  more  than  0.01,   most  p r e f e r a b l y   not  more  t h a n  

0.002)  of  the  c y l i n d r i c a l   area  of  the  e l e c t rode   in  one  r e v o l u t i o n  

t h e r e o f .  

The  s c rape r   may  comprise  a  h e l i c a l   blade  (as  desc r ibed   above)  

or  may  comprise  a  f u l l - a x i a l - e x t e n t   blade  brought  into  c o n t a c t  

with  the  e l e c t r o d e   for  only  a  f r a c t i o n   of  a  r e v o l u t i o n   or  may 

comprise  a  p a r t - a x i a l - e x t e n t   blade  mounted  on  an  a x i a l l y - m o v i n g  

c a r r i e r   so  t ha t ,   as  the  e l e c t r o d e   r o t a t e s ,   the  scraping   fol lows  a 

h e l i c a l   path  ( l ike   a  screw  th read)   over  the  area  of  the  e l e c t r o d e .  

The  c a r r i e r   may  spr ing  back  to  i t s   s t a r t i n g   point  a f t e r   the  whole 

e l e c t r o d e   is  scraped  or  may  move  backwards  at  the  same  ra te   a s  

forwards .   The  sc raper   may  (un less   of  fu l l   axia l   ex ten t )   c o n t a c t  

the  e l e c t r o d e   c o n t i n u o u s l y ,   or  may  contac t   it  i n t e r m i t t e n t l y .   The 

degree  of  con tac t   is  such  as  to  scrape  off  the  outer   p o r t i o n   o n l y  

of  the  d e p o s i t .  

Although  mechanical   sc rap ing   has  c lea r   advantages   in  r e l i a b i l i t y ,  

con t ro l   and  s i m p l i c i t y ,   there   are  i n s t a n c e s   when  other   means  o f  

sc rap ing   are  p r e f e r r e d ,   e .g.   a  f l u i d   j e t ,   an  air   b l a s t   or  a i r  

kni fe ,   b l a s t i n g   with  glass  beads  or  metal  p a r t i c l e s   (which  may  be  

products   of  the  e l e c t r o d e p o s i t i o n ) ,   v i b r a t i o n ,   or  u l t r a s o n i c s .  

With  the  l a s t   two,  a f t e r   e l e c t r o d e p o s i t i o n   has  been  allowed  t o  

proceed  u n d i s t u r b e d   for  some  time,  powder  should  drop  off  t h e  

e l e c t r o d e ,   and  if  the  ampli tude  and  frequency  are  well  chosen,  t h e  

powder  r a t e   w i l l   equal  the  e l e c t r o d e p o s i t i o n   ra te   and  the  e l e c t r o d e  

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



In  th is   way,  a  cont inuous   stream  of  depos i t   can  be  removed 

from  the  e l ec t rode   and  c o l l e c t e d   from  the  bottom  of  the  c e l l ,  

while  the  e l ec t rode   remains  rough  over  i t s   area  and  hence  r e t a i n s  

a  much  higher   cur ren t   c apac i ty   than  if  the  e l e c t r o d e   had  been 

washed  or  a  doctor  blade  wiped  the  whole  c y l i n d r i c a l   surface   t o  

ba reness   every  r e v o l u t i o n .   The  roughness  is  supe r io r   to  r o u g h e n i n g  

e x p e d i e n t s   such  as  knur l ing   the  e l e c t r o d e .   Indeed,  thanks  to  t h e  

permanent  high  average  roughness ,   mixing  in  the  region  immedia te ly  

around  the  cy l inder   approaches  t h e o r e t i c a l l y   p e r f e c t   mixing,  and 

t h e r e f o r e   the  f l o w - r a t e   through  the  e l e c t r o d e p o s i t i o n   ce l l   does  

not  a f f e c t   mass  t r a n s f e r   r a t e s   to  the  e l e c t r o d e .   Such  high  y e t  

cons t an t   mass  t r a n s f e r   is  an  unusual   achievement  in  chemica l  

r e a c t i o n s .   Also,  the  contac t   area  between  the  sc raper   and  t h e  

e l e c t r o d e   is  a  n e g l i g i b l e   f r a c t i o n   of  the  c y l i n d r i c a l   area,   and 

hence  the  scraper   p h y s i c a l l y   o b s t r u c t s   e l e c t r o d e p o s i t i o n   b u t  

n e g l i g i b l y .   The  roughness  a f fo rds   a  high  true  sur face   area  on  a 

r e l a t i v e l y   small-volume  e l e c t r o d e .  

The  inven t ion   wi l l   now  be  desc r ibed   by  way  of  example  w i t h  

r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h : -  

Figure  1  shows  a  d e p o s i t i o n   e l e c t r o d e   and  sc raper   from  a  c e l l  

accord ing   to  the  i nven t ion ,   and 

Figure  2  shows  an  e l e c t r o d e   and  a l t e r n a t i v e   sc raper   from  a  

ce l l   according  to  the  i n v e n t i o n .  

In  Figure  1,  a  cathode  1  of  an  e l e c t r o d e p o s i t i o n   ce l l   (which ,  

being  o therwise   s t andard ,   is  not  f u r t h e r   shown  or  desc r ibed)   is  o f  

c y l i n d r i c a l   form,  d iameter   60  mm  and  he igh t   63  mm,  and  is  d r i v e n  

at  360  r e v o l u t i o n s   per  minute  ( p e r i p h e r a l   v e l o c i t y :   1.13  m/s)  by  

a  motor  2.  An  upr igh t   c a r r i e r   4,  r e c i p r o c a t e d   by  a  pneumat i c  

a c t u a t o r   5,  c a r r i e s   a  sc raper   point   4a  made  of  and  c o n t a c t i n g   t h e  

cathode  1  at  an  area  whose  he igh t   ( p a r a l l e l   to  the  cy l inde r   a x i s )  

is  1  mm.  It  is  enlarged  on  the  drawing  for  c l a r i t y .  

The  cathode  1  is  in  an  aqueous  e l e c t r o l y t e   of  1.5  M  s u l p h u r i c  

acid  H2S04  plus  0.014  M  copper  su lpha te   CuS04  at  22C.  The  Reynolds  

number  at  i t s   surface  is  about  59000.  



In  use  of  a  brand  new  hydrodynamica l ly   smooth  cathode  1,  a 

stop  (not  shown)  holds  the  sc raper   point   4a  c lear   of  the  cathode  1 

and  a  vo l tage   of  approx imate ly   2.5V  is  app l i ed .   Current  s t a r t s   t o  

flow  at  0.8A,  in  good  accordance  with  theory ,   and  a f t e r   about  20 

minutes  the  copper  d e p o s i t i n g   on  the  cathode  begins  p e r c e p t i b l y   t o  

roughen  i t .   The  cu r r en t   s t a r t s   to  r i s e ,   a f t e r   1  hour  r each ing   3A 

(the  maximum  p o s s i b l e   at  that   cu r ren t   e f f i c i e n c y   with  a  k n u r l e d  

c y l i n d e r   having  a  p e a k - t o - v a l l e y   roughness  of  1  mm,  according  t o  

Kappesser  et  al,   J.  Electrochem  Soc  118  (1971)  p.  1957).  C o n t r a r y  

to  the  Kappesser  t e ach ing ,   however,  the  cu r ren t   cont inues   to  r i s e ,  

tending  to  level  off  at  about  6A  a f t e r   2½ - 3  h o u r s .  

The  stop  is  withdrawn,  and  the  sc raper   point   4a  con tac t s   t h e  

e l e c t r o d e p o s i t   on  the  cathode  1.  This  e l e c t r o d e p o s i t   is  r o u g h .  

Copper  powder  is  scraped  off  by  a  d e n d r i t e - f r a c t u r i n g   ac t ion   and  

is  c o l l e c t e d ,   as  s c h e m a t i c a l l y   i n d i c a t e d   at  6.  The  a c t u a t o r   5 

pu l l s   the  c a r r i e r   4  downwards  slowly  at  such  a  ra te   (3  mm/minute) 

that   the  point   4a  leaves  a  h e l i c a l   t r a i l   on  the  cathode  1,  t h e  

t r a i l   taking  about  20  minutes  to  cover  every  par t   of  the  c y l i n d r i c a l  

area  of  the  cathode  1.  The  t r a i l   having  been  formed  by  a  f r a c t u r i n g  

ac t ion ,   it  is  rough  even  when  newly  formed,  and  can  maintain   a 

cu r ren t   densi ty   s u b s t a n t i a l l y   h igher   than  tha t   p r e d i c t e d   by  K a p p e s s e r ,  

r ecover ing   to  i t s   maximum  a f t e r   about  1  m i n u t e .  

Immediately  the  point   4a  has  scraped  an  element  of  the  cathode  1, 

e l e c t r o d e p o s i t i o n   resumes  and  the  t r a i l   e v e n t u a l l y   d i sappears   ( a s  

shown  o v e r s i m p l i f i e d   in  Figure  1),  and  there   are  20  minutes '   w o r t h  

of  e l e c t r o d e p o s i t i o n   to  be  scraped  off  when  the  point   (or  r a t h e r  

the  leading  edge  of  the  poin t )   4a  r e t u r n s   to  tha t   element.   The 

c a r r i e r   4  p r e f e r a b l y   f l i e s   back  to  i t s   s t a r t i n g   point   or  may  move 

upwards  and  downwards  (20  minutes  each)  at  the  same  speed.  Even 

while  scraping  is  p roceed ing ,   the  cu r ren t   is  main ta ined   a t  

s u b s t a n t i a l l y   5.7A;  a  smooth  cathode  could  pass  only  0.8A  at  t h a t  

v o l t a g e .  

Turning  to  Figure  2,  a  cathode  is  shown  i d e n t i c a l   to  that   i n  

Figure  1,  but  the  sc raper   d i f f e r s .   The  sc raper   14  is  in  the  form 



of  a  h e l i c a l   blade  making  jus t   one  r o t a t i o n   in  the  height   of  t h e  

cathode  and  dr iven  by  a  slow-speed  motor  15  at  one  r e v o l u t i o n   p e r  

20  m i n u t e s .  

Any  o ther   powder  removal  method  which  s u b s t a n t i a l l y   m a i n t a i n s  

the  roughness  of  the  e l e c t r o d e p o s i t   would  be  expected  to  be  s u i t a b l e ,  

such  as  b l a s t i n g   by  gas  or  l iqu id   or  so l i d ;   v i b r a t i o n   ( e . g .  

u l t r a s o n i c s ) .  

A  p a r t - h e i g h t   or  h e l i c a l   scraper   f r a c t u r e s   off  the  d e n d r i t i c  

e l e c t r o l y t i c   d e p o s i t s ,   leaving  a  b e n e f i c i a l   under ly ing   m i c r o -  

roughness;   a  f u l l - l e n g t h   scraper   might  bare  the  cathode  and  even 

burnish  i t ,   whereby  the  current   dens i ty   would  regress   to  t h a t  

desc r ibed   in  r e l a t i o n   to  a  brand  new  ca thode .   This  f r a c t u r i n g  

ac t ion   also  has  the  advantage  of  y i e l d i n g   a  powder  p r o d u c t  

r easonab ly   c o n s i s t e n t   in  size  and  t y p e .  

If  the  f requency  with  which  the  sc raper   t r a v e r s e s   any  g i v e n  

point  on  the  cathode  is  too  low,  and  t r i a l s   wi l l   r e a d i l y   e s t a b l i s h  

t h i s ,   the  e l e c t r o d e p o s i t   becomes  e x c e s s i v e l y   rough  and  the  ene rgy  

requ i red   to  r o t a t e   the  rough  cathode  becomes  c o r r e s p o n d i n g l y  

exces s ive .   For  some  metals  and  e l e c t r o l y t e s ,   th is   e x c e s s i v e  

roughness  takes  the  form  of  spindly  d e n d r i t e s   which  can  drop  o f f  

randomly  and  which  are  of  i n c o n s i s t e n t   q u a l i t y .   They  can  drop  o f f  

in  such  a  way  as  to  lead  to  a  ' p e e l i n g '   of  the  e l e c t r o d e p o s i t ;   i n  

c a t a s t r o p h i c   cases ,   up  to  10%  of  the  burden  can  be  shed  in  t h i s  

way,  unba lanc ing   the  cathode  to  the  de t r iment   of  i t s   d r i v i n g  

mechanism.  The  spindly  dendr i t e s   may  also  damage  any  n e a r b y  

diaphragm  or  membrane. 



1.  An  e l e c t r o d e p o s i t i o n   ce l l   having  a  r o t a t i n g   c y l i n d r i c a l  

d e p o s i t i o n   e l e c t r o d e   and  a  means  for  removing  depos i t   from  t h a t  

e l e c t r o d e ,   the  means  being  c h a r a c t e r i s e d   in  t h a t ,   in  o p e r a t i o n ,  

the  e l e c t r o d e   r e t a i n s   a  s u b s t a n t i a l l y   rough  e l e c t r o d e p o s i t .  

2.  A  c e l l   accord ing   to  Claim  1,  c h a r a c t e r i s e d   in  tha t   the  means 

is  a  s c r a p e r   (4)  engaging  the  e l e c t r o d e p o s i t   and  b reak ing   away  i t s  

outer   p o r t i o n .  

3.  A  c e l l   accord ing   to  Claim  2,  c h a r a c t e r i s e d   in  tha t   the  a x i a l  

ex ten t   of  the  engaging  pa r t   (4a,  14)  of  the  sc raper   does  n o t  

exceed  ha l f   the  ax ia l   ex ten t   of  the  e l e c t r o d e   (1),  the  e n g a g i n g  

par t   being  a x i a l l y   movable  so  t ha t ,   with  the  e l e c t r o d e   r o t a t i n g ,  

the  s c r ape r   can  engage  any  point   on  the  e l e c t r o d e p o s i t .  

4.  A  c e l l   accord ing   to  Claim  3,  c h a r a c t e r i s e d   in  tha t   the  a x i a l  

ex ten t   of  the  engaging  par t   (4a,  14)  of  the  s c rape r   does  n o t  

exceed  0.1,  p r e f e r a b l y   0.01,  of  the  ax ia l   ex ten t   of  the  e l e c t r o d e   ( 1 ) .  

5.  A  ce l l   according   to  Claim  4,  wherein  the  axia l   ex tent   of  t h e  

engaging  par t   (4a,  14)  of  the  scraper   does  not  exceed  0.002  of  t h e  

ax ia l   ex tent   of  the  e l e c t r o d e   ( 1 ) .  

6.  A  c e l l   accord ing   to  any  of  Claims  2  to  5,  wherein  t h e  

s c r ape r   (4)  is  a x i a l l y   m o v a b l e .  

7.  A  ce l l   according   to  any  of  Claims  2  to  5,  wherein  the  s c r a p e r  

comprises   a  r o t a t a b l e   h e l i c a l   blade  (14)  whose  axis  is  p a r a l l e l   t o  

the  c y l i n d e r   a x i s .  

8.  A  method  of  removing  depos i t   from  a  r o t a t i n g   c y l i n d r i c a l  

d e p o s i t i o n   e l e c t r o d e   in  an  e l e c t r o d e p o s i t i o n   ce l l   during  e l e c t r o -  

d e p o s i t i o n ,   c h a r a c t e r i s e d   in  that   the  e l e c t r o d e   r e t a i n s   a  s u b s t a n -  

t i a l l y   rough  e l e c t r o d e p o s i t .  

9.  A  method  accord ing   to  Claim  8,  wherein  the  method  of  removal  

comprises   a i r - b l a s t i n g   or  v i b r a t i o n .  

10.  A  method  according   to  Claim  8,  wherein  the  method  of  r emova l  

comprises   applying  to  the  e l e c t r o d e p o s i t ,   such  tha t   i t   wi l l   n o t  

bare  the  e l e c t r o d e ,   a  s c r ape r   breaking  away  the  outer   p o r t i o n   of  

the  e l e c t r o d e p o s i t .  

11.  A  method  accord ing   to  Claim  10,  wherein  the  s c rape r   s c r a p e s  
not  more  than  0.1  of  the  c y l i n d r i c a l   area  of  the  e l e c t r o d e   in  one 

r e v o l u t i o n   t h e r e o f .  
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