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ELECTROLYTIC  PROCESS  FOR  THE  MANUFACTURE  OF  SALTS 

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

5  The  p r o d u c t i o n   of  s a l t s ,   i . e .   t h e   c h e m i c a l  
c o m p o u n d s   f o r m e d   by  m e t a l   i o n s   and  a c i d / a l k a l i  
a n i o n s ,   can   be  c a r r i e d   o u t   in   many  w a y s .  
T r a d i t i o n a l l y   t h e   s i m p l e s t   r o u t e s   h a v e   b e e n   s e l e c t e d ,  
f o r   e x a m p l e   t h o s e   m e t a l s   w h i c h   a r e   r e a d i l y   and  e a s i l y  10  a t t a c k e d   by  t he   a c i d s   or  a l k a l i s   to  f o r m   s a l t s   a r e  
w e l l   k n o w n ,  

e . g .   Zn  +  2HC1  —   >   ZnCl  +  H 

F o r   m e t a l s   w h i c h   a r e   n o t   r e a d i l y   a t t a c k e d   by  t h e  
15  p a r t i c u l a r   a c i d s   t h e n   s y n t h e t i c   r o u t e s   v i a   m e t a l  

c o n t a i n i n g   c o m p o u n d s   a r e   p r e f e r r e d ,  
e . g .   CuO  +  H2SO4  —   >   CuS04  +  H 2 0  

I t   w i l l   be  a p p r e c i a t e d   h o w e v e r ,   t h a t   t h e   use   of  a  
20  c o m p o u n d   c o n t a i n i n g   a  m e t a l   f o r   s a l t   f o r m a t i o n   i s  

a l w a y s   more   e x p e n s i v e   t h a n   t h e   u se   of   t h e   m e t a l   i t s e l f  
and   a  d i r e c t   r o u t e   i s   t h e r e f o r e   e c o n o m i c a l l y  
p r e f e r a b l e .   H o w e v e r ,   in  many  c a s e s   t h e   d i r e c t   r o u t e  
i s   n o t   t h e r m o d y n a m i c a l l y   f a v o u r e d   and  a g g r e s i v e  

25  r e a c t i o n   c o n d i t i o n s   s u c h   as  h i g h   t e m p e r a t u r e s   a n d  
p r e s s u r e s   and  l o n g   r e a c t i o n   t i m e s   a r e   o f t e n  
r e q u i r e d .   T h e s e   p r o c e s s e s   become   e x p e n s i v e   in  e n e r g y ,  
t i m e   and  c a p i t a l   c o s t s .  

We  h a v e   now  d e v e l o p e d   an  e c o n o m i c   e l e c t r o l y t i c  
30  p r o c e s s   f o r   t h e   m a n u f a c t u r e   of  s a l t s   in  w h i c h   t h e  

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

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

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

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

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

by  a  t n i c r o p o r o u s   p l a s t i c s   s e p a r a t o r   w h i c h   has   a  p o r e  

5  s i z e   i n   t h e   r a n g e   of  f r o m   0 . 0 1   to   10  m i c r o n s   and  a  

p o r e   v o l u m e   in  t he   r a n g e   of  f r o m   45  to   5 5 % .  

In  t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   m e t a l  

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

i o n s ,   e . g .   M  +  by  one  r e a c t i o n  

10  •  M  -  2e  - = >   M2+ 

T h e s e   i o n s   e x i s t   e i t h e r   as  t o t a l l y   i o n i s e d   m e t a l   i o n s  
, 2 -  

t o g e t h e r   w i t h   t h e   c o r r e s p o n d i n g   a n i o n s   A  ,  or   in   a n  

e q u l i b r i u m  

15  KiA  ^ ^   M2+  ♦  A2"  

The  p o s i t i o n   of  t h i s   e q u i l i b r i u m   d e p e n d s   u p o n   t h e  

t e m p e r a t u r e ,   m e t a l   ion   c o n c e n t r a t i o n ,   pH  e t c .  

The   a n o d e   may  c o m p r i s e   one   of   t h e   f o l l o w i n g :  

20  a)  an  i n g o t   of  t h e   m e t a l   w h o s e   s a l t   i s   to   b e  

p r o d u c e d ,  

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

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

b a s k e t   or  an  i n s u l a t e d   b a s k e t   w i t h   an  a p p r o p r i a t e  

25  c u r r e n t   f e e d ,  

c)  a  n o n - s o l u b l e   a n o d e   when   t h e   p r o c e s s   i s   u s e d   t o  

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

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

d)  g r a n u l a t e d   or  p a r t i c u l a t e   s a m p l e s   of   m i x e d  

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

r e q u i r e d .  

The   c a t h o d e   u s e d   in  t h e   p r o c e s s   of   t h e   p r e s e n t  

i n v e n t i o n   r e m a i n s   i n e r t   and  s i n c e   in  g e n e r a l   some  o f  

t h e   m e t a l   w i l l   p a s s   t h r o u g h   t h e   s e p a r a t o r   and  c o a t   t h e  

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

c o n c e r n e d ,   a l t h o u g h   a  c a t h o d e   of   a n o t h e r   m e t a l   m a y  
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a l s o   be  u s e d .  

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

5  2H+  +  2e  >   H2 

When  h y d r o g e n   i s   p r o d u c e d   d u r i n g   t h e   r e a c t i o n   t h e n  
i t   is   n e c e s s a r y   to  v e n t i l a t e   t h e   c e l l ,   or  to  r e m o v e  
t h e   h y d r o g e n   in  some  o t h e r   m a n n e r ,   in  o r d e r   to  a v o i d  10  t h e   b u i l d - u p   of  h y d r o g e n   and  t h e   a s s o c i a t e d   d a n g e r   o f  
e x p l o s i o n .  

O t h e r   c a t h o d i c   r e a c t i o n s   can   a l s o   be  c a r r i e d   o u t  
The  a n o l y t e   i s   an  e l e c t r o l y t e   w h i c h   c o n t a i n s   i o n s  

t h a t   w i l l   c o n d u c t   e l e c t r i c i t y ,   w h i c h   p r o v i d e s   t h e  
15  a n i o n s   so  as  to   f o r m   t h e   m e t a l   s a l t ,   and  in  w h i c h   t h e  

m e t a l   s a l t   p r o d u c e d   in  t h e   p r o c e s s   of  t h e   i n v e n t i o n   i s  
r e a s o n a b l y   s o l u b l e .   The  a n o l y t e   may  be  an  a c i d ,   s u c h  
as  s u l p h u r i c   a c i d ,   h y d r o c h l o r i c   a c i d ,   n i t r i c   a c i d  
a c e t i c   a c i d ,   or  an  a l k a l i ,   s u c h   as  s o d i u m   or  p o t a s s i u m  

20  h y d r o x i d e ,   or  ammonium  h y d r o x i d e .  
The  c a t h o l y t e   may  c o m p r i s e   any   e l e c t r o l y t e   b u t  

t h e   p r e f e r r e d   c a t h o l y t e   i s   an  e l e c t r o l y t e   w h i c h   i s   t h e  
same  as  t h e   a n o l y t e ,   b u t   n o t   n e c e s s a r i l y   at   t h e   s a m e  
c o n c e n t r a t i o n .  

25  The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   i s   s u i t a b l e  
f o r   t h e   p r o d u c t i o n   of  many  m e t a l   s a l t s   and  i n  
P a r t i c u l a r ,   s a l t s   of  c o b a l t ,   n i c k e l   and  t i n .   S p e c i f i c  
e x a m p l e s   of  s a l t s   w h i c h   may  be  p r e p a r e d   by  t he   p r o c e s s  of   t h e   i n v e n t i o n   a r e   s t a n n o u s   s u l p h a t e ,   s i l v e r  

30  n i t r a t e ,   c o p p e r   a c e t a t e ,   c o b a l t   c h l o r i d e ,   c o b a l t  
a c e t a t e   and  m a n g a n e s e   a c e t a t e .  

The  t e m p e r a t u r e ,   c o n c e n t r a t i o n   and  c u r r e n t   d e n s i t y  
e m p l o y e d   in  t he   p r o c e s s   of  t h e   i n v e n t i o n   d e p e n d   u p o n  
t h e   r e a c t i o n   w h i c h   i s   b e i n g   c a r r i e d   o u t .  

35  The  m i c r o p o r o u s   p l a s t i c s   s e p a r a t o r   u s e d   in  t h e  
p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   p r e f e r a b l y   has   a  p o r e  
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s i z e   in  tb«   r a n g e   of  f r o m   0 . 0 1   to   0 . 1   m i c r o n s   and  a  

p o r e   v o l u m e   of  a b o u t   50* .   The  p o r o s i t y   or  p o r e  

v o l u m n e   c o n t r o l s   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  

s e p a r a t o r ,   w h i l s t   t h e   p o r e   s i z e   i n f l u e n c e s   t h e  

5  t r a n s p o r t   of  i o n s   a c r o s s   t h e   s e p a r a t o r .   T h e  

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

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

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

made  f r o m   a  p l a s t i c s   m a t e r i a l   w h i c h   i s   w e t t a b l e ,   o r  

10  w h i c h   can   be  t r e a t e d   to   r e n d e r   i t   w e t t a b l e .   a n d  

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

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

s u p p o r t .   I t   mus t   be  c a p a b l e   of  t r a n s p o r t i n g   i o n s  

u n d e r   an  e l e c t r i c a l   a n d / o r   c o n c e n t r a t i o n   g r a d i e n t   a n d  

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

e . g .   50mA/cm2  of  s e p a r a t o r   s u r f a c e .   E x a m p l e s   of  t h e  

m i c r o p o r o u s   p l a s t i c s   s e p a r a t o r   a r e   a  f i l l e d  

p o l y e t h y l e n e   s e p a r a t o r   s o l d   u n d e r   t h e   T r a d e   Name 

DARAMIC  (W.R.  G r a c e   &  C o . ) ,   an  i r r a d i a t e d   p o l y e t h y l e n e  

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

m a n u f a c t u r e d   by  S c h u m a c h e r ,   a  c o m p o u n d   c a l l e d   GORTEX 

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

p r o d u c t   c a l l e d   VYON/PORVAIR  w h i c h   i s   a  m i c r o p o r o u s  

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

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

of  an  a d h e s i v e   or  by  t h e r m a l   or   u l t r a s o n i c   w e l d i n g .  

Such  a  f r a m e   e n a b l e s   t h e   s e p a r a t o r   to   be  m o u n t e d   in   a  

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

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

30  t h o s e   m a t e r i a l s   w h i c h   e x p a n d   when  wet   and  b u l g e .  

I t   w i l l   be  u n d e r s t o o d   t h a t   any  two  or  t h r e e  

c o m p a r t m e n t   c e l l   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 .   H o w e v e r ,   i t   i s   g e n e r a l l y   more   c o n v e n i e n t  

to  d e s i g n   a  c e l l   h a v i n g   t h e   a n o d e ,   c a t h o d e   a n d  

35  s e p a r a t o r   p l a n a r   to   t h e   w a l l s   of  t h e   v e s s e l   in  w h i c h  

t h e y   a r e   p l a c e d .   S i m i l a r   c o n s i d e r a t i o n s   a p p l y   w h e n  
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u s i n g   a  g r a n u l a r   a n o d e   s i n c e   t h e   b a s k e t s   in  w h i c h   t h e  
m a t e r i a l   i s   h e l d   a r e   u s u a l l y   p l a n a r   and  r e c t a n g u l a r  
b a s k e t s   a r e   e a s i e r   to   h a n d l e   t h a n   c i r c u l a r   o n e s .   T h e  
c e l l   s h o u l d   p r e f e r a b l y   h a v e   a  s y m m e t r i c a l   d e s i g n   s o  

5  t h a t   t h e   a n o d e   i s   a t t a c k e d   f r o m   b o t h   s i d e s   at   an  e q u a l  
r a t e .   The  e l e c t r o d e s   may  be  s u s p e n d e d   in  t h e   c e l l  
f r o m   a p p r o p r i a t e   h o o k s   e . g .   of  t i t a n i u m ,   f rom  l u g s  
c a s t   o n t o   t h e   e l e c t r o d e   or  by  b o l t i n g   t h e   e l e c t r o d e s  
o n t o   an  a p p r o p r i a t e   bus   b a r .  

10  The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   may  be  a  
c o n t i n u o u s   or  a  b a t c h   p r o c e s s .   Fo r   c o n t i n u o u s  
o p e r a t i o n   some  p u m p i n g   of  t h e   e l e c t r o l y t e s   w i l l   b e  
r e q u i r e d   bu t   i t   i s   p r e f e r a b l e   to  u se   e x t e r n a l   pumps  s o  
as  no t   to  i n t e r f e r e   w i t h   t h e   c e l l   s y m m e t r y .   S i m i l a r l y  

15  i f   h e a t i n g   i s   r e q u i r e d   i t   i s   p r e f e r r e d   t h a t   i t   i s  
e i t h e r   e x t e r n a l   or  t h a t   e l e c t r i c a l l y   c o n t r o l l e d  
h e a t i n g   e l e m e n t s   a r e   p o s i t i o n e d   a t   t h e   s i d e s   of  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 .  

S t i r r i n g   i s   o f t e n   b e n e f i c i a l   in  o r d e r   to  even   t h e  
20  r a t e   of  c o r r o s i o n   of   t h e   a n o d e .   Gas  s t i r r i n g   i s  

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

The  v o l u m e   of   t h e   a n o l y t e   d e p e n d s   m a i n l y   upon  t h e  
t h r o u g h p u t   r e q u i r e d   and  t h u s   i s   g e n e r a l l y   r e l a t e d   t o  

25  t h e   p r o d u c t   r e q u i r e m e n t ,   t h e   s t a b i l i t y   of   t h e   p r o d u c t  
and  t h e   s i z e   of  any  a n c i l l a r y   e q u i p m e n t   u s e d   f o r  
w o r k i n g   up  and  e x t r a c t i n g   t h e   p r o d u c t .  

The  v o l u m e   of  t h e   c a t h o l y t e   i s   p r e f e r a b l y   t h e   s a m e  
as  t h a t   of  t h e   a n o l y t e   s i n c e   i t   i s   p r e f e r r e d   to   u s e  

30  t h e   c a t h o l y t e   to  r e p l a c e   t h e   a n o l y t e   on  c o m p l e t i o n   o f  
t h e   r e a c t i o n .  

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

35  s e p a r a t o r   can  p a s s   t h e   c u r r e n t   r e q u i r e d   h a v i n g   r e g a r d  
to   t h e   o p t i m u m   c u r r e n t   d e n s i t y   r e q u i r e d   f o r   t h e  
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p r o c e s s .   The  c a t h o d e   a r e a   i s   p r e f e r a b l y   c h o s e n   to  b e  

one   of  two  e x t r e m e s .   E i t h e r   t h e   s u r f a c e   a r e a   i s   l a r g e  

and   t h e   c u r r e n t   d e n s i t y   i s   k e p t   low  so  t h a t   any  m e t a l  

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

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

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

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

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

I t   is   a l s o   p o s s i b l e   to   c a r r y   o u t   t h e   p r o c e s s   o f  

10  t h e   p r e s e n t   i n v e n t i o n   in  a  f i l t e r   p r e s s   t y p e   c e l l   i n  

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

n e x t   s e g m e n t   of  t h e   c e l l   by  m e a n s   of  a  s e p a r a t o r   a s  

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

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

15  r e s p e c t i v e l y .   A  f i l t e r   p r e s s   t y p e   c e l l   i s  

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

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

t o   a l t e r   t h e   r a t e   of  f l o w   t h r o u g h   t h e   c e l l   and  t h e  

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

20  i s   p r o d u c e d   w h i c h   has   an  a p p r o p r i a t e   c o n c e n t r a t i o n   o f  

t h e   m e t a l   s a l t   t h e r e i n .   The  m e t a l   s a l t   s o l u t i o n  

p r o d u c e d   may  in  some  i n s t a n c e s   be  u s e d   w i t h o u t   f u r t h e r  

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

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

25  c o n t i n u o u s l y   u s i n g   a  f i l t e r   p r e s s   t y p e   c e l l   i s  

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

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

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

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

30  t h e   i n v e n t i o n   i t   i s   p r e f e r r e d   f o r   t h e   s e p a r a t o r   t o  

s u r r o u n d   t h e   a n o d e   b a s k e t .   In  t h i s   a r r a n g e m e n t   t h e  

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

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

i t   i s   e q u a l   to   t h e   v o l u m e   of  t h e   b a s k e t   s u r r o u n d e d   b y  

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

m e t a l .   The  a n o l y t e   i s   pumped  i n t o   and  o u t   of  e a c h  
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a n o d e   b a s k e t   s u r r o u n d e d   by  s e p a r a t o r ,   f o r   e x a m p l e   b y  
m e a n s   of  a  p i p e   w h i c h   e x t e n d s   i n t o   t h e   b a s k e t .   I t   i s  
t h u s   p o s s i b l e   u s i n g   t h i s   a r r a n g m e n t   f o r   t h e   m e t a l   s a l t  
s o l u t i o n   to   be  r e m o v e d   f r o m   t h e   c e l l   a t   r e g u l a r  

5  i n t e r v a l s ,   i . e .   in  a  s e m i - c o n t i n u o u s   m a n n e r .  
The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

f u r t h e r   d e s c r i b e d   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  
F i g u r e   w h i c h   shows   a  c e l l   in  w h i c h   t h e   r e a c t i o n   may  b e  
c a r r i e d   o u t .  

10  R e f e r r i n g   to  t h e   d r a w i n g ,   a n o d e s   1  a r e   p l a c e d   i n  
t h e   c e n t r a l   c o m p a r t m e n t   6  of  a  f i v e   c o m p a r t m e n t   c e l l .  
The  a n o d e s   a r e   hung  f r o m   t h e   a n o d e   r a i l   2.  On  e i t h e r  
s i d e   of  t h e   a n o d e   c o m p a r t m e n t   6  a r e   m i d d l e  
c o m p a r t m e n t s   6  w h i c h   do  n o t   c o n t a i n   any  e l e c t r o d e s .  

15  The  m i d d l e   c o m p a r t m e n t s   8  a r e   s e p a r a t 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   by  s e p a r a t o r s   5  of   a  m i c r o p o r o u s   p l a s t i c s  
m a t e r i a l .   On  e i t h e r   s i d e   of   t h e   m i d d l e   c o m p a r t m e n t s   8 
a r e   c a t h o d e   c o m p a r t m e n t s   7  w h i c h   a r e   s e p a r a t e d   f r o m  
t h e   m i d d l e   c o m p a r t m e n t s   by  s e p a r a t o r s   5  of   a  

20  m i c r o p o r o u s   p l a s t i c s   m a t e r i a l .   The  c a t h o d e  
c o m p a r t m e n t s   7  c o n t a i n   c a t h o d e s   3  w h i c h   a r e   s u s p e n d e d  
f r o m   c a t h o d e   r a i l s   4.  The  c o m p a r t m e n t s   6,  7  and  8  a r e  
f i l l e d   w i t h   t h e   a p p r o p r i a t e   e l e c t r o l y t e   and   t h e  
c u r r e n t   s w i t c h e d   on  and  a d j u s t e d   to  t h e   r e q u i r e d  

25  c u r r e n t   d e n s i t y .  

As  t h e   r e a c t i o n   p r o c e e d s   t h e   m e t a l   i o n  
c o n c e n t r a t i o n   in  c o m p a r t m e n t   6  b u i l d s   up  and  as  t h e  
a n o d e s   1  c o r r o d e   t h e y   a r e   r e p l a c e d   by  f r e s h   a n o d e s .  
The  a n o d e s   a r e   p r e f e r a b l y   r e p l a c e d   in  s e q u e n c e   as  t h i s  

30  p e r m i t s   a  r e a l i s t i c   a m o u n t   of  t h e   a n o d e   a r e a   to   b e  
u s e d   and  h e n c e   a  r e a s o n a b l e   c u r r e n t   d e n s i t y   to   b e  
u s e d .   I f   an  a p p r e c i a b l e   a m o u n t   of  t h e   m e t a l ,   s a y   7  t o  
1 0 \ ,   has   b e e n   c o a t e d   o n t o   t h e   c a t h o d e ,   t h e n   t h e  
c a t h o d e   may  be  hung  on  t h e   a n o d e   r a i l   to  f u n c t i o n   a s  

35  an  a n o d e   u n t i l   t h e   c o a t i n g   has   r e d i s s o l v e d .  
When  t h e   m e t a l   s a l t   p r o d u c e d   in  c o m p a r t m e n t   6 



-  8  -  
0 2 2 1 6 8 5  

r e a c h e s   a  l e v e l   w h e r e   e x t r a c t i o n   i s   v i a b l e ,   t h e   a n o d e s  

a r e   r e m o v e d   f rom  t h e   c o m p a r t m e n t ,   t h e   a n o l y t e   p u m p e d  

out   of  t he   c e l l   and  t h e   a n o l y t e   r e p l a c e d   e i t h e r   b y  

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

5  f rom  c o m p a r t m e n t s   7  or   8,  i f   n e c e s s a r y   a u g m e n t e d   w i t h  

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

The  a n o d e s   in   c o m p a r t m e n t   6  a r e   r e p l a c e d ,   a l l   o f  

t h e   c o m p a r t m e n t s   6,  7,  and  8  a r e   t o p p e d   up  w i t h  

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

10  f o r   t h e   p r o c e s s   to   r e c o m m e n c e .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d  

w i t h   r e f e r e n c e   to   t h e   f o l l o w i n g   E x a m p l e s .  

1 5  

2 0  

25  

3 0  

3 5  
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E x a m p l e   1 

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

A  t i n   a n o d e   was  d i s s o l v e d   in  2N  s u l p h u r i c   a c i d   i n  
a  two  c o m p a r t m e n t   c e l l   h a v i n g   a  m i c r o p o r o u s  
p o l y e t h y l e n e   s e p a r a t o r   s e p a r a t i n g   t h e   a n o d e   a n d  
c a t h o d e   c o m p a r t m e n t s   w h i c h   b o t h   had   a  v o l u m e   of   2 . 5 L  
( t o t a l   c e l l   v o l u m e   5L) .   The  c e l l   was  o p e r a t e d   u n d e r  
t h e   f o l l o w i n g   c o n d i t i o n s :  

1 0  

Anode   C u r r e n t   D e n s i t y  
C a t h o d e   C u r r e n t   D e n s i t y  
T e m p e r a t u r e  

I n i t i a l   S u l p h u r i c   A c i d  

C o n c e n t r a t i o n  

F i n a l   C o n c e n t r a t i o n   o f  
T in   as  S t a n n o u s   i o n  

W e i g h t   l o s s   of  T in   A n o d e  
Anode   C u r r e n t   e f f i c i e n c y  
M e t a l   T r a n s f e r   to  C a t h o l y t e  

15  m A / c m '  

60  mA/cm4* 

A m b i e n t  
1 5  

2N 

100  g / 1  

270 .   5g  

98% 

15  g 

2 0  

2 5  

3 0  

3 5  
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E x a m p l e   2 

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

A  t i n   a n o d e   was  d i s s o l v e d   in  2N  s u l p h u r i c  

a c i d   in   a  two  c o m p a r t m e n t   c e l l   h a v i n g   a  f i l l e d  

m i c r o p o r o u s   p o l y e t h y l e n e   s e p a r a t o r   s e p a r a t i n g   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 .   The  c e l l   had  a  t o t a l  

v o l u m e   of   20L  (7L  a n o l y t e   and  13L  c a t h o l y t e ) .   T h e  

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

A n o d e   C u r r e n t   D e n s i t y   15  m A / c m  

C a t h o d e   C u r r e n t   D e n s i t y   15  m A / c m  

T e m p e r a t u r e   A m b i e n t  

I n i t i a l   S u l p h u r i c   A c i d  

C o n c e n t r a t i o n   2N 

F i n a l   C o n c e n t r a t i o n   o f  

T in   as  S t a n n o u s   i o n   160  g / 1  

W e i g h t   l o s s   of  T i n   Anode   1150  g 

A n o d e   C u r r e n t   e f f i c i e n c y   9 8 *  

M e t a l   T r a n s f e r   to   C a t h o l y t e   30  g 

F i n a l   S u l p h u r i c   A c i d  

C o n c e n t r a t i o n   0 .1   N 

1 0  

1 5  

2 0  

2 5  

3 0  

3 5  
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E x a m p l e   3  

A  s i l v e r   a n o d e   was  d i s s o l v e d   in   IN  n i t r i c   a c i d  
in  a  t h r e e   c o m p a r t m e n t   c e l l   h a v i n g   a  f i l l e d  
m i c r o p o r o u s   p o l y e t h y l e n e   s e p a r a t o r s   s e p a r a t i n g   t h e  
c o m p a r t m e n t s   t h e r e o f .   The  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   b o t h   had  v o l u m e s   of   0 . 5 L  
The  c e l l   was  o p e r a t e d   u n d e r   t h e   f o l l o w i n g   c o n d i t i o n s -  

1 0  

Anode   C u r r e n t   D e n s i t y  
C a t h o d e   C u r r e n t   D e n s i t y  
T e m p e r a t u r e  

I n i t i a l   N i t r i c   A c i d  

C o n c e n t r a t i o n  

F i n a l   C o n c e n t r a t i o n   o f  
S i l v e r   in  A n o l y t e  

W e i g h t   l o s s   of  S i l v e r   A n o d e  
Anode   C u r r e n t   e f f i c i e n c y  
F i n a l   C o n c e n t r a t i o n   of  f r e e  

N i t r i c   a c i d  

40  m A / c m '  

10  m A / c m '  

A m b i e n t  
15  

I N  

40  g / 1  

21  g 

98% 

0 . 5 2   N 

2 0  

25  

3 0  

3 5  
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E x a m p l e   4 

P r o d u c t i o n   of  C o b a l t   C h l o r i d e  

5 

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

b a s k e t   in  5N  h y d r o c h l o r i c   a c i d   in  a  two  c o m p a r t m e n t  

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

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

10  c o m p a r t m e n t s   w h i c h   b o t h   had  a  v o l u m e   of   1 . 0 L   ( t o t a l  

c e l l   v o l u m e   2 L ) .   The  c e l l   was  o p e r a t e d   u n d e r   t h e  

f o l l o w i n g   c o n d i t i o n s :  

Anode   C u r r e n t   D e n s i t y   30  m A / c m  

15  C a t h o d e   C u r r e n t   D e n s i t y   20  m A / c m  

T e m p e r a t u r e   35  C 

I n i t i a l   S u l p h u r i c   A c i d  

C o n c e n t r a t i o n   5N 

F i n a l   C o n c e n t r a t i o n   o f  

20  C o b a l t   in  t h e   A n o l y t e   1 9 2 . 3   g / 1  

W e i g h t   l o s s   of  C o b a l t   Anode   196  g 

Anode   C u r r e n t   e f f i c i e n c y   98% 

M e t a l   t r a n s f e r   to   C a t h o l y t e   2 .5   g 

2 5  

3 0  

3 5  



0 2 2 1 6 8 5  
E x a m p l e   S 

P r o d u c t i o n   of   C o p p e r   A c e t a t e  
5 

A  c o p p e r   a n o d e   was  d i s s o l v e d   in   2N  a c e t i c   a c i d  
in  a  two  c o m p a r t m e n t   c e l l   h a v i n g   a  f i l l e d   m i c r o p o r o u s  
P o l y e t h y l e n e   s e p a r a t o r   s e p a r a t i n g   t h e   a n o d e   a n d  

;;|  c a t h o d e   c o m p a r t m e n t s   w h i c h   b o t h   had  a  v o l u m e   of   0  5L 
V\  10  ( t o t a l   c e l l   v o l u m e   1 L ) .   The  c e l l   was   o p e r a t e d   u n d e r  
\ \   t h e   f o l l o w i n g   c o n d i t i o n s :  

i  Anode   C u r r e n t   D e n s i t y   20  m A / c m 2  
C a t h o d e   C u r r e n t   D e n s i t y   20  m A / c m 2  

15  T e m p e r a t u r e   j O ° c  
I n i t i a l   A c e t i c   A c i d  

C o n c e n t r a t i o n   2N 
F i n a l   C o n c e n t r a t i o n   o f  

C o p p e r   in  t h e   a n o l y t e   41  g / i  
2 0  

2 5  

3 0  

3 5  
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E x a m p l e   6 

P r o d u c t i o n   of   Go ld   C h l o r i d e  

5 

A  g o l d   a n o d e   was  d i s s o l v e d   in   5N  h y d r o c h l o r i c  

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

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

c e l l   c o m p a r t m e n t s   w h i c h   a l l   had  a  v o l u m e   of   0 . 2 L  

10  ( t o t a l   c e l l   v o l u m e   0 . 6 L ) .   The  c e l l   was   o p e r a t e d  

u n d e r   t h e   f o l l o w i n g   c o n d i t i o n s :  

Anode   C u r r e n t   D e n s i t y   40  m A / c m  
2 

C a t h o d e   C u r r e n t   D e n s i t y   20  m A / c m  

15  T e m p e r a t u r e   6 0 ° C  

I n i t i a l   H y d r o c h l o r i c  

A c i d   C o n c e n t r a t i o n   5N 

F i n a l   C o n c e n t r a t i o n   o f  

Go ld   in  t h e   a n o l y t e   50  g / 1  

20  W e i g h t   l o s s   of  G o l d   Anode   1 0 . 2   g 

Anode   C u r r e n t   e f f e c i e n c y   98% 

25  

3 0  

3 5  
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E x a m p l e   7 

A  c o p p e r   a n o d e   was  d i s s o l v e d   in  a  m i x t u r e   o f  
4M  ammonium  h y d r o x i d e   and  1M  ammonium  n i t r a t e   in  a  
two  c o m p a r t m e n t   c e l l   h a v i n g   a  p o l y e t h y l e n e   s e p a r a t o r  
s o l d   u n d e r   t h e   T r a d e   Name  DARAMIC  s e p a r a t i n g   t h e  

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

Anode   C u r r e n t   D e n s i t y   2 5 m A / c m 2  
T e m p e r a t u r e   2 5 ° c  

15  I n i t i a l   pH  of  a n o l y t e   pH  i o  
C o n c e n t r a t i o n   of  c o p p e r   a s  
c u p r i c   ion   in  a n o l y t e   33  g / 1  
Anode   C u r r e n t   E f f i c i e n c y   g8% 

20  The  a b o v e   run   wa*  r e p e a t e d   u n d e r   t h e   s a m e  
c o n d i t i o n s   u s i n g   a  m i c r o p o r o u s  
p o l y t e t r a f l u o r o e t h y l e n e   s e p a r a t o r   w h i c h   had  b e e n  
r e n d e r e d   w e t t a b l e   by  i m m e r s i o n   in   m e t h a n o l   f o r   a b o u t  
1  h o u r .   S i m i l a r   r e s u l t s   w e r e   o b t a i n e d .  

2 5  

3 0  

3 5  
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P r o d u c t i o n   of   C o p p e r   P y r o p h o s p h a t e .  

5 

A  c o p p e r   a n o d e   was   d i s s o l v e d   in  a  m i x t u r e   of   2M 

s o d i u m   p y r o p h o s p h a t e ,   0 .5M  s o d i u m   n i t r a t e   and  0 . 1 M  

ammonium  h y d r o x i d e   in   a  two  c o m p a r t m e n t   c e l l   h a v i n g   a  

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

10  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 .   The  c e l l   w a s  

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

2 
Anode   C u r r e n t   D e n s i t y   5 m A / c m  

T e m p e r a t u r e   25  C 

15  I n i t i a l   pH  of   a n o l y t e   pH  1 0  

C o n c e n t r a t i o n   of   c o p p e r   a s  

c u p r i c   i o n   in   a n o l y t e   25  g / 1  

A n o d e   C u r r e n t   E f f i c i e n c y   99% 

20  The  a b o v e   r u n   was  r e p e a t e d   u n d e r   t h e   s a m e  

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

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

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

in  m e t h a n o l   f o r   a b o u t   1  h o u r .   S i m i l a r   r e s u l t s   w e r e  

25  o b t a i n e d .  

3 0  

3 5  
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P r o d u c t i o n   of  S o d i u m   f o r   P o t a s s i u m )   S t n n n s » » »  
5 

A  t i n   a n o d e   was  d i s s o l v e d   in  3N  s o d i u m   or   p o t a s s i u m  
h y d r o x i d e   in   a  two  c o m p a r t m e n t   c e l l   h a v i n g   a  
m i c r o p o r o u s   p o l y t e t r a f l u o r o e t h y l e n e   s e p a r a t o r   s o l d  
u n d e r   t h e   name  of  GORTEX  s e p a r a t i n g   t h e   a n o d e   a n d  

10  c a t h o d e   c o m p a r t m e n t s .   The  s e p a r a t o r   had  p r e v i o u s l y  
b e e n   r e n d e r e d   w e t t a b l e   by  i m m e r s i o n   in  m e t h a n o l   f o r  
a b o u t   1  h o u r .   The  c e l l   was  o p e r a t e d   u n d e r   t h e  
f o l l o w i n g   c o n d i t i o n s :  

15  F i n a l   Anode  C u r r e n t   D e n s i t y   2 0 m A / c m 2  

T e m p e r a t u r e   6 0 - 9 0 ° C  
I n i t i a l   pH  of  a n o l y t e   1 3  
C o n c e n t r a t i o n   of  t i n   a s  
s t a n n o u s   ion   in  a n o l y t e   55  g / \  

20  Anode   C u r r e n t   E f f i c i e n c y   99% 

The  a b o v e   r u n   was  r e p e a t e d   u n d e r   t h e   same  c o n d i t i o n s  
u s i n g   a  s i m i l a r l y   w e t t e d   m i c r o p o r o u s  
p o l y t e t r a f l u o r o e t h y l e n e   m a n u f a c t u r e d   by  D o u l t o n  

25  I n d u s t r i a l   P r o d u c t s   L i m i t e d .   S i m i l a r   r e s u l t s   w e r e  
o b t a i n e d .  

3 0  

3 5  
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I t   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d   in   t h e   a r t  

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

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

5  m a t e r i a l   w o u l d   a t t a c k   t h e   s e p a r a t o r   e . g .   h y d r o g e n  

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

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

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

p e r i o d i c   r e n e w a l ,   r o t a t i o n   of  t h e   a n o d e   or   m e c h a n i c a l  

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

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

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

s t o p .   The  p r o c e s s   f u r t h e r m o r e   c a n n o t   be  u s e d   w h e r e  

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

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

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

2 0  

25  

3 0  

3 5  
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CLAIMS 

1.  A  p r o c e s s   f o r   t h e   m a n u f a c t u r e   of  a  m e t a l  
s a l t ,   w h i c h   p r o c e s s   c o m p r i s e s   p a s s i n g   an  e l e c t r i c  
c u r r e n t   t h r o u g h   an  e l e c t r o l y t i c   c e l l   c o m p r i s i n g   a n  a n o d e   f o r m e d   f r o m   or  c o n t a i n i n g   t h e   s a i d   m e t a l   a  c a t h o d e ,   an  a n o l y t e   w h i c h   w i l l   p r o v i d e   t h e   a n i o n s   t o  fo rm  t h e   s a l t   and  a  c a t h o l y t e ,   t h e   a n o d e   and  t h e  10  c a t h o d e   b e i n g   s e p a r a t e d   by  a  m i c r o p o r o u s   p l a s t i c s  

s e p a r a t o r   w h i c h   has   a  p o r e   s i z e   in  t h e   r a n g e   of   f r o m  0 . 0 1   to   10  m i c r o n s   and  a  p o r e   v o l u m e   in  t h e   r a n g e   o f  f rom  45  to   5 5 % .  

15  

2 .  2.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  w h e r e i n  t h e   a n o d e   i s   an  i n g o t   of   t h e   m e t a l   w h o s e   s a l t   i s   t o  be  p r o d u c e d .  

20  

^   
3*  A  P r o c e s s   as  c l a * * e d   in  c l a i m   1  w h e r e i n  

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

4.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  w h e r e i n  ^   t he   a n o d e   i s   a  n o n - s o l u b l e   a n o d e .  

5.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  w h e r e i n  
t h e   a n o d e   c o m p r i s e s   g r a n u l a t e d   or  p a r t i c u l a t e   s a m p l e s  of  m i x e d   m e t a l s .  

3 0  

6.  A  p r o c e s s   as  c l a i m e d   in  any  one  of   t h e  
p r e c e d i n g   c l a i m s   w h e r e i n   t h e   c a t h o d e   is  f o r m e d   f r o m  the   m e t a l   w h o s e   s a l t   i s   to   be  p r o d u c e d .  

35  7*  A  P r o c e s s   as  c l a i m e d   in  any  one  of  t h e  
P r e c e d i n g   c l a i m s   w h e r e i n   t h e   a n o l y t e   is   an  a c i d .  
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8.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   7  w h e r e i n  

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

a c i d   or  a c e t i c   a c i d .  

9.  A  p r o c e s s   as  c l a i m e d   in  any   one  of   c l a i m s  

1  to   6  w h e r e i n   t h e   a n o l y t e   i s   an  a l k a l i .  

10.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   9  w h e r e i n  

10  t h e   a l k a l i   i s   s o d i u m   h y d r o x i d e ,   p o t a s s i u m   h y d r o x i d e  

or  ammonium  h y d r o x i d e .  

11.  A  p r o c e s s   as  c l a i m e d   in  any   one  of  t h e  

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

15  e l e c t r o l y t e   w h i c h   i s   t h e   same  as  t h e   a n o l y t e .  

12.  A  p r o c e s s   as  c l a i m e d   in  any  one  of  t h e  

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

s e p a r a t o r   has   a  p o r e   s i z e   in  t h e   r a n g e   of   f r o m   0 . 0 1  

20  to   0 . 1   m i c r o n s   and  a  p o r e   v o l u m e   of  a b o u t   50%.  

13.   A  p r o c e s s   as  c l a i m e d   in   any  one  of  t h e  

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

s e p a r a t o r   i s   made  f r o m   a  p l a s t i c s   m a t e r i a l   w h i c h   i s  

25  w e t t a b l e   or  w h i c h   can   be  t r e a t e d   to   r e n d e r   i t  

w e t t a b l e .  

14.  A  p r o c e s s   as  c l a i m e d   in   any   one  of  t h e  

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

30  s e m i - c o n t i n o u s l y .  

3 5  
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