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FORMATE I O N  - OXYGEN FUEL CELLS 

P .  G .  Grimes a n d  H .  H .  S p e n g l e r  
R e s e a r c h  D i v i s i o n ,  A l l i s - C h a l m e r s  Mfg. Co. 

Mi lwaukee ,  W i s c o n s i n  

I n t r o d u c t i o n  

F o r m a t e  i on  i s  o n e  of t h e  more r e a d i l y  o x i d i z a b l e  c a r b o n a c e o u s  
f u e l s  i n  bas ic  e l e c t r o l y t e .  I n  t h e  r a n g e  80-looo C ,  f o r m a t e  i o n -  
oxygen  f u e l  c e l l s ,  u s i n g  a p l a t i n u m - p a l l a d i u m  c a t a l y s t ,  h a v e  a p e r -  
f o r m a n c e  a p p r o a c h i n g  t h a t  of h y d r o g e n  o r  h y d r a z i n e  f u e l  c e l l s .  
Formate i o n - o x y g e n  f u e l  c e l l s  w i t h  a p l a t i n u m - p a l l a d i u m  c a t a l y s t  
h a v e  b e e n  shown t o  h a v e  a b o u t  twice t h e  o u t p u t  of m e t h a n o l  f u e l  
c e l l s  a t  a m b i e n t  t e m p e r a t u r e  (1). 

Formate s a l t s  a re  e a s i l y  h a n d l e d  as s o l i d s  o r  in s o l u t i o n ,  a r e  
s tab le ,  h a v e  low t o x i c i t y  a n d  are  p o t e n t i a l l y  low i n  c o s t .  Formic 
a c i d  may a l s o  be u s e d  as t h e  f u e l .  It a l s o  i s  s tab le ,  a n d  p o t e n -  
t i a l l y  low p r i c e d .  However ,  i t s  c o r r o s i v e  p r o p e r t i e s  demand t h a t  
i t  b e  h a n d l e d  w i t h  some care .  Formate s o l u t i o n s  i n  base a r e  s t a b l e  
a t  100' C .  A t  t h i s  t e m p e r a t u r e ,  t h e  f u e l  is n o t  v o l a t i l e  in c o n -  
t r a s t  t o  m e t h a n o l .  

T h e  i n v e s t i g a t i o n s  o f  t h e  formate f u e l  c e l l s  w e r e  e x t e n d e d  t o  
s t u d y  t h e  e f f e c t s  of t e m p e r a t u r e  o n , t h e  c e l l  o u t p u t .  F u r t h e r  s t u d -  
ies  i n v o l v e d  v a r i a t i o n  of c a t a l y s t  a n d  e l e c t r o l y t e  c o m p o s i t i o n  a n d  
f u e l  c o n c e n t r a t i o n .  

E x p e r i m e n t a l  

A s a n d w i c h  t y p e  f u e l  c e l l  was u s e d  i n  t h e s e  s t u d i e s .  Grooved  
a n d  m a n i f o l d e d  s t a i n l e s s  s t e e l  e n d  p l a t e s  h e l d  t h e  e l e c t r o d e s  a n d  
allowed u n i f o r m  f low of e l e c t r o l y t e - f u e l  a n d  o x y g e n  o v e r  t h e  e lec-  
t r o d e  s u r f a c e s .  An asbestos s h e e t  (0.060 i n c h  t h i c k )  s e r v e d  as 
t h e  s e p a r a t o r - s p a c e r  b e t w e e n  t h e  e l ec t rodes  ( 2 ) .  

was pumped t h r o u g h  t h e  c e l l  a n o d e  c o m p a r t m e n t  a n d  t h e n  b a c k  t o  t h e  
e x t e r n a l  h e a t e r  chamber .  Oxygen was s u p p l i e d  t o  t h e  c e l l  a t  o r  
s l i g h t l y  a b o v e  a t m o s p h e r i c  p r e s s u r e .  A p p r o p r i a t e  c e l l  t e m p e r a t u r e  
was m a i n t a i n e d  w i t h i n  2 10 C w i t h  a n  a u x i l i a r y  h e a t i n g  p a d .  The  
e x t e r n a l  h e a t i n g  a n d  pumping s y s t e m  was c o n s t r u c t e d  of T e f l o n ,  
g lass  a n d  s t a i n l e s s  s t e e l  materials. T h e  r e f e r e n c e  s a t u r a t e d  cal-  
omel e l ec t rode  (SCE) was c o n n e c t e d  t o  t h e  e l e c t r o l y t e  s y s t e m  b y  
means  o f  an e x t e r n a l  L u g g i n  c a p i l l a r y  t u b e .  

s u p p o r t  material .  E l e c t r o d e  p l a t i n g  s o l u t i o n s  were p r e p a r e d  b y  mix-  
i n g  a p p r o p r i a t e  a m o u n t s  (in a c c o r d a n c e  w i t h  t h e  r e q u i r e d  c a t a l y s t  
r a t i o )  o f  t h e  n o b l e  metal c h l o r i d e  s o l u t i o n s  c o n t a i n i n g  2 mg. of 

T h e  e l e c t r o l y t e - f u e l  mix ture ,  h e a t e d  i n  a n  e x t e r n a l  c h a m b e r ,  

P o r o u s  n i cke l  p l a q u e s  ( 0 . 0 2 8  i n c h  t h i c k )  were u s e d  as c a t a l y s t  



-104- 

metal p e r  m l .  a n d  t h e n  a d j u s t i n g  t h e  pH l e v e l  t o  1 w i t h  h y d r o c h l o r i c  
acid.  A vacuum f i l t r a t i o n  t e c h n i q u e  was u s e d  t o  d r a w  t h e  p l a t i n g  
s o l u t i o n  t h r o u g h  t h e  p o r o u s  n i c k e l  p l a q u e  a t  a s low f l o w  r a t e .  The  
r a t i o  of t h e  P d / P t  c h e m i d e p o s i t e d  o n  t h e  p l a q u e s  was t h e  same as 
t h a t  i n  t h e  m i x e d  p l a t i n g  s o l u t i o n s  ( 3 ) .  
washed  w i t h  d i s t i l l e d  water a n d  s t o r e d  i n  a d r y  a t m o s p h e r e .  A 
w a t e r p r o o f i n g  c o a t i n g  of T e f l o n  was a p p l i e d  o v e r  t h e  c a t a l y z e d  s u r -  
f a c e  o f  t h o s e  p l a t i n u m - p a l l a d i u m  : l e c t r o d e s , , w h i c h  were t o  b e  u s e d  
as c a t h o d e s  t o  p r e v e n t  e l e c t r o d  f l o o d i n g .  A l l  e l e c t r o d e s  were 
p l a t e d  w i t h  a t o t a l  of 60 mgfln'  o f  n o b l e  metal c a t a l y s t s .  
met r ic  area of t h e  e l e c t r o d e s  was 6.25 i o 2 ;  a n d  t h e  c u r r e n t  d a t a  
p r e s e n t e d  are e x p r e s s e d  in terms of a m p e r e s  p e r  s q u a r e  f o o t  (ASP).  

F u e l  c e l l  e l e c t r o d e s  were e v a l u a t e d  w i t h  a s i n e  wave ( 4 )  a n d  a 
square wave c o m m u t a t o r .  The  s q u a r e  wave c u r r e n t  was g e n e r a t e d  b y  a 
m e r c u r y  s w i t c h  f u n c t i o n  g e n e r a t o r .  O p e r a t i n g  power  was s u p p l i e d  by 
a 12 v o l t  s t o r a g e  b a t t e r y ;  a s e c o n d  12 v o l t  b a t t e r y  s u p p l i e d  t h e  
power  t o  o p e r a t e  t h e  a u x i l i a r i e s  of t h e  s q u a r e  wave g e n e r a t o r .  V o l t -  
age r e a d i n g s  were taken w i t h  a T e k t r o n i x  564 S t o r a g e  O s c i l l o s c o p e  
a n d  a R . C . A .  S e n i o r  vacuum t u b e  vo l tme te r  when u s i n g  t h e  s q u a r e  wave 
o r  s i n e  wave c o m m u t a t o r s ,  r e s p e c t i v e l y .  

s u p p l i e d  t o  t h e  c e l l  f o r  a p r e - p o l a r i z a t i o n  p e r i o d  of f i v e  m i n u t e s .  
E x p e r i m e n t a l  d a t a  a t  60 ASF were t h e n  t a k e n ,  1.e. a n o d i c  a n d  c a t h o d -  
i c  h a l f  c e l l  v o l t a g e s ,  t o t a l  c e l l  v o l t a g e  ( o h m i c  f r e e ) ,  a n d  t h e  oh- 
mic v o l t a g e  ( I R  d r o p )  of t he  c e l l .  

f o r  a t h r e e  m i n u t e  p o l a r i z a t i o n  p e r i o d  b e f o r e  t h e  p o t e n t i a l s  were 
m e a s u r e d .  F o r  t h e  l o w e r  t e m p e r a t u r e  (300 C) tests, t h e  c e l l  was 
o p e r a t e d  a t  a l t e r n a t e l y  h i g h  a n d  low c u r r e n t  d e n s i t i e s  t o  m a i n t a i n  
a n e a r l y  c o n s t a n t  t e m p e r a t u r e  i n  t h e  c e l l ,  h o w e v e r ,  i t  was n o t  nec -  
e s s a r y  t o  f o l l o w  t h i s  p r o c e d u r e  a t  1000 C .  

P l a t e d  p l a q u e s  were t h e n  

The  geo- 

For  t h e  h a l f  c e l l  s t u d i e s  a c u r r e n t  e q u i v a l e n t  t o  60 ASF was 

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

R e s u l t s  a n d  D i s c u s s i o n  

Anode a n d  C a t h o d e  S t u d i e s  

F o r m a t e  s o l u t i o n s  i n  basic e l e c t r o l y t e  are s tab le  a t  e l e v a t e d  
t e m p e r a t u r e s ,  a l l o w i n g  o p e r a t i o n  of c e l l s  n e a r  t h e  b o i l i n g  p o i n t  of 
t h e  e l e c t r o l y t e  a t  a t m o s p h e r i c  p r e s s u r e .  S t u d i e s  a t  a m b i e n t  a n d  
e l e v a t e d  t e m p e r a t u r e s  w e r e  c o n d u c t e d  t o  d e t e r m i n e  t h e  p o l a r i z a t i o n  
c u r v e s  f o r  a n o d e s  a n d  c a t h o d e s  u s i n g  d i f f e r e n t  n o b l e  metal c a t a l y s t  
m i x t u r e s  w i t h  formate a n d  o x y g e n .  T h e  s t a n d a r d  p o t e n t i a l  f o r  t he  
a n o d e  r e a c t i o n  i s  1.02 v o l t s .  \ 

P r e v i o u s  s t u d i e s  h a v e  shown t h a t  formate i o n  i s  r e a d i l y  0x1- 
d i z e d  on a n  a n o d e  c a t a l y z e d  w i t h  a p l a t i n u m - p a l l a d i u m  mixture o r  
w i t h  p a l l a d i u m  (1, 3 ) .  P l a t i n u m  c a t a l y z e d  a n o d e s  are s e v e r e l y  p o l a r -  
i z e d  u n d e r  a p p l i e d  l o a d .  I n c r e a s i n g  t h e  p a l l a d i u m  c o n t e n t  of the  
c a t a l y s t  i m p r o v e s  t h e  a c t i v i t y  o f  t h e  a n o d e s  a t  30° C ( F i g u r e  1 ) .  
A l l  e l e c t r o d e s  h a d  a t o t a l  n o b l e  metal c a t a l y s t -  l o a d i n g  of 60 mg/in2. 
T h e  p a l l a d i u m  a n o d e  was t h e  least  p o l a r i z e d  o n  i n i t i a l  tests.  Upon 

I 
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e x t e n d e d  t e s t i n g  f o r  o v e r  a t h o u s a n d  h o u r s  a t  a m b i e n t  t e m p e r a t u r e ,  
a r a t i o  of f i v e  p a r t s  p a l l a d i u m  t o  o n e  p a r t  p l a t i n u m  b y  w e i g h t  
p r o v e d  t o  be  t h e  s u p e r i o r  c a t a l y s t  ( 1 ) .  

F o r m a t e  i o n  f u e l  c e l l s  were shown in t h e s e  s t u d i e s  t o  h a v e  
a b o u t  twice  t h e  p e r f o r m a n c e  o f  m e t h a n o l  f u e l  c e l l s  u n d e r  t h e  same 
c o n d i t i o n s  a t  a m b i e n t  t e m p e r a t u r e .  P e r f o r m a n c e  of t h e  m e t h a n o l  
a n o d e  is n o t  g r e a t l y  c h a n g e d  ( F i g u r e  2 )  when t h e  c e l l  t e m p e r a t u r e  
is ra ised t o  60° C ( l i m i t e d  b y  t h e  v a p o r  p r e s s u r e  of m e t h a n o l ) .  
However ,  a n o d e  p e r f o r m a n c e  of t h e  f o r m a t e  c e l l  is m a r k e d l y  improved  
b y  t h e  t e m p e r a t u r e  i n c r e a s e .  

Anode p o l a r i z a t i o n  c u r v e s  o b t a i n e d  f o r  c e l l s  o p e r a t i n g  a t  
90° C w i t h  4M p o t a s s i u m  formate a n d  4M p o t a s s i u m  h y d r o x i d e  e lec t ro-  
l y t e  a re  shown in F i g u r e  3 .  Th p o r o u s  n i c k e l  e l e c t r o d e s  were c a t -  
a l y z e d  w i t h  a t o t a l  of 60 mg/in5 of c a t a l y s t .  The  p e r f o r m a n c e  of 
a l l  t h e  a n o d e s  i m p r o v e s  w i t h  t e m p e r a t u r e  ( c o m p a r e  w i t h  F i g u r e  1 ) .  
O b v i o u s l y ,  t h e  data show t h a t  on i n i t i a l  tes ts ,  t h e  p a l l a d i u m  a n o d e  
g a v e  t h e  h i g h e s t  p o t e n t i a l  f o r  c u r r e n t s  b e t w e e n  1 a n d  200 ASF a t  
goo C .  T h e  same t r e n d ,  n o t e d  a t  t h e  l o w e r  t e m p e r a t u r e ,  of decreas- 
i n g  a n o d e  a c t i v i t y  w i t h  i n c r e a s i n g  p l a t i n u m  c o n t e n t  was o b s e r v e d ,  
e x c e p t  t h a t  t h e  p l a t i n u m  a n o  e was c o m p a r a b l e  i n  p e r f o r m a n c e  t o  the  
p a l l a d i u m  a n d  50 Pd/ lO P t / i n g  a n o d e s .  

The  e f f e c t  a t  30° a n d  900 of i n c r e a s i n g  p l a t i n u m  c o n t e n t  of 
a n o d e s  is d e p e c t e d  s c h e m a t i c a l l y  in F i g u r e  4 .  The m a r k e d l y  improved  
a c t i v i t y  o f  a p l a t i n u m  a n o d e  a t  goo C was u n e x p e c t e d  a n d  is i n e x p l i c -  
a b l e  a t  t h i s  t i m e .  

P r e v i o u s  c a t h o d e  s t u d i e s  w i t h  h y d r o g e n - o x y g e n  c e l l s  a t  a m b i e n t  
t e m p e r a t u r e  h a v e  shown t h a t  p l a t i n u m - p a l l a d i u m  m i x t u r e s  are more 
a c t i v e  t h a n  e i t h e r  p l a t i n u m  o r  p a l l a d i u m  ( 4 ) .  In t h e  4M p o t a s s i u m  
formate - 4M p o t a s s i u m  h y d r o x i d e  s y s t e m ,  t h e  oxygen  c a t h o d e  p e r f o r m -  
a n c e  i m p r o v e s  w i t h  i n c r e a s i n g  p l a t i n u m  c o n t e  t .  T h e  b e s t  c a t h o d e  
a t  30' h a s  a c o n t e n t  of 4 0  m g  Pd/20 m g  P t / i n '  c a t a l y s t .  The  p l a t -  
inum c a t h o d e  was h i g h l y  p o l a r i z e d  a t  30° C .  

The  oxygen  c a t h o d e  p o l a r i z a t i o n  c u r v e s  a t  goo C f o r  60 mg/in2 
of p l a t i n u m  a n d / o r  p a l l a d i u m  are  shown in F i g u r e  5. At ;  t h e  h i g h e r  
t e m p e r a t u r e s ,  t h e  a c t i v i t y  of t h e  c a t h o d e  c a t a l y s t  i n c r e a s e s  w i t h  
i n c r e a s i n g  p l a t i n u m  c o n t e n t .  However ,  a g a i n  t h e  p l a t i n u m  cathode 
is l e a s t  a c t i v e  a t  t h e  h i g h e r  c u r r e n t s .  The bes t  c a t h o d e  c a t a l y s t  
had e q u a l  a m o u n t s  of p l a t i n u m  a n d  p a l l a d i u m .  T h e  t r e n d  of c a t h o d i c  
a c t i v i t y  of p l a t i n u m - p a l l a d i u m  m i x t u r e s  i s  o p p o s i t e  t h a t  o f  a n o d i c  
a c t i v i t y  of t h e s e  same m i x t u r e s .  

The  e f f e c t  o f  formate i o n  c o n c e n t r a t i o n  on t h e  p o t e n t i a l  of 
t h e  oxygen  e l e c t r o d e  a t  goo C is shown in F i g u r e  6 .  A w a t e r p r o o f e d  
p o r o u s  n i c k e l  e l e c t r o d e  w i t h  e q u a l  a m o u n t s  o f  p l a t i n u m  a n d  p a l l a d i -  
um was u s e d  as t h e  c a t h o d e .  P o t a s s i u m  formate c o n c e n t r a t i o n  in t h e  
4M p o t a s s i u m  h y d r o x i d e  e l e c t r o l y t e  r a n g e d  b e t w e e n  0.5M t o  4M. 

c o n s i d e r a b l e  p o l a r i z i n g  e f f e c t  on t h e  b e h a v i o r  of t h e  c a t h o d e ;  a n d  
t h a t  t h e  e f f e c t  is greater  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  of p o t a s -  
s i u m  f o r m a t e .  F u r t h e r m o r e ,  t h e  p o l a r i z a t i o n  of t h e  a n o d e  decreases 
s l i g h t l y  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  of f u e l .  S imi l a r  r e s u l t s  
h a v e  b e e n  o b s e r v e d  f o r  t he  m e t h a n o l - o x y g e n  f u e l  c e l l  ( 5 ) .  E x p l a n a -  
t i o n s  f o r  a n  i n c r e a s e d  p o l a r i z a t i o n  of t h e  c a t h o d e  as t h e  c o n c e n t r a -  
t i o n  of t h e  d i s s o l v e d  f u e l s  are raised h a v e  n o t  b e e n  c o n s i d e r e d  i n  

It may be  s e e n  f r o m  F i g u r e  6 t h a t  t h e  f o r m a t e  f u e l  e x e r t s  a 
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d e t a i l .  I t  is f o r  t h i s  r e a s o n  t h a t  w e  s h o u l d  l i k e  t o  p r e s e n t  p o s s i -  
b l e  h y p o t h e s e s  f o r  t h i s  phenomenon.  The  d e c r e a s e  in a n o d e  p o l a r i z a -  
t i o n  as t h e  f u e l  c o n c e n t r a t i o n  is ra ised ( F i g u r e  6)  may be d u e  t o  
e i t h e r  a d e c r e a s e  i n  d i f f u s i o n  l i m i t a t i o n  o r  i n c r e a s e  i n  c o n c e n t r a -  
t i o n  of f u e l  in t h e  p r e - e l e c t r o d e  l a y e r .  S i n c e  t h e  i-V c u r v e s  do 
n o t  e x h i b i t  a d i f f u s i o n  l i m i t i n g  c u r r e n t  f o r  a n y  o f  t h e  c o n c e n t r a -  
t i o n s  s t u d i e d ,  i t  w o u l d  a p p e a r ,  t h e r e f o r e ,  t h a t  t h e  e f f e c t  of f u e l  
c o n c e n t r a t i o n  may b e  e x p l a i n e d  a p p r o x i m a t e l y  b y  t h e  c o n c e n t r a t i o n  
term in t h e  r a t e  e q u a t i o n .  

A l t h o u g h  t h e  n e t  r e a c t i o n  a t  t h e  oxy,gen e l e c t r o d e  is c a t h o d i c ,  
t h i s  e l e c t r o d e  may s t i l l  f u n c t i o n  as a n  a n o d e  f o r  formate i o n ,  p r o -  
v i d e d  a n  a d e q u a t e  s u p p l y  of f u e l  i s  p r e s e n t  a t  t h e  e l e c t r o d e  s u r -  
f a c e .  I f  t h i s  o c c u r s ,  t h e  n e t  c a t h o d i c  c u r r e n t  is less, a n d  l n -  
c r e a s e d  p o l a r i z a t i o n  w i l l  b e  o b s e r v e d .  

I t  h a s  b e e n  a s s u m e d  t h a t  t h e  a n o d i c  a n d  c a t h o d i c  r e a c t i o n s  are 
t o t a l l y  i n d e p e n d e n t  o f  o n e  a n o t h e r  o v e r  t h e  v o l t a g e  r a n g e  s t u d i e d .  
S i n c e  f o r m a t e  i o n  is p r o b a b l y  a d s o r b e d  on t h e  c a t h o d e ,  i t  wou ld  be 
r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  s u r f a c e  c o v e r e d  w i t h  formate i s  n o t  
a v a i l a b l e  f o r  c a t a l y s i s  of  t h e  c a t h o d i c  r e a c t i o n .  However,  t h e  
p r e d o m i n a t i n g  f a c t o r  c o n t r o l l i n g  t h e  e f f e c t  of f u e l  on t h e  c a t h o d e  
p o l a r i z a t i o n  i n  t h e  s y s t e m  d i s c u s s e d  in t h i s  p a p e r  a p p e a r s  t o  be 
t h e  f o r m a t e  o x i d a t i o n  c u r r e n t ,  r a t h e r  t h a n  a d s o r p t i o n  o f  f u e l .  
T h i s  e x p l a n a t i o n  is s u p p o r t e d  b y  t h e  f a c t  t h a t  i n c r e a s e d  f o r m a t e  
c o n c e n t r a t i o n  r e s u l t s  in greater  c a t h o d e  p o l a r i z a t i o n .  F u r t h e r m o r e ,  
t h e  p e r f o r m a n c e  of  t h e  c a t h o d e  as  a f u n c t i o n  o f  t h e  c a t a l y s t  is t h e  
o p p o s i t e  o f  t h a t  shown f o r  t h e  a n o d e  I n  F i g u r e  6. 

O p e r a t i n g  C e l l s  

A c e l l  was c o n s t r u c t e d  u s i n g  a p l a t i n u m  a n o d e  a n d  a 30 mg Pd/ 
30 mg P t / i n 2  c a t h o d e .  T h e  s e l e c t i o n  of t h e s e  e l e c t r o d e s  was b a s e d  
on t h e  c a t a l y s t  s p e c t r u m  s t u d i e s .  T h e  p e r f o r m a n c e  of t h e  c e l l  u s -  
i n g  a 4M p o t a s s i u m  f o r m a t e  - 4M p o t a s s i u m  h y d r o x i d e  e l e c t r o l y t e  is 
shown i n  F i g u r e  7 .  An ohmic  f r ee  c e l l  v o l t a g e  of 0.82 v o l t s  a t  
2 0 0  amps  p e r  s q u a r e  f o o t  was o b t a i n e d  a t  goo C .  

Based  on t h i s  d a t a ,  a n  operating fdrmate i o n - o x y g e n  f u e l  c e l l  
s y s t e m  i n  s t r o n g  a l k a l i  e l e c t r o l y t e  c o u l d  p r e s e n t l y  b e  e x p e c t e d  t o  
p r o d u c e  120-170 ASP a t  0.8 v o l t s  p e r  c e l l  a t  goo C .  The  s y s t e m  c o n -  
s t r u c t i o n  w o u l d  b e  s i m i l a r  t o  t h a t  of a h y d r a z i n e  f u e l  c e l l  ( 2 ) .  
T h i s  p e r f o r m a n c e  a p p r o a c h e s  t h a t  of hydrogen-oxygen  a n d  h y d r a z i n e -  
o x y g e n  f u e l  c e l l s  a t  t h e  same t e m p e r a t u r e s .  F u r t h e r  s t u d i e s  of  t h e  
e f f e c t s  of t e m p e r a t u r e ,  formate i o n  c o n c e n t r a t i o n ,  a n d  c e l l  d e s i g n  
t o  m i n i m i z e  c o n t a c t  o f  f o r m a t e  w i t h  t h e  c a t h o d e  s h o u l d  l e a d  t o  
m a r k e d  i m p r o v e m e n t  in t h e  p e r f o r m a n c e  of t h e  f o r m a t e  i o n - o x y g e n  f u e l  
c e l l .  

T h e  o x i d a t i o n  of formate i o n  i n  t h i s  s y s t e m  p r o d u c e s  c a r b o n a t e  
i o n  a n d  consumes  h y d r o x y l  i o n .  C o n t i n u e d  o p e r a t i o n  of t h e  s y s t e m  
wou ld  c o n v e r t  t h e  c e l l  e l e c t r o l y t e  t o  c a r b o n a t e .  I f  t h e  c e l l  is t o  
b e  o p e r a t e d  a t  h i g h  pH, p e r i o d i c  r e p l a c e m z n t  o f  t h e  e l e c t r o l y t e  
wou ld  b e  r e q u i r e d .  However ,  i f  a small r e d u c t i o n  in p e r f o r m a n c e  1s 
n o t  a d e t r i m e n t ,  t h e  c e l l  c a n  b e  o p e r a t e d  u s i n g  a c a r b o n a t e  e l e c t r o -  
l y t e .  F i g u r e  8 s h o w s  t h e  c u r r e n t - v o l t a g e  c u r v e  o f  t h e  c e l l  Z i t h  4M 
p o t a s s i u m  formate  - 4M p o t a s s i u m  c a r b o n a t e  e l e c t r o l y t e  a t  90 C .  The 
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ohmic  f r e e  c e l l  v o l t a g e s  a t  200 and  100 ASP are 0.5 a n d  0.65 v o l t s ,  
r e s p e c t i v e l y .  

The p o l a r i z a t i o n  of t h e  f o r m a t e  a n o d e  is o n l y  s l i g h t l y  g r e a t e r  
i n  t h e  c a r b o n a t e  t h a n  i n  t h e  h y d r o x i d e  e l e c t r o l y t e s .  However ,  t h e  
p e r f o r m a n c e  o f  t h e  oxygen  c a t h o d e  i s  m a r k e d l y  p o o r e r  i n  t h e  c a r b o n -  
a t e  e l e c t r o l y t e .  The  d i f f e r e n c e  i n  p e r f o r m a n c e  o f  t h e  two c e l l s  
shown i n  F i g u r e  8 is d u e  p r i m a r i l y  t o  t h e  c a t h o d e  p o l a r i z a t i o n .  

I n  s p i t e  of t h e  greater p o l a r i z a t i o n  of t h e  c a t h o d e  in c a r b o n -  
a t e  e l e c t r o l y t e  s u c h  a s y s t e m  may r e a s o n a b l y  be  e x p e c t e d  t o  p r o d u c e  
100 t o  130 ASF a t  0.5 v o l t s  a t  90° C .  

C onc  l u s  i o n s  

The  f o r m a t e  i o n - o x y g e n  fue l  c e l l  w i l l  p r o d u c e  0.82 v o l t s  a t  
200 ASP (ohmic  f r e e )  a t  goo C w i t h  h y d r o x i d e  e l e c t r o l y t e .  Opera-  
t i o n  of t h e  f o r m a t e  i o n  c e l l  w i t h  a c a r b o n a t e  e l e c t r o l y t e  r e d u c e d  
t h e  p e r f o r m a n c e  of t h e  c a t h o d e ,  l o w e r i n g  t h e  o u t p u t  t o  0.5 v o l t s  a t  
200 ASP (ohmic  f r e e )  a t  goo C .  

P a l l a d i u m  a n d  p l a t i n u m  are t h e  b e s t  a n o d e  c a t a l y s t s  a t  t h i s  
t e m p e r a t u r e .  A mixed  c a t a l y s t  c o n t a i n i n g  e q u a l  a m o u n t s  of p l a t i -  
num a n d  p a l l a d i u m  is t h e  p o o r e s t  a n o d e  c a t a l y s t .  A t  30° C ,  how- 
e v e r ,  p a l l a d i u m  w a s  t h e  b e s t  a n o d e  c a t a l y s t  and  a c t i v i t y  d e c r e a s e d  
w i t h  i n c r e a s e  i n  p l a t i n u m  c o n t e n t .  The  mixed c a t a l y s t ,  r e f e r r e d  
t o  a b o v e ,  however ,  i s  t h e  b e s t  f o r  t h e  oxygen e l e c t r o d e  a t  b o t h  
30° and  goo C i n  t h e  p r e s e n c e  of f o r m a t e .  

of hydrogen  and  h y d r a z i n e - o x y g e n  f u e l  c e l l s .  T h i s  a l l o w s  t h e  f o r -  
mate Ion-oxygen  c e l l s  t o  be a p p l i e d  i n  spec ia l  a p p l i c a t i o n s .  

The  o u t p u t  of f o r m a t e  i o n - o x y g e n  f u e l  c e l l s  a p p r o a c h e s  t h a t  
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Fig. l.-EFFECT OF CATALXST ON ANODE POTENTIALS IN.4M 
POTASSIUM FORMATE AND 4M POTASSIUM HYDROXIDE AT 30°C 
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Fig. 2.-ANODE CURRENT-VOLTAGE CURVES FOR THE SYSTEMS 
4M METHANOL AND 4M POTASSIUM FORMATE I N  4M POTASSIUM 
HYDROXIDE AT 30" AND 60°C 
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1" Fig. 3 .  -EFFECT OF CATALYST ON ANODE POTENTIAL I N  4M 
POTASSIUM FORMATE AND 4M POTASSIUM HYDROXIDE AT 9 0 ° C  I 
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Fig. 4.-SCHEMATIC: ANODE VOLTAGE VS. CATALYST COMPOSITION 
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Fig. 5.-EFFECT OF CATALYST ON CATHODE POTENTIALS IN 4M 
POTASSIUM FORMATE AND 4M POTASSIUM HYDROXIDE AT 90°C 
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Fig. 6. -EFFECT OF POTASSIUM FORMATE CONCENTRATION ON ANODE 
AND CATHODE POTENTIALS IN 4M POTASSIUM HYDROXIDE AT 90°C 
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Fig.  7 .  -HALF-CELL VOLTAGES FOR THE BETTER ANODE AND CATHODE 
COR.IBINED I N  A S I N G L S  CELL W I T H  4M POTASSIUM FORllIATE AND 
4kI POTASSIUM HYDROXIDE 
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Fig. 8. -CURRENT-VOLTAGE CURVES FOR THE SYSTEMS FORMATE/4M 
POTASSIUM HYDROXIDE AND POTASSIUM FORMATE/4M POTASSIUM 
CARBONATE (OHMIC FREE) 


