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A Study of Effects of the Repetition of Assembly and the Addition of
Activation on Electrochemical Characteristics of PEMFCs
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In this study, the effects of repetition of assembly and disassembly of polymer electrolyte membrane fuel cells on
electrochemical performance were systematically investigated. Additionally, the effects of additional activation on polymer
electrolyte membrane fuel cells were evaluated. All fuel cells were measured every three days. For the disassembled
polymer electrolyte membrane fuel cells, membrane electrode assemblies were stored in a vacuum desiccator. For the
maintained assembly, fuel cells were stored at room temperature. The performance and electrochemical characteristics of the
fuel cell were analyzed by electrochemical impedance spectroscopy. As a result, the addition of activation to maintained
assembly fuel cells showed the best performance among fuel cells with other assembly and activation conditions. Repetition
of assembly and disassembly, as well as insufficient activation, caused degradation of the performance of fuel cells.

Manuscript received: March 7, 2023 / Revised: June 28, 2023 / Accepted: August 7, 2023

1. ME

il

AL ATEtol A9 Aok B4 09 B 4 Aok
SFATHT7]. ESF, Laetitia et al.2 AR AR 9] A8 34 @
o]

al

| 7SR Qlsto] AFS] Aulte)] X u; A& TRt % o] Ohmic Loss2} EHE‘EQJ Mass Transport Loss2 ¢15}o] A
o] ZxEar ek webA], 71E W7l A 21eh Ad AsE op7lgtth= Ae Felstlal, ol & PEMFCY
FEYer dARdAyl FEEL Stk 535 dARdA F A5 AstE o]ofXITh8]. ’Eiz%‘ A= MEAS] Ajghg- 25
PEMFC (Polymer Electrolyte Membrane Fuel Cell, 52} %13} Z Ao W2 PEMFC 450 uja= J3k2 Hrlskoict
W ARAA)e ol HEA MEA AN 0 AFgIH- AR I uER Q] PEMFCS] EApeie} S Fobo] nhE
AATHI-S]. PEMECE= 8|54 Zbebe 729} B SE100C 4% B7ks ofx) Maelx) sleh. 2 <19 BHe PEMFC
Ol & e ATSH B4 AT et of 1) 2% W shAlel W= 2) BAst B ot A

PEMFCol|x]  #7]8tslilgo] dojifi= MEA (Membrane #]0] M7|3k5H4 EAJo] u]x|= QS BAE= Ao|t).
Electrode Assembly, 2} A=+ XA = A2 4 A7|SsHet-&
& s dor)7] 9js) PuE) Eui7h ARgETh E3

PEMFCS] 452 Zisjal] 9la) S4sh(Activation) 4oz 2 Al
Hejdo] ST 45 BHS A ol AEws Irjskat
[6]. THE, Feng et al-& 4F Ae] AHS F8) MEAS] 84 7} 7o) WE PEMFCO| A% Wsts R4} $lstel,

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



868 / November 2023 SIEYUSSSIX| H40H M11=

Table 1 Experimental variable settings Case 1
Case 1  Maintenance of cell assembly, no addition of activation 1.0b ‘o“mm; aA—A—a—a 1500 _
; > — | =o-Attempt 3 Ao S—e—e %
Case 2 Maintenance of cell assembly, addition of activation :g:ms:::; o 1400 &
Repetition of cell disassembly and assembly, < 038 =
Case 3 .. . . \>_, 1300 £
no addition of activation g =
Repetition of cell disassembly and assembly, Sos 1200 &
Case 4 . L. o (7}
addition of activation > 04 o°
S {100 @
0.4 /o\o\ g
O o} 1o o

BE 490) 3 ¥R 240 dslel FEACR BAS T
Z7¥skgich il PEMFCE 23f5k= 49 the A5S 245t

7] A7tA] B2lgt MEAE 79 dIA]A €] (Vacuum Desiccator, Current density(A/cm?)
i-Nexus, Korea)o| R#s}gich whdo], Hajalr] 9= AS= (a)

02 1 1 1 1 L
00 03 06 09 12 15 18

SN 29 S AT 290 kS Dok T, Too
S0 R &3 FAS S5 MYt | e %
PEMFC+= End-plate®} 2%, 7}A7, Bipolar Plate, GDL 08 b:_ﬂpﬁ 1400 §
(Gas Diffusion Layer, 7] d|8412), 723 8- HA0] 5 cm? 9] = 1300 £
A+ MEA (CNL MEA C Type)® A=t MEAQ] Pt g8 looo 2
Loading2 Anode®} Cathode X% 0.4 mg/cm’o]t}. PEMFC= = 04 O\%\'\g\)\ %
102 kefme] AAGto R 2Ysgon, wE UFe 10°CoIA] e 10 2
XY Hyot Air B 1.2 baroflA] 70°Ce] &= 2 33519 02 0o &
t}. H, 100 scem, Aire= 500 sccm?] 820 2 FH319 11, Aire 0.0 013 0‘.6 0i9 112 1i5 1.8
AISE 100%2] 71y 2A02 A3ty 18)31 PEMFCY] Current density(A/cm?2)
Anode®} Cathodeol| B-FE1= 7]A(H,, Airy= MFC7} WA= (b)
Fuel Cell Test Station (CNL Energy, Korea)© 2 55} t}. Case 3
PEMFC %2 945k #90} Cell B3 & Ajzedsh= 7 10} ,_EE:'E?:'% e {500
© A} Ul 9m= 47lx] Aog LASATE EI BE Oaﬁi"i:m;'; s it 1400 §
7490l tiste] 3¢ F712 25k ZF F9-0 A g A S ' e {300 €
oA OCVE SA3kaL M-S WstA7|HA EA3kE Z13¥st9l > £
t}. PEMFCO] A%2 3143} o]E =45l E3F = i) § . «200@
Z5E SA3E Frlehe Aol A v Ada sYst ‘ ~ {100 &
A Aeoisiek. w TASHE 2101 g el oV lo
4 A7 = 5 & e 54T 5 05 Vel 00 03 06 09 12 15 18
A EIS (Electrochemlcal Impedance Spectroscopy, 7|3}t ¢ Current density(Alcm?)
s Bg) S4Bl d7|sksh 54 EAEH9] ©
PEMFC9] A7|3}el2] &AL LHIA| 2 AHl(Potentiostat, HCP- Case 4
803, Biologic, France)© & 43§35} T}, 10} ;:3&%5% ’ A—éés*- 1500 &
- R Ao 1400 §>
_ > 1300 €
3. 41t 9 ng Z 06 5
= {200 g
3.1 Z} Caseff IE M5 =} ~ 04 Ry {100 5
Fig. 12 2 490 AFUE, A9, 1012 1 WS ek - 5
Uz JV-P 13141:} Fig. l(a)— nj ZAultt PEMFCS % 02 S o . *
2o o2 3% FASIE 27)151A] 9= Case 10|t} Case 1 00 03 06 09 12 15 18

Current densitv(A/cmz)

of| 4] 23]x}2] Maximum Power Density”7} 4% Z7}5ltl7] o] &

T Askct. SR =304 9] Maximum Power Density+=
432 mW/em*2 Htizrel 294 243 AJ5(508 mW/cm?)E o} Fig. 1 J-V-P graph (a) Case 1 (b) Case 2 (c) Case 3 (d) Case 4



November 2023 / 869

15.3% 7343}9it}. Case 12 PEMFCS ZHEA]7]A] &= A7t =
Sk dh7]oll k=% PYC Zuij7h G3tE o] Aol A5t A=
FEG 1]

Fig. 1(b)i= PEMFC 23] AelS 2510 u) 24viet 2hy
e bk Aotk 28R SAolA 526 mW/em’R, o]=
A WA 237k 470 mW/em?2 el oF 10% Z7Fskich. 121
2074 27 o]foll= Aol skt ERL, SHA SAoA
Maximum Power Density= 515 mW/cm*2 Z|tf] A5-& RSl 2
SIXpETE 2.1% 25Tk 1 4503] 2] ZAek7E JegE o] e
Cell 2 AHIE FAI8F Case 12T} A5 fHhZEo] Aot o=

PEMFC®] S48l7} %514 ke Ao] gelol).

43}t F7HE Sk 92 Case 30|t} Case 39| 7%, e 4
oA M & e ASHE Hlth Case 304 71 W& A
& 12l 43)210] A2 310 mW/iem? =, 3 HA 2371l 516
mW/ecm?2 T} 39.8% 745t PEMFCE E3)|sle] MEAS
giAjAolE o] Heg Hysk e 7ol s Ax7t ==,
ol= 4=3}%¥] MEAS] Nafiono] &4=5|o] Case 1(&43} =7} gl
=) WHl A5 A7 HAokar 2T 1,9

n S4uict PEMFCO] a4} 23S REEs}H, 4503] 2] 2Hy
3} 2712 Sl= Case 49] A%, 23)atollA] |t 538 mW/em? A
52 Bl T 43|AolA 7 Aol e 470 mW/em'R2
12.5%2] zto]& ® et Thek, 53|xfol| A 48]} tiH] 7.83%
7¥skedet. CeltE w5 LA E38l|dt= Case 3 thH]| 450l
=20, ol Celld] 23 AejEct 243t 5571 PEMFCY|

Aol B 2 9= mAE AS U = o

o 12 o

3.2 2} Caseli| [E EIS H=}

Ohmic Resistancer= PEMFC2] Z7|3}8} Hk-g-of| A o] 23} &
AR Q1% A3k I3t} Fig. 20 Uebd EIS L ZojlA] 113
g g Aol 4 2] x&Ho] Ohmic Resistanceo|t}h. T3t 18T
oA HFY A& Anode?} Cathode?] Activation Resistance=
YERATH1,10]. ©]/421Q1 -, Anodellt} Cathodeol|A] 2Hd3}
&40 ¢ =7] wjzof ¥k =7] Apo|7} EAR}.

Fig. 2= E= Caseol] thsto] 0.5 VoA EIS 235 vehd
Aot} Case 194, 7] 0.15 Q-cm?*3E Ohmic Resistance?]
2717} S8R ZAollA 0.16 Qem’® 6.25% Z7FaHct. SHE,
Case 2904 0.14 Q-cm®P e Ohmic Resistance= 5H#| =
A 012 Qem*E 14.3% A8k Cell 28 AE|E 8-2)3h
ZAA, GA3E F7181H Ohmic Resistance?} Zr4$ct.
 Egsh Aol Z71E4S PEMFCO] 3Rt 8 TS
Z|7] wW]Fof Ohmic Resistance”} 7F4A~3tcH= Valter et al.2]
3 o7 Ak} AAFICHII],

Case 39] Ohmic Resistance= %7] 0.14 Q-cm?A] 0.17
Q-em7tA] 17.6%7} Z7¥8+9ch. Cell Ea|slo] MEAS 7+
o dlAAlolE e RHEA o2 Hagt Avt, MEAZF Zxs)A
Ohmic Resistance”} %7189 ct. o]+= Zawodzinski®] A3y &

o

e XN A

EIS at 0.5V (Case 1)

Attempt #1
c
Attempt #2 . G S
< Attempt #3 —\/V\/\/'| H H |‘
0.15H v Attempt #4 Ry R, R; R,

Attempt #5
z-fitting

0.05F
0.00
0.0 0.6
(a)
- EIS at 0.5V (Case 2)
' Attempt #1 c, c c
Attempt #2 b E
o Attempt #3 ~VVVV
0.15r v Attempt #4 Ry R, R, R,
o Attempt #5
e z-fitting
S 0.10}
‘E’ 10kHz
0.05} %,,’
0.00 - A
0.0 0.2 2 0.4 0.6
Re(Qcm?)
(b)
0,0 EISat0.5v (Case 3)
’ o Attempt #1 c, c, C,
o Attempt #3
0.15F ¢ Attempt#a ™ R, R, R,
& Attempt #5
e — z-fitting
[$] 10Hz
GO10r o
£ Bl
0.05t
[;
0.00 —
0.0 0.2 0.4 0.6
Re(Qcm?)
(©
0.20 EIS at 0.5V (Case 4)
’ o Attempt #1 C, C, C,
< Attempt #3
0.15F ¢  Attempt #4 R 'R, R R,
& Attempt #5
g z-fitting
% 0107 10kHz
0.05 f N
0.00 t§ .
0.0 0 0.6

Fig. 2 EIS results at 0.5V (a) Case 1 (b) Case 2 (c) Case 3 (d) Case 4



870/ November 2023

T} o] MEAZ} ko] AL Fo] FASHA =24 A
AW FAA wehks pRbsh= Al S BRSO JFE wd
oH12].

Case 42] Ohmic Resistance= %7] 0.15 Q-cm?|| A4 SHA| =
AoA 0.13 Qem2, 133% 7283t} Case 37} S5
Cellg: Falsi AT, B45E vhaaioichs ol Foa
3} B4 A7) wizol Ohmic Resistance”} Z431ict. E3,
ol AFoNE MEAS] Beurt sk F7leks Aol
PEMFC 435of o] 2 kg ul2icka 24

31HH, Activation Resistancer= 5=4~AFSIHES-(Hydrogen Oxidation
Reaction)?} AF43FHF3-(Oxygen Reduction Reaction)] W3-
& 2po| 2 ¢lslo] AR} F7]=Ho]|A4] Activation Resistance
7} ] =t} Case 194 Activation Resistance®] F7]+= 0.23 Q-cm?
ol 026 Qem’Z 11.5%7} Z715k1aL, Case 29 79 025
Qem?fA 0.18 Qem’E 28% 743yt Case 13+ Case 29
Activation Resistance 7 &4J-2 Mohammad et al.2] A8 1A H,
23t g o= Qg MEAS] &4 A|lA7F 2H8-5H3ITH 13].

HhH, Case 39] Activation Resistancet= 0.22 Q-cm’j|A4] 0.35
Q-em’2 37% Z7)814al, Case 49 A 0.19 Q-cm?fA] 0.2
Qe 5% Z7F3Htt ol Celle HaI5He Tol4 MEA
of EwEol MFEste] A7k vhg £=5 AsHAFS A

Fig. 3& 25 7.90] tiste] 24 350l whe Auael 4
52, Fig. 4= Ohmic Resistance, “12]31 Activation Resistance
& UEhd Zolth. Fig 3¢ 59 o) S4ulch AwHoR 45
o] st AR HolAWh AR FES RIT 4= Sl
Case 13} Case 2, Case 49| 23)x} 24 o] 13|x}HL} A50] &
obE& EIE 4= St Case 29} Case 42| 7Z-9-+= v &%}
7h ZY = AR, Aol AHEE PEMFCY| 55 243keh=
o 2)zo) BAEP} REsiohe A& & 4 Aok T2)T Case
19] ¢ 2435 F716HA] FdAIRt, Zdstel w3 W e
2 459 274ei B0l wrgElo] PEMFCS] Ag 4%
FIAZE Aol
502 Bys
af 2 A=Y
S} 27 =] 9= Case 13} Case 32] -9, PEMFCS]
Ao} ol Aol 2 S v Aow FYur),
PEMFCE #3f5to] MEA & ¢} dAAolE ol Haket
ucheng et al. &) A3 Lo} Zo] Fe¥', Ni¥', Cu®', Cr**
Fol21} MEA 9] 0 95 AAT= 8 mi7jAI%
7 mebol A Nafiono 23 e Fusira g,
Aol WS PEMFCS] 4% 7Ha7) Rl
o= QATH14].

"

A

F714 Case 22} Case 404 =¥ f-*
3T ApolE HolA| hgirt. whd, vl
=

pua)
o

L ©

(o)
-
[e)

]_
=
T
A =
1__

oL

o g o

Jo

o]

-
-

[e)
T

o,
g

-

I

L

(]

A

A
T

we = oN rlo

o)

o
=

Maximum Power Density

700 ——
[ Case 1
Case 2
600 - — fats
fg [ Case 4/
L 500
z
= 400
2
2 300
$ 200
9]
o
100
0
1 2 3 4 5
Attempt

Fig. 3 Performance and resistance variation in each case

Ohmic resistance variation in each case (0.5V)

[ Attempt 1 [ Attempt 5|

0.20

Case2 Case3 Case4
(@)

Activation resistance variation in each case(0.5V)

I Attempt 1 [ Attempt 5

Case 1

T

0.4

©
w

Re(Qcm?)
o
o

=
=N

Case2 Case3 Case4

(b)

Fig. 4 Ohmic & Faradaic resistance variation at 0.5 V (a) Ohmic
resistance variation in each case, (b) Faradaic resistance

Case 1

variation in each case

ACKNOWLEDGEMENT

o] =EZ AYESAER AR AR
Aoz =71 e T AKIAT)Y AP



November 2023 / 871

(20229 Z$HE A5 AHXEV) =
A, No. P0017120). E3E, o] =52 2021d %= FHAHY
4" )] Yoz Fhol YA 7] E 7o) A9 hop

= ¢15191(20213030030260, 3-8 U2 ES 93 d&
A e}t 7l ). B3 o] = AR R E
)] AHo g T A ] A S whob =3 A+ (No.
RS-2023-00213741).

RE/ RD ARl

o% ox ox 2
°1-r'

rz 2 Ay o

REFERENCES

1. Ryan, O’H., Cha, S.-W., Colella, W., Prinz, F. B., (2016), Fuel
cell fundamentals 3rd edition, WILEY.

2. Yoo, H. J., Cho, G. Y., (2022), Effects of humidification with
NaCl solution mist on electrochemical characteristics of polymer
electrolyte membrane fuel cells, Sustainability, 14(23), 16242.

3. Jang, G. E., Cho, G Y., (2022), Effects of Ag current collecting
layer fabricated by sputter for 3D-printed polymer bipolar plate
of ultra-light polymer electrolyte
Sustainability, 14(5), 2997.

membrane fuel cells,

4. Yoo, H. J,, Jang, G E., Lee, Y. J., Song, D. K., Lee, H., Cho, G
Y., (2022), Analysis of electrochemical behavior of PEMFC
humidified with NaCl solution mist using an ultrasonic vibrator,
Journal of the Korean Society for Precision Engineering, 39(12),
939-946.

5. Niya, S. M. R, Hoorfar, M., (2013), Study of proton exchange
membrane fuel cells using electrochemical impedance spectroscopy
technique—A review, Journal of Power Sources, 240, 281-293.

6. Ko, J.-J,, Ko, H.-J., Song, M.-K., Yang, Y.-C., Lee, J.-H., (2005),
Activation of polymer electrolyte membrane fuel cells, New &
Renewable Energy, 1(2), 34-40.

7. Xu, F, Mu, S, Pan, M., (2010), Recycling of membrane
electrode assembly of PEMFC by acid processing, International
Journal of Hydrogen Energy, 35(7), 2976-2979.

8. Dubau, L., Durst, J., Maillard, F., Chatenet, M., André, J.,
Rossinot, E., (2010), Influence of PEMFC operating conditions
on the durability of Pt3Co/C Electrocatalysts, ECS Transactions,
33(1), 399.

9. Ciureanu, M., (2004), Effects of Nafion® dehydration in PEM
fuel cells, Journal of Applied Electrochemistry, 34, 705-714.

10. Kang, J., Kim, J., (2010), Membrane electrode assembly
degradation by dry/wet gas on a PEM fuel cell, International
Journal of Hydrogen Energy, 35(23), 13125-13130.

11. Silva, V. B., Rouboa, A., (2012), Hydrogen-fed PEMFC:
Overvoltage analysis during an activation procedure, Journal of
Electroanalytical Chemistry, 671, 58-66.

12. Zawodzinski Jr, T. A., Springer, T. E., Uribe, F., Gottesfeld, S.,
(1993), Characterization of polymer electrolytes for fuel cell
applications, Solid State Ionics, 60(1-3), 199-211.

13.

14.

Zhiani, M., Majidi, S., (2014), Effect of gas diffusion electrode
pre-treatment by ultrasonic bath cleaning technique on proton
exchange membrane fuel cell performance, International Journal
of Hydrogen Energy, 39(24), 12870-12877.

Pei, P, Fu, X., Zhu, Z., Ren, P., Chen, D., (2022), Activation of
polymer electrolyte membrane fuel cells: Mechanisms,
procedures, and evaluation, International Journal of Hydrogen
Energy, 47(59), 24897-24915.

Ji Woong Jeon

B.S. candidate in the Department of
Mechanical Engineering, Dankook Univer-
sity. His research interests are fabrication
and characterization of polymer electrolyte
membrane fuel cells.

E-mail: 3218403 1(@dankook.ac.kr

Gye Eun Jang

M.S. in the Department of Mechanical Engi-
neering, Dankook University. Her research
interests are fabrication and characterization
of ultra light polymer electrolyte fuel cells.
E-mail: wkdrpdms12@dankook.ac.kr

Young Jo Lee

M.S. candidate in the Department of
Mechanical Engineering, Dankook Univer-
sity. His research interests are fabrication
and characterization of solid oxide fuel cells.
E-mail: cell 72210559@dankook.ac.kr

Dong Kun Song

M.S. candidate in the Department of
Mechanical Engineering, Dankook Univer-
sity. His research interests are fabrication
and characterization of polymer electrolyte
membrane fuel cells.

E-mail: d72220125@dankook.ac.kr

Ho Jun Yoo

M.S. candidate in the Department of
Mechanical Engineering, Dankook Univer-
sity. His research interests are fabrication
and characterization of polymer electrolyte
membrane fuel cells.

E-mail: dku72220126@dankook.ac.kr



872 / November 2023

Seung Hyeok Hong

M.S. candidate in the Department of
Mechanical Engineering, Dankook Univer-
sity. His research interests are fabrication
and characterization of polymer electrolyte
membrane fuel cells.

E-mail: tmdgur3583@naver.com

Jung Soo Kim

M.S. candidate in the Department of
Mechanical Engineering, Dankook Univer-
sity. His research interests are fabrication
and characterization of polymer electrolyte
membrane fuel cells.

E-mail: dexasd916@naver.com

Ye Rim Kwon

M.S. candidate in the Department of
Mechanical Engineering, Dankook Univer-
sity. Her research interests are fabrication
and characterization of solid oxide fuel cells
E-mail: dpflal262@dankook.ac.kr

Da Hye Geum

B.S. candidate in the Department of
Mechanical Engineering, Dankook Univer-
sity. Her research interests are fabrication
and characterization of polymer electrolyte
membrane fuel cells.

Email: 32205079@dankook.ac.kr

Gu Young Cho

Assistant Professor in the Department of
Mechanical Engineering, Dankook Univer-
sity. He received his Ph.D. in Mechanical
and Aerospace Engineering from Seoul
National University. His research interest is
fuel cells, thin films, and semiconducting
processes.

E-mail: guyoungcho@dankook.ac.kr



	A Study of Effects of the Repetition of Assembly and the Addition of Activation on Electrochemical Characteristics of PEMFCs
	1. 서론
	2. 실험
	3. 결과 및 고찰
	4. 결론
	REFERENCES


