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Abstract : Even though fuel cell have high efficiency when pure hydrogen from gas tank is used as a fuel source,
it is more beneficial to generate hydrogen from city gas(mainly methane) in residential application such as domestic
or office environments. Thus hydrogen is generated by reforming process using hydrocarbon. Unfortunately, the
reforming process for hydrogen production is accompanied with unavoidable impurities. Impurities such as CO, CO,,
H,S, NH;, and CH, in hydrogen could cause negative effects on fuel cell performance. Those effects are kinetic
losses due to poisoning of the electrode catalysts, ohmic losses due to proton conductivity reduction including mem-
brane and catalyst ionomer layers, and mass transport losses due to degrading catalyst layer structure and hydrophobic
property. Hydrogen produced from reformer eventually contains around 73% of H,, 20% or less of CO,, 5.8% of
less of N,, or 2% less of CH,, and 10ppm or less of CO. This study is aimed at investigating the effect of carbon
dioxide on fuel cell performance. The performance of PEM fuel cell was investigated using current vs. potential
experiment, long run(10 hr) test, and electrochemical impedance measurement when the concentrations of carbon
dioxide were 10%, 20% and 30%. Also, the concentration of impurity supplied to the fuel cell was verified by gas
chromatography(GC).

Keywords : PEM Fuel cell, Carbon dioxide, Contamination, Impedance, Fuel impurity.
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Table 1. Impurity effect on fuel cell

Type Effect on cell

Kinetic effect Poisoning of the electrode catalysts

Increase in solid electrolyte resistance including

Conductivity effect .
uetivity membrane and catalyst layer ionomer

Catalyst layer structure and hydrophobility

Mass transfer effect .
changes causing a mass transfer problem
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Fig. 1. Schematic diagram of experimental apparatus.



44 J. Korean Electrochem. Soc., Vol. 11, No. 1, 2008

FE% z78tlA 1047F &1t olitstea kol wWE s
3|

H3ld A& (electrolyte resistance), 213} HE A& (charge
transfer resistance), &2 g A& (mass transfer resistnace)s
Z48te] AR AN dojube W9 EA4S A3 fIsl
X A7|8}ez B4 6]l Electrochemical impedance
measurement(Solatron, SI1280B) JH| & A3, 1087 &
et o RIBERAE FFE T &F FAE AZF 5t FE6E)
o A% &L #Z39 T} Electrochemical impedance
spectrat 0.5A2] THAIFT(AC signa)AE0 2 A|o)3lH o,
0.1 Hzol A4 10000 HzAFo oA &4 31 32, data= 10 points/
decadeE F+0] W112]$ spectras LS 4 AATE?

53 olxEle A FEE JMA A =nE 2 3(ACME,
6000GC)E ©o]&3t] A8, dFS AR ARE-3laL
TCD(thermal conductivity detector) HE&7]5 ©|-&3l] HA35}
ATH LB 2= %7] 40°ColA 28 #AE H 29 30T &
T2 120°007H] seste] 2% B fAls A, FHes
TCD AZE719] 2&% 150°CE A8k, TCD A&719 7=
£ 622 243t HP-PLOT/U capillary ZH-S ARSI
W, ZHFEFS 3m/mineE Aofsiiitt. AEFUZFE 0.25
ml/min, 2= 512 #AE 7513

3.1 Inlete] O[LISIEIAS| EF M
B A= HE7A At T
Fho] W A5AR] A% Wl uigh dgozs A4 =3
H 7k TR ATl dedkitt Fig 28 ollsled: B
o W calibration curve®], AZE 2(HE YEINL, 2
A4 (coefficient of determination, R*E 0.99920] AT}

y =(5.5334)x — 1.1493 1)

yE GCollX &A% dHo|n, xi= oJakslehird] Fiolt}, o]
AslERS ol B AxE Table 200 YehIith dx23
B & A9t oliksleiavt shiE Al E3te] FHol 0.8%
S olyE AASA a9 Aoz dAE )

3.2 O|LHEtEts SEO| ME s8It
ojtslgta A= vtk rRI R E2AVIAR B 5 9L

® Dala
—— Calibration curve

Area (mA x sec)

o 10 20 30 40 50 60 0

Concentration (%)

Fig. 2. Calibration curve of CO, concentrations.

Table 2. Result of CO, concentrations
Controlled

\ 10% 20% 30%
Concentration
T 54.0587 108.9884 159271
2 54.037 105.7995 160.3322
3 53.7734 106.5327 162.7783
Average 53.9564 107.1069 160.7938
Measured 9.96% 19.56% 29.27%

Concentration
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Fig. 3. Polarization curve of fuel cell at various CO, concentrations.
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Fig. 4. Polarization curve for verifying performance recovery.
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Fig. 9. Impedance analysis at 1200 mA/cm?,
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