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Electrolysis  cell  and  method  of  generating  halogen. 
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Halogen  is  produced  by  electrolyzing  an  aqueous  ha- 
lide  in  a  specially  designed  cell.  The  cell  comprises  an 
analyte  chamber  and  a  catholyte  chamber  separated  by  a 
permeable  membrane  or  diaphragm,  notably  an  ion  ex- 
change  (generally  cation  exchange)  polymer.  At  least  one 
electrode  comprises  at  least  two  sections.  One  section  com- 
prises  a  gas  and  electrolyte  permeable  layer,  sheet  or  mat 
having  a  catalytic  surface,  i.e.  one  having  a  low  overvolt- 
age,  (low  hydrogen  overvoltage  if  the  cathode  and  low  halo- 
gen  overvoltage  if  the  anode).  This  layer  is  spaced  from  the 

membrane  by  a  second  portion  comprising  an  electrocon- 
ductive  resiliently  compressible  layer  or  mat,  which  is  in 

contact  with  the  membrane  on  one  side  thereof,  the  other 
side  thereof  being  in  contact  with  the  main  cathode. 

This  second  or  spacer  section  advantageously  has  an 
electrode  surface  having  a  higher  overvoltage  than  the  first 

electrode  surface.  Preferably  the  cathode  has  the  above 
construction. 

Upon  electrolysis  of  alkali  metal  chloride  or  other  ha- 
lide  in  such  a  cell  and  with  a  cathode  of  the  type  described 
above,  a  low  voltage  is  obtained  even  at  high  current  densi- 

ties  and  the  cathode  efficiency  is  high. 



Thi s   a p p l i c a t i o n   is   a  c o n t i n u a t i o n   in  p a r t   of  c o p e n d i n g  

U n i t e d   S t a t e s   A p p l i c a t i o n   s e r i a l   number   2 6 8 , 4 3 1 ,   f i l e d  

May  2 9 ,  1 9 8 1   and  e n t i t l e d   " E l e c t r o l y s i s   C e l l   a n d  M e t h o d   o f  

G e n e r a t i n g   H a l o g e n "   which   in  t u r n   i s   a  c o n t i n u a t i o n   in  p a r t  

of  c o p e n d i n g . U n i t e d   S t a t e s   a p p l i c a t i o n   s e r i a l   number   2 1 2 , 1 7 2 ,  

f i l e d   December   2,  1980  e n t i t l e d   " E l e c t r o l y s i s   C e l l   a n d  

Method  of  G e n e r a t i n g   H a l o g e n "   wh ich   in  t u r n   is  a  c o n t i n a r i o n  

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

1 0 2 , 5 2 9 ,   f i l e d   December   11,  1979  e n t i t l e d   "Nove l   E l e c t r o l y s i s  

C e l l   and  Method  of  E l e c t r o l y z i n g   H a l i d e s "   and  new  U n i t e d  

S t a t e s   P a t e n t   4 , 3 4 0 , 4 5 2 ,   and  is   a  c o n t i n u a t i o n   in  p a r t   o f  

c o p e n d i n g   U n i t e d   S t a t e s   a p p l i c a t i o n   s e r i a l   number   3 8 2 , 6 9 1  

e n t i t l e d   "Novel   E l e c t r o l y s i s   C e l l   and  Method  of  E l e c t r o l y z i n g  

H a l i d e s "   wh ich   in  t u r n   is  a  d i v i s i o n   of  s a i d   U n i t e d   S t a t e s  

a p p l i c a t i o n   s e r i a l   number  1 0 2 , 6 2 9 .  

DESCRIPTION 

B a c k g r o u n d   A r t  

I t   i s   known  to  e l e c t r o l y z e   a q u e o u s   a l k a l i   m e t a l   c h l o r i d e  

or  l i k e   h a l i d e   in  a  membrane  c e l l   h a v i n g   an  ion   e x c h a n g e  

( n o r m a l l y   c a t i o n   e x c h a n g e )   membrane   w h i c h   s e p a r a t e s   a n o d e  

from  c a t h o d e .   S i n c e   the  membrane  i t s e l f   i s   g e n e r a l l y  

i m p e r m e a b l e   or  s u b s t a n t i a l l y   so  to  gas  and  l i q u i d   f l o w ,  

t he   e l e c t r o l y s i s   g e n e r a t e s   c h l o r i n e   a t   t he   anode   and  a l k a l i -  

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

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

One  t y p e   of  c e l l   wh ich   has  been   p r o p o s e d   f o r   s u c h  

e l e c t r o l y s i s   is  t h e   s o l i d   p o l y m e r   e l e c t r o l y t e   c e l l .  

A  s o l i d   p o l y m e r   e l e c t r o l y t e   c e l l   i s   c h a r a c t e r i z e d   by  a n  

ion  e x c h a n g e   membrane ,   which   s e p a r a t e s   e l e c t r o d e   of  the   c e l l  



' a n d   by  t h e   f a c t   t h a t   o n e  o r   p r e f e r a b l y   b o t h   e l e c t r o d e s   a r e  

in  c o n t a c t   w i th   t he   membrane .   The  s o l i d   p o l y m e r   e l e c t r o l y t e  

c e l l s   p r e s e n t   ( w i t h   r e s p e c t   to  c o n v e n t i o n a l   membrane   c e l l s  

in  wh ich   the   c a t h o d e   and  f r e q u e n t l y   bo th   anode   and  c a t h o d e  

a r e   s e p a r a t e d   from  the   m e m b r a n e ) ,   s e v e r a l   a d v a n t a g e s   u s e f u l  

in  d i f f e r e n t   e l e c t r o l y s i s   p r o c e s s e s .   More  p r e c i s e l y  :  

1)  The  o v e r a l l   v o l t a g e   b e t w e e n   e l e c t r o d e s   is   l o w e r   b e c a u s e  

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

t h e   membrane  T h i c k n e s s .  

2)  The  s o - c a l l e d   " b u b b l e   e f f e c t "   i s  e l i m i n a t e d   or   a t   l e a s t  

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

e l e c t r o l y t i c   p r o c e s s e s   where   gas  is   e v o l v e d   a t   t h e  

e l e c t r o d e   a c c u m u l a t e s   in  the   zone  b e t w e e n   e l e c t r o d e s  

i s   a v o i d e d   b e c a u s e   e v o l v e d   gas  can  be  r e l e a s e d   b e h i n d  

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

3)  The  c e l l   may  be  very   compac t   and  t h u s   t h e  o h m i c   d r o p s  

a t   t h e   c u r r e n t   d i s t r i b u t i o n   s t r u c t u r e s   can  be  r e d u c e d .  

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

in  t he   form  o f  t h i n   f l e x i b l e   s h e e t s   or  m e m b r a n e s .   G e n e r a l l y  

t h e y   a r e   i m p e r f o r a t e   a n d  d o   no t   p e r m i t   a  f low  o f   a n o l y t e   i n t o  

t h e   c a t h o d e   c h a m b e r   bu t   i t   has  a l s o   been  s u g g e s t e d   t h a t  

such   m e m b r a n e s   may  be  p r o v i d e d   w i t h   some  s m a l l   p e r f o r a t i o n s  

to  p e r m i t   a  s m a l l   f low  of  a n o l y t e   t h e r e t h r o u g h ,   a l t h o u g h   t h e  

b u l k   of  t h e   work  a p p e a r s   to  have  been  a c c o m p l i s h e d   w i t h   i m -  

p e r f o r a t e   m e m b r a n e s .  

T y p i c a l   p o l y m e r s   which   may  be  used   f o r   t h i s   p u r p o s e  

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

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

c o n t a i n   ion  e x c h a n g e   g r o u p s   a r e   used   fo r   t h i s   p u r p o s e .   T h e  

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

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

and  the   l i k e ,   which   a r e   a t t a c h e d   to  the  f l u o r o c a r b o n   p o l y -  

mer  c h a i n   t h r o u g h   c a r b o n   and  which   e x c h a n g e   c a t i o n s .  



However ,   t hey   may  a l s o   c o n t a i n   a n i o n   e x c h a n g e  g r o u p s .   T y p i c a l  

such  membranes   have  the  g e n e r a l  f o r m u l a :  

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

p o l y m e r s   m a n u f a c t u r e d   by  the   Du  Pon t   Company  u n d e r   t he   t r a d e  

name  of  " N a f i o n "   and  by  A s a h i   G l a s s   Company  of  J a p a n   u n d e r   t h e  

t r a d e   name  o f  " F l e m i o n " .   P a t e n t s   wh ich   d e s c r i b e   such   m e m b r a n e s  

i n c l u d e   B r i t i s h   P a t e n t   No.  1 , 1 8 4 , 3 2 1   and  U.S.   P a t e n t   No .  

3 , 2 8 2 , 8 7 5   and  U.S.  No.  4 , 0 7 5 , 4 0 5 .  

S i n c e   t h e s e   d i a p h r a g m s  a r e   ion  p e r m e a b l e   but   do  no t   p e r m i t  

a n o l y t e   f low  t h e r e t h r o u g h ,   l i t t l e   or  no  h a l i d e   i o n  m i g r a t e s  

t h r o u g h  t h e   d i a p h r a g m   or  such   a  m a t e r i a l   in  an  a l k a l i   c h l o r i d e  

c e l l   and  t h e r e f o r e   the   a l k a l i   t h u s   p r o d u c e d  c o n t a i n s   l i t t l e   o r  

no  c h l o r i d e   ion .   F u r t h e r m o r e ,   i t   i s  p o s s i b l e   to  p r o d u c e   a  m o r e  

c o n c e n t r a t e d   a l k a l i   m e t a l   h y d r o x i d e   in  w h i c h   the  c a t h o l y t e  

p r o d u c e d   may  c o n t a i n   from  15  to  45%  NaOH  by  w e i g h t  o r   o v e r  

h i g h e r .   P a t e n t s   which   d e s c r i b e   such a  p r o c e s s   i n c l u d e   U . S .  

P a t e n t s   No.  4 , 1 1 1 , 7 7 9   and  No.  4 , 1 0 0 , 0 5 0   and  many  o t h e r s .  

The  a p p l i c a t i o n   of  an  ion  e x c h a n g e   membrane   as  an  ion   p e r m e a b l e  

d i a p h r a g m   has   been  p r o p o s e d   f o r   o t h e r   u s e s   such   as  i n  w a t e r  

e l e c t r o l y s i s .  

In  c e l l s   of  t he   t y p e   c o n t e m p l a t e d ,   t he   c a t h o d e   is   i n  

c l o s e   p r o x i m i t y   to  o r   in  d i r e c t   c o n t a c t   w i t h   t he   ion   e x c h a n g e  

membrane .   They  must  b e  s u f f i c i e n t l y   p e r m e a b l e   to  p e r m i t   r a p i d  

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

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

as   we l l   as  r a p i d   r e m o v a l   of  e v o l v e d   a l k a l i   or  o t h e r   e l e c t r o -  

l y s i s   p r o d u c e d   from  such  p o i n t s .   Thus  the  e l e c t r o d e s   a r e  

n o r m a l l y   q u i t e   p o r o u s .  



One  d i f f i c u l t y   which   has  been  e n c c u n t e r e d   w i t h   p e r m e a b l e  

c a t h o d e s   which  a re   in  d i r e c t   c o n t a c t   w i th   o r  b o n d e d   to  t h e  

m e m b r a n e   is  t h a t   c a t h o d i c   e f f i c i e n c y   is  r e l a t i v e l y   loy  f o r  

example   85%  or  below  and  t h a t   oxygen   in  a p p r e c i a b l e   c o n c e n t r a t -  

i o n ,   f o r   e x a m p l e   above   0.5  to  1%  or  more  by  v o l u m e ,   is  e v o l v e d  

i n   t h e   c h l o r i n e   p r o d u c e d .  

A p p a r e n t l y   some  p o r t i o n   of  the   a l k a l i   m e t a l   h y d r o x y l  

e v o l v e d   at   t he   c a t h o d e   t e n d s   to  m i g r a t e   t h r o u g h   the   m e m b r a n e .  

T h i s   may  be  due  to  t he   f a c t   t h a t   c a u s t i c   soda  p r o d u c e d   a t   t h e  

i n t e r f a c e   i s   no t   s u f f i c i e n t l y   and  u n i f o r m l y   d i l u t e d   by  t h e  

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

The  h i g h   a l k a l i n i t y   may  i n d u c e   d e h y d r a t i o n   of  t he   m e m b r a n e  

. w i t h   c o n s e q u e n t   d e c r e a s e   of  t he   e l e c t r i c a l   c o n d u c t i v i t y ,   m o r e -  

o v e r   t h e   h i g h   c o n c e n t r a t i o n   g r a d i e n t   i n c r e a s e s   the   b a c k - d i f f u s -  

i o n   of  t he   h y d r o x y l   i o n s   t o w a r d s   the   anode   w i t h   a  r e s u l t i n g  

l o s s   of  t he   f a r a d a y   e f f i c i e n c y .  

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

i n  t h e   n .embrane  may  c a u s e   membrane  s h r i n k i n g   and  m e m b r a n e  

s w e l l i n g   in  l o c a l i z e d  a r e a s   and  c o n t i n u a l   c h a n g i n g   of  t h e s e  

e v e n t s   and  t h i s   may  r e s u l t   in  d e t a c h m e n t   a n d / o r   l o s s   o f  

c a t h o d e   l a y e r   or  c a t h o i d c   m a t e r i a l .   W h a t e v e r   the   a c t u a l  

m e c h a n i s m ,   t he   a d v e r s e   r e s u l t s   r e f e r r e d  t o   above  a c c r u e .  

Bes t   and  V a r i o u s   Modes  o f  

C a r r y i n g  o u t   the   I n v e n t i o n  

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

g e n e r a t e d   by  e l e c t r o l y z i n g   an  a q u e o u s   h a l i d e   in  an  e l e c t r o -  

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

an  ion   p e r m e a b l e   s e p a r t o r ,   p r e f e r a b l y   an  ion  e x c h a n g e   p o l y m e r  

a n d   where   a t   l e a s t   one  e l e c t r o d e ,   p r e f e r a b l y   the  c a t h o d e ,  

has  two  l a y e r s .   The  f i r s t   l a y e r   is  r e s i s t a n t   to  c h e m i c a l   a n d  

e l e c t r o c h e m i c a l   a t t a c k   and  has  a  low  o v e r v o l t a g e   b e i n g  

r e a d i l y   c a p a b l e   of  f u n c t i o n i n g   as  an  e l e c t r o d e   and  e v o l v i n g  

e l e c t r o l y s i s   p r o d u c t   by  e l e c t r o l y s i s .   The  second   such  l a y e r  



has  a  h i g h e r   o v e r v o l t a g e   ( h y d r o g e n   o v e r v o l t a g e   in  t h e  e a s e   o f  

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

a n o d e   s u r f a c e )   and  is  be tween   the   l o w e r ' o v e r v o l t a g e   s u r f a c e  

a n d   the  membrane ,   g e n e r a l l y   b e i n g   in  d i r e c t   c o n t a c t   w i t h   t h e  

m e m b r a n e .   Of  c o u r s e   bo th   s u r f a c e s   a re   e l e c t r o c o n d u c t i v e   a n d  

a r e   c a p a b l e   of  be ing   p o l a r i z e d   as  an  e l e c t r o d e .   F u r t h e r m o r e  

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

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

S i n c e   the   f i r s t   or  r e a r   most   c a t h o d e   s e c t i o n   has   a  l o w e r  

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

e n g a g i n g   the   membrane  a  ma jo r   p o r t i o n   and  even  s u b s t a n t i a l l y  

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

by  the   s p a c e r   or  b a r r i e r   from  t h e   membrane  as  d i s t i n g u i s h e d  

f r o m   on  or  c l o s e   to  the   membrane  s u r f a c e .  

T h e  c a t h o d e  w h e r e   the   m a j o r   e l e c t r o l y s i s   t a k e s  p l a c e   i s  

r e a d i l y   p o r o u s   and  p e r m i t s   r e a d y   f low  i n c l u d i n g   l a t e r a l   f l o w -  

o f   c a t h o l y t e   t h e r e t h r o u g h .   Thus  i t   may  be  in  t h e   form  of  f i n e  

mesh   f l e x i b l e   e l e c t r o c o n d u c t i v e   m e t a l   s c r e e e n   h a v i n g   3  to  10 

mesh   o p e n i n g s   per  c e n t i m e n t e r   or  a  mat  of  u n d u l a t i n g   w i r e  

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

p o i n t s   of  c o n t a c t   b e t w e e n   the   c o n d u c t i v e   s e c o n d   l a y e r   o r  
s p a c e r   and  the   main  c a t a l y t i c   c a t o d e   s e c t i o n   w h e r e b y   c a t h o l y t e  
may  f l o w  e d g e w i s e   a l o n g   the   c a t a l y t i c   c a t h o d e   s u r f a c e   a n d  
a d j a c e n t   t h e s e   p o i n t s   t h e r e b y   s w e e p i n g   away  e v o l v e d   a l k a l i  
f rom  t he   f r o n t   p o r t i o n   of  t he   c a t h o d e ,   as  w e l l   as  f rom  t h e  
a r e a s   r e m o t e   from  the   membrane .   -  

For  e x a m p l e ,   the   more  a c t i v e   c a t h o d e   l a y e r   may  have  a  
s u r f a c e   c o m p r i s i n g   a  p l a t i n u m   g roup   m e t a l   or  o x i d e   t h e r e o f  
which   has  a  ve ry   low  h y d r o g e n   o v e r v o l t a g e .   In  t h a t   c a s e   t h e  
. i n t e r m e d i a t e   s p a c e r   of  l a y e r   can  have  an  e l e c t r o c o n d u c t i v e  
s u r f a c e   o f  a   me ta l   or  of  an  o x i d e   wh ich   is  h i g h e r   i n  o v e r v o l t a g e .  
A  p o r o u s   s i l v e r   or  s t a i n l e s s   s t e e l   or  n i c k e l   s c r e e n  m a y   be  u s e d  
fo r   t h i s   p u r p o s e .   As  w i l l   be  u n d e r s t o o d  o t h e r   c o n d u c t i v e  m a z e r i a l s  
which  a re   r e s i t a n t   to  c o r r o s i o n   in  the  a l k a l i n e   c a t h o d e   a r e a   may 
a l s o   be  u s e d .  



The  i n t e r m e d i a t e   s e c t i o n   i n  a n y   c a s e   is   p o r o u s   and  p e r m e a b l e  

to  e l e c t r o l y t e .   Being  q u i t e   e l e c t r o c o n d u c t i v e ,   i t   may  c e  

o p e r a t e   in  t r a n s m i t t i n g   c u r r e n t   to  the   more  r e m o t e   a c t i v e  

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

A c c o r d i n g   to  the  p r e f e r r e d   e m b o d i m e n t   of  the   p r e s e n t  

i n v e n t i o n ,   t he   i n t e r m e d i a t e   or  s p a c e r   l a y e r   of  the  m u l t i -  

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

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

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

l a y e r .  

The  r e s i l i e n t l y   c o m p r e s s i b l e   w i r e   mat  f o r m i n g   the   i n t e r -  

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

c o m p r e s s e d ,   upon  a s s e m b l y   of  t he   c e l l ,   b e t w e e n   the   m e m b r a n e  

and  t h e   a c t i v e   or  c a t a l y t i c   l a y e r   of  t h e  c a t h o d e .   T h e r e f o r e  

t h e   i n t e r m e d i a t e   r e s i l i e n t   l a y e r   e x e r t s   an  e l a s t i c   r e a c t i o n  

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

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

t h e   membrane   and  t h a t   of  the   a c t i v e   c a t h o d e .   Thus  the   r e s i l i e n t -  

ly   c o m p r e s s e d   wi re   mat  f o r m i n g   t h e   i n t e r m e d i a t e   or  s p a c e r  

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

the   main  a c t i v e  l a y e r   of  t he   e l e c t r o d e   and  t he   s u r f a c e   of  t h e  

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

f rom  f l u t t e r i n g   under   the   a c t i o n   of  t he   gas  b u b b l e s   i n d u c e d  

t u r b o l e n c e   of  b o t h   the   a n o l y t e   and  t h e   c a t h o l y t e   or  f r o m  

b e n d i n g   t o w a r d s   the   anode  or  t h e   c a t h o d e   u n d e r   t he   a c t i o n   o f  

v a r y i n g   h y d r a u l i c   heads   d i f f e r e n t i a l s .   T h i s   i s   of  g r e a t  

i m p o r t a n c e   s i n c e   i t   has  been   f o u n d   t h a t   membranes   wh ich   w e r e  

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

to  m a i n t a i n   them  f i r m l y   in  p l a c e   a re   o f t e n   s u b j e c t e d   to  c h a f i n g  

by  t h e   c o n t i n u o u s   r u b b i n g   of   t h e   membrane   a g a i n s t   t h e   f o r a m i n o u  

m e t a l   e l e c t r o d e s .  

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

a r e   p r o v i d e d   on  one  s i d e   by  The  s u b s t a n t i a l l y   r i g i d   f o r a m i n o u s  

anode   a g a i n s t   which  the  f l e x i b l e   membrane   b e a r s   and  on  t h e  

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



which  may  i t s e l f   be  the  a c t i v e   c a t a l y t i c   l a y e r   of  t h e  

c a t h o d e   or  i t   may  be  the  c u r r e n t   d i s t r i b u t o r   a g a i n s t   w h i c h  

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

In  the   l a t t e r   c a s e   the   r e s i l i e n t l y   c o m p r e s s e d   mat  h a s  

two  f u n c t i o n s ;   one  is  to  p r o v i d e   and  s e c u r e   a  c e r t a i n   s e p a r a t -  

.  i o n ,   p r e f e r a b l y   from  1  to  4  mm,  b e t w e e n   the   s u r f a c e   of  t h e  

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

o p e r a t i o n   of  the   c e l l ,   the   o t h e r   is  to  p r e s s   the  a c t i v e  

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

f o r   a  s a t i s f a c t o r y   o p e r a t i o n   of  the   c a t h o d e .  

C o n s i d e r i n g   t h a t   the   a c t i v e   c a t h o d e   l a y e r   most  a d v a n t a g e o u s -  

l y   is  made  of  a  c a t h o l y t e   r e s i s t a n t   m e t a l   such  as  i r o n ,  

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

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

a s   a  n o b l e   m e t a l   ( P t ,   Rh,  Ru,  I r ,   Pd)  or  a l l o y   t h e r e o f   o r  

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

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

t o   the   main  c a t h o d e   l a y e r ,   a r e   s e l d o m   p e r m a n e n t   but   need   t o  

b e   r e n e w e d   a f t e r   a  c e r t a i n   p e r i o d   of  o p e r a t i o n ,   i t   is  e v i d e n t  

t h a t   a  g r e a t   a d v a n t a g e   d e r i v e s   from  the   p o s s i b i l i t y ,   o f f e r e d  

b y   t h i s ' p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n ,   to  s u b s t i t u t e  

the   worn  ou t   a c t i v e   c a t h o d e   l a y e r   w i t h o u t   h a v i n g   to  d i s c o n n e c t  

or  to  cu t   we lds   and  to  weld  or  c o n n e c t   b a c k  i n   p l a c e   t h e  

newly  c o a t e d   c a t h o d e .  

In  f a c t ,   in  the   c e l l   of  t he   p r e s e n t   i n v e n t i o n ,   t h e  

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

s c r e e n   w h i c h   is  s i m p l y   s a n d w i c h e d   b e t w e e n   the   r e s i l i e n t l y  

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

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

as  the   c u r r e n t   d i s t r i b u t i o n   means  to  the   a c t i v e   c a t h o d e   l a y e r .  

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

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



to  a  r e d u c t i o n   o f  u p   to  60  p e r c e n t   or  more  of  i t s   u n c o m p r e s s e d  

t h i c k n e s s   a g a i n s t   the   membrane  by  a p p l i c a t i o n   of  p r e s s u r e  

' f r o m   t h e  c o m p r e s s i o n   means ,   i t   is  a l s o   c a p a b l e   o f  s p r i n g i n g  

b a c k   s u b s t a n t i a l l y   to  i t s   i n i t i a l   t h i c k n e s s   upon  r e l e a s e   o f  

the  c l a m p i n g   p r e s s u r e .   Thus ,   by  i t s  e l a s t i c   r e a c t i o n   m e m o r y ,  

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

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

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

w i t h   which   i t   i s   in  c o n t a c t .   I t   is  f l e x i b l e   enough  to  b e n d  

i n   a l l   d i r e c t i o n s   and  to  assume  the  c o n t o u r s   of  the   m e m b r a n e .  

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

o f   the   e l e c t r o l y t e   to  and  from  the  m e m b r a n e  s u r f a c e .  

Thus ,   t he   c o m p r e s s i b l e   l a y e r   i s   open  in  s t r u c t u r e   a n d  

i n c l u d e s   a  l a r g e   f r e e   vo lume .   The  r e s i l i e n t l y   c o m p r e s s i b l e  

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

g e n e r a l l y   b e i n g   made  of  a  m e t a l   r e s i s t a n t   to  the   e l e c t r o -  

c h e m i c a l   a t t a c k   of  t h e   e l e c t r o l y t e   in  c o n t a c t   t h e r e w i t h   a n d  

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

main  a c t i v e   e l e c t r o d e   l a y e r .  

A  p r e f e r r e d   embod imen t   of  the   r e s i l i e n t   s p a c e r   l a y e r  

:o f   the   p r e s e n t   i n v e n t i o n   is   c h a r a c t e r i z e d   in  t h a t   i t   c o n s i s t s  

o f   a  s u b s t a n t i a l l y   open  mesh,   p l a n a r ,   e l e c t r o c o n d u c t i v e  

m e t a l - w i r e   a r t i c l e   or  s c r e e n   h a v i n g   an  open  n e t w o r k   and  i s  

c o m p r i s e d   of  w i r e   or  f a b r i c   r e s i s t a n t   to  the  e l e c t r o l y t e  

and  the   e l e c t r o l y s i s   p r o d u c t s   and  in  t h a t   some  or  a l l   o f  

t h e   w i r e s   form  a  s e r i e s   of  c o i l s ,   waves  or  c r i m p s   or  o t h e r  

' u n d u l a t i n g   c o n t o u r   whose  d i a m e t e r   or  a m p l i t u d e   is  s u b s t a n t i a l l y  

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

to  t he   a r t i c l e   t h i c k n e s s ,   a l o n g   a t   l e a s t   one  d i r e c t r i x  

p a r a l l e l   to  t he   p l a n e   of   the   a r t i c l e .   Of  c o u r s e   such  c r i m p s  

o r   w r i n k l e s   a r e   d i s p o s e d -   in  the   d i r e c t i o n   a c r o s s   the  t h i c k n e s s  

of  the   s c r e e n .  



These   w r i n k l e s   in  the  form  of  c r i m p s ,   c o i l s ,   w a v e s  o r  

the  l i k e   have  s i d e   p o r t i o n s   which  a re   s l o p e d  o r   c u r v e d   w i t h  

r e s p e c t   to  the  a x i s   normal   to  the  t h i c k n e s s   of  t h e   w r i n k l e d  

f a b r i c   so  t h a t ,   when  the  l a y e r   is  c o m p r e s s e d ,   some  d i s p l a c e -  

ment  a n d  p r e s s u r e   is  t r a n s m i t t e d   l a t e r a l l y   so  as  to  make  

d i s t r i b u t i o n   of  p r e s s u r e   more  u n i f o r m   o v e r   the   e l e c t r o d e  

a r e a   or  s u r f a c e .   Some  c o i l s   or  wire   l o o p s   w h i c h ,   b e c a u s e  

of  i r r e g u l a r i t i e s   on  the  p l a n a r i t y   or  p a r a l l e l i s m   of  t h e  

s u r f a c e   c o m p r e s s i n g   the  f a b r i c ,   may  be  s u b j e c t e d   to  a  

c o m p r e s s i v e   f o r c e   g r e a t e r   t h a n   t h a t   a c t i n g   on  a d j a c e n t   a r e a s ,  

a re   c a p a b l e   of  y i e l d i n g  m o r e   to  d i s c h a r g e   the   e x c e s s   f o r c e  

by  t r a n s m i t t i n g   i t   to  the  n e i g h b o r i n g   c o i l s   or  w i r e   l o o p s .  

T h e r e f o r e ,   t h e   f a b r i c   is  e f f e c t i v e   in  a c t i n g   as  a  p r e s s u r e  

e q u a l i z e r   to  a  s u b s t a n t i a l   e x t e n t   and  in  p r e v e n t i n g   t h e  

e l a s t i c   r e a c t i o n   f o r c e   a c t i n g   on  a  s i n g l e   c o n t a c t   p o i n t   t o  

exceed   t he   l i m i t   whereby   the  membrane  is   e x c e s s i v e l y   p i n c h e d  

or  p i e r c e d .   Of  c o u r s e ,   such  s e l f - a d j u s t i n g   c a p a b i l i t i e s   o f  

the  r e s i l i e n t   l a y e r   are   e l s o   i n s t r u m e n t a l   in  o b t a i n i n g   a  

good  and  u n i f o r m   c o n t a c t   d i s t r i b u t i o n   o v e r   t he   e n t i r e  

s u r f a c e   of  the   e l e c t r o d e .  

One  ve ry   e f f e c t i v e   embod imen t   d e s i r a b l y   c o n s i s t s   of  a  

s e r i e s   of  h e l i c o i d a l   c y l i n d r i c a l   s p i r a l s   of  w i r e   whose  c o i l s  

are   m u t u a l l y   wound  w i t h   the   ones   of  t he   a d j a c e n t   s p i r a l   i n  

an  i n t e r m e s h e d   or  i n t e r l o o p e d   r e l a t i o n s h i p .   The  d i a m e t e r   o f  

t h e   s p i r a l s   is  5  to  10  or  more  t i m e s   the   d i a m e t e r   of  t h e  

wire   of  t he   s p i r a l s .   A c c o r d i n g   t o  t h i s   p r e f e r r e d   a r r a n g e -  

ment ,   t he   wire   h e l i x   i t s e l f   r e p r e s e n t s   a  v e r y   s m a l l   p o r t i o n  

of  t he   volume  e n c l o s e d   by  the  h e l i x   and  t h e r e f o r e   t he   h e l i x  

is  open  on  a l l   s i d e s   t h e r e b y   p r o v i d i n g   an  i n t e r i o r   c h a n n e l  

to  p e r m i t   c i r c u l a t i o n   of  the   e l e c t r o l y t e .  



I t   is  n o t ,   h o w e v e r ,   n e c e s s a r y   f o r   the  h e l i c o i d a l  

c y l i n d r i c a l  s p i r a l s  t o   be  wound  in  an  i n t e r m e s h e d   r e l a t i o n -  

s h i p   w i t h   t he   a d j a c e n t   s p i r a l s   as  p r e v i o u s   d e s c r i b e d ,   a n d  

t h e y   may  a l s o   c o n s i s t   of  s i n g l e   a d j a c e n t   m e t a l   wi re   s p i r a l s .  

I n   t h i s   c a s e ,   the   s p i r a l s   a r e   j u x t a p o s e d   one  b e s i d e   a n o t h e r  

w i t h   the   r e s p e c t i v e   c o i l s   b e i n g   m e r e l y   engaged   in  an  a l t e r n a t e  

s e q u e n c e .  

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

c o n s i s t s   of  a  c r i m p e d   k n i t t e d   mesh  or  f a b r i c   of  m e t a l   w i r e  

w h e r e i n   e v e r y   s i n g l e   w i re   forms  a  s e r i e s   of   waves  of   a n  

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

o f   the   k n i t t e d   mesh  or   f a b r i c .   As  an  a l t e r n a t i v e ,   two  or   m o r e  

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

b y   f o r m i n g   may  be  s u p e r i m p o s e d   one  upon  a n o t h e r   t o . o b t a i n  

a  l a y e r   of  t he   d e s i r e d   t h i c k n e s s .  

The  c r i m p i n g   o f . t h e   m e t a l   mesh  or  f a b r i c   i m p a r t s   t o  

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

t o   c o m p r e s s i o n   u n d e r   a  l oad   which  may  be  a t   l e a s t   a b o u t  

. 5 0 - 2 0 0 0   grams  pe r   s q u a r e   c e n t i m e t e r   ( g / c m 2 )  o f   s u r f a c e  

a p p l y i n g   t he   p r e s s u r e .  

The  mat  i s   c a p a b l e   of  b e i n g   c o m p r e s s e d   to  a  much  l o w e r  

t h i c k n e s s   and  v o l u m e .   For  e x a m p l e ,   i t   may  be  c o m p r e s s e d  

t o   a b o u t   50  to  90  p e r c e n t   or  even  l e s s e r   p e r c e n t   of  i t s  

i n i t i a l   volume  a n d / o r   t h i c k n e s s   and  i s ,   t h e r e f o r e ,   p r e s s e d  

or  c o m p r e s s e d   b e t w e e n   the   membrane  and  the   a c t i v e   c a t h o d e  

l a y e r .  

The  mat  i s   m o v e a b l e   or  s l i d e a b l e   w i th   r e s p e c t   to  t h e  

a d j a c e n t   s u r f a c e s   of   t h e   membrane  and  of  the   a c t i v e   c a t h o d e  

l a y e r   b e t w e e n   which   i t   is  c o m p r e s s e d .   When  c l a m p i n g   p r e s s u r e  
is   a p p l i e d ,   t he   w i re   l o o p s   or   c o i l s   c o n s t i t u t i n g   t he   r e s i l i e n t  



mat  may  d e f l e c t   and  s l i d e   l a t e r a l l y   and  d i s t r i b u t e   p r e s s u r e  

u n i f o r m l y   o v e r   the  e n t i r e   s u r f a c e s   w i th   which   i t   c o n t a c t s .  

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

is  e l a s t i c a l l y   memorized   by  e v e r y   s i n g l e   c o i l   or  wave  o f  

the  m e t a l   w i r e s   f o r m i n g   the  s p a c e r   l a y e r .  

P r e f e r a b l y ,   the  r e s i l i e n t   mat  is  c o m p r e s s e d   to  a b o u t  

8 0   to  30  per   c e n t   of  i t s   o r i g i n a l   u n c o m p r e s s e d   t h i c k n e s s  

unde r   a  c o m p r e s s i o n   p r e s s u r e   which  is  c o m p r i s e d   b e t w e e n   50 

a n d   2000  grams  per  s q u a r e   c e n t i m e t e r   of  p r o j e c t e d   a r e a .  

Even  in  i t s   c o m p r e s s e d   s t a t e ,   the   r e s i l i e n t   mat  must   b e  

h i g h l y   p o r o u s   and  the  r a t i o   b e t w e e n   the   v o i d s   volume  and  t h e  

a p p a r e n t   volume  of  the   c o m p r e s s e d   mat  e x p r e s s e d   in  p e r c e n t a g e  

i s   a d v a n t a g e o u s l y   a t   l e a s t   7 5 % . ( r a r e l y   be low  50%)  a n d  p r e f e r -  

a b l y   is  c o m p r i s e d   b e t w e e n   85%  and  96%. 

The  d i a m e t e r   of  the   wire   u t i l i z e d   may  v a r y   w i t h i n   a  - 

w i d e   r a n g e   d e p e n d i n g   on  the  t ype   of  f o r m i n g   or  t e x t u r i n g  

b e i n g   low  enough   in  any  e v e n t   to  o b t a i n   the   d e s i r e d   c h a r a c t e r -  

i s t i c s   of  r e s i l i e n c y - a n d   d e f o r m a t i o n   a t   the   c e l l - a s s e m b l y  

p r e s s u r e .   An  a s s e m b l y   p r e s s u r e   c o r r e s p o n d i n g   to  a  l o a d   b e t w e e n  

50  and  500  g/cm2  of  e l e c t r o d i c   s u r f a c e   is   n o r m a l l y   r e q u i r e d  

to  o b t a i n   a  good  e l e c t r i c a l   c o n t a c t   b e t w e e n   the   a c t i v e  

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

s t r u c t u r e s   or  c o l l e c t o r s   a l t h o u g h   h i g h e r   p r e s s u r e s   may  b e  
u s e d .  

I t   has  been  found  t h a t   by  p r o v i d i n g   a  d e f o r m a t i o n   of  t h e  

r e s i l i e n t   s p a c e r   l a y e r   of  the   i n v e n t i o n   of  a b o u t   1 .5  to  3 

m i l l i m e t e r s   (mm)  which  c o r r e s p o n d s   to  a  c o m p r e s s i o n   n o t  

g r e a t e r   t h a n   60%  of  the  t h i c k n e s s   of  the   n o n - c o m p r e s s e d  

a r t i c l e ,   a t   a  p r e s s u r e   of  a b o u t   400  g/m2  of  p r o j e c t e d   s u r f a c e  

a  c o n t a c t   p r e s s u r e   at  the  a c t i v e   c a t h o d e   l a y e r   may  be  o b t a i n e d  



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

d e v e l o p m e n t   and  wi th   d e v i a t i o n s   f rom  p l a n a r i t y   up  to  2  m i l l i m e t e r s  

pe r   m e t e r   ( m m / m ) .  

The  m e t a l   w i re   d i a m e t e r   is  p r e f e r a b l y   b e t w e e n   0.1  or  e v e n  

l e s s   and  0 .3   m i l l i m e t e r s ,   w h i l e   t he   t h i c k n e s s   of  the  n o n - c o m p r e s -  

sed  a r t i c l e ,   t h a t   i s ,   e i t h e r   the   c o i l s '   d i a m e t e r   or  t he   a m p l i t u d e  

o f  t h e   c r i m p i n g   i s  5   or  more  t i m e s   the   w i r e   d i a m e t e r ,   p r e f e r a b l y  

i n  t h e   r a n g e   o f  4   to  10  m i l l i m e t e r s .   Thus  i t   w i l l   be  a p p a r e n t  

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

t h e   p o r p o r t i o n   of  o c c u p i e d   volume  which   i s  f r e e   and  open  t o  

e l e c t r o l y t e   f l o w   and  gas  f l o w .  

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

h e l i x e s )   f a b r i c s   d e s c r i b e d   a b o v e ,   t h i s   p e r c e n t   of  f r e e   v o l u m e  

i s   a b o u t   75%  of   t he   t o t a l   vo lume   o c c u p i e d   by  the  f a b r i c   and  t h i s  

p e r c e n t   of   f r e e   volume  r a r e l y   s h o u l d   be  l e s s   t h a n   25%  and  p r e f e r -  

a b l y   s h o u l d   n o t   be  l e s s   t han   50%.  P r e s s u r e   d rop   in  the   f low  o f  

gas  and  e l e c t r o l y t e   t h r o u g h   such  a  f a b r i c   is  n e g l i g i b l e .  

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

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

in  t he   a c c o m p a n y i n g   d r a w i n g s   in  w h i c h  :  

F i g u r e  1   i s   a  d i a g r a m m a t i c   h o r i z o n t a l   s e c t i o n a l   v i e w  

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

a n d  

F i g u r e   2  i s   a  d i a g r a m m a t i c   v e r t i c a l   s e c t i o n a l   view  o f  

t h e   c e l l   o f   F i g .   1 .  

As  s h o w n ,   the   c e l l   c o m p r i s e s   an  anode   end  p l a t e   1  a n d  

a  c a t h o d e   end  p l a t e   2,  bo th   m o u n t e d   in  a  v e r t i c a l   p l a n e   w i t h  

each   e n d - p l a t e   in  the   form  of  a  c h a n n e l   h a v i n g   s i de   w a l l s  

r e s p e c t i v e l y   e n c l o s i n g   an  anode   s p a c e   3  and  a  c a t h o d e   s p a c e   4 .  



Each  end  p l a t e   a l s o   has  a  p e r i p h e r a l   s e a l   s u r f a c e   on  s i d e - w a l l s  

p r o j e c t i n g   on  each  s ide   of  the  c e l l   from  the  p l a n e  ' o f   t h e  

r e s p e c t i v e   end  p l a t e ,   5  b e i n g   the  anode  s e a l   s u r f a c e   and  6 ,  

be ing   t h e   c a t h o d e   s ea l   s u r f a c e .   These  s u r f a c e s ,   wi th   t h e  

' i n t e r p o s i t i o n   of  s u i t a b l e   g a s k e t s ,   not  shown  in  the  d r a w i n g ,  

bear   a g a i n s t   a  membrane  or  d i a p h r a g m   7,  which  s t r e t c h e s   a c r o s s  

the  e n c l o s e d   space   b e t w e e n   the  s ide   w a l l s   s e p a r a t i n g   anode   f r o m  

c a t h o d e .  

The  anode  8  may  c o m p r i s e   a  r e l a t i v e l y   r i g i d   u n c o m p r e s s -  

i b l e   s h e e t   of  expanded   t i t a n i u m   me ta l   or  o t h e r   p e r f o r a t e ,  

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

p a s s i v a t a b l e   c o a t i n g   t h e r e o n   such  as  a  me t a l   or   o x i d e   or  m i x e d  

o x i d e   of  a  p l a t i n u m   group  m e t a l . - T h i s   s h e e t   is  s i z e d   to  f i t  

w i t h i n   t he   s i de   w a l l s   of  the   anode  back  p l a t e   and  i s  s u p p o r t e d  

- r a t h e r   r i g i d l y   by  spaced   e l e c t r o c o n d u c t i v e   r i b s   109  which   a r e  

f a s t e n e d   to  and  p r o j e c t   from  the   web  or  base   of  the  anode   e n d -  

p l a t e p l a t e   1.  The  s p a c e s   b e t w e e n   the   r i b s   p r o v i d e   fo r   r e a d y  

f low  of  a n o l y t e   which  is  fed  i n t o   the   b o t t o m   and  w i t h d r a w n   f r o m  

the   top  of  such  s p a c e s .   The  e n t i r e   end  p l a t e   and  r i b s   may  b e  

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

.or  o t h e r   s u i t a b l e   m a t e r i a l .   The  r i b   ends  b e a r i n g   a g a i n s t   t h e  

anode  s h e e t   108  m a y  o r   not   be  c o a t e d ,   e . g .   w i t h   p l a t i n u m   o r  

l i k e   me ta l   to  improve   e l e c t r i c a l   c o n t a c t   and  the   anode  s h e e t   8 

may,  i f   d e s i r e d ,   be  we lded   to  the   r i b s   9.  The  anode  r i g i d  

f o r a m i n o u s   s h e e t   8  is  he ld   f i r m l y   in  an  u p r i g h t  p o s i t i o n .   T h i s  

s h e e t   may  be  of  e x p a n d e d   m e t a l   h a v i n g   u p w a r d l y   i n c l i n i n g   o p e n -  
i ngs   10  d i r e c t e d   away  from  the   membrane  ( s ee   F ig .   2)  to  d e f l e c t  

r i s i n g   gas  b u b b l e s   t o w a r d s   the   space   9  and  away  from  t h e  

m e m b r a n e .  

On  the  c a t h o d e   s i d e ,   r i b s   11  e x t e n d   o u t w a r d   from  the   b a s e  

of  the  c a t h o d e   end  p l a t e   2 a  d i s t a n c e   which  is  a  f r a c t i o n   o f  

the  e n t i r e   d e p t h   of  the   c a t h o d e   space   4.  These  r i b s  a r e   s p a c e d  



a c r o s s   the  c e l l   t o  p r o v i d e   p a r a l l e l   space   fo r   v e r t i c a l   e l e c t r o -  

l y t e   f low  from  b o t t o m   to  top  and  engage   the  c a t h o d e ,   which   i s  

in  s h e e t   or  l a y e r   form.  The  c a t h o d e   end  p l a t e   and  r i b s   may  be  

m a d e   of  s t e e l   or  a  n i c k e l   i r on   a l l o y   or  o t h e r   c a t h o d i c a l l y  

r e s i s t a n t   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 .   On  the  c o n d u c t i v e   r i b s   1 1  

i s   we lded   a  r e l a t i v e l y  r i g i d   p r e s s u r e   p l a t e   12,  which  is   p e r -  
f o r a t e   and  r e a d i l y   a l l o w s   c i r c u l a t i o n   of  e l e c t r o l y t e   f rom  o n e  

s i d e   t h e r e o f   to  the  o t h e r .   G e n e r a l l y   t h e s e   o p e n i n g s   or  l o u v e r s  

a re   i n c l i n e d   upward   and  away  from  the  membrane  or  c o m p r e s s i b l e  

e l e c t r o d e   t o w a r d   the   spece   4  ( see   a l s o   F ig .   2)  The  p r e s s u r e  

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

to  t he   e l e c t r o d e   and  to  app ly   p r e s s u r e   t h e r e t o   and  i t   may  b e  

made  o f  e x p a n d e d   m e t a l   or  h e a v y  s c r e e n   of  s t e e l ,   n i c k e l ,   c o p p e r  

or  a l l o y s   t h e r e o f .  

The  main  or  a c t i v e   c a t h o d e   l a y e r   may  a d v a n t a g e o u s l y   b e  

made  of  a  f i n e   f l e x i b l e   s c r e e n   13  of  a  c a t h o d i c a l l y  r e s i s t a n t  

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 ,   such  as  n i c k e l ,   s t a i n l e s s   s t e e l ,  

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

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

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

s o l u t i o n s   a r e   known  in  the  a r t ,   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  

a re   the   n o b l e   m e t a l s   such  as  p l a t i n u m ,   r u t h e n i u m ,   p a l l a d i u m ,  

r h o d i u m ,   i r i d i u m   and  osmium,  t h e i r   a l l o y s   and  o x i d e s ,   R a n e y  

n i c k e l ,   mo lybdenum  and  t u n g s t e n   a l l o y s .   Any  of  t h e s e   m a t e r i a l s  

can  he  used   s u c c e s s f u l l y   to  c o a t   the  c a t h o d e   s c r e e n .  

The  r e s i l i e n t l y   c o m p r e s s i b l e   s p a c e r   l a y e r   14,  i n t e r p o s e d  

b e t w e e n   membrane  7  and  the  main  a c t i v e   l a y e r   13  may  be  made  o f  

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

which  f a b r i c   i s   a d v a n t a g e o u s l y   an  open  mesh  k n i t t e d - w i r e   mesh  

of  the   t ype   d e s c r i b e d   in  U.S.  P a t e n t   No.  4 , 3 4 3 , 6 3 0 ,   w h e r e i n  

t h e : w i r e   s t r a n d s   a re   k n i t t e d   i n t o   a  r e l a t i v e l y   f l a t   f a b r i c  



with   i n t e r l o c k i n g   l o o p s .   This  f a b r i c   is  then   c r i s p e d   o r  

w r i n k l e d   i n t o   a  w a v e  o r   u n d u l a t i n g   form  w i th   the   waves  b e i n g  

c l o s e   t o g e t h e r ,   for   example   0.3  to  2  c e n t i m e t e r s   a p a r t ,   a n d  

t h e   o v e r a l l   t h i c k n e s s   of  the  c o m p r e s s i b l e   f a b r i c   is  2  to  10 

m i l l i m e t e r s .   The  c r i m p s   may  be  in  a  z i g - z a g   or  h e r r i n g b o n e  

p a t t e r n   and  the  mesh  of  the  f a b r i c   is  c o a r s e r ,   i . e .   has  a  

l a r g e r   pore  s i z e   than   t h a t   of  s c r e e n   1 3 .  

In  t h i s   p r e f e r r e d   embodiment   the   r e s i l i e n t l y   c o m p r e s s -  

i b l e   space  l a y e r   14  is  i n s t r u m e n t a l   in  p r o v i d i n g   f o r   a  

g o o d   e l e c t r i c a l   c o n t a c t   be tween   the   p r e s s u r e  p l a t e   12  a n d  

the   main  or  a c t i v e   c a t h o d e   l a y e r   13,  which  is  p r e s s e d   b y  

the   s p a c e r   l a y e r   14  a g a i n s t   the   c u r r e n t   d i s t r i b u t o r   p r e s s u r e  

p l a t e   12  u n i f o r m l y   o v e r   the  e n t i r e   e l e c t r o d e   s u r f a c e .  
- 

The  r e s i l i e n t l y   c o m p r e s s i b l e   s p a c e r   l a y e r   14,  a l s o  

.  p r e s s e s   and  m a i n t a i n s   the   f l e x i b l e   membrane  7  b e a r i n g   a g a i n s t  

the   r i g i d   f o r a m i n o u s   anode  8,  t h u s   p r e v e n t i n g   i t s   m o v e m e n t  

and  f l u t t e r i n g   in  the   c e l l .  

The  l a y e r   14  e f f e c t i v e l y   s p a c e s   the  s u r f a c e   of  t he   m a i n  

or  a c t i v e   c a t h o d e   l a y e r   from  the   membrane  of  an  e a s i l y   p r e -  
d e t e r m i n e d   d i s t a n c e   which  p r e f e r a b l y   may  be  c o m p r i s e d   b e t w e e n  

1  and  4  mm. 

S i n c e   the   s p a c e r   l a y e r   14  has  a  h i g h e r   h y d r o g e n   o v e r -  

v o l t a g e   than   the   a c t i v e   l a y e r   13,  the   e l e c t r o d e   r e a c t i o n s  

t a k e   p l a c e   s u b s t a n t i a l l y   at  t he   s u r f a c e   of  the   c a t a l y t i c  

s c r e e n   13  and  b e c a u s e   of  the  ve ry   open  s t r u c t u r e   of  t h e  

c o m p r e s s e d   l a y e r   14  of  f i n e   m e t a l   w i r e .  

The  p r o d u c t s   of  t he   e l e c t r o d e   r e a c t i o n   a re   e a s i l y   d i l u t e d  

and  q u i c k l y   removed  from  the  s u r f a c e   of  the   membrane,   t h u s  

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



the   s u r f a c e   of  t h e  m e m b r a n e .  

In  the  o p e r a t i o n   of  t h i s   e m b o d i m e n t ,   s u b s t a n t i a l l y  

s a t u r a t e d   sodium  c h l o r i d e   a q u e o u s   s o l u t i o n   is  fed  i n t o   t h e  

bo t tom  of  the  a n o l y t e   c o m p a r t m e n t   of  the  c e l l   and  f lows   u p w a r d  

t h r o u g h   c h a n n e l s   o r  s p a c e s   3  b e t w e e n   r i b s   9  and  d e p l e t e d   b r i n e  

.  and  e v o l v e d   c h l o r i n e   e s c a p e s   from  the   top  of  the   c e l l .   Water   o r  

d i l u t e   sodium  h y d r o x i d e   is  fed  i n t o   the  b o t t o m   of  the  c a t h o d e  

chamber   and  r i s e s   t h r o u g h   c h a n n e l s   4  as  wel l   as  t h r o u g h   t h e  

v o i d s   of  the   c o m p r e s s e d   s p a c e r   l a y e r   14  and  e v o l v e d   h y d r o g e n  

and  a l k a l i   i s   w i t h d r a w n   from  the   top  of  the   c e l l .  

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

e l e c t r i c   p o t e n t i a l   b e t w e e n   the   anode  and  c a t h o d e   end  p l a t e s .  

As  shown  in  F ig .   2,  the   o p e n i n g s   in  p r e s s u r e   p l a t e   12 

a re   l o u v e r e d   to  p r o v i d e   a n  i n c l i n e d   o u t l e t   d i r e c t e d   u p w a r d l y  

a w a y   from  the   c o m p r e s s e d   f a b r i c   l a y e r   14,  whereby   some  p o r t i o n  

of  e v o l v e d   h y d r o g e n   a n d / o r   e l e c t r o l y t e   e s c a p e s   to  the   r e a r  

e l e c t r o l y t e   chamber   4.  T h e r e f o r e ,   the   v e r t i c a l   s p a c e s   a t   t h e  

back  of  t he   p r e s s u r e   p l a t e   12  and  the   space   o c c u p i e d   by  t h e  

c o m p r e s s e d   f a b r i c   14  a re   p r o v i d e d   f o r   upward  c a t h o l y t e   a n d  

gas  f l o w .  

A c c o r d i n g   to  t he   improved   method  of  t h i s   i n v e n t i o n - f o r  

the   e l e c t r o l y s i s   of  sodium  c h l o r i d e ,   aqueous   b r i n e   c o n t a i n i n g  

from  140  to  300  grams  pe r   l i t e r   of  sodium  c h l o r i d e   is  c i r c u l a t -  

ed  w i t h i n   the   anode   c o m p a r t m e n t   of  the   c e l l .   C h l o r i n e . i s   e v o l v e d  

at   the   a n o d e ,   w h i l e   t he   s o l v a t e d   i o n s   t end   to  m i g r a t e   t h r o u g h  

the   c a t i o n   membrane  and  r e a c h   the   c a t h o d e   where   c a u s t i c   s o d a  

of  s u b s t a n t i a l   c o n c e n t r a t i o n   above  15-20%  by  w e i g h t   and  h y d r o g e n  

is   e v o l v e d .   S o l u t i o n s   c o n t a i n i n g   25  to  40%  by  w e i g h t   of  a l k a l i  

m e t a l   h y d r o x i d e   may  be  p r o d u c e d   w i t h   anode  and  c a t h o d e   e f f i c i e n -  

c i e s   above  90%,  f r e q u e n t l y   above  94%. 

The  f o l l o w i n g   e x a m p l e s  a r e   i l l u s t r a t i v e  :  



EXAMPLE 

A  l a b o r a t o r y   s i z e   e l e c t r o l y t i c   c e l l   was  m a n u f a c t u r e d  

h a v i n g   an  e f f e c t i v e   e l e c t r o d e   a r e a   100  m i l l i m e t e r s   (mm)  h i g h  

and  100  m i l l i m e t e r s  ( m m )   w i d e .  

The  c e l l   f r a m e s   and  back  p l a t e s   were  made  of  t i t a n i u m  

for   the  a n o d i c   p o r t i o n   and  of  s t a i n l e s s   s t e e l   (AISI  316)  f o r  

the  c a t h o d i c   p o r t i o n .  

The  anode   was  an  expanded   t i t a n i u m   s h e e t   1,5  mm  t h i c k ,  

c o a t e d   wi th   a  non  p a s s i v a t a b l e   c a t a l y t i c   c o a t i n g   of  a  m i x t u r e  

o f   o x i d e s   of  R u t h e n i u m   and  T i t a n i u m   in  the   r e s p e c t i v e   w e i g h t  

r a t i o   of  1  to  1,  as  r e f e r r e d   to  the   m e t a l s ,   o b t a i n e d   by  t h e r m a l  

d e c o m p o s i t i o n   of  a  s o l u t i o n   of  the   s a l t s   of  t he   m e t a l s .  

The  d e p t h   o f  t h e   anode  chamber   b e h i n d   the   anode  was  12 

m i l l i m e t e r s   (mm).  

The  membrane  was  a  l a m i n a t e d   s h e e t   h a v i n g   a  t h i c k n e s s   o f  

a b o u t   0.25  mm,  c o m p r i s i n g   two  l a y e r s   of  c a t i o n - e x c h a n g e   r e s i n  

l a m i n a t e d   t o g e t h e r   w i th   an  i n t e r l a y e r   of  a  p o l y t e t r a f l u o r o -  

e t h y l e n e   s c r e e n ,   as  m e c h a n i c a l   s u p p o r t .   The  two  l a y e r s   a re   made  

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

e t h e r ,   one  c o n t a i n i n g   s u l p h o n i c   g roups   and  the   o t h e r   c o n t a i n -  

ing  c a r b o x y l i c   g r o u p s .  

T h e  m e m b r a n e   was  a s s e m b l e d   in  the   c e l l   w i t h   i t s   c a r b o x y l i c  

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

The  c a t h o d e   s t r u c t u r e   c o m p r i s e d  :  

a)  a  c u r r e n t   c o l l e c t o r   in  the  form  of  a  p e r f o r a t e d   s h e e t  

of  AISI  316,   2.0  m i l l i m e t e r s   t h i c k ,   p r o v i d e d   w i t h   h o l e s  

of  d i a m e t e r   3.0  mm,  wi th   a  p i t c h   of  5  mm,  welded   o n  

AISI  315  v e r t i c a l   r i b s .   The  d e p t h   of  t h e  

c a t h o d e   chamber   b e h i n d   the  c u r r e n t   c o l l e c t o r   s c r e e n   was  

18  m i l l i m e t e r s .  



b )   a  main  or  c a t a l y t i c   c a t h o d e   l a y e r   i n  t h e   f e r m  o f   a  2 5  m e s r  

n i c k e l   s c r e e n   c o a t e d   wi th   a  7  to  8  gram  per   s q u a r e   m e t e r  

l o a d i n g   of  a n  a l l o y   of  r u t h e n i u m   (80  to  85  p e r c e n t )   a n d  

n i c k e l   (15  to  20  p e r c e n t ) ,   p r o v i d i n g   f o r   an  e x c e p t i o n a l l y  

l o w  h y d r o g e n   o v e r v o l t a g e .  

c)  a  r e s i l i e n t l y  c o m p r e s s e d   s p a c e r   l a y e r   in  the   form  of  a  

mat  made  of  t h r e e   d o u b l e   l a y e r s   of  l o o s e l y   k n i t t e d   n i c k e l  

w i r e   of  a  d i a m e t e r   of  0 .11  m i l l i m e t e r s .  

The  c a t a l y t i c   c a t h o d e   l a y e r   b)  was  i n t e r p o s e d   b e t w e e n   t h e  

r i g i d   c u r r e n t   c o l l e c t o r   a)  and  t he   r e s i l i e n t   s p a c e r   l a y e r   c)  a n d ,  

u p o n   t h e   c l a m p i n g   t o g e t h e r   of  t he   c e l l ,   t he   c u r r e n t   c o l l e c t o r  

was  c o m p r e s s i n g   t he   r e s i l i e n t   mat  a g a i n s t   the   s u r f a c e   of  t h e  

m e m b r a n e ,   which   membrane  was  b e a r i n g   in  t u r n   a g a i n s t   t h e   r i g i d  

a n o d e .   T h e  c o m p r e s s i o n   c o r r e s p o n d i n g   to  a  p r e s s u r e   of  a b o u t  

400  gram  p e r  s q u a r e   c e n t i m e t e r   was  r e d u c i n g   t he   t h i c k n e s s   o f  

t he   r e s i l i e n t   mat ,   i n t e r p o s e d   b e t w e e n   the   a c t i v e   c a t h o d e   s c r e e n  

a n d   the   membrane ,   from  i t s   o r i g i n a l   u n c o m p r e s s e d   t h i c k n e s s   o f  

a b o u t   6  mm  down  to  a b o u t  2 . 7   m i l l i m e t e r s .   T h e r e f o r e ,   t h e  

d i s t a n c e   b e t w e e n   the   s u r f a c e   of  t he   anode  and  the   s u r f a c e   o f  

the   a c t i v e   c a t h o d e   l a y e r   was  a b o u t   2.7  m i l l i m e t e r s   p l u s  t h e  

t h i c k n e s s   of  t he   membrane ,   t h a t   i s   p r a c t i c a l l y   i t   was  c o m p r i s e d  

b e t w e e n   2.7  and  2.8  m i l l i m e t e r s .  

The  c e l l   o p e r a t e d   a t   the   f o l l o w i n g   c o n d i t i o n s  :  



REFERENCE  EXAMPLE 

The  same  c e l l   d e s c r i b e d   in  Example  1  w a s  d i s a s s e m b l e d  

and  the  main  (or   c a t a l y t i c )   c a t h o d e   s c r e e n   of  c o a t e d   n i c k e l  

b)  was  p l a c e d   a g a i n s t   the  s u r f a c e   of  the   membrane ,   t h e  

r e s i l i e n t   mat  of  k n i t t e d   n i c k e l   wi re   c)  was  p l a c e d   b e t w e e n  

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

Upon  r e - a s s e m b l y   of  the  c e l l ,   the   r e s i l i e n t   mat  w a s  

c o m p r e s s e d   down  to  a  t h i c k n e s s   of  a b o u t  2 . 7   mm,  t h e r e b y  

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

the  membrane.   T h e r e f o r e ,   the   d i s t a n c e   b e t w e e n   t h e  s u r f a c e  

of  the   anode  and  the   s u r f a c e   of  t he   c a t h o d e   c o r r e s p o n d e d  

to  the   t h i c k n e s s  o f   t he   membrane,   t h a t   is  a b o u t   0 .25  m i l l i -  

m e t e r s .  

The  c e l l   was  o p e r a t e d   a t   e x a c t l y   the   same  c o n d i t i o n s  

as  i n d i c a t e d   in  t he   p r e v i o u s   example   and  the   r e s u l t s   w e r e  
a s   f o l l o w s  :  



The  method  of  the  i n v e n t i o n   may  be  p r a c t i c e d   wi th   a n y  

type   of  ion  p e r m e a b l e   m e m b r a n e .  

The   membrane  may  be  o f  t h e   m o n o l a y e r   t ype   or  i t   m a y  

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

d i f f e r e n t   ion  e x c h a n g e   r e s i n s   and  the   membrane  may  a l s o   i n c l u d e  

r e i n f o r c i n g   f i b e r s   or  f a b r i c s .  

The  s u r f a c e s   o f   the  membrane  may  be  m o d i f i e d   e i t h e r  

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

f o r   example   the   membrane  may  have  a  r o u g h e n e d   s u r f a c e .  

Also   the   membrane  may  have   a  p o r o u s   l a y e r   of  r e s i n   o r  

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

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

or   non  c o n d u c t i v e   in  c h a r a c t e r .   - 

As  i t   w i l l   be  o b v i o u s   to  t he   e x p e r t ,   the   c u r r e n t  

d i s t r i b u t i o n   means  which   in  the   p r e f e r r e d   embod imen t   d e s c r i b e d  

in  the   a c c o m p a n y i n g   d r a w i n g s   a re   d e p i c t e d   in  the   form  w h i c h  

c o m p r i s e s   a  s u b s t a n t i a l l y   r i g i d   f o r a m i n o u s   p l a t e   12,  may  b e  

of  d i f f e r e n t   n a t u r e ,   f o r   example   the   a c t i v e   c a t h o d e   s c r e e n  1 3  

may  be  p r e s s e d   by  t h e   r e s i l i e n t   wi re   mat  d i r e c t l y   a g a i n s t   t h e  

v e r t i c a l   r i b s   11,  e x t e n d i n g   from  the   c a t h o d e   end  p l a t e .  

P r e f e r a b l y   in  the  l a t t e r   c a s e   the   a c t i v e   c a t h o d e  

s c r e e n   13  can  be  made  of  a  h e a v i e r   gauge   s c r e e n   and  t h e  

d i s t r i b u t i o n   of  the   v e r t i c a l   r i b s   may  be  made  more  d e n s e ,  

t h a t   i s   w i t h   a  l a r g e r   number  of  r i b s   p e r   u n i t   of  w i d t h   o f  

the   c e l l   c o m p a r t m e n t ,   in  o r d e r   to  p r o v i d e   s u f f i c i e n t   n u m b e r  

of  e l e c t r i c   c o n t a c t   be tween   the  a c t i v e   s c r e e n   and  the   c u r r e n t  

d i s t r i b u t i o n   m e a n s .  



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

e l e c t r o l y z i n g   an  a q u e o u s   a l k a l i   me t a l   c h l o r i d e   in  a  c e l l  

h a v i n g   an  ion  p e r m e a b l e   membrane  d i v i d i n g   the   c e l l   i n t o   a n  

anode   c o m p a r t m e n t  a n d   a  c a t h o d e   c o m p a r t m e n t ,   a  c a t h o d e   i n  

the  c a t h o d e   c o m p a r t m e n t ,   sa id   c a t h o d e   c o m p r i s i n g   a  s c r e e n  

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

r i g i d   c u r r e n t   d i s t r i b u t i o n   means  and  a  h igh   h y d r o g e n   o v e r -  

v o l t a g e   r e s i l i e n t l y   c o m p r e s s i b l e   w i re   mat  b e t w e e n   t he   m e m b r a n e  

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

mat  to  p r e s s   the   low  v o l t a g e   s c r e e n   a g a i n s t   the   c u r r e n t  

d i s t r i b u t i o n   means  w h i l e   m a i n t a i n i n g   the   low  h y d r o g e n   o v e r -  

v o l t a g e   s c r e e n   spaced   from  the   m e m b r a n e .  

2.  The  method  of  c l a i m   1  w h e r e i n   t h e .  m e m b r a n e   i s  

c o m p r e s s e d   by  s a i d   r e s i l i e n t l y   c o m p r e s s i b l e   w i re   mat  a g a i n s t  

the  s u r f a c e   of  the   a n o d e .  

3.  An  e l e c t r o l y t i c   d i a p h g r a m   c e l l   c o m p r i s i n g   an  i o n -  

e x c h a n g e   membrane  d i v i d i n g   the   c e l l   i n t o   an  anode  c o m p a r t m e n t  

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

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

c h a r a c t e r i z e d   in  t h a t   s a id   c a t h o d e   c o m p r i s e s   a  s c r e e n   h a v i n g  

a  s u r f a c e   of  low  h y d r o g e n   o v e r v o l t a g e   spaced   from  t he   s u r f a c e  

of  the   membrane  by  a  r e s i l i e n t l y   c o m p r e s s e d   w i r e   mat  h a v i n g  

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

sa id   s c r e e n   and  which  s c r e e n   is  p r e s s e d   by  s a i d   r e s i l i e n t l y  

c o m p r e s s e d   wi re   mat  a g a i n s t   c u r r e n t   d i s t r i b u t i o n   m e a n s  

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



4.  The  c e l l   of  c l a i m   3  w h e r e i n   t he   membrane  b e a r s  

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