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Abstract : There have been great attentions on polymer electrolyte membrane fuel cell (PEMFC) due to their
advantageous characteristics such as zero emission of hazardous pollutant and high energy density. In this work,
we evaluated degradation phenomena and stability of single cell performance via one dimensional single cell
modeling. Here, CO poisoning on anode on anode was considered for cell performance degradation. Modeling
results showed that the performance and stability were highly degraded with CO concentration in fuel gas. In
addition, cell performance was reduced by slow oxygen reduction on cathode in long term operation. In order to
overcome, it is required to increase ratio of hydrogen in the fuel gas of anode and high Pt loading contained in the
cathodic catalyst layer.
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Figure 1. The variation of the fractional coverage of
catalytic site of anode by H, CO (6u, Sco)
with the cell operating time. The arrows
indicate the decrease of On, ©co due to the
increase of the cell operating time.
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Table 2. Electrode parameters and thermophysical properties for the base case
Parameters Value Units Sources
Molecular mass of Platinum, Mp, 195.1 g/mol [3]
Density of platinum, ppc 21.5 g/cm3 [4]
Rate constant of platinum dissolution rate, k5 34x10"° mol/cm’ss 3]
mole of electrons transferred in reaction 1, n; 2 mol [3]
Faraday constant, F 96485 C/mol
Fraction of platinum surface not covered by oxides , 1 - assumed
Anodic transfer coefficient of reaction 1, O 0.5 - assumed
Cathodic transfer coefficient of reaction 1, o 0.5 - assumed
Gas constant, R 8.3145 J/ke mol
Temperature, T 353.15 K assumed
Equilibrium potential of reaction, U 1.14 vV [3]
Standard equilibrium potential of reaction 1, Uel 1.18 vV [3]
Reference concentration of platinum ion, €™, 1 mol/L assumed
Sintering rate of Pt particle, Venrermvg 2.08333 x 10 cm/s [5]
Platinum loading, mp, 0.1 mg/cm assumed
H, adsorption rate constant x 2F, Ky 40 Avcm bar ! [6]
H, desorption rate constant x 2F, K, (0.5 bar XKj) 20 Aecm [6]
H pre-exponential electrochemical oxidation rate, K 4 Aecm [6]
CO adsorption rate constant x 2F, Ky 20 Avcm bar ! [6]
CO desorption rate constant x 2F, K5 (3X 10bar X K2) 6x10° Aecm 6]
CO preexponential electrochemical oxidation rate, Kg 3 X 10° Aecm [6]
Partial pressure of Ho gas fed in the anode, P 0.8 bar [6]
Partial pressure of CO2 gas fed in the anode, Pcoz 0.2 bar [6]
Partial pressure of CO gas fed in the anode, Pco 10 ppm [6]
Tafel slope of the H electroroxidation reaction, by 0.032 V/decade [6]
Tafel slope of the CO electrooxidation reaction, beo 0.06 V/decade [6]
Molar area density of catalysts sites, p 1.025x 10°¢ [mol/cmfz] assumed
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Figure 2. At 30,000 hr cell operating time, the variation of
single cell performance with CO concentration
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Results obtained by considering only degradation
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arrow indicates the severe decrease of single cell
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considering both anodic and cathodic catalyst
layer. The arrow indicates the increase of
single cell performance due to increase of the Pt
loading (mg/cm’) of the cathodic catalyst layer.
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