Korean Chem. Eng. Res., 60(2), 217-222 (2022)
https://doi.org/10.9713/kcer.2022.60.2.217
PISSN 0304-128X, EISSN 2233-9558

PEMFC 12X} Qto| X 7|5}5hA

Ao OCcY Z4HA

FA Ol

= 2

I
Ol
mlo
Ofm
o

H|7}o4 ois} ol

o= . digjmlt
(=) S —
sty gehEst
57922 A A wl=tE 315
2021 102 319 A<, 20219 12€ 108 A Har, 20219 129 149 A

A Study on Irreversible Degradation through OCV Reduction and Recovery Behavior in the

Electrochemical Degradation Process of PEMFC Polymer Membrane

Donggeun Yoo and Kwon-Pil Park’

Department of Chemical Engineering, Sunchon National University, 315 Maegok-dong, Suncheon, Jeonnam, 57922, Korea
(Received 31 October 2021; Received in revised from 10 December 2021; Accepted 14 December 2021)

e o

LAk e ARAAPEMFC) atAl o] 71skeka Wi dE 7HGA o2 rtehs JiE 2 A9 AoV
holding) g4l OCV ®Igt AF S dAshs 21 ulg- Fosith & AFelxe U4l 7] tE Al T/e
MEA(membrane electrode assembly)2] A& HoJE|E o] &3t A2 E’l’i‘ﬂ vl 2 AESIC v el 2
AAAZ} Sl 78k MEAS] Ul H7FAIRES 383 h, B ultol] 2l AlAAIZE Sl 738l MEAS] Ul H71A|

A
fu

7+ 247 1,000, 1,650 hel ek, A} whe] Gali= dAslel] oJs) gl&o] 7hsst 7194 dsle} slEo] A ok
H7td A Gtz LRt wEA) vke] vr7pedd dshs FaFYE SR e e FAFYE Wst Al MEA
B 07k A 43l g ooF AARE JEHE Bl S15E0] HA| ok v|7teiE] st AlAkE s A AR &
7k YeRaL, AT S7ER QI3 OCV7E B3] ¢koba] OCV #5419 715717 Ah4stal ol & Ao A

5o @el Z7he gl 4 9ok,

Abstract — It is very important to analyze the OCV change behavior during the open circuit potential holding (OCV
holding) process, which accelerates the evaluation of the electrochemical durability of the PEMFC membrane. In this
study, an empirical formula using the experimental data of three MEAs with different durability was created and
compared. The durability evaluation time of the reinforced membrane MEA without radical scavenger inside the
membrane was 383 h, and the durability evaluation time of the reinforced membrane MEA with radical scavenger inside
the membrane was 1,000 and 1,650 h, respectively. The degradation of the membrane was divided into the reversible
degradation that can be recovered by activation and the irreversible degradation that is not recovered. The irreversible
degradation of the membrane was indicated by an increase in hydrogen permeability, and the change in hydrogen
permeability was similar to the irreversible degradation constant ¢ of all three MEAs. The initiation of irreversible
deterioration without recovery is indicated by an increase in hydrogen permeability, and the OCV is not recovered due to
an increase in hydrogen permeability, so the slope of the OCV recovery line (ORL) decreases, which can be confirmed
by an increase in the constant ¢ value of the empirical formula.
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Table 1. Each MEA profile

w1
Cell
Mass flow Mass flow
controller Anode Cathode controller
inlet inlet
Anode Cathode
bombe bombe
Gas humid | | Gas humid
chamber chamber
Anode Cathode
outlet outlet

Fig. 1. Schematic diagram of experimental device.
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Fig. 2. Experiment flow diagram.

. A MEA B MEA C MEA
MEA condition
Anode Cathode Anode Cathode Anode Cathode
Membrane type PFSA membrane reinforced by e-PTFE support
Electrode catalyst Pt-Ru/C Pt-Co/C Pt/C
Catalyst loading density (0.2 mg/em?) (0.4 mg/cm?) (0.4 mg/em?) (0.4 mg/em?) (0.2 mg/em?) (0.4 mg/em?)
Radical scavenger with without with
Table 2. Electrochemical durablility test condition
. . AMEA B MEA CMEA
Operating condition Anode Cathode Anode Cathode Anode Cathode
Temperature 90 °C
RH (anode/cathode) 10%/30%
Fuel/oxidant H, 0, H, air H, air
Flow rate 372 ml/min 1184 ml/min 347 ml/min 829 ml/min 829 ml/min 829 ml/min
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Fig. 4. Classification of reversible and irreversible degradation in
OCYV holding.
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Fig. 6. Change of linear degradation constant ¢ during OCV holding (a) A MEA (b) B MEA (c) C MEA.
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