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Abstract — The Fenton reaction, which evaluates the electrochemical durability of polymer membranes of polymer electrolyte
fuel cells (PEMFC), and the degradation of polymer membranes by OCV holding method are compared. The Fenton
reaction is a method that can evaluate the chemical durability of the polymer membrane at outside the cell in a shorter
time than the OCV Holding method. The Fenton reaction was carried out at 30% hydrogen peroxide, 10 ppm iron, and
80 °C for 24 hours. OCV Holding was driven at 90 °C, 30% relative humidity and OCV for 168 hours. The Fenton
reaction caused a lot of degradation inside the polymer membrane. On the other hand, in OCV Holding, the membrane
thickness was thinned by the entire surface and internal degradation. The fluorine emission rate was more than 10 times
higher than that of OCV Holding due to the Fenton reaction. The hydrogen permeation rate increased about 30% at 24
hours of Fenton reaction. At OCV Holding, hydrogen permeability decreased after 24 hours and then increased. As a
whole, there was a difference in a membranes deteriorated by Fenton reaction and OCV Holding.
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Fig. 1. SEM image of membrane after Fenton reaction a) surface
b) cross section.
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Fig. 2. Comparison of SEM image of membrane cross section before
and after OCV Holding a) before b) after.
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Fig. 3. Fluoride emission according to temperature of Fenton reac-
tion a) amount of fluoride ion b) Arrhenius plot of FER.

mol°] 3t}
Fenton ¥H-§-2 PEMFCILEAFERS] 3184 UY5/9-S vt Aol
W2 Al Zbel] F71E 4= gl Hel sk W olth, @R oA 7]

350
| = Fenton test
3004 ° OCV holding

Time (hr)
3

g

.\

0o 2 4 6 8 10 12
Fluoride ion concentration (1 mole/cm?’)

Fig. 4. Comparison of Fluoride emission during Fenton reaction and
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Fig. 5. Hydrogen crossover through membrane deteriorated by Fen-
ton reaction as a function of reaction temperature.

1.8

018\ 16+ L—%é_—:—f‘—//_—
3] ]
E 1.4-
'}% 1.2
: 4
,8_, 1.0+

c

8 ]

5 084 —— Inftial

& ] — 24hr

0.6- —— 48hr

. . ! . | — 96hr

0.1 0.2 0.3 04 0.5

Voltage (V)

Fig. 6. Hydrogen crossover current density through membrane deteri-
orated by OCV Holding process as a function of the process
time.

7} S71st A9E & 4 9=t Fenton REg-> 18A11H7F
SIS SRS Ak 18A]7F O] F 24|31l o4
7} F58l0] 2718} oF 30% S71eSiTt. Fig. 10914 &
ZAE 18X 2710l EHe] 7137} FEo] e 2= 6§
o] s} AElo] FATIE F7R= R Glglont ol 244
WA F-E0] @8 71X HIF BIA WA AT wEA F
7} 3 Ao 7 FFETH OCV Holding I ol A= %7244 7H°l
= Z7VeHA ok @388 7AEHthFig. 6). ©19F 2
A2 A= Sl ‘?JX}«] g3} ekt pEAT 0] Q-1 2] .S-O-
. HEgol &gt AT Ak Ba121] H 1. Fentonik
sollrs d=59 Oiﬁkol 0;11 O]QJ_DH 7}l 64*101 HA )R] ok

3

fr 4m
!

-l>

-

50 1 34 b
e =
H‘l

IREN

(U}
10,

3-4. FT-IR £

Fig. 7¢1 Fenton 8+-3-2} OCV Holding ¥ 13#-2}1}9] FTLIR 4]
A} 8] w313tk OCV Holding § B4V #o] At 1,203 em™
o A} CF, (stretching asymmetric), 1,148 cm™e{|4] CF, (stretching
symmetric), 982 cm™ | A] C-F (stretching -CF,-CF(CF;) -group) ] =
=9k 18] 31 1,057 emtell A £3E417] SO (stretching symmetric)
3 747 AA 55 ®]Ivh22).

Fenton RH-5-oll4 = CF,3] 747} CFY #4171 9] SO 3] .9

1.0

5

Initial
Fenton test

0.8-
0.6-

0.4-

Absorbance (nm)

0.2

0.0-

2000 1800 1600 1400 1200 1000 800 600
Wavenumbres (cm™)

(b) 08—
—— OCV holdin

0.6

£

~ 041

8

[

8 02

[

<]

§ 0.0+
02—

2000 1800 1600 1400 1200 1000 800 600
Wavenumbres (cm”)

Fig. 7. FT-IR of membrane deteriorated by a) Fenton reaction b)
OCYV Holding.

Korean Chem. Eng. Res., Vol. 57, No. 6, December, 2019



772 24y - o
Hla) 27 YeFE-S B3tk Wong 523191 9J3HA PEMFCo|A]

JAERe] Gsl= EEA)7F 9l BAKE(side chain)ell 4] T A]
X35 31, o]oJA] F= AFE(main chain)Q! CF, AF&¢] #Eojxltkal
pel= ocv HoldingellM& £EA] 2447 A9 .31 CF,, CF
9|A7} # & olo] 0|9} 22 A3} wAY TS S, Fenton
HES- A3}= 2Fo]7} 8lo] A Fenton HE-5-3} OCV Holdingoﬂ o5tk
aApERe] AP AUSFE Lkl 8 5 gl FT-IR 14
o= gl
4.4 B

AP eke] 88A] Wit g7kl ©]-8-%5= Fenton A3
A5 A PEMFC @91 AA oA A5 2718k 74 3
7HOCV Holding) A7}¢} vlwste] Hejshd o527 2t
n BHg - 9 T R}
7| XY R FEo] 2 Fofg 1l ¥ OCV Holding F-°l+=
ok A 2haE Kol v 43t P i}°l7} Wers Gl

CV Holding ®.t} <F

@
2
o
kI
o
>
14
E
©
>4
>
i
_\1:_1,

+ Fenton RE-§-2 2447 &

°¢ 30% 57} 3 H&tﬂ, ocVv Holdmg OM—E 24170l 93] A
°F 5%s7Faladth.

(4) Fenton W23} OCV Holding®]l ]38t 1-=}uko] A3} 71
T sdattar 3 S-S FTIR 24 0% 2RIt

(5) Fenton RE-3-©. % OCV Holding 2.t} -2 A[7ke] G3}& Al
4 g A5S Bolo A3t Fee} aFate Ws) G gke] xjo]
7} 210} Fenton H-§ AREC & AA] AofA] a3EApeke] uj=-4] 7}
ggs] AT WA S EF = oleleS ERIEITh

= L=

N

At

p

B ATE ARIBIAARE A8

=35 U

A1 (10067135)8] L

¢

dow

oz

References

1. Borup, R., Meyers, J., Pivovar, B., Kim, Y. S., Mukundan, R.,
Garland, N., Myers, D., Wilson, M., Garzon, F., Wood, D., Zelenay,
P., More, K., Stroh, K. and Iwashita, N., “Scientific Aspects of
Polymer Electrolyte Fuel Cell Durability and Degradation, Chem.
Rev., 107, 3904-51(2007).

2. Williams, M. C., Strakey, J. P. and Surdoval, W. A., “The U. S.
Department of Energy, Office of Fossil Energy Stationary Fuel
cell Program? J. Power Sources, 143(1-2), 191-196(2005).

3. U. S. DOE Fuel Cell Technologies Office, Multi- Year Research,
Development, and Demonstration Plan, Section 3.4 Fuel Cells,
p. 1(2016).

4. Wilson, M. S., Garzon, F. H., Sickafus, K. E. and Gottesfeld, S
“Surface Area Loss of Supported Platinum in Polymer Electro-
lyte Fuel Cells} J. Electrochem. Soc., 140, 2872-2877(1993).

5. Knights, S. D., Colbow, K. M., St-Pierre, J. and Wilkinson, D.
P, “Aging Mechanism and lifetime of PEFC and DMFC} J.

Korean Chem. Eng. Res., Vol. 57, No. 6, December, 2019

ole) s -

oA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Power Sources, 127, 127-134(2004).

. Luo, Z., Li, D., Tang, H., Pan, M. and Ruan, R., “Degradation

Behavior of Membrane-electrode-assembly Materials in 10-
cell PEMFC Stack’ Int. J. Hydrogen Energy, 31, 1838-1854
(20006).

. Pozio, A., Silva, R. F., Francesco, M. D. and Giorgi, L., “Nafion

Degradation in PEFCs from End Plate Iron Contamination;, Elec-
trochim. Acta, 48, 1543-1548(2003).

. Xie, J., Wood III, D. L., Wayne, D. N., Zawodinski, T. A.,

Atanassov, P. and Borup, R. L., “Durability of PEFCs at High
Humidity Conditions} J. Electrochem. Soc., 152, A104-A113
(2005).

. Curtin, D. E., Lousenberg, R. D., Henry, T, J., Tangeman, P. C.

and Tisack, M. E., “Advanced Materials of Improved PEMFC
Performance and Life}’ J. of Power Sources, 131, 41-48(2004).
Wilkinson, D. P. and St-Pierre, J., in: W. Vielstich, H. A. Gasteiger.
A. Lamm (Eds.). Handbook of Fuel Cell: Fundamentals Technol-
ogy and Applications, Vol. 3, John Wiley & Sons Ltd., Chiches-
ter, England, 611-612(2003).

Collier, A., Wang, H., Yaun, X., Zhang, J. and Wilison, D. P.,
“Degradation of Polymer Electrolyte Membranes,’ Int. J. Hydro-
gen Energy, 31, 1838-1854(2000).

Wang, H. T.,, Pan, M. and Li, D., “Ex Situ Investigation of the
Proton Exchange Membrane Chemical Decomposition, /nt. J.
Hydrogen Energy., 33(9), 2283-2288(2008).

Kinumoto, T., Inaba, M., Nakayama, Y., Ogata, K., Umebayashi,
R. and Takaka, A.,“Durability of Perfluorinated lonomer Mem-
brane Against Hydrogen Peroxide; J. Power Sources, 158(2),
1222-1228(20006).

Kim, T. H., Lee, J. H., Cho, G. J. and Park, K. P., “Degradation
of Nafion Membrane by Oxygen Radical; Korean Chem. Eng.
Res., 44(6), 597-601(2006).

Pearman, B. P., Mohajeri, N., Slattery, D. K., Hampton, M. D.,
Seal, S. and Cullen, D. A., “The Chemical Behavior and Degra-
dation Mitigation Effect of Cerium Oxide Nanoparticles in Perflu-
orosulfonic Acid Polymer Electrolyte Membranes, Polym. Degrad.
Stab., 98(9), 1766-1772(2013).

Hao, J., Jiang, Y., Gao, X., Xie, F., Shao, Z. and Yi, B., “Degra-
dation Reduction of Polybenzimidazole Membrane Blended with
CeO, as a Regenerative Free Radical Scavenger, J. Membr. Sci.,
522(15), 23-30(2017).

Zhu, H., Pei, S., Tang, J., Li, H., Wang, L., Yuan, W. and Zhang,
Y., “Enhanced Chemical Durability of Perfluorosulfonic Acid
Membranes Through Incorporation of Terephthalic Acid as Rad-
ical Scavenger}’ J. Membr. Sci., 432, 66-72(2013).

Chang, Z., Yan, H., Tian, J., Pan, H. and Pu, H., “The Effect of
Electric Field on the Oxidative Degradation of Polybenzimi Dazole
Membranes Using Electro-fenton Test, Polymer Degradation and
Stability, 138, 98-105(2017).

Gummalla, M., Atrazhev, V. V., Condit, D., Cipollini, N., Mad-
den, T., Kuzminyh, N. Y., Weiss, D. and Burlatsky, S. F., “Deg-
radation of Polymer-Electrolyte Membranes in Fuel Cells: II.
Theoretical Model? J. Electrochem. Soc., 157, B1542(2010).
Lee, H., Kim, T. H., Sim, W. J., Kim, S. H., Ahn, B. K., Lim, T.
W. and Park, K. P., “Pinhole Formation in PEMFC Membrane
After Electrochemical Degradation and Wet/dry Cycling Test)’
Korean J. Chem. Eng., 28, 487-491(2011).



Fenton ¥+-5-3} OCV Holding®l] 2|3+ PEMFC 1124} a2 vhe] Askn]w 773

21. Hwang, B. C., Oh, S. H., Lee, M. S, Lee, D. H. and Park, K. P, and Xin, Q., “FT-IR Study of the Microstructure of Nafion
“Decrease in Hydrogen Crossover through Membrane of Poly- Membrane]’ J. Membrane Science, 233, 39-44(2004).
mer Electrolyte Membrane Fuel Cells at the Initial Stages of an 23. Wong, K. H. and Kjeang, E., “Macroscopic In-Situ Modeling of
Acceleration Stress Test} Korean J. Chem. Eng., 35(11), 2290- Chemical Membrane Degradation in Polymer Electrolyte Fuel
2295(2018). Cells} J. Electrochem. Soc., 161(9), F823-F832(2014).

22. Liang, Z., Chen, W., Liu, J., Wang, S., Zhou, Z., Li, W., Sun, G

Korean Chem. Eng. Res., Vol. 57, No. 6, December, 2019



