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(§)  Installation  of  ion-exchange  membrane  in  electrolytic  cell. 

A  method  of  installing  an  ion-exchange  membrane  in  an 
electrolytic  cell  in  which  the  membrane  is  expanded  by  stretching 
to  increase  the  surface  area  per  unit  weight  of  the  membrane  and 
the  expanded,  stretched  membrane  is  secured  to  the  electrolytic 
cell  or  to  a  part  thereof.  The  stretching  is  preferably  effected  at 
elevated  temperature  and  the  expansion  produced  by  stretching 
may  be  «locked»  into  the  membrane  by  cooling  the  expanded, 
stretched  membrane  to  a  lower  temperature  prior  to  installation  of 
the  membrane  in  the  electrolytic  cell. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   of   i n s t a l l i n g  

an  i o n - e x c h a n g e   m e m b r a n e   in  an  e l e c t r o l y t i c   c e l l .  

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

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

s e p a r a t e d   f r o m   t h e   a d j a c e n t   c a t h o d e   by  an  i o n - e x c h a n g e  

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

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

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

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

e l e c t r o l y s i s   f r o m   t h e   c e l l .   S i m i l a r l y ,   t h e   c a t h o d e  

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

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

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



to  t h e   c e l l .   The  e l e c t r o l y t i c   c e l l s   may  be  of   t h e  

m o n o p o l a r   o r   b i p o l a r   t y p e .  

Fo r   e x a m p l e   e l e c t r o l y t i c   c e l l s   of  t h e   f i l t e r  

p r e s s   t y p e   may  c o m p r i s e   a  l a r g e   n u m b e r   of  a l t e r n a t i n g  

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

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

c o m p r i s e   e v e n   more   a n o d e s   and  c a t h o d e s ,   f o r   e x a m p l e   u p  

to  one   h u n d r e d   and  f i f t y   a l t e r n a t i n g   a n o d e s   a n d  

c a t h o d e s .  

In  s u c h   an  e l e c t r o l y t i c   c e l l   t h e   m e m b r a n e s   a r e  

e s s e 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   and  in  u s e   i o n i c  

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

a c r o s s   t h e   m e m b r a n e   b e t w e e n   t h e   a n o d e   and  c a t h o d e  

c o m p a r t m e n t s   of   t h e   c e l l .   T h u s ,   when  an  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   s o l u t i o n   is   e l e c t r o l y s e d   in  a  c e l l  

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

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

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

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

c o m p a r t m e n t s ,   a l k a l i   m e t a l   i o n s   a r e   t r a n s p o r t e d   a c r o s s  

t h e   m e m b r a n e s   to   t h e   c a t h o d e   c o m p a r t m e n t s   of  t h e   c e l l   t o  

w h i c h   w a t e r   or   d i l u t e   a l k a l i   m e t a l   h y d r o x i d e   s o l u t i o n  

may  be  f e d ,   and  h y d r o g e n   and  a l k a l i   m e t a l   h y d r o x i d e  

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

w i t h   h y d r o x y l   i o n s   a r e   r e m o v e d   f r o m   t h e   c a t h o d e  

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

E l e c t r o l y t i c   c e l l s   of  t h e   t y p e   d e s c r i b e d   may  b e  

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

s o d i u m   h y d r o x i d e   by  t h e   e l e c t r o l y s i s   of   a q u e o u s   s o d i u m  

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

In  s u c h   an  e l e c t r o l y t i c   c e l l   t h e   m e m b r a n e   i s  

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

g a s k e t s .   I t   i s   d e s i r a b l e   t h a t   t h e   m e m b r a n e   be  i n s t a l l e d  



in  t h e   c e l l   in  a  t a u t   s t a t e   and  t h a t   t h e   m e m b r a n e   r e m a i n  

in  a  s u b s t a n t i a l l y   t a u t   s t a t e   when  e l e c t r o l y t e   i s  

c h a r g e d   to  t h e   c e l l   and  t h e   c e l l   i s   o p e r a t e d .   H o w e v e r ,  

i f   a  m e m b r a n e   is   i n s t a l l e d   in  an  e l e c t r o l y t i c   c e l l   in  a  

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

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

in  t h e   c e l l   t h e   m e m b r a n e   s w e l l s   and  e x p a n d s   and  b e c o m e s  

s l a c k   and  may  e v e n   b e c o m e   w r i n k l e d .   As  a  r e s u l t   t h e r e  

may  be  u n e v e n   r e l e a s e   of  g a s   and  an  i n c r e a s e   in  t h e  

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

w h e r e   t h e   c e l l   i s   d e s i g n e d   to   o p e r a t e   a t   l o w ,   o r   z e r o ,  

a n o d e - c a t h o d e   g a p .  

In  o r d e r   to   a l l e v i a t e   t h i s   p r o b l e m   of   s w e l l i n g   o f  

t h e   m e m b r a n e   in  u s e   i t   has   b e e n   p r o p o s e d   to   p r e - s w e l l  

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

e l e c t r o l y t i c   c e l l ,   f o r   e x a m p l e   by  s o a k i n g   t h e   m e m b r a n e  

in  w a t e r ,   in  an  a q u e o u s   s o d i u m   c h l o r i d e ' s o l u t i o n ,   o r   i n  

.  an  a q u e o u s .   s o d i u m   h y d r o x i d e   s o l u t i o n .   I d e a l l y ,   t h e  

m e m b r a n e   s h o u l d   be  p r e - s w e l l e d   to   an  e x t e n t  

a p p r o x i m a t e l y   t h e   same  as  t h a t   by  w h i c h   a  d r y   m e m b r a n e  

w o u l d   be  s w e l l e d   by  c o n t a c t   w i t h   t h e   e l e c t r o l y t e   in  t h e  

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

In  US  P a t e n t   No.  4 0 0 0 0 5 7   t h e r e   i s   d e s c r i b e d   t h e  

p r e - s w e l l i n g   of  a  m e m b r a n e   b e f o r e   i n s t a l l a t i o n   of  t h e  

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

c o n t a c t i n g   t h e   m e m b r a n e   w i t h   a  l i q u i d   m e d i u m   in  w h i c h  

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

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

c o n t a c t i n g   t h e   m e m b r a n e   w i t h   t h e   l i q u i d   m e d i u m .   S u i t a b l e  

l i q u i d   m e d i a   i n c l u d e ,   f o r   e x a m p l e ,   a q u e o u s   s o l u t i o n s   o f  

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

A l t h o u g h   t h e   a f o r e m e n t i o n e d   m e t h o d s   do  a s s i s t   i n  

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

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



e l e c t r o l y t i c   c e l l   t h e y   do  t h e m s e l v e s   s u f f e r   f r o m  

s u b s t a n t i a l   d i s a d v a n t a g e s .   T h u s ,   t h e   p r e - s w e l l e d  

m e m b r a n e s   a r e   wet   and  r e m a i n   wet   d u r i n g   i n s t a l l a t i o n   i n  

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

S p e c i a l   h a n d l i n g   p r e c a u t i o n s   may  n e e d   to  be  t a k e n ,   f o r  

e x a m p l e   w h e r e   t h e   m e m b r a n e   has   b e e n   p r e - s w e l l e d   b y  

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

s o l u t i o n .   A l s o   d i f f i c u l t y   may  a l s o   be  e x p e r i e n c e d   i n  

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

l e a k - t i g h t   m a n n e r ,   f o r   e x a m p l e   b e t w e e n   a  p a i r   o f  

g a s k e t s .  

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   a  m e t h o d   o f  

i n s t a l l i n g   an  i o n - e x c h a n g e   m e m b r a n e   in  an  e l e c t r o l y t i c  

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

d i s a d v a n t a g e s .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  m e t h o d   of   i n s t a l l i n g   an  i o n - e x c h a n g e   m e m b r a n e  

c o m p r i s i n g   an  o r g a n i c   p o l y m e r   c o n t a i n i n g   i o n - e x c h a n g e  

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

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

t h e   i o n - e x c h a n g e   m e m b r a n e   is   e x p a n d e d   and  t h e   e x p a n d e d  

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

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

e x p a n d e d   by  s t r e t c h i n g   t h e   m e m b r a n e   in  o r d e r   to   i n c r e a s e  

t h e   s u r f a c e   a r e a   p e r   u n i t   w e i g h t   of  t h e   m e m b r a n e .  

In  t h e   m e t h o d   of   t h e   i n v e n t i o n   t h e   i o n - e x c h a n g e  

m e m b r a n e   in  t h e   f o r m   of  a  s h e e t   or   f i l m   is   e x p a n d e d   b y  

s t r e t c h i n g   so  as  to   i n c r e a s e   t h e   s u r f a c e   a r e a   of  t h e  

m e m b r a n e   p e r   u n i t   w e i g h t   of  m e m b r a n e .  

T h i s   e x p a n s i o n   of   t h e   m e m b r a n e   d o e s   n o t   d e p e n d   o n  

t h e   u se   of   a  l i q u i d   m e d i u m   to  s w e l l   and  t h u s   e x p a n d   t h e  

m e m b r a n e .   I n d e e d ,   t h e   e x p a n s i o n   by  s t r e c h i n g   w i l l  

g e n e r a l l y   be  e f f e c t e d ' ,   and  is  p r e f e r a b l y   e f f e c t e d ,   on  a  



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

d i s a d v a n t a g e s   a s s o c i a t e d   w i t h   u s e   of   a  l i q u i d   m e d i u m .  

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

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

t e m p e r a t u r e .  

The  s t r e t c h i n g   of  t h e   m e m b r a n e   s h o u l d   be  e f f e c t e d  

w i t h   c a r e   in  o r d e r   n o t   to  t e a r   t h e   m e m b r a n e .   The  u s e   o f  

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

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

m e m b r a n 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   of  t h e   p r e s e n t  

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

i o n - e x c h a n g e   m e m b r a n e   in  an  e l e c t r o l y t i c   c e l l   w h i c h  

m e t h o d   c o m p r i s e s   h e a t i n g   t h e   i o n - e x c h a n g e   m e m b r a n e   to   a n  

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

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

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

p a r t   of  t he   e l e c t r o l y t i c   c e l l .  

I t   i s   f u r t h e r   p r e f e r r e d   to   s t r e t c h   t h e   m e m b r a n e  

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

l o w e r   t e m p e r a t u r e ,   e . g .   to  a  t e m p e r a t u r e   a t   o r   n e a r  

a m b i e n t ,   w h i l s t   r e s t r a i n i n g   t h e   m e m b r a n e   in  t h e   e x p a n d e d  

s t r e t c h e d   s t a t e ,   and  t h e r e a f t e r   to   s e c u r e   t h e   e x p a n d e d  

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

p a r t   t h e r e o f .  

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

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

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

e x p a n d e d ,   s t r e t c h e d   m e m b r a n e   may  be  c o o l e d   to   a  l o w e r  

t e m p e r a t u r e .   A l t e r n a t i v e l y ,   t h e   m e m b r a n e   may  b e  

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

e d g e s   of  t he   m e m b r a n e ,   and  t h e   e x p a n d e d ,   s t r e t c h e d  

m e m b r a n e   may  be  c o o l e d   to  a  l o w e r   t e m p e r a t u r e .   T h e  

s t r e t c h i n g   of  t h e   m e m b r a n e   may  be  e f f e c t e d   in  a  

s t r e t c h i n g   f r a m e   or   m a c h i n e .  



The  m e m b r a n e   may  be  s t r e t c h e d   u n i a x i a l l y   o r  

b i a x i a l l y .   B i a x i a l   s t r e t c h i n g   may  be  e f f e c t e d   in  t w o  

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

When  t h e   m e m b r a n e   i s   s t r e t c h e d   u n i a x i a l l y   s t r i p s  

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

o p p o s e d   e d g e s   of  t h e   m e m b r a n e   to   p r e v e n t   c o n t r a c t i o n   o f  

t h e   m e m b r a n e   in  a  d i r e c t i o n   t r a n s v e r s e   to   t h a t   i n  w h i c h  

t h e   m e m b r a n e   is   s t r e t c h e d .  

W h e r e   t h e   m e m b r a n e   i s   s t r e t c h e d ,   e . g .   a t   e l e v a t e d  

t e m p e r a t u r e , ' a n d   p a r t i c u l a r l y   w h e r e   t h e   m e m b r a n e   i s  

s u b s e q u e n t l y   c o o l e d   to   a  l o w e r   t e m p e r a t u r e ,   f o r   e x a m p l e ,  

a t   or   n e a r   a m b i e n t   t e m p e r a t u r e ,   w h i l s t   t h e   m e m b r a n e   i s  

r e s t r a i n e d   in  t h e   e x p a n d e d ,   s t r e t c h e d   s t a t e ,   a t   l e a s t  

some  of  t h e   e x p a n s i o n   of   t h e   m e m b r a n e   e f f e c t e d   b y  

s t r e t c h i n g   i s   " l o c k e d "   i n t o   t h e   m e m b r a n e .   When  t h e  

e x p a n d e d ,   s t r e t c h e d   m e m b r a n e   is   i n s t a l l e d   in  a n  

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

is   c o n t a c t e d   w i t h   an  e l e c t r o l y t e ,   p a r t i c u l a r l y   a t   a n  

e l e v a t e d   t e m p e r a t u r e ,   f o r   e x a m p l e   w i t h   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   s o l u t i o n   a t   a  t e m p e r a t u r e   w h i c h   may  be  a s  

h i g h ' a s   95°C  in  a  c h l o r - a l k a l i   c e l l ,   t h e   e x p a n s i o n   w h i c h  

is   " l o c k e d "   i n t o   t h e   m e m b r a n e   i s   r e l e a s e d ,   or   p a r t i a l l y  

r e l e a s e d ,   and  t h e   m e m b r a n e   t e n d s   to   c o n t r a c t   t o w a r d s   i t s  

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

r e s t r a i n e d   in  t h e   e l e c t r o l y t i c   c e l l .   T h i s   t e n d a n c y   t o  

c o n t r a c t   is   c o u n t e r a c t e d   by  t h e   e x p a n s i o n   of  t h e  

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

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

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

t a u t   and  d o e s   n o t   b e c o m e   w r i n k l e d   d u r i n g   u s e .  

I t   i s   p r e f e r r e d   t h a t   t h e   a m o u n t   of  e x p a n s i o n  

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

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



t h e   m e m b r a n e   on  c o n t a c t   w i t h   t h e   e l e c t r o l y t e   in  t h e  

e l e c t r o l y t i c   c e l l   so  t h a t   t he   m e m b r a n e ,   when  c o n t a c t e d  

w i t h   t h e   e l e c t r o l y t e   r e m a i n s   t a u t   in  t h e   c e l l .   S o m e  

b e n e f i t   w i l l   h o w e v e r   be  o b t a i n e d   e v e n   i f   t h e   a m o u n t   o f  

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

e x p a n s i o n   c a u s e d   by  s w e l l i n g   of   t h e   m e m b r a n e   on  c o n t a c t  

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

be  e f f e c t e d   by  s t r e t c h i n g   may  be  d e t e r m i n e d   by  s i m p l e  

t e s t .  

In  g e n e r a l ,   t h e   e x p a n s i o n   of  t h e   m e m b r a n e  

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

l e a s t   2%  in  t h e   s u r f a c e   a r e a   of  t h e   m e m b r a n e   p e r   u n i t  

w e i g h t   of  m e m b r a n e ,   p r e f e r a b l y   a t   l e a s t   5%.  A  l a r g e  

e x p a n s i o n   of  t h e   m e m b r a n e   may  be  e f f e c t e d   by  s t r e t c h i n g  
f o r   e x a m p l e ,   a t   l e a s t   50%,  o r   a t   l e a s t   100%,  o r   e v e n   a  

1 0 - f o l d   i n c r e a s e   or   g r e a t e r   in  t h e   s u r f a c e   a r e a   p e r   u n i t  

w e i g h t   of  t h e   m e m b r a n e .   Where   a  s u b s t a n t i a l   a m o u n t   o f  

s t r e t c h i n g   i s   e f f e c t e d   a d d i t i o n a l   b e n e f i t s   w i l l   b e  

o b t a i n e d .   T h u s ,   w h e r e   a  l a r g e   e x p a n s i o n   of   t h e   m e m b r a n e  

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

an  e l e c t r o l y t i c   c e l l   w i l l  r e s u l t   in  a  l o w e r   v o l t a g e   o f  

o p e r a t i o n ,   w i t h   c o n s e q u e n t   s a v i n g s   in  p o w e r   c o s t s .  

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

p r o d u c e d   a t   a  h i g h e r   c u r r e n t   e f f i c i e n c y .  

In  o r d e r   t h a t   t h e   b u l k   of  t h e   e x p a n s i o n   of   t h e  

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

m e m b r a n e   t h e   m e m b r a n e   may  be  c o o l e d   f r o m   an  e l e v a t e d  

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

is   r e s t r a i n e d   in  t h e   e x p a n d e d ,   s t r e t c h e d   s t a t e .   H o w e v e r ,  

when  s u c h   a  m e m b r a n e   is   u s e d   in  an  e l e c t r o l y t i c   c e l l   t h e  

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

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

t e m p e r a t u r e   may  be  much  g r e a t e r   t h a n   t h e   e x p a n s i o n  

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



e l e c t r o l y t e ,   and  t h e   m e m b r a n e   may  t e n d   to  t e a r .   W h e t h e r  

or   n o t   t h e r e   is   any  t e n d a n c y   to  t e a r   w i l l   of  c o u r s e  

d e p e n d   on  t h e   e x t e n t   of  t h e   e x p a n s i o n   of   t h e   m e m b r a n e  

e f f e c t e d   by  s t r e t c h i n g .  

I t   i s   p r e f e r r e d ,   w h e r e   t h e   e x t e n t   of   e x p a n s i o n   o f  

t he   m e m b r a n e   whch  is  e f f e c t e d   by  s t r e t c h i n g   i s  

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

w h i c h   has   a  much  i n c r e a s e d   s u r f a c e   a r e a   p e r   u n i t   p e r  

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

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

f o r   t h e   e x p a n d e d ,   s t r e t c h e d   m e m b r a n e   to   be  a n n e a l e d   b y  

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

t h e   m e m b r a n e   to   a  l o w e r   t e m p e r a t u r e .   In  t h i s   w a y  
s u f f i c i e n t   e x p a n s i o n   may  be  " l o c k e d "   i n t o   t h e   m e m b r a n e  

f o r   t h e   m e m b r a n e   to   r e m a i n   t a u t   and  u n w r i n k l e d   d u r i n g  

u s e   in   an  e l e c t r o l y t i c   c e l l   and  a l s o   any  t e n d a n c y   f o r  

t h e   m e m b r a n e   to   t e a r   d u r i n g   u s e   may  be  o v e r c o m e .  

The  m e m b r a n e   w h i c h   is   s u b j e c t e d   to   e x p a n s i o n   b y  

s t r e t c h i n g   w i l l   g e n e r a l l y   be  in   t h e   f o r m   of  a  f i l m   a n d  

may ,   f o r   e x a m p l e ,   h a v e   a  t h i c k n e s s   in  t h e   r a n g e   0 . 2   t o  

2  mm. 

A l t h o u g h   e x t r e m e l y   t h i n   m e m b r a n e s   may  be  p r o d u c e d  

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

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

when  u s e d   in  an  e l e c t r o l y t i c   c e l l .   In  g e n e r a l   t h e  

e x p a n d e d ,   s t r e t c h e d   m e m b r a n e   w i l l   h a v e   a  t h i c k n e s s   of  a t  

l e a s t   0 . 0 2   mm,  p r e f e r a b l y   a t   l e a s t   0 . 1   mm. 

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

t h e   m e m b r a n e   is   e f f e c t e d   w i l l   d e p e n d   on  t h e   n a t u r e   o f  

t h e   m e m b r a n e .   I t   w i l l   in  g e n e r a l ,   h o w e v e r ,   be  in  e x c e s s  

of   4 0 ° C ,   p r e f e r a b l y   in  e x c e s s   of  5 5 ° C .   A  s u i t a b l e  

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

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



n o t   be  so  h i g h   t h a t   t h e   o r g a n i c   p o l y m e r   of   t h e   m e m b r a n e  

m e l t s   or   is  d e g r a d e d   to   a  s i g n i f i c a n t   e x t e n t .   In  g e n e r a l  

t he   e l e v a t e d   t e m p e r a t u r e   a t   w h i c h   s t r e t c h i n g   i s   e f f e c t e d  

w i l l   n o t   be  a b o v e   1 5 0 ° C .  

Where   t h e   e x p a n d e d ,   s t r e t c h e d   m e m b r a n e   i s  

a n n e a l e d   t h e   a n n e a l i n g   t e m p e r a t u r e   may  be  t h e   same  as  o r  

s i m i l a r   to   t h e   e l e v a t e d   t e m p e r a t u r e   a t   w h i c h   t h e  

m e m b r a n e   is   s t r e t c h e d .   The  a n n e a l i n g   t e m p e r a t u r e   may  b e  

h i g h e r   t h a n   t h e   t e m p e r a t u r e   a t   w h i c h   s t r e t c h i n g   i s  

e f f e c t e d .   The  t i m e   f o r   w h i c h   t h e   e x p a n d e d ,   s t r e t c h e d  

m e m b r a n e   i s   a n n e a l e d   w i l l   d e t e r m i n e   t h e   e x t e n t   of   t h e  

e x p a n s i o n   of  t h e   m e m b r a n e   w h i c h   is   " l o c k e d "   i n t o   t h e  

m e m b r a n e   when   t h e  m e m b r a n e   i s   s u b s e q u e n t l y   c o o l e d   to  a  

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

l e s s   w i l l   be  t h e   e x t e n t   of   t h e   e x p a n s i o n   w h i c h   r e m a i n s  

" l o c k e d "   i n t o   t h e   m e m b r a n e s .   In  g e n e r a l ,   t h e   a n n e a l i n g  

t i m e   w i l l   be  a t   l e a s t   1  m i n u t e ,   b u t   in  g e n e r a l   i t   w i l l  

n o t   be  more   t h a n   5  h o u r s .  

T h e  l o w e r   t h e   t e m p e r t u r e   to   w h i c h   t h e   m e m b r a n e  

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

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

f o r c e ,   i f   any  is   r e m o v e d   f r o m   t h e   m e m b r a n e .   I t   i s   m o s t  

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

is  a t   o r   n e a r   a m b i e n t   t e m p e r a t u r e .  

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

u s e f u l   w h e r e   t h e   m e m b r a n e   is  to  be  e x p a n d e d   to   a  

s u b s t a n t i a l   e x t e n t   by  s t r e t c h i n g ,   t h e   m e m b r a n e   i s  

s t r e t c h e d   a t   e l e v a t e d   t e m p e r a t u r e ,   t h e   m e m b r a n e   i s  

c o o l e d   to   a  l o w e r   t e m p e r a t u r e ,   e . g .   to   a  t e m p e r a t u r e   a t  

or   n e a r   a m b i e n t ,   w h i l s t   r e s t r a i n i n g   t h e   m e m b r a n e   in  t h e  

e x p a n d e d   s t r e t c h e d   s t a t e ,   and  t h e   s t e p s   of  e x p a n s i o n   b y  

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

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



of  e x p a n s i o n   of   t h e   m e m b r a n e   may  be  e f f e c t e d   b y  

s t r e t c h i n g   in  a  p l u r a l i t y   of   s t a g e s   and  t h e r e   is   a  

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

e . g .   by  t e a r i n g ,   d u r i n g   t he   s t r e t c h i n g .  

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

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

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

o r d e r   to   p r o v i d e   r e s i s t a n c e   to  t h e   c o r r o s i v e   e n v i r o n m e n t  

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

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

f l u o r o p o l y m e r ,   and  more   p r e f e r a b l y   a  p e r f l u o r o p o l y m e r ,  

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

S u i t a b l e   a c i d i c   g r o u p s   i n c l u d e   s u l p h o n i c   a c i d ,  

c a r b o x y l i c   a c i d   o r   p h o s p h o n i c   a c i d .   The  m e m b r a n e   m a y  
c o n t a i n   two  o r   more   d i f f e r e n t   a c i d i c   g r o u p s .   S u i t a b l e  

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

g r o u p s ,   f o r   e x a m p l e   m e t a l   s a l t s ,   s u c h   g r o u p s ,  

p a r t i c u l a r l y   a l k a l i   m e t a l   s a l t s .   S u i t a b l e   d e r i v a t i v e s  

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

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

e . g .  -   S02F  and  -COF,   n i t r i l e   g r o u p s  -   CN,  a c i d   a m i d e  

g r o u p s  -   CONR2'  w h e r e   R  i s   H  or   a l k y l ,   and  a c i d   e s t e r  

g r o u p s ,   e . g .  -   COOR,  w h e r e   R  is   an  a l k y l   g r o u p .  
S u i t a b l e   c a t i o n - e x c h a n g e   m e m b r a n e s   a r e   t h o s e  

d e s c r i b e d ,   f o r   e x a m p l e ,   in  t h e   GB  P a t e n t s   Nos .   1 1 8 4 3 2 1 ,  

1 4 0 2 9 2 0 ,   1 4 0 6 6 7 3 ,   1 4 5 5 0 7 0 ,   1 4 9 7 7 4 8 ,   1 4 9 7 7 4 9 ,   1 5 1 8 3 8 7   a n d  

1 5 3 1 0 6 8 .  

I t   i s   p r e f e r r e d   to  u se   m e m b r a n e s   c o n t a i n i n g  

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

i o n - e x c h a n g e   g r o u p s   by  h y d r o l y s i s   as  m e m b r a n e s  

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

s t r e t c h i n g .   For   e x a m p l e ,   w h e r e   t h e   m e m b r a n e   i s   a  

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



e x c h a n g e   g r o u p s   i t   is   p r e f e r r e d   to  s t r e t c h   t h e   m e m b r a n e  

in  a  f o r m   in  w h i c h   t h e   c a r b o x y l i c   g r o u p s   a r e   in  t h e  

e s t e r   f o r m ,   e . g .   in  t h e   f o r m   of  a  m e t h y l   e s t e r .  

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

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

e f f e c t e d ,   f o r   e x a m p l e ,   by  c o n t a c t i n g   t h e   m e m b r a n e '   w i t h  

a q u e o u s   a l k a l i   m e t a l   h y d r o x i d e   s o l u t i o n ,   e . g .   w i t h  

a q u e o u s   s o d i u m   h y d r o x i d e   s o l u t i o n .   As  t h e   m e m b r a n e   m a y  

t e n d   to   s w e l l   on  h y d r o l y s i s   i t   i s   p r e f e r r e d   to   e f f e c t  

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

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

t h e r e o f .  

The  m e m b r a n e   may  be  r e i n f o r c e d ,   f o r   e x a m p l e   w i t h  

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

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

e x p e r i e n c e d   in  s t r e t c h i n g   t h e   r e i n f o r c i n g   n e t .   T h e  

m e m b r a n e   may  be  in   t h e   f o r m   of   a  l a m i n a t e ,   or   i t   may  b e  

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

The  e x p a n d e d ,   s t r e t c h e d   i o n - e x c h a n g e   m e m b r a n e   i s  

s e c u r e d   in  t h e   e l e c t r o l y t i c   c e l l ,   o r   to   a  p a r t   of  t h e  

e l e c t r o l y t i c   c e l l .   Where   t h e   m e m b r a n e   h a s   b e e n   e x p a n d e d  

by  s t r e t c h i n g   a t   e l e v a t e d   t e m p e r a t u r e   i t   may  be  s e c u r e d  

in  t h e   e l e c t r o l y t i c   c e l l   o r   to   a  p a r t   t h e r e o f   w h i l s t   a t  

t h e   e l e v a t e d   t e m p e r a t u r e .   H o w e v e r ,   as  t h e   e x p a n d e d  

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

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

p r o c e d u r e   i t   is  p r e f e r r e d   to  l o c k   t h e   e x p a n s i o n   i n t o   t h e  

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

e l e c t r o l y t i c   c e l l   o r   to   a  p a r t   t h e r e o f .   T h u s ,   i t   i s  

p r e f e r r e d   to  e x p a n d   t h e   i o n - e x c h a n g e   m e m b r a n e   b y  

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

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

t h e   m e m b r a n e   to  a  l o w e r   t e m p e r a t u r e ,   and  p r e f e r a b l y   t o  



a m b i e n t   t e m p e r a t u r e ,   a t   w h i c h   t e m p e r a t u r e   t h e   m e m b r a n e  

r e t a i n s   a  s u b s t a n t i a l   p r o p o r t i o n   of  i t s   e x p a n d e d ,  

s t r e t c h e d   s t a t e   when  t h e   r e s t r a i n i n g   f o r c e   is  r e m o v e d .  

The  e x p a n d e d   s t r e t c h e d   m e m b r a n e   may  be  s e c u r e d  

i n t o   t h e   e l e c t r o l y t i c   c e l l   o r   to   a  p a r t   t h e r e o f   by  a n y  
c o n v e n i e n t   m e a n s .   For   e x a m p l e ,   t he   m e m b r a n e   may  b e  

s e c u r e l y   c l a m p e d   b e t w e e n   a  p a i r   of  g a s k e t s   in  t h e  

e l e c t r o l y t i c   c e l l ,   or   t h e   m e m b r a n e   may  be  s e c u r e d   to   a  

f r a m e   w h i c h   i s   s u b s e q u e n t l y   i n s t a l l e d   in  t h e  

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

e l e c t r o d e .  

The  m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n   i s  

p a r t i c u l a r l y   s u i t a b l e   f o r   a p p l i c a t i o n   to   an  i o n - e x c h a n g e  

m e m b r a n e   w h i c h   i s   to   be  i n s t a l l e d   in  an  e l e c t r o l y t i c  

c e l l   of   t h e   f i l t e r   p r e s s   t y p e .   E l e c t r o l y t i c   c e l l s   of  t h e  

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

a l t e r n a t i n g   a n o d e s   and  c a t h o d e s   w i t h   an  i o n - e x c h a n g e  

m e m b r a n e   p o s i t i o n e d   b e t w e e n   e a c h   a n o d e   and  a d j a c e n t  

c a t h o d e .   Such   c e l l s   may  c o m p r i s e ,   f o r   e x a m p l e ,   f i f t y  

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

may  c o m p r i s e   e v e n   more   a n o d e s   and  c a t h o d e s ,   f o r   e x a m p l e  

up  to   one   h u n d r e d   and  f i f t y   a l t e r n a t i n g   a n o d e s   a n d  

c a t h o d e s .  

In  t h e   e l e c t r o l y t i c   c e l l   t h e   e l e c t r o d e s   w i l l  

g e n e r a l l y   be  made  o f   a  m e t a l   or   a l l o y .   The  n a t u r e   of  t h e  

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

to   be  u s e d   as  an  a n o d e   or   c a t h o d e   and  on  t h e   n a t u r e   o f  

t h e   e l e c t r o l y t e   w h i c h   i s   to  be  e l e c t r o l y s e d   in  t h e  

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

Where   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   s o l u t i o n   i s  

to   be  e l e c t r o l y s e d   and  t he   e l e c t r o d e   is  to  be  u s e d   as  a n  

a n o d e   t h e   e l e c t r o d e   is   s u i t a b l y   made  of  a  f i l m - f o r m i n g  

m e t a l   or   an  a l l o y   t h e r e o f ,   f o r   e x a m p l e   of  z i r c o n i u m ,  



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

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

a  c o a t i n g   of  an  e l e c t r o - c o n d u c t i n g   e l e c t r o c a t a l y t i c a l l y  

a c t i v e   m a t e r i a l .   The  c o a t i n g   may  c o m p r i s e   one  or   m o r e  

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

i r i d i u m ,   r u t h e n i u m ,   o s m i u m   or   p a l l a d i u m ,   a n d / o r   a n  o x i d e  

of  one  or   more   of  t h e s e   m e t a l s .   The  c o a t i n g   of  p l a t i n u m  

g r o u p   m e t a l   a n d / o r   o x i d e   may  be  p r e s e n t   in  a d m i x t u r e  

w i t h   one  or   more   n o n - n o b l e   m e t a l   o x i d e s ,   p a r t i c u l a r l y  

one  or   more   f i l m - f o r m i n g   m e t a l   o x i d e s ,   e . g .   t i t a n i u m  

d i o x i d e .  

E l e c t r o - c o n d u c t i n g   e l e c t r o c a t a l y t i c a l l y   a c t i v e  

m a t e r i a l s   f o r   u s e   as  a n o d e   c o a t i n g s   in  an  e l e c t r o l y t i c  

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

c o a t i n g s ,   a r e   w e l l   known  in  t h e   a r t .  

Where   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   s o l u t i o n   i s  

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

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

or   of  o t h e r   s u i t a b l e   m e t a l ,   f o r   e x a m p l e   n i c k e l .   T h e  

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

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

Any  s u i t a b l e   c o n s t r u c t i o n   of  e l e c t r o d e   may  b e  

u s e d   in  t h e   e l e c t r o l y t i c   c e l l .   Fo r   e x a m p l e   t h e   e l e c t r o d e  

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

or   s t r i p s ,   or   i t   may  c o m p r i s e   a  f o r a m i n a t e   s u r f a c e ,   e . g .  

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

The  i n v e n t i o n   i s   i l l u s t r a t e d   by  t h e   f o l l o w i n g  

e x a m p l e s .  

E x a m p l e   1 

A  r e c t a n g u l a r   s e c t i o n   35  cm  x  30  cm  was  c u t   f r o m  

a  280  m i c r o n   t h i c k   s h e e t   of  a  c a t i o n - e x c h a n g e   m e m b r a n e  

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   c o n t a i n i n g   c a r b o x y l i c   a c i d   g r o u p s ,  

t h e   i o n - e x c h a n g e   c a p a c i t y   of  t he   m e m b r a n e   b e i n g   1 . 3  

m i l l i   e q u i v a l e n t s   p e r   g r a m .  

S t r i p s   of   PVC  e l a s t i c   t a p e   w e r e   a t t a c h e d   to  t h e  

s h e e t   a t   e a c h   of   t h e   35  cm  l o n g   e d g e s   of  t h e   s h e e t   a n d  

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

of  t h e   30  cm  l o n g   e d g e s   of   t h e   s h e e t .   The  s h e e t   was  t h e n  

m o u n t e d   in  a  B r u c k n e r   K a r o   11  o r i e n t e r   and  t h e  

t e m p e r a t u r e   of  t h e   s h e e t   was  r a i s e d   to   67°C  in  an  o v e n  

a s s o c i a t e d   w i t h   t h e   o r i e n t e r .  

The  a l u m i n i u m   s t r i p s   w e r e   p u l l e d   a p a r t   a t   a  r a t e  

of   1  m e t r e   p e r   m i n u t e   u n t i l   t h e   s p a c i n g   of  t h e   a l u m i n i u m  

s t r i p s   a t t a c h e d   to   t h e   s h e e t   had  i n c r e a s e d   by  a  f a c t o r  

o f   1 . 5 ,   t h e   PVC  e l a s t i c   s t r i p s   a s s i s t i n g   in  t h e  

p r e v e n t i o n   of  " w a i s t i n g "   of   t h e   s h e e t .   The  s h e e t ,   w h i l s t  

m o u n t e d   on  t h e   o r i e n t e r ,   was  t h e n   r e m o v e d   f r o m   t h e   o v e n  

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

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

t e m p e r a t u r e   of   67°C  and  c o o l i n g   of  t h e   s h e e t   to  a m b i e n t  

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

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

i n c r e a s e d   by  a  f a c t o r   o f   2 .5   o v e r   t h e   o r i g i n a l   s p a c i n g  

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

t h e   a l u m i n i u m   s t r i p s   b e i n g   i n c r e a s e d   by  a  f a c t o r   of   4 . 2  

o v e r   t h e   o r i g i n a l   s p a c i n g .  

The  r e s u l t a n t   c a t i o n - e x c h a n g e   m e m b r a n e   f i l m   w a s  

t h e n   r e m o v e d   f r o m   t h e   o r i e n t e r .   The  f i l m   r e l a x e d  

s l i g h t l y   t o w a r d s   t h e   o r i g i n a l   d i m e n s i o n s   of  t h e   s h e e t .  

The  t h i c k n e s s   of  t h e   f i l m   a f t e r   t h i s   s l i g h t   r e l a x a t i o n  

was  80  m i c r o n s .  

The  f i l m   of  c a t i o n - e x c h a n g e   m e m b r a n e   p r o d u c e d   a s  

d e s c r i b e d   a b o v e   was  s e c u r e l y   and  t a u t l y   c l a m p e d   b e t w e e n  

a  p a i r   of  g a s k e t s   of  EPDM  r u b b e r   and  m o u n t e d   in  a n  

e l e c t r o l y t i c   c e l l   e q u i p p e d   w i t h   a  7 .5   cm  d i a m e t e r   n i c k e l  



mesh   c a t h o d e   and  a  7 . 5   cm  d i a m e t e r   t i t a n i u m   mesh   a n o d e  

c o a t e d   w i t h   a  c o a t i n g   of  a  m i x t u r e   of   Ru02  and  T i 0 2  
in  a  p r o p o r t i o n   of  35  R u 0 2  :   65  T i 0 2   by  w e i g h t .  

310  g / l   a q u e o u s   NaCl  s o l u t i o n   a t   a  pH  of  8 . 0   w a s  

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

was  c h a r g e d   to   t h e   c a t h o d e   c o m p a r t m e n t   of   t h e   c e l l   a n d  

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

9 0 ° C ,   t h e   c o n c e n t r a t i o n   of   NaCl  in  t h e   a n o d e   c o m p a r t m e n t  

d u r i n g   e l e c t r o l y s i s   b e i n g   200  g / l .  

C h l o r i n e   and  d e p l e t e d   NaCl  s o l u t i o n   w e r e   r e m o v e d  

f r o m   t h e   a n o d e   c o m p a r t m e n t   and  h y d r o g e n   and  a q u e o u s   NaOH 

(35%  by  w e i g h t )   w e r e   r e m o v e d   f r o m   t h e   c a t h o d e  

c o m p a r t m e n t .  

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

d e n s i t y   of   1kA/m2  and   t h e   c e l l   v o l t a g e   was  3 . 0 1   v o l t s .  

A f t e r   a  t o t a l   of  20  d a y s   e l e c t r o l y s i s   t h e   c e l l  

was  o p e n e d   and  t h e   c a t i o n - e x c h a n g e   m e m b r a n e   e x a m i n e d .  

The  m e m b r a n e   was  f o u n d   to  be  t a u t   and  n o t   w r i n k l e d .  

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

p r o c e d u r e   was  r e p e a t e d   e x c e p t   t h a t   a  280  m i c r o n   t h i c k  

s h e e t   of   c a t i o n - e x c h a n g e   m e m b r a n e   was  i n s t a l l e d   in  t h e  

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

s u b j e c t e d   to   t h e   s t r e t c h i n g   p r o c e s s .  

A t  a   c u r r e n t   d e n s i t y   of  IkA/m2  t h e   v o l t a g e   w a s  

3 .1   v o l t s   and  t h e   m e m b r a n e   r e m o v e d   f rom  t h e   c e l l   w a s  

f o u n d   to   be  w r i n k l e d   and  no  l o n g e r   t a u t .  

E x a m p l e  2  

The  e l e c t r o l y s i s   p r o c e d u r e   of  E x a m p l e   1  w a s  

r e p e a t e d   a t   a  c u r r e n t   d e n s i t y   of  2 k A / m 2 .   In  t h i s   c a s e  

t h e   v o l t a g e   was  3 . 2 4   v o l t s   a n d ,   as  in  t h e   c a s e   o f  

E x a m p l e   1  t h e   m e m b r a n e ,   when  r e m o v e d   f rom  t he   c e l l ,   w a s  

f o u n d   to  be  t a u t   and  u n w r i n k l e d .  



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

p r o c e d u r e   was  r e p e a t e d   e x c e p t   t h a t   a  280  m i c r o n   t h i c k  

s h e e t   of   c a t i o n - e x c h a n g e   m e m b r a n e   was  i n s t a l l e d   in  t h e  

e l e c t r o l y t i c   c e l l ,   t h a t   i s   a  m e m b r a n e   w h i c h   had  no t   b e e n  

s u b j e c t e d   to   t h e   s t r e t c h i n g   p r o c e s s .  

At  a  c u r r e n t   d e n s i t y   of   2  kA/m2  t h e   v o l t a g e   w a s  

3 .4   v o l t s   and  t h e   m e m b r a n e   r e m o v e d   f r o m   t h e   c e l l   w a s  

f o u n d   to   be  w r i n k l e d   and  no  l o n g e r   t a u t .  

E x a m p l e   3 

The  e l e c t r o l y s i s   p r o c e d u r e   of  E x a m p l e   1  w a s  

r e p e a t e d   a t   a  c u r r e n t   d e n s i t y   of   3  kA/m2 .   In  t h i s   c a s e  

t h e   v o l t a g e   was  3 . 5 2   v o l t s   a n d ,   as  in  t h e   c a s e   o f  

E x a m p l e   1,  t h e   m e m b r a n e ,   when  r e m o v e d   f r o m   t h e   c e l l ,   w a s  

f o u n d   to   be  t a u t   and  u n w r i n k l e d .  

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

p r o c e d u r e   was  r e p e a t e d   e x c e p t   t h a t   a  280  m i c r o n   t h i c k  

s h e e t   of  c a t i o n - e x c h a n g e   m e m b r a n e   was  i n s t a l l e d   in  t h e  

e l e c t r o l y t i c   c e l l ,   t h a t   is   a  m e m b r a n e   w h i c h   had  n o t   b e e n  

s u b j e c t e d   to  t h e   s t r e t c h i n g   p r o c e s s .  

At  a  c u r r e n t   d e n s i t y   of  3  kA/m2  t h e   v o l t a g e   w a s  

3 . 7   v o l t s   and   t h e   m e m b r a n e   r e m o v e d   f r o m   t h e   c e l l   w a s  

f o u n d   to   be  w r i n k l e d   and  no  l o n g e r   t a u t .  

E x a m p l e  4  

A  s a m p l e   of   a  c a t i o n - e x c h a n g e   m e m b r a n e   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   c o n t a i n i n g   s u l p h o n i c   a c i d   g r o u p s   in  t h e   f o r m   o f  

t he   p o t a s s i u m   s a l t   of   d i m e n s i o n s   1 1 . 5   cm  x  1 1 . 5   cm  w a s  

t a p e d   a t   i t s   e d g e s   w i t h   PVC  t a p e   and  t h e   t h u s   t a p e d  

m e m b r a n e   was  c l a m p e d   in  a  s t e n t o r   f r a m e .   The  m e m b r a n e  

was  h e a t e d   to   a  t e m p e r a t u r e   of  180°C  and  was  d r a w n  

u n i a x i a l l y   a t   a  d r a w   s p e e d   o f   0 . 8 5 m / m i n   u n t i l   t h e  

m e m b r a n e   had  b e e n   d r a w n   by  a  f a c t o r   off  2 . 0 .   The  m e m b r a n e  

was  t h e n   c o o l e d   to  a m b i e n t   t e m p e r a t u r e   and  r e m o v e d   f r o m  

t h e   s t e n t o r   f r a m e .  



The  m e m b r a n e   was  i n s t a l l e d   in  an  e l e c t r o l y t i c  

c e l l   as  d e s c r i b e d   in  E x a m p l e   1  and  t he   e l e c t r o l y s i s  

p r o c e d u r e   of  E x a m p l e   2  was  f o l l o w e d ,   t h a t   i s   a q u e o u s  

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

2 k A / m 2 .   NaOH  s o l u t i o n   a t   a  c o n c e n t r a t i o n   of   25%  b y  

w e i g h t   was  p r o d u c e d   a t   a  c u r r e n t   e f f i c i e n c y   of   50%.  T h e  

c e l l   v o l t a g e   was  2 . 9 5   v o l t s .  

When  t h e   e l e c t r o l y t i c   c e l l   was  o p e n e d   t h e  

m e m b r a n e   was  f o u n d   to   be  t a u t   and  u n w r i n k l e d .  

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

was  r e p e a t e d   e x c e p t   t h a t   t h e r e   was  u s e d   a  m e m b r a n e   a s  

d e s c r i b e d   a b o v e   w h i c h   had  n o t   b e e n   s u b j e c t e d   to   t h e  

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

3 . 1   v o l t s   and  NaOH  was  p r o d u c e d   a t   a  c u r r e n t   e f f i c i e n c y  

of   5 7 % .  

When  t h e   c e l l   was  o p e n e d   t h e   m e m b r a n e   was  f o u n d  

to  be  w r i n k l e d   and  no  l o n g e r   t a u t .  

E x a m p l e   5 

The  s t r e t c h i n g   p r o c e d u r e   of  E x a m p l e   4  w a s  

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

and  t h e   t e m p e r a t u r e   to   w h i c h   t h e   m e m b r a n e   was  h e a t e d  

d u r i n g   t h e   s t r e t c h i n g   was  8 0 ° C .  

The  m e m b r a n e   was  i n s t a l l e d   in  an  e l e c t r o l y t i c  

c e l l   as  d e s c r i b e d   in  E x a m p l e   1,  h y d r o l y s e d   by  c o n t a c t  

w i t h   NaOH  s o l u t i o n ,   and  t h e   e l e c t r o l y s i s   p r o c e d u r e   o f  

E x a m p l e   3  was  f o l l o w e d ,   t h a t   i s   a q u e o u s   NaCl  s o l u t i o n  

was  e l e c t r o l y s e d   a t   a  c u r r e n t   d e n s i t y   of  3 k A / m 2 .   NaOH 

s o l u t i o n   a t   a  c o n c e n t r a t i o n   o f   35%  by  w e i g h t   w a s  

p r o d u c e d   a t   a  c u r r e n t   e f f i c i e n c y   of  94%.  The  c e l l  

v o l t a g e   was  3 . 3 2   v o l t s .  



When  t h e   e l e c t r o l y t i c   c e l l   was  o p e n e d   t h e  

m e m b r a n e   was  f o u n d   to  be  t a u t   and  u n w r i n k l e d .  

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

was  r e p e a t e d   e x c e p t   t h a t   t h e r e   was  u s e d   a  m e m b r a n e   a s  

d e s c r i b e d   a b o v e   w h i c h   had  n o t   b e e n   s u b j e c t e d   to   t h e  

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

3 .4   v o l t s   and  NaOH  was  p r o d u c e d   a t   a  c u r r e n t   e f f i c i e n c y  

of   9 4 % .  

When  t h e   c e l l   was  o p e n e d   t h e   m e m b r a n e   was  f o u n d  

to  be  w r i n k l e d  a n d   no  l o n g e r   t a u t .  

E x a m p l e   6 

A  s a m p l e   of   an  i o n - e x c h a n g e   m e m b r a n e  o f   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   c o n t a i n i n g   c a r b o x y l i c   a c i d   m e t h y l   e s t e r   g r o u p s   a s  

u s e d   in  E x a m p l e   5  was  h e a t e d   a t   a  t e m p e r a t u r e   of   6 7 ° C  

and  was  s t r e t c h e d   u n i a x i a l l y   on  a  s t e n t o r   f r a m e  

f o l l o w i n g   t h e   p r o c e d u r e   d e s c r i b e d   in  E x a m p l e   4,  e x c e p t  

t h a t   t h e   d r a w   r a t e   was  1  m / m i n   and  t h e   m e m b r a n e   w a s  

s t r e t c h e d   by  a  f a c t o r   o f   4 . 3 ,   t h a t   is   i t   was  s t r e t c h e d  

to  430%  of   i t s   o r i g i n a l   l e n g t h   in  t h e   d i r e c t i o n   o f  

s t r e t c h .   A f t e r   c o m p l e t i o n   of  t h e   s t r e t c h i n g   t h e   m e m b r a n e  

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

a i r   and  r e m o v e d   f rom  t h e   f r a m e .  

A f t e r   s t a n d i n g   f o r   15  m i n u t e s   t h e   m e m b r a n e   w a s  

f o u n d   to  h a v e   s h r u n k   by  15%  in  t h e   d i r e c t i o n   o f  

s t r e t c h i n g ,   so  t h a t   in  t h i s   d i r e c t i o n   i t   was  365%  of   i t s  

o r i g i n a l   l e n g t h   in  t h i s   d i r e c t i o n .  

The  e l e c t r o l y s i s   p r o c e d u r e   of  E x a m p l e   1  w a s  

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

e f f e c t i n g   e l e c t r o l y s i s   f o r   20  d a y s   t h e   m e m b r a n e   w a s  

f o u n d   to   be  t a u t   and  u n w r i n k l e d .  



E x a m p l e   7  to  9 

The  p r o c e d u r e   of  E x a m p l e   6  was  r e p e a t e d   on  t h r e e  

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

c o o l i n g   and  r e m o v a l   f r o m   t h e   s t e n t o r   f r a m e ,   t he   s a m p l e s  

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

h e a t i n g   a t   67°C  f o r   r e s p e c t i v e l y   1  m i n u t e   ( E x a m p l e   7 ) ,   2 

m i n u t e s   ( E x a m p l e   8)  and  3  m i n u t e s   ( E x a m p l e   9 ) .  

A f t e r   s t a n d i n g   f o r   15  m i n u t e s   a f t e r   r e m o v a l   f r o m  

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

t h e   d i r e c t i o n   of  s t r e t c h i n g ,   r e s p e c t i v e l y   by  11% 

( E x a m p l e   7 ) ,   10%  ( E x a m p l e   8 ) ,   and  9%  ( E x a m p l e   9 ) ,   t h a t  

i s   in  t h i s   d i r e c t i o n   t h e   m e m b r a n e s   w e r e   383%  ( E x a m p l e   7 ) ,  

387%  ( E x a m p l e   8 ) ,   391%  ( E x a m p l e   9)  of  t h e i r   o r i g n i a l  

l e n g t h .  

The  e l e c t r o l y s i s   p r o c e d u r e   of  E x a m p l e   1  w a s  

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

A f t e r   e f f e c t i n g   e l e c t r o l y s i s   f o r   20  d a y s   e a c h   of  t h e  

m e m b r a n e s   was  f o u n d   to   be  t a u t   and  u n w r i n k l e d .  



1.  A  m e t h o d   of  i n s t a l l i n g   an  i o n - e x c h a n g e   m e m b r a n e  

c o m p r i s i n g   an  o r g a n i c   p o l y m e r   c o n t a i n i n g   i o n - e x c h a n g e  

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

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

t h e   i o n - e x c h a n g e   m e m b r a n e   i s   e x p a n d e d   and  t h e   e x p a n d e d  

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

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

e x p a n d e d   by  s t r e t c h i n g   in  o r d e r   to  i n c r e a s e   t h e   s u r f a c e  

a r e a   p e r   u n i t   w e i g h t   of  t h e   m e m b r a n e .  

2.  A  m e t h o d   as  c l a i m e d   in  C l a i m   1  c h a r a c t e r i s e d   i n  

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

t e m p e r a t u r e .  

3.  A  m e t h o d   as  c l a i m e d   in  C l a i m   2  c h a r a c t e r i s e d   i n  

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

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

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

in  an  e x p a n d e d ,   s t r e t c h e d   s t a t e ,   and  t h e r e a f t e r   t h e  

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

p a r t   t h e r e o f .  

4.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of   C l a i m s   1  to  3 

c h a r a c t e r i s e d   in  t h a t   t h e   m e m b r a n e   is  s t r e t c h e d  

u n i a x i a l l y .  

5.  A  m e t h o d   as  c l a i m e d   in  any  of  C l a i m s   1  to   3 

c h a r a c t e r i s e d   in  t h a t   t h e   m e m b r a n e   is   s t r e t c h e d  

b i a x i a l l y .  

6.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   1  to  5 

c h a r a c t e r i s e d   in  t h a t   t h e   a m o u n t   of  e x p a n s i o n   of   t h e  

m e m b r a n e   e f f e c t e d   by  s t r e t c h i n g   i s   t h e   same  as  o r  

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

c o n t a c t   of  t h e   m e m b r a n e   w i t h   e l e c t r o l y t e .  

7.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   1  to  6 

c h a r a c t e r i s e d   in  t h a t   t h e   s t r e t c h i n g   of  t h e   m e m b r a n e  

p r o d u c e s   an  i n c r e a s e   of  a t   l e a s t   5%  in  t h e   s u r f a c e   a r e a  

p e r   u n i t   w e i g h t   of  t h e   m e m b r a n e .  



8.  A  m e t h o d   as  c l a i m e d   in  C l a i m   7  c h a r a c t e r i s e d   i n  

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

of  a t   l e a s t   100%  in  t h e   s u r f a c e   a r e a   p e r   u n i t   w e i g h t   o f  

t he   m e m b r a n e .  

9.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   o f   C l a i m s   2  to   8 

c h a r a c t e r i s e d   in  t h a t   t h e   m e m b r a n e   i s   e x p a n d e d   b y  

s t r e t c h i n g   a t   a  t e m p e r a t u r e   of   a t   l e a s t   5 5 ° C .  

10.   A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of   C l a i m s   2  to   9 

c h a r a c t e r i s e d   in  t h a t   t h e   e x p a n d e d ,   s t r e t c h e d   m e m b r a n e  

is   a n n e a l e d   by  h e a t i n g   a t   an  e l e v a t e d   t e m p e r a t u r e .  

11.  A  m e t h o d   a s   c l a i m e d   in  a n y  o n e   of  C l a i m s   1  t o   1 0  

c h a r a c t e r i s e d   in  t h a t   t h e   m e m b r a n e   i s   e x p a n d e d   b y  

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

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

m e m b r a n e   in  t h e   e x p a n d e d ,   s t r e t c h e d   s t a t e ,   and  t h e   s t e p s  

of  e x p a n d i n g   by  s t r e t c h i n g   and  c o o l i n g   a r e   r e p e a t e d   a t  

l e a s t   o n c e   e a c h .  

12.   A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   1  to   1 1  

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

p o l y m e r .  

13 .   A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of   C l a i m s   1  to   1 2  

c h a r a c t e r i s e d   in  t h a t   t he   i o n - e x c h a n g e   g r o u p s   a r e  

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

14.   A  m e t h o d   as  c l a i m e d   in  C l a i m   13  c h a r a c t e r i s e d   i n  

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

g r o u p s .  
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