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Abstract — A chemical/mechanical durability test of polymer membrane evaluation method is used in which air and
hydrogen are supplied to the proton exchange membrane fuel cell (PEMFC) and wet/dry is repeated in the open
circuit voltage (OCV) state. In this protocol, when wet/dry is repeated, voltage increase/decrease is repeated, resulting
in electrode degradation. When the membrane durability is excellent, the number of voltage changes increases and
the evaluation is terminated due to electrode degradation, which may cause a problem that the original purpose of
membrane durability evaluation cannot be performed. In this study, the same protocol as the department of energy
(DOE) was used, but oxygen was used instead of air as the cathode gas, and the wet/dry time and flow rate were also
increased to increase the chemical/mechanical degradation rate of the membrane, thereby shortening the durability
evaluation time of the membrane to improve these problems. The durability test of the Nafion 211 membrane
electrode assembly (MEA) was completed after 2,300 cycles by increasing the acceleration by 2.6 times using
oxygen instead of air. This protocol also accelerated degradation of the membrane and accelerated degradation of the
electrode catalyst, which also had the advantage of simultaneously evaluating the durability of the membrane and the
electrode.
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AlgE sty fleiA = vl A3t o] Hazlolth
[1,2]. 2ol PEMFCE] Wi7-40] B 72531 Ql=d], oli= i3

)
Eg ZEVE o] A WA 27 = T 7] S71ekel]
w0t 8219} A B ZEV 5o &A1) 5,000~8,000
AIRE el tE B A7) oF 30,0004 H(eF ik
utehyolut 7] wio]vh3]. o] 9 o] AR #-H k= w1t
PEMFC?] Hd =7 g4 (Membrane Electrode Assembly, MEA)Z
T3k QA E0] dslyo] o] e Y BnE TR Kt
I T}H4-9].

A ute] G3h= 318H4 (Chemical) B3}, 71712 (Mechanical)
A3tz A FFECH10]. 318 D3h= A yjelx] sk 2lolz
(AR A7 1A S 348 Ho] dstEE AS dett
[10,11]. 22AFEE Ul 37} A7ES ©3A1717] S8l 7145493537}
(Acceleration Stress Test, AST) 7]H¢] AFg-5+=d], @7]3}s+
ASTE ghe]Zo] wo] 2Ask= 73] % (Open circuit Voltage,
OCV) A (holding) i l, 71414 AST= LA 5/
Al71:= Dry/Wet cycle o] AREA © 2 AR5 371 QIT}, v]= o
LA (Department of Energy, DOE)H A= AU %] AF1 7)< 71
1F7]5+(New Energy Industry Technology Development Organization,
NEDO)IA = X124 PEMFC MEA®] T34 ASTS £3lo] Wi
‘& 7kskaL Qiti12,13].

PEMFC U735 7}sk= AST= Al$ 71X =] L gli=6], DOE
M= 20160l AR AEAPE Wi B7F LR EES W)
RATH14]. ©] AST= alAbete] shsha] vi=+d 3 71414 W7-8<
FAl 371E 4= QA 8t Zolt). Anode®} cathode U 7HA~E ZF
7} ot 3715 AHESHEA OCV ZdEelA Zis s WHEehe
ol 7 A 2E 7t 45%, 303 WHESPE OCV #qt W
sp7} gsh=t| o] At Wstel W A= A7) Lol < Alnt
gt A AA 9 &43-E 8 H EgEF 2 2 o Y Wl (Expanded
polytetrafluoroethylene, e-PTFE) A A A|7} 50137t 73312 4004]
7t o) de] ARt 37} ARl M st 4= QlrH{15]. o] 2 o] A
ZF A8 Wish 317t wolx A ariAtel Astrh d= dslel] 9
gk MEA A5 7HA7F el Ul 87 S5 5 Slok 2 o
F/do] 9k A9 At Wi STt Skl A5 dslel a3
7V7F E550] Bl H7HE @ gle A s g
tH16]. 1A A D3} HeE 7RESIAA A dste] e
A Z Q7L Sl i Aol A& DOES} s U3 2R EES
AHE-8HE cathode 7} F7] thal ARAE ARE-SHaL 715/71 54
I} R S7AA B g1ehA] 7A1A] D s STIAA
TEAE YT H7E AR EEAIF 02 o9 2 AIE A
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& Aol AR AR ARl e Nafion 2110152, B e
gz "ol 9J3)] PYC AFE 283l anode, cathode E5 Pt $H
0.4 mg/cm? MEAS A|Z3}3c). = WA o] 25 em?! MEAS) 7}
2~ 8}2+2(Gas Diffusion Layer, GDL)Z Aol 0= =12 A A5} t}.
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Korean Chem. Eng. Res., Vol. 61, No. 4, November, 2023

. ﬁL;(]% . g]oiz] . H]—?:\JEJ

PEMFC % 27121 70 C, 100% relative humidity (RH), anode
1.5 stoi. (stoichiometric ratio), cathode 2.0 stoi.l| 4] I-V Al 5 21412
=783t

alApeke] sheka] Astel 7)A1 AskE A9 20161 DOE
3 2 B F(Membrane Chemical/Mechanical Cycle and Metrics)=
NA&A T DOE W2 90 'C, OCV, 7H5(100%RH, 45%)/71 %
(0%RH, 30%), $~2~(1,000 mL/min), & 7](1,000 mL/min) 1.0 bar
oAl WS H7Fsk=1l, <= th &3 (Sunchon National University,
SCNU) T2 EZFL 90T, OCV, 715 (100%RH, 603)/71%(0%RH,
603), 5°42(2,000 mL/min), 3-71(2,000 mL/min) 1.0 barol|A] %37}
SEILE F7F MRS ©5A1717] $18] SCNU 2 EFollA cathode
7t~2 F71 AL Ak S ARE-SE Fo] )14l ISCNU(Improved
SCNU) X2 EFo|t}, 1k AREA] 5248 At ofa) et 2 A
= WS A flal 4 A olsht EH BrEE WA 8t

At

2-2. 54 2A

a5 57 0 5 (Hydrogen Crossover Current Density, HCCD)=
potentiostat (Solatron, ST 1287)& ©]-8-3F LSV (Linear sweep voltammetry)
W o2 A3 Blaskith. LSV anode®} cathodell 212} H,
(40 mL/min)} N, (200 mL/min)E ¥ 33}, scan rate 1 mV/sec=
0~0.4 V H91oIA Aok wisha)7|iA AR5 S8 14]. A
=844 (Electrochemical Surface Area, ECSA) potentiostats
©]-8-¢k CV (Cyclic Voltammetry) ¥'H. 2.2 S733ict. CveE LSVt
FY3HA 71 E ]38k, scan rate 30 mV/sec®E A ¢HS HASHA
7IHA AFE SHsh=, 14 cycle $ 5793 ¢k 3ok

u} 2] &H(High Frequency Resistance, HFR) % -5} 24 & (Charge
Transfer Resistance, CTR) 3] &2 24 7] (Solatron, SI 1287)%F ©]
L3 SAs) A E 2 572 anode$} cathodeol] 242t 4
(93 mL/min)2} ¥ 71(296 mL/min)E &3 3+, DC current 1 A,
AC amplitude 100 mA, 100,000~0.1 Hz ]l 4 S8tk &
sl ot 3127} vk} 4 =19] 7 ¥shi= SEM (Scanning Electron
Microscope, Hitachi S-4800)2 ©]-2-3l] #2413} 2™ beam {1 ¢+
15 kVSitt.

3. du} ¥ nE

3-1. 7ESUTEYE 3 & ocv HEl

AR sk Ul 7 71 A1 W73 Bk At 719
SCNU Z=2EF(SCNU)Z} 7l e ZZEZ(ISCNU)l &gt 75/
Aze) W OCV WElE Fig. 10 YeRllth. :1zshd A5 27}
#a3to] OCV7t S7kstal 7hEshd OCv7E fhasith Ax RS
o] §) E7E o] Ao A%HA (High Limit Line, HLL)°] 3L 7531-&
o) o}z £74-& o] 4o] 313k (Low Limit Line, LLL)®] T} HLLY}
LLL AF0] &2 OCV 3} Z(0CV Change Range, OCR)°] 2} 3t
th16]. 1,000 At St 715/ 325 X8k B3 F LSV, OV,
AHAAE S, 7ER1RE T AIREE W oCcv7E A
o7 Z718 AL B3} avkelar B 4= 91, SCNU Z2EZ 9]
%7] OCR ©F 0.045 V, ISCNU L2 EZL2 0.022 VIO F5
A& SCNU ZE2EZ-2 oF 28)) Z713)] 0.092 V, ISCNU X
FEFL 2 enll F7180 0.127 V7F S Sit oA OCRo] S71st
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Fig. 1. Variation of OCV during AST cycles using (a) SCNU Protocol (b) ISCNU Protocol.

TEAo] Al o] AR IF 7k 2= LLLo] 73]

o 22 cathode®l 413" Fig. 1(b)= HLLZ} LLLS]
&5t 2,0 0 Ao Z o] St atAbet A3} £t #9k
S B2tk OCR S7HEE AA 2,200 Ale] Sl Fstal s
Jﬂ7]-01-‘3““1]- HCCD”} 6.0 mA/cm?*%E Z713193 49 DOES] 7 ]{FO
15 mA/em?®]] w|1#] 33l G3kE o W35St 2,300 Alo]E $
LLL®] 0.78 V7} E]o] SCNU2| LLL¥} Zobd A Eg838k3ict 7iA
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HCCD 7|50 2k AME X2 B o] niatut 93} 57} o
WSS Fig. 39141 & 4= QI A ARE ISCNU ASTE 2,300 AF
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Fig. 2. Variation of LSV and HCCD during AST cycles (a) LSV
using ISCNU Protocol (b) comparison of HCCD.
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3-3. I-V As1 ocv Hig)

DOE®] 12242} 818h2] 7145 W74 38717 3% (Target)= HCCDS}
SR 723 OCVo|tt. HFR¥} FERE S4 A4 F A Z & o] &
gk #oltt. Fig. 40 715 U173 %71 % -V 4% ®igkel ocv |
3} H|w3F3ITE DOECIA H7HA 3R WAgE OCVE A53Q1
OCV (Continuous OCV)®E HLL®| 1, Fig. 4(b)x -V A 549
OCVth. Fig. 1914 & X2 E 5] %7] HLLS 242097 V, 1.01 V
olal 7 AJH HLLS 247} 085 V, 088 VE F+ L2 EF %
13% A% 723Ftt OCV 2= cathodeol| A FAH E849)
(Mixed potential) 2} HCCD 18] 3L short A7 2] J&S W=t}
DOES] OCVel 2%k 8 752 20%E ©] 7] m]x]x] L3
OCV 727} SR a5 T} b abA] 58hs veh i QIThSRe
o8 F7F FREAAIN OCV 7|F 02 T8 Al =E8k4]
E3h, -V A2 OCvE ok 7% ZAasi 843 3 F93 gz
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SCNU 717} 2,000 AFo1E, 4,000 ARo| Zol] F23813A=T, o] 9F 22
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Fig. 4. Variation of I-V curves and OCV during AST cycles (a) I-V
curves using ISCNU Protocol (b) comparison of OCV.
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