Korean Chem. Eng. Res., 61(3), 362-367 (2023)
https://doi.org/10.9713/kcer.2023.61.3.362
PISSN 0304-128X, EISSN 2233-9558

DEAHGHE AZTX[OAM 2tatef sistd Ui+ Eot
SAY* QB3 WA HNE - wBEH

e Al (S ik e
57922 A =HA] WilFE 315
HEYFORLEE A ATINER2
21629 QJUFAA] HeT FEulE 369H4 18
(20239 59 30Y¢ FH<r, 2023 79 129 R AR, 20233 79 138 AE)

Chemical Durability Test of Thin Membrane in Proton Exchange Membrane Fuel Cells

Sohyeong Oh*, Donggeun Yoo*, Sunggi Jung**, Jihong Jeong** and Kwonpil Park*-f

*Department of Chemical Engineering, Sunchon National University, 315 Maegok-dong, Suncheon, Jeonnam, 57922, Korea
**SANG-A FRONTEC CO.Ltd, 369 Route 18, Namdong-ro, Namdong-gu, Incheon, 21629, Korea
(Received 30 May 2023; Received in revised from 12 July 2023; Accepted 13 July 2023)

(@) oF
RS =

FH Ak Al ASHA(PEMFC)PIA 24F vhe] A7 744 Ate A s 218l wetslehe W
FoR A ek, T3 EAE T4 A AR oot STk Sl SEARETE Uide] sulf SkeloF
Stk 2] FAE ghoblel e Eekar i sell S7slok sk s, ko] igtd el O TRkl Adstelnt. 7t
& Uit 17 AR dEsfoker] witel] 71 ZREZA 3] thil AHAE AR TR EFS 10 pm Ul A
B3l 3= 371 71 Uit 87Nl At A 7200 31e] ERSSI. 3715 ARRE vl oluAE-
(DOE) Z2 &2 AR-3IThA oF 1,50047F] U722 -AIZE 450,000 km 782 oAttt 3184 U7+ 7}
ol A=e] & WAool 51% hadl Sl A3t vt Uid okslel] 9Es & Flo® AnEy, S A3t £55
A7 1 yldo] S7EE 1o = o et

Abstract — Recently, research and development of proton exchange membrane fuel cells (PEMFC) membranes are
progressing in the direction of thinning to reduce prices and improve performance. Demand for hydrogen-powered
vehicles for commercial vehicles is also increasing, and their durability should be five times greater than those for
passenger vehicles. Despite the thinning of the membranes, the durability of the membranes must be increased five
times, so the improvement of the durability of the membranes has become more important. Since the acceleration
durability evaluation time also needs to be shortened, the protocol using oxygen instead of air in the existing protocol
was applied to a 10 pm thin membrane to evaluate durability. The accelerated durability test (Open circuit voltage
holding) was terminated at 720 hours. If the air-based department of energy (DOE) protocol was used, a lifespan of
450,000 km of driving hours would be expected, with a durability of about 1,500 hours. During the chemical durability
evaluation, the active area of the electrode decreased by 51%, suggesting that catalyst degradation had an effect on
membrane durability. Reducing the catalyst degradation rate is expected to increase membrane durability.
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5 TAAA 782 A (Open circuit voltage, OCV)s A
71a[2], 2FelZ 8 SEE TAAACk sh3,4]. 273 BhrE
AAA (Scavengen)®] 715 34T B4 -ZHESRETFLEAY
@l (expanded-Polytetrafluoroethylene, e-PTFE) #| X 4| 2] W44 =
IAIA T SHH5-9].
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U 87kl ARE-3E 1A 0] @ v Afo] el e-PTFE 14|27}
5917t 733} (Reinforced membrane) ©. 2 7|7} 10 pm ¥}ef
(SANG-A FRON TEC, Co., Ltd)o|t}. ufgtof] o) Z- i o 2 A%
3t = 52 hot pressing 3] A= WA o] 25 em?Ql w3
| (Membrane and electrode assembly, MEA)E =H] 391 ]
anode®} cathode A= Frll& B PyCo|H, Pt 3 % 717
0.4 mg/em>Ath. MEA S} 7+ 845 (Gas diffusion layer, GDL)>
oA F-2] || -2) A(CNL Energy, Korea)oll 5012 A4
3191 0, ~¥|o] 4 (CNL Energy, Co., Ltd)|A &% 55, 7}
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cathode®l] F=Y3to] 7145 - 8715 2135131t} OCV holding %1
& Al Fc 243 £ -V, TR (Cyclic voltammetry,
CV), A8 A ¢+ 71 (Linear sweep voltammetry, LSV)2] &7 &
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£ AgeA BE s 572 cell 70T, RH 100%14 21235}
§om -V A5 312 anode 1.5 stoichiometry(stoi.), cathode 2.0
stoi. 271 0.2 S35t d =84 WA (Electrochemical surface
area, ECSA)-2 potentiostat (Solatron, SI 1287)2- ©]-8-3t CV W+
0 7 B8} th CVE anode?} cathode®l] 212} 4=2~(40 mL/min)}
Z7~(200 mL/min)E 353}, scan rater= 30 mV/sec® A= H
A7 AFE SAsH=T, 14 cycles T 5743 3k 13tk
AT 37 579 S (Hydrogen crossover current density, HCCD)i:=
potentiostat- ©]-4-3l] DOE LSV ¥ o &2 Z7d3) vl wsk3ich
DOE LSV+= anode®} cathode®ll ZH2} 24~ 40 mL/min®} 2 2~ 200
mL/minE &3 3}1, scan rate=" 1.0 mV/secZ 0.05~0.4 V 2] ol A
S WA AA 75 S7 31T} T A 3(Short resistance,
SR)< potentiostats ©]-8-3F0 A&-2] Aoy =] A7 77|+
(New energy and industrial technology development organization,
NEDO)[13] LSV o2 =73 B33t NEDO LSV
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FH38F1L, scan ratet= 0.5 mV/secE 0.2~0.5 V H oA AL A
sA71EA 7S S48t SRS NEDO LSV 12 9]
0.4~0.5 V Ale] A4 €] 7157] g2 2kEsieltt.

318t - H7t A5 MEAS] @HE Au I ® St SEM
(Scanning electron microscope, JSM-7610F plus, JEOL, Japan) 2=
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O ePTFE A2 A0¢] 59291 725 vl wal] 919 o] 472
&+ -2-(Isopropyl alcohol, IPA)S ©]231o] A3lE MEAS] =%
3} 0] @ =& A A3 & ATR(Attenuated Total Reflection)©] F-21%1
FT-IR(Fourier transform-infrared spectrometry, Nicoletl iS 5, Thermo
Scientific, MA, USA)C.Z e-PTFE XX A= #4515t}
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3t o= v Ul B7 g el g 2] ebo] Q17w
©]tH10,13]. DOE ¥ HCCD =79l A&l NEDO WS SR
=7l 2 3ksteh. DOE el 9]¢k SR F74- % =l B
AT 79 5 HHS ASA171HA short AF-E HAYAIA G-
AT AR 7187125 Fehe O R LSV Iy 2ER e &
= Utk 184 NEDO W2 LSV T121329] 0.4~0.5 V Alo] 24 9]
71 %71 2HE SRS 778 ¢ lo] | gk AdAlo] Sl 28 A
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Fig. 1. Changes of liner sweep voltammetry by a) DOE method b) NEDO method, during OCV holding.
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Fig. 2. Variation of hydrogen crossover current density and short
resistance during OCV holding.
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Fig. 3. Variation of cyclic voltammetry during OCV holding.
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Fig. 4. Decrease of electro chemical surface area according to OCV
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Fig. 5. Comparison of FT-IR before and after OCV holding a) surface of membrane b) e-PTFE support.
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(@)

715 g Al XA A el 2k Fo A T o] 2. wEe] e-
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Fig. 6. Image of MEA cross-section a) before OCV holding b) after OCV holding.
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