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The sensitivity of Pt catalysts to poi- 
sonins by low levels of carbon monoxide has 
been intensively studied by many workers in 
the  f i e l d s  of  f u e l  c e l l s  and e l e c t r o c a t a l y -  
Sis.  1 The large n e g a t i v e  change i n  free 
energy  f o r  CO a d s o r p t i o n  on Pt  a t  t empe ra -  
~ures  below 150"C l eads  to h i g h  s u r f a c e  c o v -  
e r a g e s ,  even  when the  p a r t i a l  p r e s s u r e  of  CO 
i s  low. For  example, in  p h o s p h o r i c  a c i d  fuel 
c e l l s  t h a t  o p e r a t e  t y p i c a l l y  a t  190*C, the  
l e v e l  of  CO in  the  anode f e e d  t h a t  can be 
t o l e r a t e d  by a Pt  c a t a l y s t  w i t h o u t  s e v e r e  
pe r fo rmance  l o s s e s  i s  of  the  o r d e r  o f  a few 
percent. But, at somewhat lower tempera- 
tures, e . g . ,  130~ the CO po ison ing  pro-  
blem becomes much more severe. 1 

Recent repor t s  from our group have de- 
monstrated the  h i g h  performance o b t a i n e d  from 
f ue l  c e l l s  based on a proton-exchange-  
membrane (PFJ4) e l e c t r o l y t e  employing gas- 
d i f f u s i o n  e lec t rodes  w i th  low (0.4 n~/cm 2) Pt 
load ings.  2 PEM f u e l  c e l l s  operate t y p i c a l l y  
a t  80-100~ The e f f i c i e n c y ,  h igh energy 
dens i t y ,  and h igh power dens i t y  ob ta inab le  
in  the P ~  c e l l  at  such low temperatures and 
the complete to le rance  to CO 2 make the PEN 
c e l l  an a t t r a c t i v e  ta rge t  f o r  development as 
a pr imary power source f o r  e l e c t r i c  veh i -  
c les .  3 However, because the c e l l  i s  de- 
signed to operate on reformed methanol ,  the 
low temperature o f  opera t ion  of  the PEN fue l  
c e l l  b r ings up quest ions concernlng the 
s e v e r i t y  of  CO po ison ing.  We descr ibe  in  
t h i s  c o n t r i b u t i o n  a new approach to  the 
s o l u t i o n  o f  CO po ison ing  e f f e c t s  in  PEN fue l  
c e l l s  operated a t  temperatures as low as 
80"C. 

As suggested above, the presence o f  CO 
in  the anode feed i s  due to the o r i g i n  of  the 
hydrogen. For t r a n s p o r t a t i o n  a p p l i c a t i o n s ,  
the H 2 reac tan t  w i l l  most p robab ly  be p ro -  
duced by re forming methanol. The steam re-  
forming of  methanol r esu l t s  i n  l e v e l s  o f  CO 
of  the order  o f  1% i n  the H2/CO 2 reformer 
output  mix ture .  The l e v e l  o f  CO in  t h i s  gas 
mix tu re  can be lowered by passing the mix tu re  
through a c a t a l y t i c  reac to r  f o r  s e l e c t i v e  CO 
o x i d a t i o n .  4 For example, by mix ing  the re -  
former output  w i t h  a low l e v e l  (2~) o f  02 and 
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by passing t h i s  gas mix tu re  over  a 1% Pt /  
A1203 c a t a l y s t  m a i n t a i n e d  a t  150"C the  con-  
c e n t r a t i o n  of  CO can be lowered  t o  ca .  100 
ppm. $ Based on such e x p e c t e d  c o n c e n t r a t i o n s  
of  CO in  t he  anode f e e d  s t r e a m ,  t h e  p e r f o r m -  
ance of  a PEM s i n g l e  c e l l  has  been r e c e n t l y  
t e s t e d  w i t h  H2, to  which CO was added a t  the  
l e v e l  o f  10-100 ppm. F i g u r e  1 d e m o n s t r a t e s  
t he  r a t h e r  s e v e r e  e f f e c t s  of  such low l e v e l s  
o f  CO on the  pe r fo rmance  of  a PEM s i n g l e  c e l l  
operated at  80"C. The p o l a r i z a t i o n  curve 
shows n e g l i g i b l e  e f f e c t s  a t  very low cur ren t  
d e n s i t i e s ,  f o l l owed  by a s t rong increase in  
p o l a r i z a t i o n .  Th i s  i n c r e a s e  in  p o l a r i z a t i o n  
sets in at a lower current the higher the CO 
l e v e l .  

The cha l lenge presented by these r e s u l t s  
(Fig. I) is to solve, within the operating 
fuel cell, the poisoning effects caused by 
ca. lO0-ppm CO in the anode feed stream. An 
intuitive approach would be to attempt to 
generate an "oxidative surface environment" 
a t  the  anode Pt  c a t a l y s t ,  so t h a t  COad s would 
be removed by o x i d a t i o n  to  CO 2. Along t h e s e  
lines, the possibility of generating such an 
oxidative environment by injecting low levels 
of 0 2 onto the fuel cell anode was con- 
sidered. At the outset, this does not seem 
to be too promising, primarily because effec- 
tive CO oxidation by molecular oxygen at Pt 
catalysts at the solid/gas interface is known 
to require temperatures significantly higher 
than IO0~ 6 whereas the cell temperature is 
on ly  80~ N e v e r t h e l e s s ,  02 i n j e c t i o n  i n t o  
t he  anode f eed  s t r e a m  tu rned  ou t  to  be v e r y  
e f f e c t i v e  indeed  f o r  an i m p u r i t y  l e v e l  of  
100 ppm CO, as shown in  F i g .  2. The CO-f ree  
c e l l  pe r fo rmance  cou ld  be c o m p l e t e l y  
r e s t o r e d  by i n j e c t i n g  oxygen a t  a l e v e l  of  
2-5% (02/H2) .  Almost  comple t e  r e c o v e r y  was 
s u b s e q u e n t l y  d e m o n s t r a t e d  in  a s i m i l a r  c e l l  
f o r  CO l e v e l s  as  h i g h  as 500 ppm, employing  
s i m i l a r  i n j e c t i o n  l e v e l s  o f  02 . 

This result may have substantial 
significance in solving the problem of CO 
tolerance in PEM fuel cells and in other 
low- and medium-temperature fuel cells. 
Furthermore, interesting electrocatalytic 
processes are apparently involved. The 

2651 

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 130.203.136.75Downloaded on 2016-04-08 to IP 

http://ecsdl.org/site/terms_use


2652 J. Electrochem. Soc.: A C C E L E R A T E D  B R I E F  C O M M U N I C A T I O N  October 1988 

result shown in Fig. 2 suggests that adsorbed 
CO can be effectively oxidized by molecular 
oxygen at temperatures as low as 80"C at a 
Pt electrocatalyst h e l d  at potentials close 
to OV RHE. Some Pt RDE work performed 
recently 7 has demonstrated that this is 
indeed the case. 

In concluslon, we have demonstrated 
that, by injecting low amounts of 02 into 
a H 2 anode feed stream contaminated by 
lO0-ppm CO, the deleterious effects of the 
CO could be completely eliminated in a PEM 
fuel cell operating at 80~ It i s  posslble 
that higher levels of CO could be tolerated 
in similar fuel-cells at somewhat higher 
temperatures using t he  same approach. 
Obviously, a loss in fuel conversion to 
electricity may be involved, due to a direct 
chemical reaction between 02 and H 2, but 
t h a t  l o s s  i s  o n l y  o f  t h e  o r d e r  o f  a few 
p e r c e n t .  
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Fig. I. Polarization curves for a PEM fuel 
cell at 80~ in the presence of low 
CO levels in the H 2 anode feed 
stream. The CO levels in ppm are 
specified next to each curve. Other 
experimental conditions are speci- 
fied in the figure. 
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Fig. 2. Polarization curve for the same PEM 
cell obtained when 02 was injected 
at a level of 4.5% into the H 2 anode 
feed stream contaminated with 100- 
ppm CO. Other Experimental condi- 
tions, same as in Fig. I. 
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