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Process  for  electrode  fabrication  having  a  uniformly  distributed  catalyst  layer  upon  a  porous  substrate. 

Process  for  preparing  electrodes  for  the  oxidation  of 
sulfur  dioxide  (including  the  oxidation  of  sulfur  dioxide  in 
a  sulfur  cycle  process  for  hydrogen  generation)  in  which 
a  platinum  group  metal  containing  catalyst  material  is 
coated  evenly  onto  a  high-surface-area  porous  substrate. 
A  solution  is  applied  onto  the  substrate  by  a  vacuum  filtra- 
tion  method.  A  pressure  differential  of  at  least  10  mm-Hg 
is  applied  across  the  substrate.  The  substrate  is  uniformly 
heated  (preferably  by  radiant  heating). 



T h i s   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   f o r   p r e p a r -  

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

and  of  t h e   t y p e   in   w h i c h  a n d   a  p l a t i n u m   g r o u p   m e t a l -  

c o n t a i n i n g   c a t a l y s t   s o l u t i o n   i s   c o a t e d   o n t o   a  h i g h -  

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

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

Of  a l l   of  t h e   a d v a n c e d   c o n c e p t s   p r o p o s e d   f o r   t h e  

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

in  U .S .   P a t e n t   3 , 8 8 8 , 7 5 0   ( B r e c h e r   and  Wu),  a p p e a r s   to  b e  

t he   m o s t   e c o n o m i c a l .   T h a t   p r o c e s s   i s   a  t w o - s t e p   c y c l e  

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

in  an  e l e c t r o l y z e r   and  t h e   o x y g e n   b e i n g   g e n e r a t e d   in   a  

s e p a r a t e   s t e p   in   a  t h e r m o c h e m i c a l   a p p a r a t u s .   S u l f u r  

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

t e m p e r a t u r e   ( l e s s   t h a n   a b o u t   150°C)   to  p r o d u c e   s u l f u r i c  

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

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

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

a b o v e   8 7 0 ° C )   i n t o   s u l f u r   d i o x i d e   and  o x y g e n .   S u b s e q u e n t -  

ly ,   t h e   s u l f u r   d i o x i d e   i s   r e c y c l e d   as  a  r e a c t a n t   in   t h e  

f i r s t   s t e p .   The  u s e   of  s u l f u r   d i o x i d e   as  an  a n o d e   d e p o -  

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

an  e l e c t r o l y z e r   f rom  1 .23   v o l t s   ( f o r   t h e   c o n v e n t i o n a l  

e l e c t r o l y s i s   of  w a t e r )   to   o n l y   0 . 1 7   v o l t s .  

W h i l e   t h e   s u l f u r   c y c l e   r e d u c e s   t h e   e l e c t r i c  

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

c o n v e n t i o n a l   e l e c t r o d e   c o a t i n g   p r o c e s s e s   have   n o t   r e s u l t e d  



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

s t r a t e s .   Such  n o n - u n i f o r m i t y   h a s   r e s u l t e d   in   i n c r e a s e d  

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

l o s s   of   e f f i c i e n c y .  

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   r e s i d e s   in   a  

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

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

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

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

a  f i l m   on  t h e   s u b s t r a t e   s u r f a c e ,   c h a r a c t e r i z e d   b y :  

a)  a p p l y i n g   a  s o l u t i o n   c o n t a i n i n g   a t   l e a s t   o n e  

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

b)  a p p l y i n g   a  p r e s s u r e   d i f f e r e n t i a l   of  a t   l e a s t  

10  mm-Hg  a c r o s s   s a i d   s u b s t r a t e   w i t h   s a i d   f i r s t   s i d e   o f  

s a i d   s u b s t r a t e   b e i n g   t h e   h i g h e r   p r e s s u r e   s i d e ;   a n d  

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

s u b s t r a t e .  

D e s i r a b l y ,   a  p r e s s u r e   d i f f e r e n t i a l   of  1 0 0 - 1 0 0  

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

and  t h e   l a t t e r   i s   r a d i a n t l y   h e a t e d .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   can   be  more   c l e a r l y  

u n d e r s t o o d ,   c o n v e n i e n t   e m b o d i m e n t s   t h e r e o f   w i l l   now  b e  

d e s c r i b e d ,   by  way  of  e x a m p l e ,   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   d r a w i n g s   in   w h i c h :  

F i g u r e   1  shows  a  b l o c k   d i a g r a m   i l l u s t r a t i n g   t h e  

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

t r o d e   made  by  t h e   p r o c e s s   of  t h i s   i n v e n t i o n   can   be  u s e d ;  

F i g .   2  i s   a  d i a g r a m   of  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 z e r )   in   w h i c h   t h e   e l e c t r o d e   f a b r i c a t e d   by  t h i s  

p r o c e s s   can   be  u s e d ;  

F i g .   3  i s   a  c r o s s - s e c t i o n   of  a  s u b s t r a t e   h o l d e r  

and  s u b s t r a t e   in   w h i c h   a  vacuum  i s   u s e d   to   p r o d u c e   t h e  

p r e s s u r e   d i f f e r e n t i a l ;  

F i g .   4  i s   a  c r o s s - s e c t i o n   of  a  s u b s t r a t e   h o l d e r  

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



F i g .   5  shows  t h e   a p p e a r a n c e   of  a  c o m m e r c i a l l y  

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

F i g .   6A  shows  t h e   g e n e r a l   a p p e a r a n c e   and  F i g u r e  

6B  shows  a  s c a n n i n g   e l e c t r o n   m i c r o g r a p h   of  a  t y p i c a l  

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

i n v e n t i o n ;   a n d  

F i g .   7A  i l l u s t r a t e s   t h e   g e n e r a l   a p p e a r a n c e   a n d  

F i g u r e   6B  shows  a   s c a n n i n g   e l e c t r o n   m i c r o g r a p h   of  a  r e -  

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

t i o n .  

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

F i g .   1  i s   a  t y p i c a l   u se   of  t h e   s u l f u r   d i o x i d e   o x i d a t i o n  

e l e c t r o d e   of  t h i s   i n v e n t i o n .   In  F i g s .   1  and  2,  an  e l e c -  

t r o l y z e r   1  c o n t a i n s   an  a q u e o u s   s o l u t i o n   of  s u l f u r i c   a c i d  2  

w h i c h   i s   s a t u r a t e d   w i t h   502.   D i r e c t   c u r r e n t   i s   a p p l i e d   t o  

t h e   s o l u t i o n   t h r o u g h   an  a n o d e   3  (made  by  t h e   p r o c e s s  
d e s c r i b e d   h e r e i n )   and  a  c a t h o d e   4.  S u l f u r i c   a c i d   a n d  

h y d r o g e n   gas   a r e   g e n e r a t e d   a t   t h e   a n o d e   3  and  t h e   c a t h o d e  

4,  r e s p e c t i v e l y .   I n l e t s   5  and  6  a r e   p r o v i d e d   f o r   t h e  

a d d i t i o n   of  more  d i l u t e   s u l f u r i c   a c i d   and  a d d i t i o n a l  

s u l f u r   d i o x i d e .   The  h y d r o g e n   p r o d u c t   l e a v e s   by  o u t l e t   7 

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

s u l f u r   d i o x i d e   l e a v e s   by  o u t l e t   8  w i t h   t h e   more  c o n c e n -  
t r a t e d   s u l f u r i c   a c i d   s o l u t i o n ,   and  b o t h   a r e   r e c y c l e d .   A 

p o r t i o n   of  t h e   s u l f u r i c   a c i d   f rom  o u t l e t   8  p a s s e s   t o  

v a p o r i z e r   9  w h e r e   w a t e r   i s   e v a p o r a t e d   and  i t s   c o n c e n t r a -  

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

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

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

d ium  p e n t o x i d e ,   to   d e c o m p o s e   i t   i n t o   w a t e r ,   s u l f u r   d i o x -  

i d e ,   and  o x y g e n   w h i c h   p a s s   to   o x y g e n   r e c o v e r y   u n i t   11.  I n  

o x y g e n   r e c o v e r y   u n i t   11,  t h e   s u l f u r   d i o x i d e   i s   s e p a r a t e d  

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

t h e   s u l f u r   d i o x i d e   i n t o   a  l i q u i d .   The  s u l f u r   d i o x i d e   a n d  

t h e   w a t e r   a r e   t h e n   r e t u r n e d   to  i n l e t   6  of  t h e   e l e c t r o l y t i c  

c e l l  1 ,   t h u s   c o m p l e t i n g   t h e   c y c l e .   A  h y d r o g e n - i o n - p e r m e -  
a b l e   m e m b r a n e   12  s e p a r a t e s   t h e   f l u i d   a r o u n d   t h e   anode   3 

f rom  t h e   f l u i d   a r o u n d   t h e   c a t h o d e   4 .  



C y c l i c   v o l t a m m e t r i c   s t u d i e s   h a v e   r e v e a l e d   t h a t  

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

s i b l e .   T h e  o v e r v o l t a g e   on  t h e   a n o d e   c o n t r i b u t e s   a  s i g n i f -  

i c a n t   p r o p o r t i o n   to   t h e   o v e r a l l   p o t e n t i a l   of   an  e l e c t r o -  

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

l o s s   in   t h e   c e l l .   M e t h o d s   to  r e d u c e   t h e   a n o d e   o v e r v o l t a g e  

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

m a x i m i z a t i o n   of  a c t i v e   s u r f a c e   a r e a s   of  t h e   e l e c t r o d e .   To  

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

on  h i g h l y   p o r o u s   s u b s t r a t e s   ( e l e c t r o d e s   made  c o m p l e t e l y   o f  

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

i n g   on  a  s u b s t r a t e   w o u l d ,   of  c o u r s e ,   be  e x t r e m e l y   e x p e n -  

s i v e ) .   C a r b o n   s u b s t r a t e s   f o r m e d   f rom  e x t r e m e l y   f i n e  

c a r b o n   p o w d e r   p r o v i d e s   a  p o r o u s   s u b s t r a t e   w i t h   a  v e r y   h i g h ' .  

s u r f a c e   a r e a   (a  s p e c i f i c   s u r f a c e   a r e a   of   a t   l e a s t   200  a n d  

t y p i c a l l y   a b o u t   450  s q u a r e   m e t e r s   p e r   g r a m ) .   The  a p p e a r -  

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

s u b s t r a t e   a r e   i l l u s t r a t e d   in   F i g .   6.  T h e s e   i n e x p e n s i v e  

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

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

( g r a p h i t e )   c a t a l y z e d   w i t h   f i n e   p l a t i n u m   p a r t i c l e s  - h a v e  

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

d i o x i d e ,   c o m m e r c i a l l y   a v a i l a b l e   p l a t i n u m - c o a t e d   c a r b o n  

e l e c t r o d e s   h a v e   b e e n   f o u n d   to   h a v e   an  e x t r e m e l y   n o n -  

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

shown  in   F i g .   5,  a r e a s   w h i c h   were   c l e a r l y   u n c o a t e d .  

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

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

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

l i t t l e   or  no  c a t a l y s t   in   t h e   c e n t e r .   When  t h e s e   e l e c -  

t r o d e s   we re   d i s e c t e d ,   t h e r e   was  a l s o   l i t t l e   or  no  c a t a -  

l y s t s   on  i n t e r i o r   s u r f a c e s .  I n   t h i s   e a r l y   work ,   t h e  

a q u e o u s   s o l u t i o n   of  n o b l e   m e t a l   c o m p o u n d   ( s u c h   as  d i h y d r o -  

'gen   h e x a c h l o r o p l a t i n a t e   or  p a l l a d i u m   a c e t a t e )   was  a p p l i e d  

to  t h e   s u r f a c e   of  a  p o r o u s   c a r b o n   s u b s t r a t e   by  p a i n t i n g .  
The  s u b s t r a t e   d o p e d   w i t h  c a t a l y s t   was  s l o w l y   d r i e d   in   a  
f u r n a c e   a t   a b o u t   50°C.   The  r e s u l t a n t   n o n - u n i f o r m   c o a t i n g s  



may  h a v e   b e e n   c a u s e d   by  t h e   p r e s s u r e   of  t he   w a t e r   v a p o r   i n  

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

g r a d u a l l y   r e p e a l i n g   t h e   s o l u t i o n   ou t   of  t h e   p o r e s   ( t h e  

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

t e m p e r a t u r e   r e g i o n s   a t   t h e   e d g e s ) .  

In  o r d e r   to  a v o i d   t h e   p r o b l e m s   of  t h o s e   e a r l y  

t e c h n i q u e s ,   a  new  m e t h o d   was  d e v e l o p e d   in   w h i c h . a   p r e s s u r e  
d i f f e r e n t i a l   a c r o s s   t h e   s u b s t r a t e   was  u s e d   to  p u s h   s o l u -  

t i o n   t h r o u g h   t h e   s u b s t r a t e   and  r a d i a n t   h e a t i n g   of  one  s i d e  

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

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

l e l   to  t h e   s u r f a c e   i s   a  c r i t i c a l   b u t   t h a t   t e m p e r a t u r e  

d i f f e r e n c e s   t h r o u g h   t h e   t h i c k n e s s   of  t h e   m a t e r i a l  -   e . g .  

b e t w e e n   p l a n e s   p a r a l l e l   to  t h e   s u r f a c e  -   can   be  t o l e r -  

a t e d ) .  

The  i n v e n t i o n   w i l l   now  be  i l l u s t r a t 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 :  

EXAMPLE 

A,  A  f i v e   by  f i v e   c e n t i m e t e r   p o r o u s   c a r b o n  

s u b s t r a t e   (mean  p o r e   s i z e   a p p r o x i m a t e l y   n i n e   m i c r o n s )   w a s  

a c t i v a t e d   by  o x i d a t i o n   in   a  c o n c e n t r a t e d   n i t r i c   a c i d   ( 1 3 . 5  

n o r m a l   a t   8 0 ° C )  .  

B.  0 . 2 5 5   g r a m s   of  p a l l a d i u m   a c e t a t e   was  d i s -  

s o l v e d   in   30  m i l l i l i t e r   of  d i s t i l l e d   w a t e r   and  t h e   s o l u -  

t i o n   was  t h e n   h e a t e d   a t   80°C  f o r   30  m i n u t e s .  

C.  The  o x i d i z e d   c a r b o n   s u b s t r a t e   13  was  m o u n t e d  

(as   shown  in  F i g .   3)  in  a  l u c i t e   h o l d e r   14  u s i n g  a   s e a l  

a r o u n d   t h e   p e r i m e t e r   of  t h e   s u b s t r a t e .   The  s u b s t r a t e   w a s  

t h e n   p o s i t i o n e d   i n  a   h o r i z o n t a l   p l a n e   w i t h   i t s   u n d e r s i d e  

e x p o s e d   to  a  c a v i t y   18  t h a t   was  c o n n e c t e d   to  a  v a c u u m  

p u m p .  
D.  A  s m a l l   a m o u n t   of  s o l u t i o n   was  p o u r e d   o n t o  

t h e   u p p e r   s i d e   of  t h e   s u b s t r a t e   and  t he   vacuum  was  a p p l i e d  

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

m i l l i m e t e r s   of  m e r c u r y   a c r o s s   t h e   s u b s t r a t e   13.  T h e  

s u b s t r a t e   13  was  h e a t e d   in   s i t u   to   4 0 - 6 0 ° C   u s i n g   an  o v e r -  
h e a d   i n f r a r e d   lamp  20  ( p a l l a d i u m   a c e t a t e  w a s   t h u s   u n i f o r m -  



ly   d e p o s i t e d   o v e r   t h e   e l e c t r o d e   13  as  t h e   s o l u t i o n   f i l t e r -  

ed  t h r o u g h   t h e   p o r e s ) .   T h i s   t r e a t m e n t   ( a d d i n g   s o l u t i o n ,  

a p p l y i n g   p r e s s u r e   d i f f e r e n t i a l ,   and  r e h e a t i n g )   can  be  r e -  

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

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

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

p e r f o r m e d   i n   a  n i t r o g e n   or  h y d r o g e n   a t m o s p h e r e   at   6 0 0 ° C  

f o r   2  h o u r s ,   w h i c h   r e s u l t e d   in   t h e   f o r m a t i o n   of  a  t h i n  

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

s u r f a c e   (as   shown  in   F i g .   7,  t h e   d e n s i t y   of  p a l l a d i u m  

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

When  a  p a l l a d i u m - o x i d e   e l e c t r o d e   i s   to   be  u s e d ,  

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

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

4 0 0 - 5 0 0 ° C   in   a  s t r e a m   of  h e l i u m   gas   c o n t a i n i n g   5%  o x y g e n .  
W h i l e   t h e   e l e c t r o d e   i s   p r e f e r a b l y   h e a t e d   f r o m  

a b o v e   (as   a p p a r e n t l y   t h e   s o l u t i o n   b e i n g   a p p l i e d   t e n d s   t o  

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

c o u l d   be  h e a t e d   f rom  b e l o w ,   as  shown  in   F i g .   4.  F i g .   4  

a l s o   i l l u s t r a t e s   t h e   u s e   of  a  p o s i t i v e   p r e s s u r e   c a v i t y   2 2  

(as   o p p o s e d   to   t h e   v a c u u m   c a v i t y   of  F i g .   3)  as  a  m e a n s   f o r  

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

13.  W h e t h e r   h e a t e d   f rom  a b o v e   as  in   F i g .   3,  or  b e l o w   a s  

in   F i g .   4  ( o r   b o t h   as  can   be  done   by  s t i c k i n g   a  r a d i a n t  

h e a t i n g   s o u r c e   in   e i t h e r   t h e   v a c u u m   c a v i t y   18  of  F i g .   3  o r  

t h e   p r e s s u r e   c a v i t y   22  of  F i g .   4)  or  w h e t h e r   t h e   p r e s s u r e  
d i f f e r e n t i a l   i s   a p p l i e d   by  a  p o s i t i v e   p r e s s u r e   or  by  a  

vacuum  (o r   b o t h ) ,   i t   i s   c r i t i c a l   t h a t   one  u s e s   a  p r e s s u r e  
d i f f e r e n t i a l   to  u n i f o r m l y   move  t h e   s o l u t i o n   t h r o u g h   t h e  

s u b s t r a t e .  

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

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

d i f f e r e n t i a l ) ,   f a i l e d   to  p r o d u c e   u n i f o r m   c o a t i n g s .   When  a  

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

p o o r   r e s u l t s   we re   o b t a i n e d .   Only   by  u s i n g   b o t h   t h e   u n i -  

fo rm  h e a t i n g   and  t h e   p r e s s u r e   d i f f e r e n t i a l   were   e v e n  

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



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

n o n - u n i f o r m   u n l e s s   e x t r e m e   c a r e   was  t a k e n   and  r a d i a n t  

h e a t i n g   i s   p r e f e r r e d .  

A g a i n   w i t h   r e f e r e n c e   to   F i g .   4,  i t   s h o u l d   b e  

n o t e d   t h a t   t h e   p r e s s u r e   c o u l d   be  a p p l i e d   by  a  pump  d i r e c t -  

ly   to  t h e   c o a t i n g   s o l u t i o n   ( t h u s   t h e   p r e s s u r e   c h a m b e r   2 2  

w o u l d   be  c o m p l e t e l y   f i l l e d   w i t h   f l u i d )   or  by  u s i n g   s u f f i -  

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

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

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

s o l u t i o n   i s   a p p l i e d   and  t h u s   t h e   a r r a n g e m e n t   of  F i g .   3  i s  

p r e f e r r e d .  

I t   ha s   b e e n   f o u n d   t h a t   a t   l e a s t   t e n   m i l l i m e t e r  

of  m e r c u r y ' s   d i f f e r e n t i a l   p r e s s u r e   i s   r e q u i r e d   to   move  t h e  

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

t h e   d i f f e r e n t i a l   p r e s s u r e   s h o u l d   be  l e s s   t h a n   a b o u t   1 0 0  

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

a v o i d   damage   to   t h e   s u b s t r a t e .   P r e f e r a b l y   a  d i f f e r e n t i a l  

p r e s s u r e   of  1 0 - 3 0   m i l l i m e t e r s   of  m e r c u r y   i s   u s e d   w i t h   c a r -  

bon  s u b s t r a t e s .   O t h e r   t y p e s   of  s u b s t r a t e s   ( e . g .   a  s u b - .  

s t r a t e   s i n t e r e d   f rom  f i n e l y   d i v i d e d   t i t a n i u m   p o w d e r )   c a n  

a l s o   be  u s e d   and  t h e   u p p e r   l i m i t   o f  t h e   p r e s s u r e   d i f f e r e n -  

t i a l   i s   d e t e r m i n e d   by  t h e   s t r e n g t h   of  t h e   s u b s t r a t e .   As  

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

p a l l a d i u m   or  p a l l a d i u m   o x i d e   c a t a l y s t   i s   p r e f e r r e d   ( a l -  

t h o u g h   o t h e r   p l a t i n u m   g r o u p   of  m e t a l s   can   a l s o   be  u n i f o r m -  

ly  d e p o s i t e d   by  t h e   t e c h n i q u e s   d e s c r i b e d   h e r e i n )   and  p a l -  

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

4 0 - 6 0 ° C .  

In  U.S .   P a t e n t   A p p l i c a t i o n   S.N.  0 8 4 , 4 9 4   e n t i t l e d  

" P a l l a d i u m   E l e c t r o d e   For   Use  In  S u l f u r   C y c l e   H y d r o g e n  

O p e r a t i o n   P r o c e s s " ,   f i l e d   O c t o b e r   15,  1979 ,   t h e r e   i s  

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

o x i d a t i o n   of  s u l f u r   d i o x i d e .   The  u s e   of  a  p a l l a d i u m  

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

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

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

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



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

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

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

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

d r i e d ,   t h u s   f o r m i n g   a  f i l m   on  t h e   s u b s t r a t e   s u r f a c e ,  
c h a r a c t e r i z e d   b y :  

a)  a p p l y i n g   a  s o l u t i o n   c o n t a i n i n g   a t   l e a s t   o n e  

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

b)  a p p l y i n g   a  p r e s s u r e   d i f f e r e n t i a l   of  a t   l e a s t  

10  mm-Hg  a c r o s s   s a i d   s u b s t r a t e  w i t h   s a i d   f i r s t   s i d e   o f  

s a i d   s u b s t r a t e   b e i n g   t h e   h i g h e r   p r e s s u r e  s i d e ;   a n d  

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

s u b s t r a t e .  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r -  

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

s t r a t e   i s   1 0 - 1 0 0   mm-Hg.  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r -  

i z e d   in   t h a t   t h e   d i f f e r e n t i a l   p r e s s u r e   i s   1 0 - 3 0   mm-Hg.  
4.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   3.,  c h a r a c t e r -  

i z e d   in   t h a t   t h e   s u b s t r a t e   i s   r a d i a n t l y   h e a t e d .  

5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4,  c h a r a c t e r -  

i z e d   in   t h a t   t h e   p l a t i n u m   g r o u p   m e t a l   i s   p a l l a d i u m   and  t h e  
s u b s t r a t e   i s   r a d i a n t l y   h e a t e d   t o  4 0 - 6 0 ° C .  
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