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Abstract — The degradation of the Nafion membrane by oxygen radical (OH, HO,) was investigated in Polymer elec-
trolyte membrane fuel cell (PEMFC). Nafion membrane was degraded in Fenton solution consisted with hydrogen per-
oxide (10-30%) and ferrous ion (1-4 ppm) at 80 °C. After degradation in Fenton solution, C-F, S-O and C-O chemical
bonds of membrane were broken by oxygen radical attack. Breaking of C-F bond reduced the mechanical strength of
Nafion membrane, and hence induced pinholes, resulting in increase of H, crossover through the membrane. Decom-
position of S-O and C-O bonds decreased the ion exchange capacity of the electrolyte membrane. The performance of

unit cell composed the membrane, which was degraded in 30% H,0, with 4ppm FeZ*

times as low as one with normal membrane.

solution for 48 hr, was about half
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Fig. 1. Block diagram of chemical degradation of membrane with
oxygen radical and contamination.
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Fig. 2. Schematic diagram of the experimental single cell configuration
used in measurements of hydrogen crossover currents.
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Fig. 3. Infrared spectra of Nafion membrane before and after degradation
in various H,0, concentration solution.
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Fig. 4. Change of weight after 48 hr degradation as a function of H,0,
concentration in 4 ppm Fe** Fenton reagent.
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Fig. 5. Water-Uptake of degraded membrane swelled in 80 °C water
for 2 hr as a function of H,0, concentration in Fenton reagent.
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Fig. 6. lon exchange capacity of membrane vs degradation time in 1%
H,0,, 2 ppm Fe** solution.
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Fig. 7. The stress-strain behaviors of degraded membrane as a function
of H,0, concentration in 4 ppm Fenton reagent.
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Fig. 8. In situ limiting hydrogen crossover current through Nafion
membrane without degradation at atmospheric pressure of
hydrogen and nitrogen.
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Fig. 9. Hydrogen cross over current of degraded membrane as a function
of temperature at 0.4 V, atmospheric pressure of hydrogen and
nitrogen.
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Fig. 10. Performance of unit cell of Nafion before and after degradation
at 70 °C, atmospheric pressure.
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