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Abstract >> This paper aims to quantitatively elucidate the degradation phenom-
ena occurring in a proton exchange membrane (PEM) water electrolysis cell un-
der variable load fluctuations. By varying the accelerated stress test conditions,
the electrochemical characteristics, such as |-V polarization, cyclic voltammetry,
and electrochemical impedance spectroscopy, were analyzed after 0, 22, 33,
and 50 h of operation. The primary cause of performance degradation was iden-
tified as repeated exposure to open-circuit voltage. Applying a small minimum
current density (e.g., 0.1 A cm2) was confirmed to be an effective strategy for
mitigating this degradation. These findings provide a basis for establishing an
optimal load-fluctuation protocol for PEM electrolysis stack.
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211 Btz

Al3of ALgSE P3| (Membrane electrode
assembly, MEA)+= NRE212 9fo]2 wghato] ALy
o] WAlog Zul5 warsto] ARSIt CNL Energy
Co., Korea). AF3}= Z0ll= [r0,(0.5 mg/em?), 3H=-
Z0j PYC(0.1 mgem?) S Agatglom, SF vz
©5 cm x 5 om (YRS 25 cnf)olch. F= A
Elelg 7]3+% A=A |(Porous Titanium Layer, PTL,
BEKAERT 2GDLI0N-040)0] #-&5]¢om, 7}Ash
AF(Gas diffusion layer, GDL)-2 SGL GDL 39BB
(77 315 pm)7} ARG I A7|818H S #
202 Ipm, A 2% 65°C AL 9A5HA
Biologic HCP-803 1|2 o] 83 =33}tk

2.1.2 715831 IHH

7+ 83 7N Accelerated stress test, AST)+= A
AeuRef F 29l Fopiss HARsH ] flsf Ul
7 A e 21 AASKITH

« AST-1: 153K3.0 A/emd)-FH3HOCV)E 2zt
3024 w2, & 3,0003)(50 h) BHE(Fig 1(a)).

« AST-2: 3153H3.0 Alem’)-Z 4 HFH0.1 Alent)
2 7} 3024 @}, & 3,0008 HHE(Fig 1(b)).

- AST-3: Al IMW $£Ad) A28 A4 g
SRS HAHAF U= 0~3.0 Alem’ H 9|2 ¥7),
= N9 AblE QIZFAREO] 2 HEE A, F
3,0003)(50 h) HH(Fig. 1(c)).

*SATR| (A YLIA] AA TR A 7%
2 831 =4 9 vjEE] A& A& 7)< g
A2 2020.10~2024.09) 2233 A] 8H:3k PEM 4221
o &A= 7Rke gz A7

* AST-4: AST-31} FUsh; FA AIZHS 282
=9 43 AbolE FA(Fig 1(d)).
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3}aL, I-V polarization, EIS (Electrochemical impedance
spectroscopy), CV (Cyclic voltammetry) £4-S- BOT

(Beginning of Test, 0 h), 2 h, 17 h, 33 h, 50 h 71}
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Fig. 1. Scenario of (a) AST-1, (b) AST-2, (c) AST-3, and (d)
AST-4
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Table 1. Cell voltages recorded on the (a) AST-1, (b) AST-2,
(c) AST-3, and (d) AST-4 at BOT and EOT

Degradation rate | ) op | | AgT-2 | AST-3 | AST-4
[nV/h]
BOT [V] 188 | 185 | 182 | 180
EOT [V] 204 | 193 | 195 | 195
ASH&[uV/A] | 3200 | 1,600 | 2,600 | 3,000
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Fig. 2. I-V polarizations recorded on the (a) AST-1, (b) AST-2,
(c) AST-3, and (d) AST-4
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Table 2. Tafel slope of AST-1, AST-2, AST-3, and AST-4 at
BOT, 2 h, 17 h, 33 h and 50 h

T[jrfle\l, /Z:f;e AST-1 | AST2 | AST3 | AST4
BOT 38.8 413 425 439
2h 514 39.4 40.1 46.1
17 h 43.5 4238 4.5 48.1
33 h 45.6 44.0 413 48.5
50 h 51.1 40.8 45.8 474

Tafel HA4]2] 7|87|8 A&t on, A2d 3h

Table 200 AAIE) Hlek o] A5 ulmsisich
AST-29} AST-39] 27o]A= E3t H7} 2 h o] %9
& Tafel slopeo] %7] gt SAWHA SAIEAL ©
s8] fadshe Aoe HAdtk 271 Ebﬂﬂ"ﬂ*ﬂ Tafel
slopeo] 7Fadh= HARS Ak WRAY wheal o3k

o7 gjAdrt vjAde] ogw *@E{Amorphous
[10,) 4k HAY Wk Aol 4] RAlof ke 8t
NARSHE AR, S FH| o]2lE S AskE
(Ir mixed oxide, IrO,)©] FAJE]o] A7 A==} A
=7t gAEE Aow W), ey Hag
AR ke AST2E A2 BE Aso|HE
50 he] &3} H7} o] Tafel slopeo] 571513 ©]
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3.3 Activation overpotential
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Fig. 3. Activation overpotential recorded on the (a) AST-1, (b)
AST-2, (c) AST-3, and (d) AST-4
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Table 3. Capacitance of (a) AST-1, (b) AST-2, (c) AST-3, and
(d) AST-4

C[ariaF‘;i;r;]ce AST-1 | AST-2 | AST-3 | AST-4
BOT 1797 | 1759 | 1508 | 1343
2h 1727 | 1673 | 1422 | 1099
17 h 1673 | 1556 | 1232 | 933
3 h 1607 | 1506 | 1022 | 855
50 h 1509 | 1451 | 924 -

£ 7]E Baete At
AST-4+= AST-3Hrt} Ho} B Sl 2o|ls
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oF bl 2ufe] A)ZEoR AEH o8 wEEY] Wit
otk wheha] B4 A holl AT eE = Aol

Al ds Astell o 2 JFS vlA= AR

PEM =43 U] AbAubs
ool = gt AR 10,2 EA gt
1.10~1.30 VoJlA}= Ir* 7} IrOOH (hydrous oxide or
oxyhydroxide) FE| 2 SHI%|T1 A oA d
A 02 BolAs) [P Fo| £%0] Hrka BIiEo]
011:]_13,14,15,16) 13114‘ 1.3 V o)Ak Aot A A=
ol A I 2 e 2E WA|ste ol &
< wR|ElA) FopSI0 o) Fig 39] 43} 1HA
oro] AlofA] 1.3 V o|al& PEM $=43] A Ak
253} AST-1, AST-3, AST-4= 0.1 A/lem’* & uji
AFE AR AST-28} &2 50 he] 71557} o] %
st ol A STk Aol IS 4
Itk webs] =8 dspAYZ 2= s Al A
A 204 AFSE olelE APEA ghl WGl ofgt
Al Q3= iﬂ% o 4 °‘E}

rf

%
— X
w o
Ku)

0;:
iz
o<

el o

i
[

ﬂl

o

fAska A
el Belg 4 gtk

Journal of Hydrogen and New Energy <<



778  PEM %6l =

9| 714 ot U Eat o

HT

d
1

3.4 Cyclic Voltammogram

745 7H o] w2 Sl W] SwE HIlE
v w5k7] 93], 50 mV/sec —’,‘—/\H\—Eﬂ]/\i F=2] BOT
€50 h 4587t &+ F7FE el 71
A3l 7 ATt ~7Pﬂ°ﬂ wet CVIAlofA] Aksh
QIJ Hhg A0l 27)7F Anbd e 24 ‘GP%E}. °

Ir Zuli7} 8E=HA FHo) SduAo] dagt
ﬂﬂr o] Qich

7I~L°ﬂ§}ﬁ7} * =74
71015% ﬂiﬁﬂl‘ﬂé(cdl)i APYEFO B = Sl
o] & Bzt #30| HFH o w75k
#7)01%% AWAE2(Cq, mF/em’)= FARSE(10,
20, 50, 100 mV/dec)E WAsHY =3t CV Y] o]F

F A AR AR dE Zolgho & ALk
H AR A = A7]o]EE 7H0.975 VoA CV e

ZAEEo| wE AKS) - 3l AR mE— Akstel
o, ofg A (1) A7|o]F= JdofA 0975 V
A919] Absl-ghl MR Wi 2po|gHA)I FARSE
(v) 2t8] AE vehdich
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Fig. 4. HFR of (a) AST-1, (b) AST-2, (c) AST-3, and (d) AST-4
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Fig. 6. Nyquist plots of the impedance spectra of (a) AST-1,
(b) AST-2, (c) AST-3, and (d) AST-4 (1A/cm?)
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Table 4. EIS fitting of AST-1,2,3,4

AST-1 BOT | 2h [17h|33h|50h
L1 [uF - em?] | 0.165 | 0.177 |0.198 | 0.168 | 0.151
Rl [mQ - em?] | 105.0 | 106.0 | 114.0 | 117.0 | 145.0
Q2 [mF - em?] | 403 | 33.6 | 29.6 | 22.0 | 32.0
R2 [mQ-cem?] | 902 | 104 | 114 | 11.1 | 102
Q3 [mF - em?] | 1150 | 842 | 748 | 71.6 | 63.8
R3 [mQ-om?] | 184 | 214 | 237 | 251 | 273

AST-2 BOT | 2h |[17h|33h|50h
L1 [uF - em?] | 0.129 | 0.129 |0.131|0.289 | 0.133
RI [mQ-cem?] | 943 | 99.0 |106.0|114.0 | 117.0
Q2 [mF - em?] | 468 | 40.0 | 37.2 | 46.1 | 403
R2 [mQ - emd] | 79 89 | 94 | 9.7 | 100
Q3 [mF - em’] | 809 | 659 | 62.1 | 652 | 61.9
R3 [mQ-om?] | 212 | 238 | 256 | 25.1 | 253

AST-3 BOT | 2h |[17h|33h|50h
L1 [uF - em?] | 0.092 | 0.095 |0.105 | 0.128 | 0.142
RI [mQ-cem?] | 83.5 | 903 | 96.8 | 108.0 | 120.0
Q2 [mF - em?] | 60.0 | 49.6 | 434 | 45.7 | 43.6
RmQ-em?]| 59 | 69 | 78 | 78 | 73
Q3 [mF - em’] | 61.6 | 502 | 49.2 | 47.2 | 40.0
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