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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 Fe?" solution for 48 hr, was about half
times as low as one with normal membrane.

Key words: Chemical Degradation, Fenton Reagent, Oxygen Radical, Hydrogen Crossover, PEMFC, Nafion

LA =2 A 2ol skl ofx o] g2 EAlFo] Qi) 53 ]
Fgo2 AEEE PEMFC‘: 2k ON/OFF ¥H5} Y Al%E
=& a87 HduA| 2] B43E AW ARAAE olvA] 4§ T Aottt $d plo® ) I FHES U B T
BiAE Al AT = = diFlelURAZA FHell =ujeell THE B shk= 43} 922 PEMFCE Td3k= o1 0’\01]
5 ’6 & 913 Aol RAA R z]stQ_L Utk 53] H T EAHARE PEMFC] 314 @291 312} Asfidutke] dghrt
i Aol 1A aRARE ARl 2 a8 1Y) AT 24 F PEMFC AsAstel B2 98-S 7 3l
SxR g 9 XG0 7 AEEPel B Aghet italAs) ARl AgkA1S AAl A, o Sl &3k A AgH5)
A AF A A] (polymer electrolyte membrane fuel cell, PEMFC)= 7 9} o] 24[6], AAE, A7kl JE 7ol oISt 3}k

%ﬁ}oﬂ .:I.;QgH o]q_
PEMFC"l “%Wﬂ oA Hojoldk Aoll= 52 7T F
ot} 22 71HAL A8 Aol dig Al AAE 7hd A
Zj‘ = Zlolg} odE 4= Sltk. FX¥ PEMFCE 40,0004]7F,
& PEMFCi= 5,000A17F8] 7o) @751 Qlont s 259 %

L

To whom correspondence should be addressed.
E-mail: parkkp@sunchon.ac.kr

597

Q1 dglR BRE 4 ol Abxeh] el o%k dsh= oy 7
ol eghtar A Slrh2, 3, 8).

step 1 : Hy+2H - (via Pt catalyst) 1
step 2 : H- O,(diffused through) — HO,- 2)
step 3 : HO,-+H-— H,0, 3)
step 4 : H,0,+M* — M*" + - OH+ OH- (M*": Fe*, Cu*",...) (4)
step 5 : - OH+ H,0, - H,0 + HO, - S)
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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.

uko] 7)A1A et ok wiiell A3t slell STt 484]
ZF Q3FAI7] Bk H, permeabilitys= G3}SHA] k= whell Hla)| <F
25% 7V T7Fk= o= el
TS 24, 48 hr Bt Aslst v AslslA| ok2- kel WA
(Nafion 117, Pt 0.4 mg/cm® ETEK Electrodeyd 52 €43 #4<
AXA gk Z7gs) vlwsl 2 A3} Fig. 100 ekl 28 A3}
ot uto] - 0.5 VoA dssiA] ok k) ulu s ul, 48417k
AgAIZ! vl wEEFEEE F 100 mA/em™ T A A5l
4 28 & Stk 53], T3 AR 9YolA Ve
7] Wig} g o] dslel] o5k o] A LS| TR ofue}

4.4 E

Llﬂ

PEMEC 24 Z A0 3Pakslrir)t WSt 30 o AEg R
Bl AlTEE Holo] FHulakgel o)d o] TRikslgar) allE o]
AU dAdska, o] gieZe] Al vhe dsiAlzivkar &
HA Q). & ATl AR w9l AkkEle)d g-Hell Nafion
< Yol u& g3} A2 F o] 54 HAstE AT

Y r

[¢]



AbaEc) ol 28t Nafion] €3} 601

A7) o] IR 14 At A1AE PES {AsHe CFAgs)
Srole A 4RE s 5.0 AR ©] YT Adsk= €0
Ao FoWe ugtk. CHATe Rafol o3 el Ayt

F43}al pinholeo] BAECH vk B9 FAFIEY) S
& woltk. 1] S-08) C-0 A wallel <Ja) ol kwghso] 7t
28-S BT Fenton F-AUolA] dikslra w571 wHs
Ho|9] S wWo| ¥g wli= Nafion2he] S5l 2J3)] 2t
FEe Pasiston S 7 S W A
allel] oJal] wol =ZalA & FEe] TN IRkskA 30%,
Fe*" 4 ppm, 80 °C Fenton &-2]°] 48*]7F A A|Z] Nafion ¥} 02
MEAE A|Z8l] @937 4355 S A} 0.5-0.7 v A2l
A Adsol 12 FE 7l Akieie] e ok vte] by} antst
Al AxARA| L] AdsAstel B FIFE F& RIS

Moo N

z A
1 Qe AR R ARIE A4S Wl 43
Hgigt
An2s

1. Baldwin, R., Phan, M., Leonida, A. and McClroy, J., “Hydrogen-
Oxygen Proton-Exchange Membrane Fuel Cells and Electrolyz-
ers, J. of Power Sources, 29, 399-412(1990).

2. Pozio, A., Silva, R. F., De Francesco, M. and Giorgi, L., “Nafion
Degradation in PEFCs from End Plate Iron Contamination:
Electrochimica Acta, 48(11), 1543-1549(2003).

3. Curtin, D. E., Lousenberg, R. D., Henry, T. J., Tangeman, P. C.
and Tisack, M. E., “Advanced Materials for Improved PEMFC
Performance and Lifel’ J. of Power Sources, 131, 41-48(2004).

4. Cleghorn, S. . C., Mayfield, D. A., Moore, J. C., Moore, D. A.,
Rusch, G., Sherman, T. W., Sisofo, N. T. and Beuscher, U., “A
Polymer Electrolyte Fuel Cell Life Test: 3years of Continuous

Operation;’ J. of Power Sources, 158(1), 446-454(2006).

. Liu, W., Ruth, K. and Rusch, G., “Membrane Durability in PEM
Fuel Cells; J. of New Materials for Electrochemical Systems, 4,
227-231(2001).

6. Okada, T., Ayato, Y., Yuasa, M. and Sekine, 1., “The Effect of
Impurity Cations on the Transport Characteristics of Perfluoro-
sulfonated lonomer Membranes.’ J. Phys. Chem. B, 103, 3315-
3322(1999).

7. Gulzow, E., Schulze, M., Wagner, T., Kaz, T., Reissner, R., Stein-
hilber, G. and Schneider, A., “Dry Layer Preparation and Char-
acterisation of Polymer Electrolyte Fuel Cell Components.’ J. of
Power Sources, 86, 352-362(2000).

8. Laconti, A. B., Hamdan, M. and McDonald, R. C.(Eds.), “Ch.49
Mechanism of Membrane Degradation,” Handbook of Fuel Cells
vol.3, John Wily & Sons, New York, 647-662(2003).

9. Balanosky, E., Fernandez, J., Kiwi, J. and Lopez, A., “Degrada-
tion of Membrane Concentrates of the Textile Industry by Fen-
ton Like Reactions in Iron-Free Solutions at Biocompatible pH
values.” Water Science and Technology, 40, 417-424(1999).

10. Yoshida, N., Ishisaka, T., Watakabe, A. and Yoshitake, M., “Character-
ization of Flemion membrane for PEFC] Electrochimica Acta,
45(24), 3749-3754(1998).

11. Liang, Z., Chen, W., Liu, J., Wang, S., Zhou, Z., Li, W., Sun, G.
and Xin, Q., “FT-IR Study of the Microstructure of Nafion Mem-
brane’ J. of Membrane Science, 233, 39-44(2004).

12. Ludvigsson, M., Lindgren, J. and Tegenfeldt, J., “FTIR Study of
Water in Cast Nafion Films.’ Electrochimica Acta, 45(14), 2267-
2271 (2000).

13. Stucki, S., Sherer, G. G,, Schlagowski, S. and Fischer, E., “PEM
Water Electroysers: Evidence for Membrane Failure in 100 kW
Demonstration Plants.’ J. of Applied Electrochemistry, 28, 1041-
1049(1998).

14. Kocha, S. S.(Eds.), “Ch.43 Principles of MEA preparation, Hand-
book of Fuel Cells vol.3, John Wily & Sons, New York, 538-565
(2003).

W

Korean Chem. Eng. Res., Vol. 44, No. 6, December, 2006



