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Abstract — In the process of long-term use of PEMFC (Proton Exchange Membrane Fuel Cells), chemical degradation
of membrane electrode assembly (MEA) occurs due to corrosion of stack elements and contamination of supply gas. In
this study, we investigated whether chemically degraded MEA can be recovered by acid washing. The performance was
measured and compared in a PEMFC cell after contamination with iron ions and washing with an aqueous sulfuric acid
solution. The performance was reduced by about 25% by 0.5 ppm iron ion contamination, and 97.1% performance recovery
was possible by washing of 0.15 M sulfuric acid. The membrane resistance was increased due to iron ion contamination
of the polymer membrane, and the ionic conductivity was restored by washing the iron ions from the membrane while
minimizing the loss of the electrode catalyst by washing with a low-concentration sulfuric acid aqueous solution. The
possibility of solving the decrease in durability caused by chemical contamination of PEMFC MEA by the acid washing
was confirmed.
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Fig. 1. Change of iron ion concentration in membrane according to
contamination time.
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Fig. 2. Washing rate of iron ion in membrane as a function of wash-
ing time by sulfuric acid concentration.

120
<
S 100 - S e,
3 . P N A -
o A e
(]
£
@
o 80 -
s —=—0.05M H,SO,
—e— 0.075M H,SO,
- 4. 0.10M H,SO,
60 . | | v —015M H,SO,

20 30 40 50 60 70 80

Temperature (°C)

Fig. 3. Washing rate of iron ion in membrane as a function of wash-
ing temperature by sulfuric acid concentration.
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Fig. 4. I-V curve change of MEA due to iron ion contamination and
sulfuric acid washing.

A 9 em? MEAE: g2l wxkglo] GDLY} ) 5 ppm FeSO,°l
A el 2. AAZTE owf 2.99% MEASE GDLS] Fe?* 5=
AR A 02 oF 0.5 ppm O E A H A} 29 %F MEAS} GDL>
0.15 M H,S0,0. 3 1247 Aol A AlES sgsisl o, kg
N bl ol FATSE AlXEL- 96.7%C130T 7], 2.4 &,
AA & MEAS} GDL=Z 9 cm? Al 414310 I-V curve, Impedance,
CV, LSVE 7 3to] Bl 3ttt Fig. 49] -V A4 29 A
0.6 VoAl AFH 27} 1012.1 mA/em?ollA] 29 5 758.8 mA/cm’E
25% 7H4=319 T} OCV(Open Circuit Voltage)™= 0.941 VoA 0.919 V
2 24% FAaFch 1V T804 ARUE F7H9 9 (100~1,000
mA/em?)elA] 71717 QA% F7Fsl 2 Al uke] A go] Azl 4
< B 7 Utk & 2R 2] FEA] o) tiil A o]o]
ol BE o] FAo| AL LTt AaEl Adso] FHAaFTE Al £
[V 3L edxd o7 79 3]E48) 0.6 VollA AFUE7}982.5
mA/ecm>Z 97.1% 3] E-% A TH(Table 1).

2AY} A1F] 2golA] A WSS Fig. 501 YERATE. Table 1
o] Vel A9 v A& (High Frequency Resistance, HFR)®] 2
A A3 oA F AF B 77} 583, 74.7, 594 mQem? O F 2 Ao
2J3)] HFR o] 73t AlAel &Jaf 7hagh ks JeRitt. 2ol
2J8jl HFRO] 28% 5713+ 212 -V A 50] 25% 743t A3} v]5:
skar, Al o] 28] 271 REt HFRO] 1.9% 571l Al & 1-v Ad50]
97.1% 3)5¥ 27} v|Zsi). A o]22] 297} AlFo] 1.V 4d-5ol
WA= T8 G AL wke] A g wste] L9k gRlgh Slot

Q.3 AlA #g el A v W3 Fig. 60 YEFITE Table 1]
UEbd 2149 ECSA7E .9 A3 o9 &, AlH & 242 277,
25.7,26.5 m¥/g .2 239l oJ&l ECSA7} ZHAsdkar Al 28|
7kt AaE Vet 2ol 2138 ECSA7F 7.2% 7HAskar Al

Table 1. Performance and characteristics change of MEA due to iron ion contamination and sulfuric acid washing

Sample OoCVvV Current density at 0.6 V HFR CTR ECSA HCCD Short resistance
(MEA) ) (mA/cm?) (mQ*cm?) (mQ*cm?) (m*/g) (mA/ecm?) (kQ*em?)
Pristine 0.941 1012.1 58.3 473.0 27.7 1.19 1.84
Contamination 0.919 758.8 74.7 471.8 25.7 1.93 0.85
Washing 0.944 982.5 59.4 4532 26.5 1.57 1.11
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Fig. 5. Impedance change of MEA due to iron ion contamination
and sulfuric acid washing.
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Fig. 6. CV curve change of MEA due to iron ion contamination and
sulfuric acid washing.
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Fig. 7. LSV change of MEA due to iron ion contamination and sul-
furic acid washing.

e 93l 3.1% F7H8l A o]22] 2@ AHo] AT nX= g
gFo] 1A} B T} 2h5-5 WAL A AjHof| o) = Fjjo
L7} @Al ECSA7E 14 E A2 $# =] ECSA7F &7}

A=) 4 ol e 09 W AL AlF Fw} 23

A Fal) &4 w9 23S Vet 3t 5 AR ARl T35
o] &-& AH3PH A=o| Q= 2~4 nm =719 Pt £81% 22, GDL¥}
el S A T Q4 o] A s 44 s
Zlolgkal FEdl[10], R FE2] FAF AlF el €3] PEMFC A A
A E BEo] 7hsshs Bl

LSVE =43 47 99 % HCCD7} 1.19 mA/em?oll A 1.93
mA/em?C 2 Z7F T A1 H & 1,57 mA/em®E 7HaF) o] 9} 22
7S Short A/ (SR)T 2o AuH SRS 2ol o3 g
T Al o) 2al] ST = 2 dEH NS W 2.5dw el oJs A
Ztolio0] glojA LSV FAlo] 0.3 V Aol HAZ7tol utat
F7t AEetE AEFS KO 74 DOE LSVE FE AFEst
HCCD7} 57 akSith 12]. AlFehd A o] o] whof|x] A A=A
SRO] F7181aL LSVE THA] 7H4dhe & 5= QiT}, o] 9} 7o) A2
o3 HCCD7} #HAstdA] Al $ ocv7t F71eHE Fig. 13
Table 1914 & 5= QiTh.
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952 Fas, S7HEY vSE] At ghe] A o] 297} AlF
o] AA A2 A5 F9-3HS Btk ALolM AE e kA
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