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©  A  wholly  fabricated  electrochemical  cell. 
  The  invention  is  a  method  for  making  an  electrolytic  unit 
having 

a  substantially  planar  electric  current  transmission  ele- 
ment  comprising  a  generally  planar  support  portion  (17),  a 
peripheral  flange  portion  (16),  and 

a  plurality  of  bosses  (18)  (18a)  projecting  outwardly  from 
each  side  of  the  support  portion; 

said  flange  portion  (16)  is  constructed  of  at  least  one 
section  and  has  an  internal  surface  which  sealably  receives 
all  external  peripheral  edges  of  the  support  portion; 

said  method  comprising  the  steps  of: 
attaching  in  any  sequential  order: 
(a)  a  plurality  of  bosses  (18)  (18a)  to  the  support  portion; 
(b)  at  least  one  section  of  the  flange  portion  (16)  to  the 

peripheral  edges  of  the  support  portion;  and 
(c)  a  plurality  of  liner  sections  (26)  (26a)  to  at  least  a 

portion  of  the  bosses  on  at  least  one  side  of  the  support 
portion. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  e l e c t r o -  

l y t i c   u n i t   w h o l l y   f a b r i c a t e d   from  a  p l u r a l i t y   of  p a r t s  
a s s e m b l e d   in   a  u n i q u e   way.  A  p l u r a l i t y   of  s u c h   u n i t s  

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

u s e f u l   in   t he   p r o d u c t i o n   of   c h l o r i n e   and  c a u s t i c .  

As  u s e d   h e r e i n   " e l e c t r o l y t i c   c e l l "   means  a n  

a s s e m b l y   w h i c h   a t   l e a s t   i n c l u d e s  a n   anode   in   an  a n o d e  

c o m p a r t m e n t   and  a  c a t h o d e   in   a  c a t h o d e  c o m p a r t m e n t ,  

w h e r e i n   t he   anode   c o m p a r t m e n t   and  t h e   c a t h o d e   c o m p a r t m e n t  

a re   s e p a r a t e d   by  an  ion   e x c h a n g e   a c t i v e   s u b s t a n t i a l l y  

h y d r a u l i c a l l y   i m p e r m e a b l e   m e m b r a n e .  

" E l e c t r o l y t i c   u n i t "   means  an  a s s e m b l y   w h i c h  

at   l e a s t   i n c l u d e s   two  e l e c t r o d e   c o m p o n e n t s   s e p a r a t e d   b y  

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

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

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

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

c o u l d  b e   e i t h e r   anode   or  c a t h o d e   u n i t s .  



" E l e c t r o d e   c o m p o n e n t "   means  an  e l e c t r o d e   o r  

an  e l e m e n t   a s s o c i a t e d   w i t h   an  e l e c t r o d e   such   as  a  
c u r r e n t   d i s t r i b u t o r   g r i d   or  c u r r e n t   c o l l e c t o r .   T h e  

c o m p o n e n t   may  be  in   t h e   form  of  a  w i r e   mesh,  w o v e n  

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

p e r f o r a t e d   or  u n p e r f o r a t e d   m e t a l   s h e e t ,   f l a t   or  c o r -  

r u g a t e d   l a t t i c e   work ,   s p a c e d   m e t a l   s t r i p s   or  r o d s ,  

or  o t h e r   fo rms   known  to  t h o s e   s k i l l e d   in   t he   a r t .  

C h l o r i n e   and  c a u s t i c   a re   l a r g e   v o l u m e ,   b a s i c  

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

l y t i c a l l y   f rom  an  a q u e o u s   s o l u t i o n   of   an  a l k a l i   m e t a l  

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

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

gap  b e t w e e n   t h e   a n o d e   and  t h e   c a t h o d e   of  an  e l e c t r o l y t i c  

c e l l   to   m i n i m i z e   t h e   e l e c t r i c a l   r e s i s t a n c e   of  t h e  

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

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

t h i n g s   as  d i m e n s i o n a l l y   s t a b l e   a n o d e s ,   i on   e x c h a n g e  

m e m b r a n e s ,   d e p o l a r i z e d   e l e c t r o d e s ,   z e r o   gap  c e l l   c o n -  

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

T h e r e   a r e   two  m a j o r   t y p e s   of  e l e c t r o l y t i c  

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

c a u s t i c ,   i . e . ,   m o n o p o l a r   and  b i p o l a r   c e l l s .  

A  b i p o l a r   c e l l   c o n s i s t s   of   s e v e r a l   e l e c t r o -  

c h e m i c a l   u n i t s   in   a  s e r i e s ,   in   w h i c h   each   u n i t ,   e x c e p t  
t h e   two  end  or  t e r m i n a l   u n i t s ,   a c t s   as  an  anode   on  o n e  

s i d e   and  a  c a t h o d e   on  t h e   o p p o s i n g   s i d e .   E l e c t r o l y t i c  

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

m e m b r a n e ,   t h e r e b y   f o r m i n g   an  e l e c t r o l y t i c   c e l l ,   o r  

s e r i e s   of  e l e c t r o l y t i c   c e l l s .   E l e c t r i c a l   e n e r g y   i s  

i n t r o d u c e d   i n t o   a  t e r m i n a l   c e l l   a t   one  end  of  a  s e r i e s  

of  b i p o l a r   c e l l s ,   p a s s e s   t h r o u g h   t h e   s e r i e s   of  c e l l s ,  

and  i s   r e m o v e d   f rom  t h e   t e r m i n a l   c e l l   a t   t he   o t h e r  



end  of   t h e   c e l l   s e r i e s .   An  a l k a l i   m e t a l   h a l i d e   s o l u t i o n  

i s   f ed   i n t o   t h e   anode   c o m p a r t m e n t ( s )   w h e r e   a  h a l o g e n  

gas   i s   g e n e r a t e d   a t   t he   a n o d e .   A l k a l i   m e t a l   i o n s   a r e  

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

m e m b r a n e ( s )   i n t o   t h e   c a t h o d e   c o m p a r t m e n t ( s )   w h e r e  

a l k a l i   m e t a l   h y d r o x i d e s   a re   f o r m e d .  

M o n o p o l a r   e l e c t r o l y t i c   c e l l s   c o m p r i s e   a t  

l e a s t   two  t e r m i n a l   c e l l s   and  a  p l u r a l i t y   of  anode   u n i t s  

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

The  m o n o p o l a r   u n i t s   a re   s e p a r a t e d   by  a n  i o n   e x c h a n g e  

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

c e l l s .   Each  u n i t   is   e q u i p p e d   w i t h  a n   i n l e t ,   t h r o u g h  

w h i c h   e l e c t r o l y t e  m a y   be  fed  t o   t he   u n i t ,   and  w i t h   a t  

l e a s t   one  o u t l e t ,   t h r o u g h   w h i c h   l i q u i d s  a n d  g a s e s   may  
be  r e m o v e d   f rom  t h e   u n i t .   Each  u n i t   i s  e l e c t r i c a l l y  

c o n n e c t e d   to  a  p o w e r   s u p p l y .   Power   i s   f e d  t o   o n e  

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

To  t a k e   a d v a n t a g e   of  t h e   new  t e c h n o l o g i c a l  

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

b e e n   p r o p o s e d .   Howeve r ,   many  of  t h e s e   a r e  q u i t e   c o m -  

p l i c a t e d   and  r e q u i r e   t he   use   of  e x p e n s i v e   m a t e r i a l s .  

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

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

a b l e .   I t   i s  t h e   o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

s u c h   an  e l e c t r o l y t i c   u n i t   wh ich   can  be  u s e d   e i t h e r   as  a  

m o n o p o l a r   or  a  b i p o l a r   u n i t .  

The  i n v e n t i o n   is   a  m e t h o d   f o r   mak ing   a n  

e l e c t r o l y t i c   u n i t   h a v i n g  

a  s u b s t a n t i a l l y   p l a n a r   e l e c t r i c   c u r r e n t  

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

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



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

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

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

l e a s t   one  s e c t i o n   and  has   an  i n t e r n a l   s u r f a c e   w h i c h  

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

s u p p o r t   p o r t i o n ;  

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

a t t a c h i n g   in   any  s e q u e n t i a l   o r d e r :  

( a )   a  p l u r a l i t y   of   b o s s e s   to   a t   l e a s t   o n e  

s i d e   o f   t h e   s u p p o r t   p o r t i o n ;  

. (b)   a t   l e a s t   one  s e c t i o n   of   t h e   f l a n g e  

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

a n d  

(c )   a  p l u r a l i t y   of  l i n e r   s e c t i o n s   to  a t  

l e a s t   a  p o r t i o n   of   t h e   b o s s e s   on  a t   l e a s t   one  s i d e   o f  

t h e   s u p p o r t   p o r t i o n .  

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

m a k i n g   an  e l e c t r o l y t i c   u n i t   by  a s s e m b l y i n g   an  e l e c t r i c  

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

p a r t s ,   i . e .   a  f r a m e - l i k e   f l a n g e   p o r t i o n ,   b o s s e s ,   and  a  

p l a n a r   s u p p o r t   p o r t i o n .   O p p o s i n g   s i d e s   of   t h e   s o  
f o r m e d   t r a n s m i s s i o n   e l e m e n t   may  be  f l a t t e n e d   p r i o r   t o ,  

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

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

l e a s t   one  s i d e   of   t h e   a s s e m b l e d   t r a n s m i s s i o n   e l e m e n t .  

The  i n v e n t i o n   can  be  b e t t e r   u n d e r s t o o d   b y  
r e f e r e n c e   to   t h e   d r a w i n g s   i l l u s t r a t i n g   t h e   i n v e n t i o n  

and  w h e r e i n   l i k e   r e f e r e n c e   n u m e r a l s   r e f e r   to   l i k e   p a r t s  
in  t h e   d i f f e r e n t   d r a w i n g   f i g u r e s ,   and  w h e r e i n :  



F i g u r e   1  is   an  e x p l o d e d ,   p a r t i a l l y   b r o k e n  

away  p e r s p e c t i v e   v i ew  of  one  e m b o d i m e n t   of  t h e   e l e c t r o -  

l y t i c   u n i t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   an  e x p l o d e d ,   s e c t i o n a l   s i d e   v i e w  

of  one  e m b o d i m e n t   of  t h e   e l e c t r o l y t i c   u n i t   shown  i n  

F i g u r e   1 ;  

F i g u r e   3  is  a  c r o s s - s e c t i o n a l   s i d e   v i ew   of   a  

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

c o m b i n a t i o n ,   f o r m i n g   a  s e r i e s   of  e l e c t r o l y t i c   c e l l s ;  

F i g u r e   4  is  a  c r o s s - s e c t i o n a l   s i d e   v i ew   of   a n  

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

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

Wi th   p a r t i c u l a r   r e f e r e n c e . t o   F i g u r e s   1  to  3 ,  

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

t r a n s m i s s i o n   e l e m e n t   14,  h e r e i n a f t e r   r e f e r r e d  t o   a s  

ECTE,  as  one  c o m p o n e n t   o f  a n  u n l i n e d  e l e c t r o l y t i c   u n i t  

10  or  l i n e d   e l e c t r o l y t i c   u n i t  1 1 .   P r e f e r a b l y ,   t h e   ECTE 

c o m p r i s e s  a  g e n e r a l l y   p l a n a r  s u g p o r t  p o r t i o n   17  w h i c h  

has   s u f f i c i e n t   s t r u c t u r a l   i n t e g r i t y  t o   p r o v i d e   a  s u p p o r t  
f o r   a  p l u r a l i t y   of  b o s s e s   1 8  a n d   18A,  a  f r a m e - l i k e  

f l a n g e   p o r t i o n   16,  and  l i n e r s   2 6  o r  2 6 A ,   i f   l i n e r s   a r e  

u s e d .   The  ECTE  is   s u b s t a n t i a l l y   more  m a s s i v e   and  m o r e  

r i g i d   t h a n   the   l i n e r   26  or  26A  and  any  e l e c t r o d e   c o m p o -  
n e n t s   36,  36A,  4 6 ,  o r   46A  n o r m a l l y  u s e d   in   e l e c t r o l y t i c  
c e l l s .   , 

The  ECTE  may  be  made  f r o m  a   v a r i e t y   o f  

m a t e r i a l s   w h i c h   mee t   t he   r e q u i r e m e n t s   o u t l i n e d   a b o v e .  

P r e f e r a b l y ,   h o w e v e r ,   t he   m a t e r i a l   is  s e l e c t e d   f r o m  



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

s t e e l ,   and  s t a i n l e s s   s t e e l ,   and  n i c k e l ,   a l u m i n u m ,  

c o p p e r ,   m a g n e s i u m ,   l e a d ,   a l l o y s   of  e ach   and  a l l o y s  

t h e r e o f ,  

P r e f e r a b l y ,   t h e   ECTE  is   c o n s t r u c t e d   f r o m  

f e r r o u s   m e t a l s   whose   p r i m a r y   c o n s t i t u e n t   i s   i r o n .   M o r e  

p r e f e r a b l y ,   t h e   ECTE  i s   c o n s t r u c t e d   f rom  low  c a r b o n  

s t e e l   or  d u c t i l e   i r o n   b e c a u s e   of   t h e i r   low  c o s t   a n d  

r e a d y   a v a i l a b i l i t y .   D u c t i l e   i r o n   has  more  d i m e n s i o n a l  

s t a b i l i t y   as  i t   c o o l s   a f t e r   c a s t i n g .   Low  c a r b o n   s t e e l  

is   more   w e l d a b l e .  

In  t h o s e   c a s e s   w h e r e   t h e   e l e c t r o l y t i c   u n i t   10  

or  11  i s   u s e d   as  a  b i p o l a r   e l e c t r o l y t i c   u n i t ,   t h e  

b o s s e s   18  and  18A  s h o u l d   be  s u f f i c i e n t l y   c o n d u c t i v e   t o  

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

s u p p o r t   p o r t i o n   17.  The  e l e c t r i c a l   c o n d u c t i o n   o c c u r s  

t h r o u g h   t h e   b o s s e s   18  and  18A,  r a t h e r   t h a n   t h r o u g h   t h e  

mass   of   t h e   p l a n a r   s u p p o r t   p o r t i o n   17  e x c e p t   in   t h e  

c a s e   w h e r e   t h e   b o s s e s   18  and  18A  are  o f f s e t ,   t h e n   t h e  

p l a n a r   s u p p o r t   p o r t i o n   17  m u s t   be  s u f f i c i e n t l y   c o n d u c t i v e  

to  t r a n s m i t   e l e c t r i c a l   e n e r g y   t h r o u g h   i t s   mass.,  o r  

p o r t i o n s   of   i t s   m a s s .  

In  t h o s e   c a s e s   w h e r e   t he   e l e c t r o l y t i c   u n i t   10 

or  11  i s   u s e d   as  a  m o n o p o l a r   e l e c t r o l y t i c   u n i t ,   t h e  

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

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

m a s s .   T h i s   a l l o w s   an  e l e c t r i c a l   c o n n e c t i o n   f rom  a  

power   s o u r c e   to  be  c o n n e c t e d   to  i t s   f l a n g e   p o r t i o n   16 



or  to  a  p o i n t   on  the   p l a n a r   s u p p o r t   p o r t i o n   17  i t s e l f  

and  d i s t r i b u t e   t he   e l e c t r i c a l   e n e r g y   to  the   v a r i o u s  

p o i n t s   of  an  e l e c t r o d e   c o m p o n e n t   in  e l e c t r i c a l   c o n t a c t  

w i t h   t he   p l a n a r   s u p p o r t   p o r t i o n .  

R e g a r d l e s s   of  w h e t h e r   t h e   ECTE  is   u sed   as  a  

m o n o p o l a r   or  as  a  b i p o l a r   u n i t ,   i t   i s   p o s s i b l e   t o  

c o n s t r u c t   t h e   ECTE  from  m a t e r i a l s   t h a t   a re   r e a d i l y  

a v a i l a b l e ,   and  g e n e r a l l y   i n e x p e n s i v e   w i t h o u t   h a v i n g   t o  

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

T h i s   is   p o s s i b l e   b e c a u s e   o f  t h e   l a r g e   mass  and  c r o s s  

s e c t i o n a l   a r e a   of  t he   ECTE  w h i c h   i s   s u f f i c i e n t l y   l a r g e  
in  c r o s s - s e c t i o n a l   a r e a   to  m i n i m i z e   i t s   e l e c t r i c a l  

r e s i s t a n c e .   The  f a c t   t h a t   t he   ECTE  has   a  l a r g e   c r o s s -  
- s e c t i o n a l   a r e a   a l l o w s   t he   use   of   m a t e r i a l s   h a v i n g   a  

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

of   t h e   p r i o r   a r t .   Thus ,   f e r r o u s   m e t a l s   such   as  i r o n ,  

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

f o r   use   in   t h e   p r e s e n t   i n v e n t i o n .   More  s p e c i f i c a l l y ,  

m e t a l s   h a v i n g   a  r e s i s t i v i t y   as  h i g h   or  h i g h e r   t h a n  

c o p p e r   may  be  e c o n o m i c a l l y   u s e d   t o  f o r m  t h e   ECTE.  M o r e  

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

a b o u t   10  m i c r o - o h m s - c m  m a y   b e  u s e d .   Most   e c o n o m i c a l l y ,  

m e t a l s   h a v i n g   r e s i s t i v i t i e s   as  h i g h  a s ,   or  h i g h e r ,   t h a n  

a b o u t   50  m i c r o - o h m s - c m   may  be  u s e d .  

When  t h e   e l e c t r o l y t i c   u n i t   10  or  11  of  t h e  

p r e s e n t   i n v e n t i o n   is  used   a s  a  m o n o p o l a r   u n i t ,   t h e  

p l a n a r   s u p p o r t   p o r t i o n   17  o f  ECTE  14  may  have  one  o r  

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

The  p a s s a g e w a y s   a l l o w  e l e c t r o l y t e   o r  g a s e s   to  p a s s   f r o m  

one  s i d e   of  t h e   p l a n a r   s u p p o r t   p o r t i o n   17  to  the   o t h e r  

s i d e .   Such  p a s s a g e w a y s   s h o u l d   o c c u p y   no  more  t h a n  

a b o u t   60  v o l u m e   p e r c e n t   of  t he   t o t a l   vo lume   of  the   p l a n a r  



s u p p o r t   p o r t i o n   17.  The  o p e n i n g s   a l l o w   l e s s   m e t a l   t o  

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

m a k i n g   t he   c e l l   more  e c o n o m i c a l .   In  a d d i t i o n ,   o p e n i n g s  

can  be  s p a c e d   to  d i r e c t   e l e c t r i c   c u r r e n t   to  c e r t a i n  

p o r t i o n s   of   t h e   c e l l .  

A  p l u r a l i t y   of   b o s s e s   18  and  18A  a re   a t t a c h e d  

to  o p p o s i t e   s i d e s   of   t h e   p l a n a r   s u p p o r t   p o r t i o n   1 7 .  

These   b o s s e s   p r o j e c t   a  p r e d e t e r m i n e d   d i s t a n c e   o u t w a r d l y  
from  t h e   p l a n a r   s u p p o r t   p o r t i o n   17  i n t o   an  a r e a   t h a t  

w i l l   u l t i m a t e l y   become  an  e l e c t r o l y t e   c o m p a r t m e n t .   T h e  

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

e i t h e r   d i r e c t l y   to  an  e l e c t r o d e   36,  36A,  46,  or  46A,  o r  

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

P r e f e r a b l y   t h e   ends   of  t h e   b o s s e s   18  and  18A  l i e   in   t h e  

same  g e o m e t r i c a l   p l a n e ,   r e s p e c t i v e l y ,   and  a r e   s u b s t a n -  

t i a l l y   s o l i d .   They  may,  h o w e v e r ,   c o n t a i n   i n t e r n a l  

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

The  b o s s e s   18  and  18A  may  be  p o s i t i o n e d   in   a  

b a c k - t o - b a c k   r e l a t i o n s h i p   w i t h   e a c h   o t h e r   a c r o s s   t h e  

p l a n a r   s u p p o r t   p o r t i o n   17.  O p t i o n a l l y ,   t h e y   may  b e  

o f f s e t   f rom  e a c h   o t h e r   a c r o s s   t he   s u p p o r t   p o r t i o n   1 7 .  

They  may  be  p o s i t i o n e d   in   a  v a r i e t y   of   o t h e r   c r o s s  

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

The  b o s s e s   18  and  18A  may  be  made  from  t h e  

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

17.  O p t i o n a l l y ,   t h e   b o s s e s   may  be  made  from  a  m e t a l  

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

p o r t i o n   17.  P r e f e r a b l y ,   t h e   b o s s e s   a r e   made  f r o m  

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

s t e e l ,   s t a i n l e s s   s t e e l ,   or  f r o m  n i c k e l ,   a l u m i n u m ,  

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



t h e r e o f .   More  p r e f e r a b l y ,   the   b o s s e s   are  c o n s t r u c t e d  

from  d u c t i l e   i r o n   or  low  c a r b o n   s t e e l   b e c a u s e   of  i t s  

s t a b i l i t y ,   low  c o s t   and  r e a d y   a v a i l a b i l i t y .  

The  b o s s e s   18  and  18A  a re   p r e f e r a b l y   s p a c e d  

a p a r t   in  a  f a s h i o n   so  t h a t   t h e y   can  r i g i d l y   s u p p o r t   a n y  
e l e c t r o d e   c o m p o n e n t s   36,  36A,  46,  or  46A  d e s i r e d   f o r  

use   in   t he   e l e c t r o l y t i c   c e l l .   The  d i s t a n c e   b e t w e e n   t h e  

b o s s e s   on  e a c h   s i d e   of  t he   s u p p o r t   p o r t i o n   17  w i l l  

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

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

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

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

p l i c i t y   of  p o i n t s   f o r   e l e c t r i c a l   c o n t a c t .   For   t h i c k e r  

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

of   t he   b o s s e s   may  be  g r e a t e r .   N o r m a l l y   t h e   s p a c i n g  

b e t w e e n   t h e   b o s s e s   i s   w i t h i n   5  to  30  c e n t i m e t e r s   a l t h o u g h  

s m a l l e r   or  l a r g e r   s p a c i n g s   may  be  u s e d   d e p e n d i n g   o n  

o v e r a l l   d e s i g n ' c o n s i d e r a t i o n s .  

The  b o s s e s   may  be  c o n v e n i e n t l y   w e l d e d   o r  

b o n d e d   to  t he   s u p p o r t   p o r t i o n   17  or  t h e y   may  be  s c r e w e d  

i n t o   t h e   s u p p o r t   p o r t i o n   17  as  shown  by  r e f e r e n c e  

number   93.  E i t h e r   way,  i t   i s   d e s i r a b l e   to  make  t h e  

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

s u p p o r t   p o r t i o n   17  and  t he   b o s s e s   is   m a x i m i z e d .   In  t h e  

c a s e   of   an  u n l i n e d   e l e c t r o l y t i c   u n i t   10  or  in   t he   c a s e  
whe re   o n l y   one  l i n e r   i s   u s e d   i t   is   p r e f e r a b l e   t h a t   t h e  

b o s s e s   a re   w e l d e d ,   even   t h o u g h   t h e y   a re   s c r e w e d   i n t o   o r  

b o n d e d   to  t h e   s u p p o r t   p o r t i o n   17.  In  t he   c a s e   of   a  
l i n e d   e l e c t r o l y t i c   u n i t   11,  i t   is   p r e f e r a b l e   t h a t   t h e  

b o s s e s   n o t   be  w e l d e d ,   b u t   c o u l d   c o n t a i n   a  t a c k   w e l d .  



The  b o s s e s   have   a  f l a t   s u r f a c e   28  and  28A 

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

of  t h e   u n i t .   T h e s e   s u r f a c e s   a r e   a d a p t e d   to  be  a t t a c h e d  

to  a  l i n e r   or  to  an  e l e c t r o d e   c o m p o n e n t   by  means   o f  

i n t e r m e d i a t e   c o u p o n s   (30 ,   30A,  31  or  3 1 A ) .  

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

s u p p o r t   p o r t i o n   17  i s   a  f r a m e - l i k e   f l a n g e   p o r t i o n   1 6 .  

I t   i s   a  window  f r a m e - l i k e   s t r u c t u r e   h a v i n g   a  t h i c k n e s s  

g r e a t e r   t h a n ,   or  a t   l e a s t   e q u a l   t o ,   t h e   t h i c k n e s s   of  a  

b o s s - c o n t a i n i n g   b a r r i e r   p o r t i o n   17.  P r e f e r a b l y   t h e  

f l a n g e . p o r t i o n   16  e x t e n d s   f u r t h e r   f rom  t h e   p l a n e   of  t h e  

s u p p o r t   p o r t i o n   17  t h a n   do  t h e   ends   of  t h e   b o s s e s   18 

and  18A.  T h i s   p r o v i d e s   a  s p a c e   f o r   e l e c t r o d e   c o m p o -  
n e n t s   36,   36A,  46,  or  46A  t h a t   w i l l   be  p r e s e n t   when  t h e  

e l e c t r o l y t i c   u n i t   10  or  11  of   t h e   p r e s e n t   i n v e n t i o n   a r e  

s t a c k e d   a d j a c e n t   to  e a c h   o t h e r   in   o p e r a b l e   c o m b i n a t i o n .  

P r e f e r a b l y   t h e   t h i c k n e s s   of  t h e   f l a n g e   p o r t i o n   i s   a t  

l e a s t   a b o u t   2  to   6  t i m e s   g r e a t e r   t h a n   t h e   t h i c k n e s s   of   . 
t h e   s u p p o r t   p o r t i o n .   More  p r e f e r a b l y ,   t h e   p e r i p h e r a l  

f l a n g e   p o r t i o n   i s   a b o u t   60  to  70  mm  t h i c k   when  t h e  

p l a n a r   s u p p o r t   p o r t i o n   17  i s   a b o u t   20  to  25  mm  t h i c k .  

The  f l a n g e   p o r t i o n   16  may  be  made  f rom  a  

v a r i e t y   of   m a t e r i a l s   w h i c h   mee t   t h e   r e q u i r e m e n t s   o u t l i n e d  

a b o v e .   The  m a t e r i a l s   may  be  m e t a l s   and  may  be  t he   s a m e  

or  d i f f e r e n t   f rom  t h e   m e t a l s   u s e d   to  form  t h e   s u p p o r t  

p o r t i o n   17.  I f   t h e   m e t a l s   a r e   d i f f e r e n t ,   p r e f e r a b l y ,  

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

w i s e   an  i n t e r m e d i a t e   m e t a l ,   w e l d a b l y   c o m p a t i b l e   w i t h  

b o t h   m e t a l s ,   may  be  p o s i t i o n e d   b e t w e e n   t h e   two  m e t a l s .  

P r e f e r a b l y   t he   m e t a l s   a r e   s e l e c t e d   f rom  f e r r o u s   m e t a l s  

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

i r o n ,   s t e e l ,   s t a i n l e s s   s t e e l ,   or  from  n i c k e l ,   a l u m i n u m ,  



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

t h e s e   m e t a l s   and  a l l o y s   t h e r e o f .   Most  p r e f e r a b l y ,   t h e  

p e r i p h e r a l   f l a n g e   p o r t i o n   16  i s   c o n s t r u c t e d   from  d u c t i l e  

i r o n   b e c a u s e   of   i t s   s t a b i l i t y ,   low  c o s t   and  r e a d y  

a v a i l a b i l i t y .  

I f   t h e   p l a n a r   s u p p o r t   p o r t i o n   i s   made  of   a  
f e r r o u s   m e t a l ,   t h e   f l a n g e   p o r t i o n   can  be  made  of   c o p p e r  

or  a n y  o n e   of   t h e   o t h e r   m e t a l s   t h a t   can  be  s u i t a b l y  

e m p l o y e d   f o r   t h e   s u p p o r t   p o r t i o n .  

O p t i o n a l l y ,   t h e   f l a n g e   p o r t i o n   can  be  made  o f  

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

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

h e r e i n a f t e r   d e l i n e a t e d ,   e x a m p l e s   of  such   s u i t a b l e  

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

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

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

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

and  f l u o r o p l a s t i c s   and  c o p o l y m e r s   t h e r e o f .   I t   i s  

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

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

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

t e m p e r a t u r e s ,   i s   r e a d i l y   a v a i l a b l e ,   and  is   r e l a t i v e l y  

i n e x p e n s i v e   w i t h   r e s p e c t   to  o t h e r   s u i t a b l e   r e s i n o u s  

m a t e r i a l s .  

The  f l a n g e   p o r t i o n   16  may  be  a  s i n g l e ,   u n i t a r y  

p i c t u r e   f r a m e - t y p e   s t r u c t u r e ,   or  i t   may  be  a  p l u r a l i t y  

of  p i e c e s   j o i n e d   t o g e t h e r   from  more  t h a n   one  s t r u c t u r a l  

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

the   p e r i p h e r a l   e d g e s   of  t he   p l a n a r   s u p p o r t   p o r t i o n   1 7 .  

The  f l a n g e   p o r t i o n   p r o v i d e s   s e a l i n g   s u r f a c e s   16A  a n d  

16C  w h i c h   l i e   in  a p p r o x i m a t e l y   the   same  p l a n e   as  do  t h e  



f l a t   ends   28,  28A  of  t h e   b o s s e s   18  and  18A  a f t e r   t h e y  

h a v e   b e e n   a t t a c h e d   to   t h e   s u p p o r t   p o r t i o n   17.  I f   t h e  

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

be  a t t a c h e d   to  t h e   s u p p o r t   p o r t i o n   17  b e f o r e   or  a f t e r  

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

s u p p o r t   p o r t i o n   17  and  b o s s e s   may  be  f l a t t e n e d   ( m a c h i n e d )  

b e f o r e   or  a f t e r   t h e   f l a n g e   p o r t i o n   is   a t t a c h e d   to   t h e  

s u p p o r t   p o r t i o n ,   i f   n e e d e d .  

I f   t h e   e l e c t r o l y t i c   u n i t   is   to  be  u s e d   as  a  

b i p o l a r   u n i t ,   t h e   f l a n g e   p o r t i o n   16  need  n o t   be  m a d e  

f rom  a n ' e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l ,   b e c a u s e   i t  

w i l l   n o t   n e e d   to  c o n d u c t   e l e c t r i c i t y .   H o w e v e r ,   i f   t h e  

e l e c t r o l y t i c   u n i t   i s   to   be  u s e d   as  a  m o n o p o l a r   u n i t ,  

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

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

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

e l e c t r o l y t i c   u n i t s   10  and  11  w h i c h   are  p r e s e n t   in   a n  

o p e r a t i n g   s e r i e s   of  u n i t s .   Les s   p r e f e r a b l y ,   t h e   f l a n g e  

p o r t i o n   is   made  from  an  e l e c t r i c a l l y   n o n - c o n d u c t i v e  

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

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

t h r o u g h   t he   f l a n g e   p o r t i o n   to   c o n d u c t   e l e c t r i c a l   e n e r g y  
i n t o   and  o u t   of  t h e   e l e c t r o l y t i c   u n i t .  

The  f l a n g e   p o r t i o n   16,  i f   no t   f o r m e d   as  o n e  

p i e c e   body  w i t h   t h e   s u p p o r t   p o r t i o n   17,  is   p r e f e r a b l y  

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

men t   a s s u r e s   t h e   d i m e n s i o n a l   s t a b i l i t y   of  t he   e l e c t r o l y -  
t i c   u n i t   and  m a i n t a i n s   t h e   d e s i r e d   gap  b e t w e e n   e l e c t r o d e  

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

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



When  t he   e l e c t r o l y t i c   u n i t   is  to  be  u sed   as  a 

b i p o l a r   u n i t ,   and  t he   u n i t   is   no t   l i n e d ,   i t   is   p a r t i c u -  

l a r l y   i m p o r t a n t   to  s e a l a b l y   we ld   the   f l a n g e   p o r t i o n   t o  

the   s u p p o r t   p o r t i o n   to  p r e v e n t   t he   f low  of  f l u i d s   f r o m  

one  s i d e   of   t h e   s u p p o r t   p o r t i o n   to  t he   o t h e r   s i d e .  

When  a  p l u r a l i t y   of   e l e c t r o l y t i c   u n i t s   10,  11  

a re   a s s e m b l e d   in  o p e r a b l e   c o m b i n a t i o n ,   an  ion   e x c h a n g e  
a c t i v e   m e m b r a n e   27  and  27A  is   p o s i t i o n e d   b e t w e e n   a d j o i n i n g  

e l e c t r o l y t i c   u n i t s   10,  11.  A  membrane   i s   u s e d   b e t w e e n  

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

e i t h e r   c a s e ,   t h e   membrane   s e p a r a t e s   one  e l e c t r o d e  

c o m p a r t m e n t   f rom  an  a d j a c e n t   e l e c t r o d e   c o m p a r t m e n t .  

The  membrane   27  and  27A  s u i t a b l e   f o r   use  w i t h  

t he   p r e s e n t   i n v e n t i o n   may  c o n t a i n   a  v a r i e t y   of  i o n  

e x c h a n g e   a c t i v e   s i t e s .   For   e x a m p l e ,   t h e y   may  c o n t a i n  

s u l f o n i c   or  c a r b o x y l i - c   a c i d   i o n   e x c h a n g e   a c t i v e   s i t e s .  

O p t i o n a l l y ,   t h e   m e m b r a n e   may  be  a  b i - l a y e r   membrane   a n d  

have   one  t y p e   of   ion   e x c h a n g e   a c t i v e   s i t e s   in   t h e   o t h e r  

l a y e r .   The  membrane   may  be  r e i n f o r c e d   to  i m p a i r   d e f o r m i n g  

d u r i n g   e l e c t r o l y s i s   or  i t   may  be  u n r e i n f o r c e d   to  m a x i m i z e  

t he   e l e c t r i c a l   c o n d u c t i v i t y   t h r o u g h   the   m e m b r a n e .   I o n  

e x c h a n g e   a c t i v e   m e m b r a n e s   s u i t a b l e   f o r   use   w i t h   e l e c t r o l y -  
t i c   c e l l s   of  t h e   p r e s e n t   i n v e n t i o n   a re   w e l l - k n o w n   i n  

t he   a r t .  

O t h e r   e l e m e n t s   w h i c h   may  be  u sed   in  c o n j u n c t i o n  

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

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

A l s o ,   t he   u n i t s   of  t he   p r e s e n t   i n v e n t i o n   may  be  a d a p t e d  

f o r   a  gas  c h a m b e r   fo r   use   in  c o n j u n c t i o n   w i t h   a  g a s - c o n -  
s u m i n g   e l e c t r o d e ,   s o m e t i m e s   c a l l e d   a  d e p o l a r i z e d   e l e c t r o d e .  

The  gas  c h a m b e r   is  r e q u i r e d  i n   a d d i t i o n   to  the   l i q u i d  



e l e c t r o l y t e   c o m p a r t m e n t s .   A  v a r i e t y   of   c e l l   e l e m e n t s  

w h i c h   may  be  u s e d   in   t he   p r e s e n t   i n v e n t i o n   a re   d i s c l o s e d  

i n ,   f o r   e x a m p l e ,   U .S .   P a t e n t   Nos .   4 , 4 5 7 , 8 2 3 ;   4 , 4 5 7 , 8 1 5 ;  

4 , 4 4 4 , 6 2 3 ;   4 , 3 4 0 , 4 5 2 ;   4 , 4 4 4 , 6 4 1 ;   4 , 4 4 4 , 6 3 9 ;   4 , 4 5 7 , 8 2 2 ;  

and  4 , 4 4 8 , 6 6 2 .  

L i n e r s   26  or  26A  a re   p r e f e r a b l y   f o r m e d   w i t h   a  
min imum  of   s t r e s s e s   in   them  to  m i n i m i z e   w a r p a g e .  
A v o i d i n g   t h e s e   s t r e s s e s   in  t h e   l i n e r   may  be  a c c o m p l i s h e d  

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

t e m p e r a t u r e   of   f rom  482°C  to  7 0 4 ° C .   Both  t h e   l i n e r  

m e t a l  a n d   t h e   m e t a l   p r e s s   a re   h e a t e d   to   t h i s   e l e v a t e d  

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

s h a p e .   The  l i n e r   i s   h e l d   in   t h e   h e a t e d   p r e s s   a n d  

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

s t r e s s e s   i n   i t   as  i t   c o o l s   to   room  t e m p e r a t u r e .  

L i n e r s   26  or  26A  s u i t a b l e   f o r   use  in   c h l o r -  

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

f rom  f e r r o u s   m e t a l s ,   n i c k e l ,   s t a i n l e s s   s t e e l ,   c h r o m i u m ,  

m o n e l   and  a l l o y s   t h e r e o f .   L i n e r s   s u i t a b l e   f o r   use   i n  

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

f rom  t i t a n i u m ,   v a n a d i u m ,   t a n t a l u m ,   c o l u m b i u m ,   h a f n i u m ,  

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

To  a s s u r e   t he   maximum  p h y s i c a l   and  e l e c t r i c a l  

c o n t a c t   b e t w e e n   t h e   l i n e r   and  t h e   b o s s e s ,   i t   is   p r e f e r r e d  

f o r   t h e   l i n e r   to   be  w e l d e d   to  t h e   f l a t   ends  28,  28A  o f  

t h e   b o s s e s   18  and  18A  O p t i o n a l l y ,   t h e   l i n e r   can  b e  

w e l d e d   n o t   o n l y   a t   t h e   f l a t   ends   o f   t h e   b o s s e s ,   b u t   a t  

v a r i o u s   o t h e r   p l a c e s   where   t he   two  c o n t a c t   e a c h   o t h e r .  

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

t e c h n i q u e   to   be  u s e d   to  weld   t h e   l i n e r   to  t he   b o s s e s .  



For  f l u i d   s e a l i n g   p u r p o s e s   b e t w e e n   t he   m e m b r a n e  

27  or  27A,  and  s e a l i n g   s u r f a c e s   16A  or  16C,  p r o v i d e d   o n  

t h e   f l a n g e   p o r t i o n   16,  i t   is   p r e f e r r e d   t h a t   t h e   l i n e r s  

26  or  26A  a re   f o r m e d   in  t h e   s h a p e   of  a  pan  w i t h   a n  

o f f - s e t   l i p   42  or  42A  e x t e n d i n g   a r o u n d   i t s   p e r i p h e r y .  

Lip  42  and  42A  f i t s   f l u s h   a g a i n s t   t he   s e a l i n g   s u r f a c e s  

16A  or  16C.  A  p e r i p h e r a l   p o r t i o n   of  membrane   27  or  27A 

f i t s   f l u s h   a g a i n s t   l i n e r   l i p   42,  and  a  p e r i p h e r a l  

g a s k e t   44  f i t s   f l u s h   a g a i n s t   t h e   o t h e r   s i d e   of  t h e  

p e r i p h e r a l   p o r t i o n   of  t he   membrane   27  or  27A.  In  a  

s e r i e s   of   e l e c t r o l y t i c   u n i t s ,   t he   g a s k e t   44  f i t s   f l u s h  

a g a i n s t   t h e   l i p   42A  of  t h e   l i n e r   26A  and  f l u s h   a g a i n s t  

t he   s e a l i n g   s u r f a c e   16C  when  t h e r e   is   no  l i n e r .  

I f   t h e   l i n e r s   26  and  26A  a re   made  of  t i t a n i u m  

and  ECTE  14  i s   made  of  a  f e r r o u s   m e t a l ,   t h e y   may  b e  

c o n n e c t e d   by  r e s i s t a n c e   w e l d i n g   or  c a p a c i t o r   d i s c h a r g e  

w e l d i n g .   R e s i s t a n c e   or  c a p a c i t o r   d i s c h a r g e   w e l d i n g   i s  

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

f l a t   e n d s   28  and  28A  of  t h e   b o s s e s   18  and  18A  t h r o u g h  

m e t a l   i n t e r m e d i a t e s ,   p r e f e r a b l y   v a n a d i u m   w a f e r s   30  o r  

30A.  V a n a d i u m   is   a  m e t a l   w h i c h   i s   w e l d a b l y   c o m p a t i b l e  

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

means  t h a t   one  w e l d a b l e   m e t a l   w i l l   form  a  d u c t i l e   s o l i d  

s o l u t i o n   w i t h   a n o t h e r   w e l d a b l e   m e t a l   upon  t h e   w e l d i n g  

of  t h e   two  m e t a l s   t o g e t h e r .   T i t a n i u m   and  f e r r o u s  

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

H e n c e ,   v a n a d i u m   w a f e r s   30  and  30A  a re   u s e d   as  an  i n t e r -  

m e d i a t e   b e t w e e n   t he   f e r r o u s   m e t a l   b o s s e s   and  t h e   t i t a n i u m  

l i n e r s   26  and  26A  to  a c c o m p l i s h   t h e   w e l d i n g   of  t h e m  

t o g e t h e r   to  form  an  e l e c t r i c a l   c o n n e c t i o n   b e t w e e n   t h e  

l i n e r s   and  ECTE  14  as  w e l l   as  to  form  a  m e c h a n i c a l  

s u p p o r t   means   f o r   t he   ECTE  to  s u p p o r t i n g   l i n e r s   26  

and  2 6 A .  



P r e f e r a b l y ,   a  s e c o n d   m e t a l   i n t e r m e d i a t e   o r  

w a f e r   31  and  31A  is   u s e d   and  p l a c e d   b e t w e e n   w a f e r   30  

and  30A  and  t h e   l i n e r   26  and  26A.  The  s e c o n d   w a f e r   i s  

p r e f e r a b l e   b e c a u s e   when  o n l y   one  w a f e r   is   u s e d ,   i t   h a s  

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

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

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

- v a n a d i u m   w e l d   and  c o r r o d e   t h e   w e l d .   The  c o r r o s i v e  

m a t e r i a l s   a l s o   p e r m e a t e   i n t o   t h e   body   of  t he   ECTE  a n d  

c o r r o d e   i t .   R a t h e r   t h a n   use   a  t h i c k e r   l i n e r ,   i t   i s  

much  more  e c o n o m i c a l   to  i n s e r t   a  s e c o n d   w a f e r   31  a n d  

31A  of  a  s u f f i c i e n t   t h i c k n e s s   to   m i n i m i z e   t he   p o s s i b i l -  

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

ECTE.  

To  i n t r o d u c e   r e a c t a n t s   i n t o   t he   e l e c t r o l y t i c  

c e l l s   f o r m e d   when  a  p l u r a l i t y   of  e l e c t r o l y t i c   u n i t s   10  

and  11  a r e   s t a c k e d   in   o p e r a b l e   c o m b i n a t i o n ,   a  p l u r a l i t y  

of  n o z z l e s   ( n o t   shown)   a r e   p r e f e r a b l y   p r e s e n t   in   e a c h  

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

c o n f i g u r a t i o n s   may  be  u s e d ,   a  p r e f e r r e d   d e s i g n   i s   a s  

f o l l o w s .   A  p l u r a l i t y   of  m e t a l   n o z z l e s   are   f o r m e d ,   f o r  

e x a m p l e   by  i n v e s t m e n t   c a s t i n g .   The  n o z z l e   c a s t i n g  i s  

t h e n   m a c h i n e d   to   t h e   d e s i r e d   s i z e .   A  number  of  s l o t s  

a re   m a c h i n e d   i n t o   e a c h   f l a n g e   p o r t i o n   16  a t   a  p l u r a l i t y  

of  d e s i r e d   l o c a t i o n s   to  r e c e i v e   t h e   n o z z l e s .   The  s l o t s  

a re   of  a  s i z e   to   c o r r e s p o n d   to   t he   t h i c k n e s s   of  t h e  

n o z z l e   to  be  i n s e r t e d   i n t o   t h e   s l o t ,   to   a s s u r e   a  s e a l  

when  t he   e l e m e n t s   of   the   e l e c t r o l y t i c   c e l l   a re   u l t i -  

m a t e l y   a s s e m b l e d .   I f   a  l i n e r   26  or  26A  is  u s e d ,   i t   i s  

c u t   to  f i t   a r o u n d   t h e   n o z z l e .   The  n o z z l e   is   p r e f e r a b l y  

a t t a c h e d   to  t h e   l i n e r   26  or  26A,  f o r   e x a m p l e ,   by  w e l d i n g .  

The  l i n e r   n o z z l e   c o m b i n a t i o n   i s   t h e n   p l a c e d   i n t o   t h e  

e l e c t r o l y t i c   u n i t   10  or  11  and  t h e   c aps   32,  32a  of  t h e  

l i n e r s   a r e   t h e n   w e l d e d   to  t h e   b o s s e s   18  and  18A.  



When  a  p l u r a l i t y   of  e l e c t r o l y t i c   u n i t s   10  o r  

11  a r e   a s s e m b l e d   a d j a c e n t   to  e a c h   o t h e r ,   g a s k e t s   44  a r e  

p r e f e r a b l y   p o s i t i o n e d   b e t w e e n   t he   u n i t s .   The  g a s k e t s  

s e r v e   t h r e e   main  f u n c t i o n s :   s e a l i n g ,   e l e c t r i c a l   i n s u l a -  

t i o n   and  s e t t i n g   t h e   e l e c t r o d e   gap .   T h e r e   a re   a  v a r i e t y  

of   s u i t a b l e   g a s k e t   44  m a t e r i a l s   t h a t   may  be  u s e d ,   s u c h  

as ,   f o r   e x a m p l e ,   r u b b e r   g a s k e t s .   A l t h o u g h   o n l y   o n e  

g a s k e t   44  is   shown,   t h e   i n v e n t i o n   e n c o m p a s s e s   t he   u s e  
of  g a s k e t s   on  b o t h   s i d e s   of   membrane   27  or  27A.  

A d j a c e n t   to   ECTE  14,  or  t h e   l i n e r   26  or  26A,  
i f   l i n e r s   a re   u s e d ,   i s   an  e l e c t r o d e   c o m p o n e n t   36,  36A,  

46,  or  46A  wh ich   may  be  a t t a c h e d   or  p r e s s e d   a g a i n s t   t h e  

l i n e r   or  t he   ECTE.  P r e f e r a b l y ,   t h e   e l e c t r o d e   c o m p o n e n t  
is   c o e x t e n s i v e   w i t h   t h e   s u p p o r t   p o r t i o n   17  and  does   n o t  

e x t e n d   i n t o   t he   f l a n g e   p o r t i o n   16  a r e a .   O t h e r w i s e ,   i t  

w o u l d  b e   d i f f i c u l t   to   s e a l   a d j a c e n t   e l e c t r o l y t i c   u n i t s  

when  t h e y   a re   p l a c e d   in   o p e r a b l e   c o m b i n a t i o n .  

E l e c t r o d e   c o m p o n e n t s   a re   p r e f e r a b l y   f o r -  

a m i n o u s   s t r u c t u r e s   w h i c h   a r e   s u b s t a n t i a l l y   f l a t   and  m a y  
be  made  of  a  s h e e t   of   e x p a n d e d   m e t a l   p e r f o r a t e d   p l a t e ,  

p u n c h e d   p l a t e   or  woven  m e t a l l i c   w i r e .   O p t i o n a l l y ,   t h e  

e l e c t r o d e   c o m p o n e n t s   may  be  c u r r e n t   c o l l e c t o r s   w h i c h  

c o n t a c t   an  e l e c t r o d e   or  t h e y   may  be  e l e c t r o d e s .   E l e c -  

t r o d e s   may  o p t i o n a l l y   have   a  c a t a l y t i c a l l y   a c t i v e  

c o a t i n g   on  t h e i r   s u r f a c e .   The  e l e c t r o d e   c o m p o n e n t s   m a y  
be  w e l d e d   to  t he   b o s s e s   or  to  t he   l i n e r ,   i f   a  l i n e r   i s  

u s e d .   P r e f e r a b l y ,   t h e   e l e c t r o d e   c o m p o n e n t s   a re   w e l d e d  

b e c a u s e   t he   e l e c t r i c a l   c o n t a c t   i s   b e t t e r .  

O t h e r   e l e c t r o d e   c o m p o n e n t s   w h i c h   may  be  u s e d  

in  c o n j u n c t i o n   w i t h   t h e   p r e s e n t   i n v e n t i o n   i n c l u d e  

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



e l e m e n t s   known  to  t h o s e   s k i l l e d   in  t he   a r t .   S p e c i a l  

e l e m e n t s   or  a s s e m b l i e s   f o r   z e r o   gap  c o n f i g u r a t i o n s   o r  
s o l i d   p o l y m e r   e l e c t r o l y t e   m e m b r a n e s   may  be  u s e d .   A l s o ,  

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

a d a p t e d   f o r   a  gas  c h a m b e r   f o r   use   in  c o n j u n c t i o n   w i t h   a  

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

e l e c t r o d e .   The  gas  c h a m b e r   is   r e q u i r e d   in   a d d i t i o n   t o  

t he   l i q u i d   e l e c t r o l y t e   c o m p a r t m e n t s .   A  v a r i e t y   o f  

e l e c t r o d e   e l e m e n t s   w h i c h   may  be  u s e d   in   t h e   p r e s e n t  
i n v e n t i o n   a re   w e l l   known  to  t h o s e   s k i l l e d   in   t h e   a r t  

and  a re   d i s c l o s e d   i n ,   f o r   e x a m p l e ,   U.S .   P a t e n t   N o s .  

4 , 4 5 7 , 8 2 3 ;   4 , 4 5 7 , 8 1 5 ;   4 , 4 4 4 , 6 2 3 ;   4 , 3 4 0 , 4 5 2 ;   4 , 4 4 4 , 6 4 1 ;  

4 , 4 4 4 , 6 3 9 ;   4 , 4 5 7 , 8 2 2 ;   and  4 , 4 4 8 , 6 6 2 .  

The  e l e c t r o d e s   36,  36A,  46,  or  46A  p r e f e r a b l y  

have   t h e i r   e d g e s   r o l l e d   i n w a r d l y   t o w a r d   t h e   ECTE  a n d  

away  from  t h e   i o n   e x c h a n g e   a c t i v e   membrane   27  and  27A.  

T h i s . i s   done  to  p r e v e n t   t h e   s o m e t i m e s   j a g g e d   e d g e s   o f  

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

e x c h a n g e   a c t i v e   m e m b r a n e   and  t e a r i n g   i t .  

The  e l e c t r o l y t i c   u n i t   10  and  11  may  be  p r e -  

p a r e d   in  a  v a r i e t y   of  ways  u s i n g   a  v a r i e t y   of  e l e m e n t s .  

Each   of  t h e   b a s i c   e l e m e n t s   u s e d   in   m a k i n g   t he   e l e c t r o -  

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

s u p p o r t   p o r t i o n   17;  t h e   f r a m e - l i k e   f l a n g e   p o r t i o n   1 6 ,  

and  the   b o s s e s   18  and  18A  may  be  c o m p o s e d   of  a  p l u r a l i t y  

of  p i e c e s .   For   e x a m p l e ,   t h e   s u p p o r t   p o r t i o n   17  may  b e  

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

L i k e w i s e ,   t h e   f l a n g e   p o r t i o n   16  may  be  c o n s t r u c t e d   of  a  

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

b o s s e s   18  and  18A  may  be  s i n g l e   p i e c e   u n i t s   t h a t   p a s s  
t h r o u g h   t he   s u p p o r t   p o r t i o n   17  or  t h e y   may  be  p a r t i a l  

u n i t s   w h i c h   do  n o t   p a s s   t h r o u g h   t h e   s u p p o r t   p o r t i o n   1 7 ,  
b u t   a re   m e r e l y   a t t a c h e d   to  one  s u r f a c e   or  o p p o s i t e  

s u r f a c e s   t h e r e o f .  



The  b a s i c   e l e m e n t s   may  be  a s s e m b l e d   by  f i r s t  

a t t a c h i n g   t h e   b o s s e s   to  t he   s u p p o r t   p o r t i o n   17  and  t h e n  

a t t a c h i n g   t h e   f l a n g e   p o r t i o n   16,  to  t he   p e r i p h e r y   o f  

t h e   s u p p o r t   p o r t i o n   17.  In  a n o t h e r   s e q u e n c e ,   t h e  

f l a n g e   p o r t i o n   16,  i s   f i r s t   a t t a c h e d   to  t h e   s u p p o r t  

p o r t i o n   17  and  t h e n   t he   b o s s e s   a re   a t t a c h e d .  

To  a s s u r e   t h a t   t h e   e l e c t r o l y t i c   u n i t   10  or  11 

i s   as  p l a n a r   as  p o s s i b l e ,   i t   is   o p t i o n a l   to  f l a t t e n   o r  

p l a n e   t h e   s u r f a c e s   of  t h e   a s s e m b l e d ,   or  p a r t i a l l y  

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

may  b e  f l a t t e n e d   a t   a n y  o n e ,   or  more ,   of  t h e   v a r i o u s  

s t e p s   of   a s s e m b l y   of   t h e   e l e c t r o l y t i c   u n i t .   For  e x a m p l e ,  

i t   may  be  f l a t t e n e d :  

a f t e r   a l l   of  t h e   b o s s e s   have   b e e n   a t t a c h e d   t o  

one  s i d e   of   t h e   s u p p o r t   p o r t i o n   1 7 ;  

a f t e r   o n l y   a  p o r t i o n   of  t he   b o s s e s   have   b e e n  

a t t a c h e d   to   t h e   s u p p o r t   p o r t i o n   1 7 ;  

a f t e r   a l l   or  a  p o r t i o n   of  t he   b o s s e s   h a v e  

b e e n   a t t a c h e d   to  t h e   s u p p o r t   p o r t i o n   17  b u t   b e f o r e   t h e  

f l a n g e   p o r t i o n   16  has   b e e n   a t t a c h e d ;   o r  

a f t e r   a l l   t h e   b o s s e s   and  t he   f l a n g e   p o r t i o n  

16  has  b e e n   a t t a c h e d .  

The  e l e c t r o l y t i c   u n i t   of  t he   p r e s e n t   i n v e n t i o n  

may  be  f l a t t e n e d   u s i n g   a  v a r i e t y   of  t e c h n i q u e s   w e l l  

known  to  t h o s e   s k i l l e d   in   t h e   a r t ,   such   as  a b r a s i v e  

b e l t   g r i n d i n g ,   and  m e c h a n i c a l   m i l l i n g .   P r e f e r a b l y ,   t h e  

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

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

c o m b i n a t i o n ,   t h e   number   of  l e a k s   is   m i n i m i z e d .   For  u s e  

in  c h l o r - a l k a l i   e l e c t r o c h e m i c a l   c e l l s ,   i t   i s   m o s t  

p r e f e r r e d   f o r   t h e   e l e c t r o l y t i c   u n i t   10  or  11  to  have   a 

f l a t n e s s   d e v i a t i o n   of  l e s s   t h a n   a b o u t   0 .4   mm  t h r o u g h o u t  

i t s   e n t i r e   m a s s .  



A t t a c h i n g   the   b o s s e s   18  and  16A  to  t he   s u p p o r t  

p o r t i o n   17  of  ECTE  14  may  be  done  u s i n g   a  v a r i e t y   o f  

t e c h n i q u e s .   For   e x a m p l e ,   t he   s u p p o r t   p o r t i o n   17  may  b e  

c a s t   as  a  s o l i d   u n i t   and  l a t e r   have  h o l e s   d r i l l e d   a n d  

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

t h i c k n e s s   of   t h e   s u p p o r t   p o r t i o n .   The  b o s s e s   can  b e  

t h r e a d e d   and  t h e n   s c r e w e d   i n t o   the   h o l e s   in   t he   s u p p o r t  

p o r t i o n   17  f rom  b o t h   s i d e s .   O p t i o n a l l y ,   t h e   b o s s e s   c a n  

be  t h r e a d e d   t h r o u g h   h a l f   t h e i r   l e n g t h   and  t h e n   t h r e a d e d  

h a l f - w a y   t h r o u g h   the   s u p p o r t   p o r t i o n   17.  P r e f e r a b l y ,  

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

t h e y   a r e   a t t a c h e d   to  t he   s u p p o r t   p o r t i o n   1 7 .  

A n o t h e r   way  f o r   a t t a c h i n g   t h e   b o s s e s   i s   b y  

w e l d i n g .   P r e f e r a b l y ,   t h e   b o s s e s   and  t h e   s u p p o r t   p o r t i o n  

17  a r e   made  f rom  m e t a l s   t h a t   a re   w e l d a b l y   c o m p a t i b l e .  

I f   t h e   two  m e t a l s   a re   n o t   w e l d a b l y   c o m p a t i b l e ,   a n  
i n t e r m e d i a t e   m e t a l ,   w e l d a b l y   c o m p a t i b l e   w i t h   b o t h  

m e t a l s   may  be  i n s e r t e d   b e t w e e n   the   two  m e t a l s .   P r e f e r -  

a b l y ,   t h e   b o s s e s   a re   w e l d e d   s l o w l y   so  t h e   w a r p a g e   o f  

t h e   b a r r i e r   p o r t i o n   17  c a u s e d   by  the   h e a t   of   t he   w e l d i n g  

is   m i n i m i z e d .  

I f   d e s i r e d ,   a  l i n e r   26  or  26A  may  be  p o s i t i o n e d  

o v e r   o n l y   t h e   a r e a   of  t h e   e l e c t r o l y t i c   u n i t   w h i c h   w i l l  

be  c o n t a c t e d   w i t h   a  c o r r o s i v e   e n v i r o n m e n t .   O p t i o n a l l y ,  

t h e   f l a n g e   p o r t i o n   16  of  t he   ECTE  may  a l s o   be  l i n e d ,  

e v e n   t h o u g h   t h e   f l a n g e   p o r t i o n   may  n o t   be  e x p o s e d   to  a  

c o r r o s i v e   e n v i r o n m e n t .   O p t i o n a l l y ,   a  l i n e r   may  b e  

p o s i t i o n e d   on  o n l y   one  s i d e   of  the   ECTE  or   on  b o t h  

s i d e s   of   t h e   ECTE.  The  l i n e r   may  be  c o n s t r u c t e d   of  a  

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

p l u r a l i t y   of  p i e c e s   b o n d e d   t o g e t h e r   (as   shown  in  F i g u r e  

4 ) .   I t   s h o u l d ,   h o w e v e r ,   be  of  a  t h i c k n e s s   s u f f i c i e n t  

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



The  l i n e r   26  or  26A  may  be  c o e x t e n s i v e   w i t h  

t h e   s u p p o r t   p o r t i o n   17  of  t he   ECTE,  or  i t   may  be  c o e x t e n -  

s i v e   w i t h   t h e   e n t i r e   l e n g t h   and  w i d t h   of  t he   ECTE, 

i n c l u d i n g   t h e   p e r i p h e r a l   f l a n g e   p o r t i o n   1 6 .  

When  a  p l u r a l i t y   of  e l e c t r o l y t i c   u n i t s   a r e  

a s s e m b l e d   a d j a c e n t   to  each   o t h e r ,   g a s k e t s   44  a re   p r e -  
f e r a b l y   p o s i t i o n e d   b e t w e e n   t he   a d j a c e n t   u n i t s .   G a s k e t s  

s e r v e   t h r e e   ma in   f u n c t i o n s :   1)  s e a l i n g ,   2)  e l e c t r i c a l  

i n s u l a t i o n ,   and  3)  s e t t i n g   and  m a i n t a i n i n g   t he   e l e c t r o d e  

gap .   T h e r e   a r e   a  v a r i e t y   of  s u i t a b l e   g a s k e t   44  m a t e r i a l s  

t h a t   may  be  s u i t a b l y   u s e d ,   such   as ,   f o r   e x a m p l e ,   e t h y l e n e -  

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

p o l y t e t r a f l u o r o e t h y l e n e ,   p e r f l u o r o a l k o x y   r e s i n .  

P r e f e r a b l y ,   t h e   e l e c t r o d e s   36,  36A,  46  or  46A 

a r e   c o e x t e n s i v e   w i t h   t h e   s u p p o r t   p o r t i o n   17  and  do  n o t  

e x t e n d   o v e r   t h e   p e r i p h e r a l   f l a n g e   p o r t i o n   16.  O t h e r w i s e ,  

i t   w o u l d   be  d i f f i c u l t   to  s e a l   a d j a c e n t   e l e c t r o l y t i c  
u n i t s   when  t h e y   a re   p l a c e d   in  o p e r a b l e   c o m b i n a t i o n .  

A  p a r t i c u l a r l y   s u i t a b l e   way  f o r   f a b r i c a t i n g  

t h e   ECTE  of   t h e   p r e s e n t   i n v e n t i o n   i s   by  u s i n g   a  f l a t  

w o r k p i e c e   upon  wh ich   to  s u p p o r t   t h e   ECTE  w h i c h   p r e v i o u s l y  

had   h o l e s   d r i l l e d   and  t a p p e d   in  i t s   s u p p o r t   p o r t i o n   t o  

r e c e i v e   t h e   b o s s e s .   A  p l u r a l i t y   of  b o s s e s   a re   c u t   t o  

e q u a l   l e n g t h   and  e a c h   b o s s   is   p r o v i d e d   w i t h   a  t h r e a d e d  

p o r t i o n   in   t h e   mid  p o r t i o n   t h e r e o f .   The  u n t h r e a d e d   e n d  

p o r t i o n s   a r e   of   d i f f e r i n g   d i a m e t e r s .   One  end  p o r t i o n   i s  

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

d r i l l e d   in   t h e   s u p p o r t   p o r t i o n .   The  s m a l l e r   end  p o r t i o n  

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

t h r e a d e d   p o r t i o n   of  t he   b o s s   c o n t a c t s   t h e   t h r e a d e d  



p o r t i o n   of  t he   h o l e .   The  b o s s e s   a re   t h r e a d e d   i n t o   t h e  

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

the  f l a t   w o r k p i e c e .   In  t h i s   m a n n e r ,   i t   i s   e a s y   to   m a k e  

su re   t h a t   a l l   of  t h e   b o s s e s   e x t e n d   t he   same  l e n g t h   f r o m  

the  b a r r i e r   p o r t i o n .  

Example   1 

A  122  cm  x  244  cm  b i p o l a r ,   f l a t   p l a t e   f i l e t e r  

p r e s s - t y p e   ion   e x c h a n g e   membrane   c e l l   was  c o n s t r u c t e d  

as  f o l l o w s .  

A  122  cm  x  244  cm  s t e e l   p l a t e ,   1 . 2 7   cm  t h i c k  

was  d r i l l e d   and  t a p p e d   so  i t   had  116,  25  mm  h o l e s   i n  

i t ,   in   a  s q u a r e   p a t t e r n .   The  s t e e l   p l a t e   was  u s e d   a s  

t he   s u p p o r t   p o r t i o n   of  t h e   ECTE  and  had  w e l d e d   a r o u n d  

i t s   p e r i p h e r y   a  19  mm  t h i c k ,   70  mm  wide   low  c a r b o n  

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

A  p l u r a l i t y   of   25  mm  t h r e a d e d   s t e e l   r o d s   w e r e  

s c r e w e d   f i r m l y   i n t o   e a c h   of   t he   116  h o l e s .   On  t h e   s i d e  

d e s t i n e d   to  become  t h e   a n o d e   s i d e ,   a  v a n a d i u m   w a f e r   w a s  

p o s i t i o n e d   o v e r   t h e   end  of   e a c h   rod   and  a  t i t a n i u m   c a p  
was  t h e n   p l a c e d   o v e r   t h e   rod   and  v a n a d i u m   w a t e r .   T h e  

cap  was  w e l d e d   to  e a c h   of   t h e   116  r o d s ,   t h r o u g h   t h e  

v a n a d i u m   w a f e r .   On  t h e   s i d e   d e s t i n e d   to  become   t h e  

c a t h o d e   s i d e ,   a  n i c k e l   cap  was  p l a c e d   o v e r   and  w e l d e d  

to  e a c h   of   the   116  r o d s .   S i n c e   n i c k e l   can  be  r e l a t i v e l y  

e a s i l y   w e l d e d   to  s t e e l ,   no  i n t e r m e d i a t e   w a f e r   w a s  

n e e d e d   on  the   c a t h o d e   s i d e .   The  v a n a d i u m   w a f e r   w a s  

a b o u t   0 . 1 3   mm  t h i c k .   The  cap  was  a b o u t   0 .9   mm  t h i c k .  

For  c o r r o s i o n   p r o t e c t i o n ,   t he   anode   c o m -  

p a r t m e n t   was  l i n e d   w i t h   a  0 .9   mm  t h i c k   t i t a n i u m   l i n e r  

w h i c h   was  made  of  a  f l a t   t i t a n i u m   s h e e t   w e l d e d   to   a  



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

s i d e s .   The  t i t a n i u m   l i n e r   had  116  h o l e s   c o n c e n t r i c   t o  

t he   h o l e s   on  t he   s u p p o r t   p o r t i o n   f o r   f i t t i n g   o v e r   t h e  

c o n n e c t o r   r o d s .   The  t i t a n i u m   l i n e r   was  w e l d e d   to  t h e  

t i t a n i u m   cap  on  t h e   c o n n e c t o r .  

The  c a t h o d e   c o m p a r t m e n t   was  l i n e d   w i t h   a  1 . 5  

mm  t h i c k   n i c k e l   l i n e r   w h i c h   was  made  of  a  f l a t   n i c k e l  

s h e e t   w e l d e d   to  a  U - s h a p e d   n i c k e l   s i d e   c o v e r   on  t h e  

p e r i p h e r a l   s i d e s .   The  n i c k e l   l i n e r   a l s o   had  116  h o l e s  

c o n c e n t r i c   to  t h e   h o l e s   on  t h e   s u p p o r t   p o r t i o n   f o r  

f i t t i n g   o v e r   t he   c o n n e c t o r   r o d s .   The  n i c k e l   l i n e r   w a s  

w e l d e d   a r o u n d   e a c h   n i c k e l   c a p .  

The  a n o d e   was  a  1 .6   mm  t h i c k ,   40  p e r c e n t  

open ,   e x p a n d e d   t i t a n i u m   mesh  w i t h   a  d i a m o n d   p a t t e r n   o f  

0 . 6 5   mm  (SWD)  x  1 .3   mm  (LWD).  The  anode   was  r e s i s t a n c e  

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

anode   s i d e .  

The  c a t h o d e   was  made  of  n i c k e l   mesh  of  t h e  

same  s p e c i f i c a t i o n s   as  t h e   t i t a n i u m   mesh.   The  c a t h o d e  

was  r e s i s t a n c e   w e l d e d   to  n i c k e l   c aps   on  top   of  c o n n e c t o r s  

on  the   c a t h o d e   s i d e .  

A  13  mm  d i a m e t e r   t i t a n i u m   p i p e   was  w e l d e d   t o  

t h e   t i t a n i u m   l i n e r   t h r o u g h   a  h o l e   a t   t h e   b o t t o m   l e f t   o f  

the   anode  c o m p a r t m e n t   f o r   t h e   b r i n e   i n l e t .   A n o t h e r   19  

mm  d i a m e t e r   p i p e   was  w e l d e d   to  t h e   t i t a n i u m   l i n e r  

t h r o u g h   a  h o l e   a t   t h e   top   r i g h t   of  t h e   anode   c o m p a r t m e n t  
f o r   t he   b r i n e   and  c h l o r i n e   gas  o u t l e t .   S i m i l a r l y ,  

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

a  c a t h o l y t e   i n l e t   and  o u t l e t .  



The  c e l l   was  b u i l t   so  t h a t   t he   anode   m e s h  

r e c e d e d   a b o u t   0 .4   mm  b e l o w   t he   t i t a n i u m   s i d e   g a s k e t  

f l a n g e   and  t he   c a t h o d e   mesh  r e c e d e d   a b o u t   0 .9  mm  b e l o w  

t h e   n i c k e l   s i d e   g a s k e t   f l a n g e .   Wi th   an  e x p a n d e d   p o l y -  

t e t r a f l u o r o e t h y l e n e   g a s k e t   of  a b o u t   1 .3  mm  c o m p r e s s e d  

t h i c k n e s s   b e t w e e n   t h e   membrane   and  t h e   c a t h o d e   g a s k e t  

f l a n g e   and  no  g a s k e t   b e t w e e n   t h e   membrane   and  t h e   a n o d e  

g a s k e t   f l a n g e ,   t h e   n o m i n a l   i n t e r - e l e c t r o d e   gap  w a s  

a b o u t   2 .5   mm. 

The  d i s t a n c e   b e t w e e n   t he   p l a n e s   of  t he   e n d s  

of   t h e   b o s s e s   was  6 5 . 4   mm  f o r   t h i s   b i p o l a r   c e l l ,   w h i c h  

may  be  c a l l e d   t h e   s u p p o r t   p o r t i o n   t h i c k n e s s .   T h e  

o v e r a l l   c e l l   u n i t   t h i c k n e s s ,   f rom  t h e   o u t s i d e   of  t h e  

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

anode   c o m p o n e n t ,   was  7 1 . 1   mm.  Thus ,   t he   c e l l   e l e m e n t  

t h i c k n e s s   was  92  p e r c e n t   of   t h e   t o t a l   u n i t   t h i c k n e s s .  



1.  A  m e t h o d   f o r   m a k i n g   an  e l e c t r o l y t i c   u n i t  

h a v i n g  

a  s u b s t a n t i a l l y   p l a n a r   e l e c t r i c   c u r r e n t  

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

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

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

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

l e a s t   one  s e c t i o n   and  has   an  i n t e r n a l   s u r f a c e   w h i c h  

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

s u p p o r t   p o r t i o n ;  

s a i d   m e t h o d   c o m p r i s i n g   t he   s t e p s   o f :  

a t t a c h i n g   in  any  s e q u e n t i a l   o r d e r :  

(a)   a  p l u r a l i t y   of  b o s s e s   to  a t   l e a s t   o n e  
s i d e   of  t he   s u p p o r t   p o r t i o n ;  

(b)  a t   l e a s t   one  s e c t i o n   of  t he   f l a n g e  

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

a n d  

(c)  a  p l u r a l i t y   of  l i n e r   s e c t i o n s   to  a t  

l e a s t   a  p o r t i o n   of  t he   b o s s e s   on  a t   l e a s t   one  s i d e   o f  

t h e   s u p p o r t   p o r t i o n .  



2.  The  m e t h o d   of  C l a i m   1  i n c l u d i n g   the   s t e p  

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

to  t h e   s u p p o r t   p o r t i o n   by  w e l d i n g .  

3.  The  m e t h o d   of   C l a i m   1  or  2  i n c l u d i n g  

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

f l a t t e n i n g   t h e   u n i t .  

4.  The  m e t h o d   of   C l a i m   1,  2  or  3  i n c l u d i n g  

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

u n i t .  

5.  The  m e t h o d   of   a n y  o n e   of   t h e   p r e c e d i n g  

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

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

t h e   b o s s e s   f rom  m e t a l s   s e l e c t e d   f rom  f e r r o u s   m e t a l s ,  

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

e a c h   and  a l l o y s   t h e r e o f .  

6.  The  m e t h o d   of  a n y  o n e   of  C l a i m s   1  to  4 ,  

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

and  t h e   b o s s e s   from  a  c a s t a b l e   m e t a l   s e l e c t e d   f r o m  

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

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

l e a s t   a  s e c t i o n   of  t he   f l a n g e   p o r t i o n   i s   made  of  a  

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

edge   of  s a i d   s u p p o r t   p o r t i o n .  

7.  The  m e t h o d   of  a n y  o n e   of  t h e   p r e c e d i n g  
c l a i m s ,   i n c l u d i n g   t he   s t e p   of   c o n s t r u c t i n g   the   f l a n g e  

p o r t i o n   of  a  t h i c k n e s s   a t   l e a s t   a b o u t   two  t i m e s   g r e a t e r  
t h a n   t h e   t h i c k n e s s   of  the   s u p p o r t   p o r t i o n .  



8.  The  m e t h o d   of  a n y  o n e   of  t he   p r e c e d i n g  

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

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

l i n e r .  

9.  The  m e t h o d   of  a n y  o n e   of  t he   p r e c e d i n g  

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

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

t a n t a l u m ,   c o l u m b i u m ,   h a f n i u m ,   z i r c o n i u m ,   and  a l l o y s  

t h e r e o f .  

10.  The  m e t h o d   of  a n y  o n e   of  t h e   p r e c e d i n g  

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

e l e c t r o d e   c o m p o n e n t   to  t h e   l i n e r ( s ) ,   and  a t t a c h i n g   a n  
e l e c t r i c a l   c o n n e c t i o n   means   to  a  p o r t i o n   of  t h e   s u p p o r t  

p o r t i o n   c o - e x t e n s i v e   w i t h   t h e   e l e c t r o d e   c o m p o n e n t .  

11.  The  m e t h o d   of   a n y  o n e   of   C l a i m s   1  to  9 ,  

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

means   to  t h e   f l a n g e   p o r t i o n .  

12.  An  a r t i c l e   p r o d u c e d   by  t he   m e t h o d   of  a n y  
one  of  t h e   p r e c e d i n g   c l a i m s .  
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