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Effect of CO in Anode Fuel on the Performance of
Polymer Electrolyte Membrane Fuel Cell
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ABSTRACT

Carbon monoxide(CO) is one of the contamination source in reformed hydrogen fuel with an
influence on performance of polymer electrolyte membrane fuel cell(PEMFC). The studies of CO injection
presented here give information about poisoning and recovery processes. The aim of this research is to
investigate cell performance decline due to carbon monoxide impurity in hydrogen. Performance of PEM
fuel cell was investigated using current vs. potential experiment, long time(10 hours) test, cyclic feeding
test and electrochemical impedance spectra. The concentrations of carbon monoxide were changed up to
10 ppm. Performance degradation due to carbon monoxide contamination in anode fuel was observed at
high concentration of carbon monoxide. The CO gas showed influence on the charge transfer reaction.
The performance recovery was confirmed in long time test when pure hydrogen was provided for 1 hour
after carbon monoxide had been supplied. The result of this study could be used as a basis of various
reformation process design and fuel quality determination.
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Typical contaminant
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Fig. 6 Nyquist plots of EIS measured at different CO
concentrations: (a) 5 ppm, (b) 10 ppm
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Fig. 7 Equivalent circuit for evaluation of impedance spectra

Table 2 Result of charge transfer resistances

Resistance Anode Cathode
Pure H 0.0104 0.0017
CO 3 ppm 0.0133 0.0045
Pure H 0.0174 0.0026
CO 5 ppm 0.0366 0.0077
Pure H 0.0139 0.0021
CO 10 ppm 0.0639 0.0040

S & F A, 254 (high frequency) <
A AFEE AL datsteio] st F7)

conduction process® A3E Sl
a7t dafjdute] &4 T 802 ofd Al
2 AlgEh

AEFA £ flste] Fig 77 22 5713
25 o] &3 e A electrolyte
resistance) S 9|7 &H= HFR-2 94 & (membrane
resistance) & YEHW, A% & (mutual
induction effect)ol] 23t wiring inductance:=
Lstray®Z YeERRdeh  tha4d Al 2E(porous
system)s X3S HdlolFI(double  layer

capacity)e  WERhA+=  CPE(constant  phase

296



]

L=

element)& 73t A AHR)Y HEZ A4}
o] anode®} cathode?] 32 (impedance)E& #

Atk Ast A Age] A= Table 29
ERSit) datslel o] F2rt 2545 anode?

A Ad Alo] ZUlEteE AL AHHom =
4 e, cathode?] st A Adw Z7H)
At A 3}

A uk Aojgke]l F7k= anodeZ

o
o
)
o
fetl
2
Ogl;,“
s
2
)
o%
%)
)
=
Py

a
1K}
Hu

re
-4
=
=
o
2
ot
il
N
==
w
~N

i
i
rir

© o
2

o

5
By
o F

>
o b
ofj
[
o
=3

off b U

ol
S5
£

4 & i
i
e

30
ﬁ{; X
Fﬂg tﬂl e
rO O1>:‘ % é
=2 = oo T R

S Lbood mt x

S U
i)
o
e
ik
ol
ol

2 ox i
oz o
oX & O
0 o
O

o
2 1o
k1

2
o
T omoxR
a4
o

ol
Qo
(2

S
ox.
off
2

of
iz
=2

1) Polarization curve 7443}
mA/ecm’7HA = DAkstE o)
= %ol Aske wold
32191 1800 mA/cm ol A& =%
ol Wlatel Anshekael S}
5 A7} FolAE Ao

1

2) 1000 mA/cm®e] 2 A8l

Fob 48 FAF A3 Qs Fuot
2252 Aol AFHYAW E5F $4E
1A% 9k B Fol oF 989714 450]
325}

3) 1043 B Austerat BHE F a5
B TRE AT A9 B FeaA
W MEAEE FAT A 20 Aol FRE

=<
[Ln i |

Bl
o
® W fu

‘0,
Lo e

%0,
2
v
I
N
ot
il
il
o,
*
®
ified
[
ot
IV UA
Bor
( 01_( il

2
ot

s7He AFHoRE Hud 4 gtk

5) ditstetiol ofste] o] AL As
o= Al AstelA FAEE
water—-gas shift reactionol] 23k Ao &
Ak &5 Faol oste AsdA 4
3| HEE AL S F3l cathodedd A 2
Ao o3k Ao AlmEHL.

N

_,4
)
2L

[}
ool o
i O N rlo &2

d

2 ol
o] =i 2008 ZAtrhetal ArH|e] A&

1) =49, “F4&, ARHA e, F=3tE)
3%, Vol. 42, No. 1, 2004, pp. 1-9.

2) F. Jing, M. Hou, W. Shi, J. Fu, H. Yu, P.
B. Yi, “The effect
contamination on PEMFC
Journal of Power Sources, Vol. 166, 2007, pp.

172-176.

3) X. Cheng, Z. Shi, N. Glass, L. Zhang, J.
Zhang, D. Song, Z. S. Liu, H. Wang, J. Shen,
“A review of PEM hydrogen fuel cell

Impacts,

Ming, of ambient

performance”,

contamination mechanisms, and
mitigation”, Journal of Power Sources, Vol.
165, 2007, pp. 739-756.

4) A. L. Dicks, “Hydrogen generation from natural

297 Trans. of the Korean Hyadrogen and New Energy Society(2008. 8), Vol. 19, No. 4



sanolE

OfH

gas for the fuel cell systems of tomorrow”,
Journal of Power Sources, Vol. 61, 1996, pp.
113-124.

B. Ibeh, C. Gardner, M. Ternan,
of hydrogen from a hydrogen/methane mixture

5) “Separation

using a PEM fuel cell”, International Journal of
Hydrogen Energy, Vol. 32, 2007, pp. 908-914.

= = o >
Me, A9, AW, AFH, 494, <

T, 10 s H AU T,

2As o vl o3 ndAded A&

6)

AR ezt A, dera B Al A
83]=%%, Vol. 18, No. 4, 2007, pp.
432-438.

7) F. A. de Bruijin, D. C. Papageorgopoulos, E. F.
Sitters, G. J. M. Janssen, “The influence of
carbon dioxide on PEM fuel cell anodes”,
Journal of Power Sources, Vol. 110, 2002, pp.
117-124.

8 T. Gu, W. K Lee, W. Van Zee,
“Quantifying the gas shift
reaction inside a PEM fuel cell”, Applied
Catalysis B : Environmental, Vol. 56, 2005, pp.
43-49.

J.

reverse water

al

=

o

ERES

Aol XIstsl =28 M19d M4s 20084 83

Aol

s AT, the
Electrochemical Society, Vol. 11, No. 1, 2008,
pp. 42-46.

10) D. L. Trimm, “Minimization of carbon

Korean

monoxide in a hydrogen stream for fuel cell
application”, Applied Catalysis A: General,
Vol. 296, 2005, pp. 1-11.

11) S. Jimenez, J. Soler, R. X. Valenzuela, L.
Daza, “Assessment of the performance of a
PEMFC in the presence of CO”, Journal of
Power Sources, Vol. 151, 2005, pp. 69-73.

12) N. Wagner, E. Gulzow, of
electrochemical impedance spectra (EIS) with

“Change

time during CO-poisoning of the Pt-anode in a

membrane fuel cell”, Journal of Power Sources,

Vol. 127, 2004, pp. 341-347.
13) ol"g, HG7], “FAFATARTI}EF
2 g7l #ek A, i E Al
A g3 =%, Vol. 17, No. 4, 2006, pp.
454-460.

298





