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Abstract—Membrane/electrode assemblies of proton exchange membrane fuel cell were prepared by impregnating
Nafion solution in the electrodes and their performances were investigated in a single cell. The interfacial resistance
of membrane/electrodes and the effective specific surface area of catalyst in the single cell were calculated from
the AC impedance data and compared with the cell performance results. Experimental results showed that the electrode
of 1.9 mg/cm? Nafion loading gave the highest single cell performance, the largest effective specific surface area
of catalyst and the lowest interfacial resistance of membrane/electrode. The increase of operating temperature and
pressure also improved the single cell performance due to the increment of activity and concentration of reaction
gases.
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Fig. 1. Exploded view of the proton exchange membrane fuel cell as-
sembly.
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Fig. 2. Schematic diagram of the fuel cell test station.

>

s

-

c

3

=S <

o,

— 0.4} Amount of impregnated Nafion: %

8 03} 4 1.9mgem’ R
02k ©° 13 mglem® © 2.7 mglem’ 1
. o 06mgiem’ © 2.1 mgfem’
01| v 00mgiem® 2  2.0mglem’(Ref. 9) ]
0.0 ! L L | 1 i ! L |

0 100 200 300 400 500 600 700 800 900 1000
Current Density(mA/cm?)

Fig. 3. Effect of the amount of impregnated Nafion on cell potential
vs. current density plot in a PEMFC with Globe Tech electrode
and Nafion 115 membrane at 2 atm, 70°C and a 1.5 times
stoichiometric flow rate.
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Fig. 4. SEM photograph of electrodes with the different amount of impregnated Nafion (a) 0.0 mg/cm® (b) 0.6 mg/cm? (c) 1.3 mg/cm? (d)
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Fig. 5. Effect of the amount of impregnated Nafion on Tafel behavior
of a PEMFC with Globe Tech electrode and Nafion 115 mem-
brane. Experimental conditions are identified with those of Fig.
3.

Table 1. Performance data of single cell with electrodes of different
Nafion loading

Amount of Current density at 0.7 V. Tafel slope

Nafion impregnated

(mgfem?) (mA/cm?) (mV/decade)
0.0 160 —67
0.6 312 —60
13 423 —48
19 520 —43
21 476
2.7 474
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Fig. 6. Effect of the amount of impregnated Nafion on the complex
impedance behavior of a PEMFC with Globe Tech electrode

and Nafion 115 membrane at 0.9 V. Experimental conditions
are identified with those of Fig. 3.
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Table 2. Impedance results of single cell with electrodes of different
Nafion loading

Amount of Internal [nterfacial resistance
Nafion impregnated resistance of oxygen electrode
(mg/cm?) Ri(2-cm?) R,(02-cm?)

0.0 0.810 16.040
0.6 0.715 3.960
1.3 0.465 2.825
1.9 0.665 2410

Table 3. Surface area calculation of electrodes having different Nafion

loading
Amount of ( Cy Effective specific*
Nafion impregnated (l-;;‘; (mF) surface area

(mg/cm?) of platinum(m*/g)

0.0 15.850 0.626 5.22

0.6 6.998 5.748 47.86

1.3 5.000 11.268 93.90

19 4.460 14.807 123.39

*Calculated from C; assuming specific double layer capacitance of
30 uF/cm?
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Fig. 7. Effect of the operating temperature on cell potential vs. current
density plot in a PEMFC with Globe Tech electrode(0.6 mg
Nafion solution/cm?) and Nafion 115 membrane at 3 atm and
a 1.5 times stoichiometric flow rate. M & E assembly is fabri-
cated by hot pressing at 145°C, 1000 kg/cm® for 3 minutes.
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Fig. 8. Effect of the operating pressure on cell potential vs. current
density plot in a PEMFC with Globe Tech electrode(0.6 mg
Nafion solution/cm?) and Nafion 115 membrane at 70°C and
a L.5 times stoichiometric flow rate. M & E assembly is fabri-
cated by hot pressing at 100°C, 1000 kg/cm® for 3 minutes.
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Table 4. Comparison of current density with operating conditions

Hot pressing Operating Current density
condition condition at 0.7 V
(C/kg/em?) (C/atm) (mA/cm?)
145/1000 50/3 359
145/1000 70/3 470
145/1000 90/3 523
100/1000 70/1 332
100/1000 70/15 389
100/1000 70/2 428
100/1000 70/3 471
100/1000 70/4 516
100/1000 70/5 531
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