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Abstract—For a proton exchange membrane fuel cell, membrane and electrode assemblies were fabricated by differ-
ent hot pressing conditions and those performances were observed in a unit cell having 5 cm? active electrode area.
The cell performance increased with lower hot pressing temperature in the range of temperature having intimate
contact between membrane and electrodes and with higher hot pressing pressure. Namely, the performance of proton
exchange membrane fuel cell could be raisec¢ with higher water content in the membrane, with lower contact resistance
between membrane and electrodes and with lower ion resistance of the electrolyte using thinner membrane.
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Fig. 1. Preparation procedure of membrane and electrode assembly.
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Table 1. Fabrication conditions of membrane and electrode assem-

bly
Expt. No. Membrane Hot pressing condition
1 Nafion 115 80C, 1000 kg/cm?
2 Nafion 115 100C, 1000 kg/cm?
3 Nafion 115 145C, 1000 kg/cm?
4 Nafion 115 190C, 1000 kg/cm?
5 Nafion 115 80C, 2000 kg/cm?®
6 Nafion 115 80T, 3000 kg/cm?
7 Nafion 117 145¢C, 1000 kg/cm?
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clonvode Membrane 323}%%2 - eurrent collector
i
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block channals channels

Fig. 2. Schematic diagram of proton exchange membrane fuel cell as-
sembly.
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Fig. 3. Schematic diagram of the fuel cell test station(HC : humidification chamber, MFC : mass flow controller, TC : temperature controller).
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Fig. 4. Effect of hot pressing temperature on cell potential vs. current
density plot in a PEMFC with Globe Tech electrode and Na-
fion 115 membrane at 2 atm, 70°C and a 1.5 times stoichiome-
tric flow rate. M & E assembly is fabricated by hot pressing
at 1000 kg/cm’ for 3 minutes at the designated temperature.
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Fig. 5. Schematic diagram of Nafion’s cluster-network structure[14]
(a) hydrated (b) dehydrated.
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Fig. 6. Comparison of thermogravimetric analysis data for membrane
hot pressed at varying temperature.

Table 2. TGA results of membranes prepared by different hot pressing
conditions

Weight loss(%)
Temperature range(C)
27-110 110-170 Total

Hot pressing condition
(membrane/temperature/pressure)

N115 190C 1000 kg/cm® —267  —098  —437
N115 145C 1000 kg/cm? ~300 —101  —475
N115 100C 1000 kg/cm’ —-352  —103 —528
_ N1I5 80T 1000 kg/em? ~399  —106 —580
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Fig. 7. Effect of hot pressing pressure on cell potential vs. current
density plot in a PEMFC with Globe Tech electrode and Na-
fion 115 membrane at 1 atm, 50°C and a 1.5 times stoichiome-
tric flow rate. M & E assembly is fabricated by hot pressing
at 80°C for 3 minutes at the designated temperature.
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Fig. 8. Effect of membrane thickness on cell potential vs. current den-
sity plot in a PEMFC with Globe Tech electrode at 2 atm,
70°C and a 1.5 times stoichiometric flow rate. M & E assembly
is fabricated by hot pressing at 145°C and 1000 kg/cm? for
3 minutes.

Table 3. Comparison of current densities for membrane and electrode
assemblies prepared by different hot pressing conditions
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Fig. 9. Effect of hot pressing pressure on the Bode plot of a PEMFC
with Globe Tech electrode and Nafion 115 membrane at 0.85
V. Experimental conditions are identified with those of Fig.

Hot pressing Operating Current
condition Membrane condition density
(temperature (temperature  at 0.7 V
/pressure) /pressure) (mA/cm?)
80C, 1000 kg/cm? N115 70C, 2 atm 510
100C, 1000 kg/cm? N115 70T, 2 atm 455
145C, 1000 kg/cm? N115 70, 2 atm 312
190T, 1000 kg/cm® N115 70C, 2 atm 242
80C, 1000 kg/cm? N115 50C, 1 atm 270
80C, 2000 kg/cm? N115 50C, 1 atm 330
80T, 3000 kg/cm?® N115 50C, 1 atm 357
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Fig. 10. Effect of hot pressing pressure on the complex impedance
behavior of a PEMFC with Globe Tech electrode and Nafion
115 membrane at 0.85 V. Experimental conditions are identi-
fied with those of Fig. 7.

Table 4. Impedance results of membrane and electrode assemblies
with different hot pressing pressures at 0.85 V

Hot pressing Internal Interfacial resistance of
pressure resistance oxygen electrode
(kg/cm?) (Q2-cm?) :cm?

1000 0.515 3.760(100.00%)
2000 0.555 1.595( 42.42%)
3000 0.525 1.210( 32.18%)
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