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Abstract — Fenton reaction is widely used as a out of cell method for evaluating the membrane electrochemical dura-
bility of Proton Exchange Fuel Cell (PEMFC). In this study, we investigated the factors affecting the Fenton reaction. In
order to estimate the degree of the reaction, it is necessary to analyze the radicals as a product in the Fenton reaction.
However, since the radicals are difficult to analyze, the degree of the reaction was measured by analyzing the concen-
tration of hydrogen peroxide. The activation energy was calculated from the rate of hydrogen peroxide change with tem-
perature. The activation energy was 24.9 kJ/mol at 180 min. The Fenton reaction rate was affected by the iron ion
concentration. At 80 °C, 200 rpm, and Fe?* 80 ppm, the concentration of hydrogen peroxide was decreased more than
20% even for 1 hour, which shows that frequent solution replacement increases the membrane degradation rate.
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Fig. 1. Calibration curve of hydrogen peroxide using UV spectro-
photometer.
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Fig. 2. Change of hydrogen peroxide moles according to initial
hydrogen peroxide concentration during Fenton reaction.
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Fig. 3. Change of hydrogen peroxide moles according to Fe ion
concentration during Fenton reaction.
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Fig. 4. Change of hydrogen peroxide moles according to velocity of
agitation during Fenton reaction.
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Fig. 5. Change of hydrogen peroxide moles according to tempera-
ture during Fenton reaction.
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Fig. 6. Arrhenius plot of Fenton reaction at 180 min.
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Fig. 7. Comparison of hydrogen peroxide moles with and without
Nafion membrane during Fenton reaction.

3-3. S29 DEXE 9| ¥l
FHE WEEolA E4A aEAeE
2 o] FAA g el W}ﬂ'—r o E
TA7E 2E ghgol] v X)= P Belal A3SISith Nafion 211
10 em?& 70 °C, 50 ppm FeSO,, 200rpm, 30% H,0, & of 1L
AA Qg Foll IAtstra EskE S74d6to] Fig. 700 B
wakAtt, iEA; vro] EAE w sikske A Ert o) gle
Rop gk Akt o] 348 o Sl aAR Bo] SlojA
A ez 2 S50t o e, o)) whet ksl A %—’F
7h ol whE A A A0 7 ehETi{13]. 2 AellA s HE W
S At ‘3}% FE gofoll WA oFar Adsiel=t] 22
z700A B Wols v dbslra A ST o et 1
72t A3t A elds tslrd BrHs 2 A e
U F g odss Bk Aol gle W@H\‘/\ =77t
U WE=A FhastE R AR aaaie sl 1L AgellA
© tErEa aAAVIE O wEA sfokehs: & }9\5\‘:}
A= Jhgellx itshaart whg-sl "]{}73 o] U}E]r
T1of| whe} ehe S e BEgl
. o]¥ FAARS W8] 98l \]

WSS ol A7)

io]

a=

=

A=)

r_{

rl

Ol

—#— With solution exchange
—e— Without solution exchange

0.9

0.6

F ion (mg)

0.3

0.0 — T T T T T T v T T T

Time (hr)

Fig. 8. Comparison of total Fluor ion with and without solution exchange
during Fenton reaction.

Korean Chem. Eng. Res., Vol. 56, No. 3, June, 2018

= S48l A gl et
N

EA Ol TR

Al&e] dekEert
T 3AIZRRC Gol A7} HEE S R A
ARSI} A o IEQ} A7} HofrlS gled = SIS
o 715 At Aol ek s Hohet ] s @A

off A& W37 &% ’B‘P 13 SR, g WA AIRES 3ARE
Hop v g7 wAlsh 22 30A v 43t 2uf o1 ¢
ST Qe AeE ol

o] w2

N
p
. =2
)
>,
52 2
%
E
d

(1) ol& %7} 100 ppmo] 3}t W& 5%
Eio ol w7t B2 03%% 2 Holv
Al B4 W
stk

Q) &5ol uhe Ikslra Wsk SaE
Aler A7} 180014 24.9 kJ/molo] 31 1
el dA7t 71l HlE ukg $HEo R AGE
& &t ARS gRleielt),

(3) N7} STkl whe 2belra gt SR

(4) 80 °C, 200 rpm, Fe** 80 ppm3=31e| A= 1A 7Hg<tel = ¥

A8 B4} 20%0 14 A L3 o) 7k YR m AN R
shd &5 Foa Flskolrt.
a A
H AT AR BRI 0] 4191 7]% 8211 (10067135)2]
2o % SR IGYT

References

1. DOE, Fuel Cell Technology Office Multi-Year RD& Plan -Sec-
tion 3.4

2. Kurtz, J., Dinh, H., Saur, G. and Ainscough, C., “Fuel Cell Tech-
nology Status: Degradation, DOE 2017 Annual Merit Review,
Washington, DC, June 8, 2017.

3. https://www1.eere.energy.gov/hydrogenandfuelcells/fuelcells/pdfs/
component_durability-profile.pdf, “Doe Cell Component Accel-
erated Stress Test Protocols for Pem Fuel Cells?

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

5. 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(2006).

6. Healy, J., Hayden, C., Xie, T., Olson, K., Waldo, R. and Brund-
age, M., “Aspects of the Chemical Degradation of PFSA Iono-
mers Used in PEM Fuel Cells, Fuel Cells, 5(2), 302-308(2005).



10.

PEMFC 24 U 712 218} Fenton ¥H3oll4] #P1elra 5 WAsle] #Ast A

. Pearman, B. P., Mohajeri, N., Slattery, D. K., Hampton, M. D.,

Seal, S. and Cullen, D. A., “The Chemical Behavior and Degrada-
tion 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 Degra-

11.

12.

13.

14.

T 319

dation and Stability, 138 98-105(2017).

Nomura, H., Koda, S., Yasuda, K. and Kojima, Y., “Quantifica-
tion of Ultrasonic Intensity Based on the Decomposition Reaction
of Porphyrin, Ultrasonics Sonochemistry, 3, $153-$156(1996).
Hwang, B. C., Lee, H. R. and Park, K. P,, “The Effect of Membrane
Thickness on Durability and Performance of Proton Exchange
Membrane Fuel Cell; Korean Chem. Eng. Res., 55(4), 473-477
(2017).

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).

Tang, H., Peikang, Shen., Jiang, S. P., Wang, F. and Pana, M.,
“A Degradation Study of Nafion Proton Exchange Membrane of
PEM Fuel Cells; J. Power Sources, 170, 85-92(2007).

Korean Chem. Eng. Res., Vol. 56, No. 3, June, 2018



