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Technica]l Note @ 
Ambient Temperature Gas Phase C02 Reduction to 

Hydrocarbons at Solid Polymer Electrolyte Cells 
Ronald L. Cook,* Robert C. MacDuff, and Anthony F. Sammells* 

Eltron Research, Incorporated, Aurora, Illinois 60504 

The utility of copper as an electrocatalytic site for pro- 
moting high rate CO2 reduction in C Q  saturated aqueous 
KHCO3 (pH ~ 7.5) to give both CH4 and C2H4, has recently 
been reported both by ourselves (1, 2) and others (3-5). CO2 
reduction under  these experimental conditions was typi- 
cally found to proceed at = -1.7V vs. SHE. If the initial 
step in the CO2 reduction mechanism involves direct 
chemical reaction between electrochemically generated 
chemisorbed hydrogen and adsorbed C Q  at the copper 
electrode (6), then one might in principle require less ca- 
thodic overpotentials to promote CO2 reduction using 
more acid electrolytes. Of course in conventional aqueous 
electrolyte cells what one would observe under such con- 
ditions would be a progressive dominance by hydrogen 
evolution over CO2 reduction. One strategy to overcome 
this limitation is the use of solid polymer electrolyte (SPE) 
cells. 

Discussed here is recent work performed in our labora- 
tory on CO2 reduction at SPE cells processing the general 
configurations 

COjCu/Nafion ll7/aq. K2SO4, Pt 

and 

CQ/Cu/Nafion 117/Pt, Ns H2(I0%) 

The genera] experimental arrangements used for these 
cells are shown schematically in Fig. 1. Copper was ini- 
tially deposited onto one side of a Nation 117 membrane 
(0.017 in., H + form, equivalent weight 1100) from 0.5M 
K2SO4/0.05M CuSO4 solution using 1M NaOH/1M NaBH4 
on the other side. Deposition usually took between 15 and 
30 min. Following a thorough rinse in distilled water the 
Cu/Nation 117 half-cell (1.55 cm 2) was incorporated into the 
cell shown in Fig. IA, where aqueous 0.5M K2SO4 (pH 8.67) 
was used in the counterelectrode compartment. For the 
cell shown in Fig. lib platinum was initially deposited di- 
rectly onto Nation 117 from a 0.05M H2PtCI6 solution, again 
using IM NaOH/IM NaBH4 as a reducing agent on the 
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other side. Copper was then deposited onto the other 
membrane side using the previously discussed procedure. 
CO2 introduced into the cathode chamber was initially 
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Fig. 1. Schematic solid polymer electrolyte cell arrangement used 
during this work. 
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Fig. 2. Faradaic efficiencies for C2 formation vs. applied potential for 
the cell C02/Cu/Nafion 117/K2S04 (pH 8.67)/Pt. 

p a s s e d  t h r o u g h  a h y d r o c a r b o n  t r ap  (gas-dry h y d r o c a r b o n  
t rap,  C h e m i c a l  R e s e a r c h  Suppl ies )  fo l lowed b y  o x y g e n  re- 
m o v a l  (Oxy-Trap,  Al l t ech  Associates) .  No h y d r o c a r b o n s  
w e r e  d e t e c t e d  in t he  CO2 gas  s t r e a m  af ter  the  h y d r o c a r b o n  
t r ap  pr io r  to t he  S P E  Fell. H y d r o c a r b o n  CO2 r e d u c t i o n  
p r o d u c t s  ex i t i ng  t h e  c a t h o d e  c h a m b e r  were  ana lyzed  
u s i n g  a GOW-MAC Mode l  69-750 FID gas c h r o m a t o g r a p h  
u s i n g  a 6 ft • 1/8 in. s ta in less  s teel  c o l u m n  p a c k e d  w i th  
80/100 m e s h  C a r b o s p h e r e  (Al l tech Associates) .  C o n s t a n t  
p o t e n t i a l  a n d  c u r r e n t  e lec t ro lyses  we re  p e r f o r m e d ,  con-  
t ro l l ed  b y  a S t o n e h a r t  BC 1200 po ten t io s t a t / ga lvanos t a t .  
F o r  t he  e x p e r i m e n t a l  a r r a n g e m e n t  s h o w n  in Fig. 1A b o t h  
C2H4 a n d  C2H~ were  o b s e r v e d  as CO2 r e d u c t i o n  p roduc t s .  
No CH4 was  obse rved .  Fo r  th i s  cell t he  d e p e n d e n c y  of  
fa rada ic  ef f ic iency on  to ta l  e lec t ro ly t ic  cell po t en t i a l  is 
s u m m a r i z e d  in  Fig. 2, ove r  w h i c h  e lec t ro lys is  r a n g e  t he  
c u r r e n t  dens i t y  va r i ed  b e t w e e n  10 a n d  30 m A / c m  2. Th i s  
p e r f o r m a n c e  was  m a i n t a i n e d  c o n t i n u o u s l y  for ~38h.  A sig- 
n i f i can t  f r ac t ion  of  the  to ta l  cell vo l tage  was  a t t r i b u t e d  to 
b o t h  IR losses  b e t w e e n  t h e  P T  c o u n t e r e l e c t r o d e  in t he  
0.5M K2SO4 e lec t ro ly te  a n d  t he  SPE,  a n d  t h e  o x y g e n  evolu-  
t i on  reac t ion .  Fo r  p r e l i m i n a r y  e lec t ro ly t ic  cells  eva lua t ed  
u s i n g  t he  e x p e r i m e n t a l  a r r a n g e m e n t  s h o w n  in Fig. 1B, 
CH4, C2H4, a n d  C2H~ were  o b s e r v e d  as CO2 r e d u c t i o n  prod-  
ucts ,  a l t h o u g h  at  s o m e w h a t  lower  faradaic  yields.  This  
p r o b a b l y  ref lects  however ,  far f rom . o p t i m u m  p r o c e d u r e s  
u s e d  for  p r e p a r i n g  t he  c o p p e r  w o r k i n g  e l ec t rode  (WE). A 
s ign i f i can t  o b s e r v a t i o n  in t h e s e  cells was  t h a t  a to ta l  cell  
vo l t age  of  on ly  0.65V was  r e q u i r e d  at  10 m A / c m  2 to pro- 
m o t e  CO2 reduc t ion ,  i.e. t h e  Cu WE p o t e n t i a l  was  <0.65V 
vs. SHE.  Resu l t s  are  s u m m a r i z e d  in Tab le  I. We h a v e  also 
p r o m o t e d  C Q  r e d u c t i o n  (at lower  yields)  at  Ni a n d  
R h / S P E  in t e r f ace  u s i n g  ana logous  cell  conf igura t ions ,  to 
give CH4. E v i d e n c e  t h a t  CO spec ies  (6) are p r o b a b l y  in ter -  
m e d i a t e s  in  overa l l  C Q  r e d u c t i o n  is s u g g e s t e d  f rom GC 
ana lys i s  of  CO r e d u c t i o n  p r o d u c t s  in  the  cell. 

CO, Cu/Naf ion  l l 7 / P t ,  N2, H~(10%) 

w h e r e  CH4, C2H4, a n d  C2H6 were  o b s e r v e d  as COs r e d u c t i o n  
p r o d u c t s  (Table  II). 

Table I. Faradaic efficiencies for the cell 
C02/Cu/Nofion 117/Pt, N2(90%)H2 

Faradaic efficiency (%) 
Total cell 

current (mA) CH4 C2H4 C2H6 

22.5 t a 0.34 t a 
30.5 0.071 0.47 0.10 
40.4 0.11 1.58 0.22 

Flow rate CO2 - 10 ml min 1, H2/N2 - 60 ml min-k 
a t = trace. 

Table II. Faradaic efficiencies for the cell 
CO,Cu/Nafion 117/Pt,N2H2(I 0%) 

Faradaic efficiency (%) 
Total cell Time 

current (mA) (min) CH4 C2H4 C2H6 

20 15 0.1 2.0 0.17 
30 30 0.38 0.13 0.074 
40 45 0.39 0.048 - -  
50 60 0.52 0.051 - -  
60 75 2.6 - -  - -  

Clear ly  m u c h  work  r e m a i n s  before  c o n d i t i o n s  for 
a c h i e v i n g  o p t i m u m  C u / S P E  in te r face  are ident i f ied  w h e r e  
ef f ic ient  h i g h  ra te  CO2 r e d u c t i o n  m a y  be  p r o m o t e d  at low 
cell  vol tages .  However ,  th i s  b r i e f  c o m m u n i c a t i o n  illus- 
t r a t e s  for t he  first t ime  t h a t  C Q  r e d u c t i o n  can  be  e lectro-  
c h e m i c a l l y  p r o m o t e d  in the  gas p h a s e  to h y d r o c a r b o n s  at  
a m b i e n t  t e m p e r a t u r e s  u s i n g  a n  S P E  cell, u n d e r  exper i -  
m e n t a l  c o n d i t i o n s  c o m p a t i b l e  for e v e n t u a l l y  a c h i e v i n g  
p rac t i ca l  e lec t ro ly t ic  cell vol tages .  
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