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Abstract—Operational characteristics of single cell in phosphoric acid fuel cell(PAFC) have been studied
using oxygen gain and AC impedance methods. Also effect of reactant gas starvation on PAFC performance
was examined. The single cell was operated for 4,500 hr at the average performance decay rate of 19.7
mV/1,000 hr. At the operation time below 1,000 hr the activation process was dominant over the cell electrode
reaction and then the decreased cell performance is due mainly to an increased internal resistance of the
cell and an increased interfacial resistance of the oxygen electrode. At the operation time above 2,000 hr,
the oxygen gain was larger than a theoretical value of the activation-diffusion mixed process, which indicates
that the cell decay at long run resulted from the slow diffusion process. In addition the hydrogen starvation
showed more cell performance loss than the oxygen starvation due probably to carbon corrosion. These
results were discussed as related to the oxygen electrode reaction at three phase boundary of the electrode
and the degradation of the electrode components.
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Fig. 1. Electrode manufacturing process.
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Fig. 2. Performance curve of single cell during long run.
O=cell voltage at the constant current density
of 150 mA/cm?, A=open circuit voltage.
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Fig. 3. Oxygen gain vs. current density for various opera-
ting times.
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Fig. 4. Impedance plot obtained from single cell in phes-
phoric acid fuel cell at 0.75 V.
(a) Bode plot, (b) Nyquist plot.
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Table 1. Impedance of single cell as a function of cell vol-
tage after 200 hr operation. R, = Interfacial resist-
ance of oxygen electrode, R,=Internal resist-
ance of single cell

Cell voltage R; R;
(mV) (Q-cm?) (Q-cm?)
725 0.74 0.70
750 093 0.70
775 1.10 071
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Table 2. Impedance of single cell measured at 0,75 V as
a function of operating time

Operating time Ry R2
(hr) (Q-cm?) (Q-cm?)
100 0.61 0.56
200 0.93 0.70
400 1.21 0.76
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Table 3. Ohmic drop(AVy), voltage drop due to oxygen
electrodic reaction(AV,y), open circuit voltage of
single cell(Vocy) and operating voltage(V) as a
function of operating time. The single cell was
operated at constant current density of 120

mA/cm?
Operating Vocv Ve AV AV
time(hr) (mV) (mV) (mV)  (mV)
100 813 672 67 74
200 800 651 84 65
400 790 640 91 59
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Fig. 5. Variation of platinum particle size for oxygen elec-
trode as a function of operating time.
(a) before operation, (b) 100 hr, (¢} 200 hr, (d)
400 hr, (e) 600 hr
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