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Abstract — In order to improve the durability of the proton exchange membrane fuel cell (PEMFC), it is important to
accurately evaluate the durability of the polymer membrane in a short time. The test conditions for chemically
accelerated durability evaluation of membranes are high voltage, high temperature, low humidity, and high gas pressure.
It can be said that the protocol is developed by changing these conditions. However, the relative influence of each test
condition on the degradation of the membrane has not been studied. In chemical accelerated degradation experiment of
the membrane, the influence of 4 factors (conditions) was examined through the factor experiment method. The degree
of degradation of the membrane after accelerated degradation was determined by measuring the hydrogen permeability
and effluent fluoride ion concentration, and it was possible to determine the degradation order of the polymer membrane
under 8 conditions by the difference in fluoride ion concentration. It was shown that the influence of the membrane
degradation factor was in the order of voltage > temperature > oxygen pressure > humidity. It was confirmed that the
degradation of the electrode catalyst had an effect on the chemical degradation of the membrane.
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Fig. 1. Voltage variation during DOE AST, activation and analysis
of characteristics.
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Table 1. Factors of chemical degradation of membrane

Condition Voltage Gas pressure Temperature Relative humidity
High(+) oCcv N 90 C 15%
Low (-) 0.7V Air 2.0 bar 60 T 30%
Table 2. Experimental conditions of chemical degradation of membrane
Run order Std order Voltage Gas pressure Temperature Relative humidity
1 6 - + - +
2 7 + - - +
3 9 + - + -
4 1 + + + +
5 4 - - + +
6 2 - + + -
7 8 - - - -
8 5 + + - -
15
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Fig. 2. Change of hydrogen crossover current density (HCCD) during
chemical degradation test of membrane according to AST
conditions.
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Fig. 3. Change of fluoride ion concentration during chemical deg-
radation test of membrane according to AST conditions.
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Fig. 4. Correlation of hydrogen crossover current density (HCCD)
between fluoride ion concentration during chemical degra-
dation test of membrane.
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Table 3. Hydrogen crossover current density (HCCD) and fluoride ion concentration after chemical degradation test of membrane
HCCI()o A():)hange F 10? “(I:I(:(r)lf/zrllrtlr;;tlon Run order V(zl\t/a)ge Gas pressure Tem?ecr;iture Relatlv(e;:;lmldlty
400.0 17.85 4th OoCvV 0, 90 15
3579 15.26 3rd oCcv Air 2.0 bar 90 30
10.8 3.40 8th oCvV 0, 60 30
43 0.42 2nd oCcv Air 2.0 bar 60 15
1.7 0.38 6th 0.7 0, 90 30
0.0 0.17 5th 0.7 Air 2.0 bar 90 15
-4.7 0.06 Ist 0.7 0, 60 15
-5.0 0.04 7th 0.7 Air 2.0 bar 60 30
AR % 3% FERS: HCCDe|l Ml o] R17kabA| vhebstet. 1
4] FERZ HCCDE] “3#3A15 K7 913l Fig. 4o HCCD vs 0]
FER 1 X5 TAISFSI} FER®] S718HH HCCD7} 7k Al — 20,
A7 -5 AT FERO oJshd 7 27doA o A= 2
AU E UERE 4 gl 40 > 31> gih > ond > gt > st st S 40l
749} T (Table 3). Y 221 T3 o Aot FF A A= § v
AL > L% >4 > ek & 5 Aok AL JFHo] e S o e2na
Al Es ehelz A4l tid deknct Ak o g} wkgol > N el
mlAE AT Bk 5 e P2 wgolela 9g ) i D gl * o0
A ko] Aelrk A7k W ekl B2l oa) wiak ARze] 1 5%
7R w2 EojA RS BRTH19) qoo e oo
0 48 96 144 192 240 288 336 384 432
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TR 2}, of7]e]] Ak J4to] sobAH pio7t &/d ¥le] prol& o=
3171 72, PO FAo] AlisERTE Akl o s W
oF AkAx, RH 15% Z71elA A= Dsprt o 2= i), watA) vt
uiitell &34 %8 ot o uiF-ellA Bz Ardsto] Akt
S 93PA7| 2 & ECSA 74427F HCCD S71ell 98-8 Fqlvka &
F Atk Q2] Pk Hhell AFE (3, 4%, 8" ECSA 40% ©1%
Az PtdellA efr]zho] W= Z7io] Broba Hlo] slx of
SFobA| 11, 1 A3} HCCD £ 527t 57HTh. o] gFolA A Bt o
-] prAdell Zsto] oA v st £ Sk W Stk
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Fig. 5. Change of electrochemical surface area (ECSA) of electrodes
during chemical degradation test of membrane according to
AST conditions.
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Fig. 6. Comparison of MEA thickness after AST by SEM of MEA cross section (a) before AST (b) 3" MEA after 432 h AST (c) 4™ after 144 h

AST.
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