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The polymer electrolyte membrane fuel cell (PEMFC) generates electrical energy through electrochemical reactions and is
a key technology for sustainable energy. The electrolyte membrane significantly affects performance under varying
conditions. This study examines the impact of membrane thickness and relative humidity (RH) on PEMFC performance
using j-V curves and electrochemical impedance spectroscopy (EIS). Experiments were conducted with membrane
thicknesses of 30, 15, and 5 um under RH conditions of 100%-100% and 100%-0%. Under RH 100%-100%, performance
improved as the membrane thickness decreased, with values of 954, 1050, and 1235 mW/cm? for the 30, 15, and 5 um
membranes, respectively. The 5 um membrane demonstrated a 23% performance improvement over the 30 um membrane.
Under RH 100%-0%, performances were 422, 642, and 852 mW/cm? with degradation rates of 55.8%, 39.0%, and 32.1%.
The 5 um membrane exhibited the lowest degradation rate, indicating superior performance under low humidity. These
results suggest that thinner membranes generally enhance performance and maintain efficiency even in dry conditions.
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1. M2 Eole W F shie FA7E ehe AsjdulE ARt Ao
o, AsfEute] FA 7} ghobA grax o] 2o] o]Fsh= A7}

ARAAE TEL, A oy W3 AR 2A A% 7P HaFITHS] o] ols A=7F Fobel Wl Ry (Ohmic
g o|A] 71ed ddor FEa QioH1,2]. 58], EA Resistance)0| 7r2x8fi4] A5} Aol FJEAL, Hsfide Wit
A -at A FZ A (Polymer Electrolyte Membrane Fuel Cell, ol H08] of-go] #|YAm, ApA oz & yhe]of gol 3
PEMFC)= @& 25 2%, 2 A 4= 59 e 2 Zeh7.9,10]. shATE Hafdure] FA 7} efobdol whet 7AA
ol i ARHA ASAL, Fefg AY W ARIE A AL 73 At frastal Wt =3 AskE A Hek o] s st
g 5 oheFsh Eofoll A §-8-=ar Qth3-5]. Q&) & dFof4= ePTFE (Expanded Polytetrafluorethylene) 7|
PEMFC«] A Hazo] 23| 2leh(Electrolyte membrane)- o] v} 733} A Auke A5kt ePTFE 7|8F 733} As)duke
W a2 o] 2(Proton) F=/dS Z=TH6,7]. PEMFCO| 453 719] dafEvtat g 7141 7o) FHolum ol WA

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.


http://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.025.052&domain=pdf&date_stamp=2025-11-01
http://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.025.052&domain=pdf&date_stamp=2025-11-01

902 / November 2025

O

ek HAgo g ofojXIt11]. AMA o=, ePTFE 7|5t 73t A
S-S ARERE PEMFCE W2 AJtigE 21lolA] g2 e
=2 5= d o Aok AHol 9%1:}[12,13].

Autzrl o 2 PEMFC:= Algl=el} &} - /\PEHQE(ReIative
Humidity, RH) 100% ZZo]|A] 11'5’6}.& W o] AHL Ansl=
R 7RA)7L Lastch14]. PEMFC o]ele] mzael 714
A PEMFC A)2se) HA1] 588 W] ulo] Be ava
2 27191 TRA) g e AGEolHe] A8 X3
lod AAE §8 AL Ex2 3har QQrH15]. Yoshida Sof w2
Toyota At} Mirai® 22 AAZAR] AFEAJo] ARGE 1 A]
~Ell(Humidifier-less System)S 7|& A|2glof v|&] 15 Lo] Hu] &
2} 13 keo] 7] 3t0] 7Rs stk wnek vl gl o)z S
A AR} e bl olA] Altfe G A %
ol 7izet 2710] ks Bake Haldetel iAol £ ohe
2. A1 28 7H5HE 4 G SHolAJeh ol o] 9
) 7HE] S (Counter Flow) WA o} 8517} S Jo] siilvy
o SR 7ol JRsShs: gFe le] Ashuee AMgaich
[16]. 71 Al2slo] Separte] sl B 714 5 249
e o)Ak 2 AR, olof tfgt A7} 2] 5
A9E 7R YL Q= AtEolA Frks ALl 223}
H ANE 27 ol AAolt) ofof w2 AtolA= ot
G A2/ FARE A 21049 3s ARl A8staat 3
v, Kim 52] Q170] T2 Al vk PEMACE] 4%
AetE sk Zom HuEIe17]. oot 2 olf& Sl
O AEEE 100% 24T} 0% Ao R AA3IHL, Al 7] &
| AT AR 71 ol e AL 5

& Ayt gk eel, g e0e Helaue] g shet
Z7dolw, s} vhs} A4t 9l Hsfdulo] Hyo] WE 7hs
do] SQlh. o5 fEfsle] WA SHAel S At
ePTFE 7|5} 73} s Ak 2-8-5t0] Aols 23ystarat giet

Aol et B4 ARAE A F4(-V Curve)t A7)3}
sk AdujelA ES3¥H (Electrochemical Impedance Spectroscopy,
EISys &3l Xajech ARde Ay FA4AS FoliA 2 Aol

el ARdes BA5kL, A7]eksh duajds &
IHE 53 Ryt Ry (Charge Transfer Resistance)S H|uld}o]
71818} REgo A dofjuh= AES #A41E Ao|HH7].
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ALk A= 1|, B #(Bipolar Plate), A7 H*%
= ZYo|ER T4, Fig. 1(a)e} Zo] 2t &ej2
o AR ol FolA glo, Tl A Ay 2E AL
A= 10mm, ©]3 {2 (Channel)} aa(Rle =7
0.5 mmo|tt. M7 HHA= AR o5& =o]7] flaliA
of & =g A& Fel Ao, Tﬂﬂ—t— 2 mmo|c}.
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(a) Hlustration of PEMFC structure, (b) 30 um, (c) 15 pm, (d) 5 pm

Fig. 1 Schematic of the PEMFC, and varying thickness of
membrane

A7) AL 913 ohertoly Fo] AEH AFnlE A=
AztE|a 7o) Eol W FlFE A= Bdol=S ALg T,
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2.2 Ok M3 XS M|XH

ePTFE 7|5t 735} As|Ae-2 PTFE (Polytetrafluorethylene)S
1A Qe ol ChRd TEE A the 7|3 v
3 A ol otnlE TR, ol 7L whE-S Fa) ol ot
viE A7) B, 0|5 AAtEl PTFE 7|3t 8k Hshaler
& %8 ol AEAT 7144 24 S s Hek. Figs. 10)-
I(d)oll A Hol= ZA™, Al 74 F-72] ePTFE 7|Rt 73} s
20 GreenMem305, GreenMem315, GreenMem330 (SANG-A
FRONTEC, Republic of Koreay2 ARE-ITH18]. ePTFE 7|9t 73}
A PTFES B3l 7144 WrAlS Assig.on, Ao
A5 PTFE 7|4k 78} Halldute] £ 717k 30, 15, 5 pmo]
t}. Fig. 2= 333t &7 (OLYMPUS, BX60M, Japan)ys ©|-8-5}¢]
ePTFE 7|4t 243} Hsfdute] FAE S43 1=l Figs. 2(a)-
2cy= FHn| e ol ST A%E, 47} 5, 15, 30 pm= =
A 7S S 4 Qlolet.

Zu9J3+= PYC (40 wt%; TANAKA PRECIOUS METAL
GROUP Co., Japan), Nafion® ionomer emulsion (5.0 wt%; Sigma-
Aldrich, United States), isopropyl alcohol (Dagjung Chemicals and
Metals Co., Republic of KoreayS W& Hfo| o] €&
AR 5E7E gole S1ols)]

N

%Eﬂ A u1
712 40
o]

_?,Z
EAF o] F 2ZuEAY
BZF Bz o, e BAR7] E0f a8 AxgelS
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0] Z&eFo] 0.12 mg/em® E =2 KAWL E3E T 9] 7]
|22 36BB (SGL Carbon Inc., Germany)o} = 7]2] kA7
(PTFE sheet, Tommy Heco Co., Republic of Korea)yS Zafj2alo]
A Ao A= AL Fig 1(a)elA] SeIE 4= gtk 2 Ao
A= ObA] AmE HFALO & ePTFE 7|4t 73} Asdat Frjof w}
2 Al 579 v A5 HAE A
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2.3 PEMFCe| X735} 7|8t M5 EM

A zrier Hajdurel £AE o Al 7HY SRR
80°Ce| &&= oA XgE|lon, 48l=et ghel=of 4=4x9F
5717F 212} 0.2, 0.6 Limin®] {5802 3|31tk Al 7H2] A&
0.6 V, 719t 283 AHGE 100%-100%2] ZAA] H4 54
7k &9t A7 A A wirhA] 2/dst ago] 21sYE| St Ao
s B A5 ARUE WY 49 AYdE 324S5
5 BrIet A7kt dujds Fogs Seh A3 £40] %
gE|glom, Z171o] Al 7jo] Alof tiaf Alsl=et S 24
AHGE 100%-100% D AHSE 100%-0%2 A4 gt

AFUe A FAM Aede 342 PEMFC AlY A4
(CNL Energy Inc., Republic of Korea)s Es}o] 2}, At}
o} o] AMPAE 100%-100%2} AHSE 100%-0% =
oA AFUe A 439 A8 U 34 243

AFdE A F4E 54 4%, ZIVE SP10 (WonATech
Co., Republic of Koreay2 ©]-&3}o] PEMFC2] A 7|3}5H4] <l
AA ES Sl A At 54 242 06V, 0.1-
100 kHz®| b= QIS ARGSITh Alsl=<t SHd=9 s
T 100%-100%2} ASE 100%-0%2] 2704 0.6 VA<
A1k uE s B 3l Ramdt RS 413

o

3. 24 % EQ

2 AtollA= A FA o S B4 S8l
30, 15, 5 um &} Zo| A 712 FA2] 743} HefAuts ARE3
o, AafjAate] FA7F gobasE 71A1% Aol ot W+
d Aol HAstR R o] Hetsly| flsf 2 AtolAl= 71A
2 7}/do] $4=3t ePTFE 7|4t 7}3} Al aut-E 48513t

= AsfAutol s AdigEel wE deAsks 4 X
Yl om, Hafjdute] F£77F PEMFCY| /d-5ol x| F3k=
AR s St el tigh A3 A5 Table 19]]
AABFR. o, Fig. 304 = AFEE AY T4 Sl At
FAL FisE 270 g s HIE 21 4= Qirk

Fig. 3(a)i= 30 um 779 73} Msfdul-2 A3 PEMFC
o MFHE A Aotk A= 100%-100% Z71o 49
) AHELEL 954 mW/em?® o) ASE 100%-0% 2710
Ao g AUz 422 mW/em®elch 30 pm FA2] 713}
A durS AFE-gF PEMFC Ao = AdisE 100%-100% o
H] AHiEE 100%-0% 204 55.8%9] 45 A8kes HI
t}. Fig. 3(by= 15 um £ 9] 73} dafdutS A8t PEMFC
o] MFIE A FAolth AiEE 100%-100% Z71o 419
o AYUELE 1,050 mW/em?o|w], AiEE 100%-0% 271
Aol o A WEl 642 mW/em? 2 39.0%2] A% #s}
42 HYrt o= AYSE 100%-100% ZAA 30 um thH]
9.2%2] d5 A AHiEE 100%-0% 27104 30 um tiH]
34.3%9] s Fol olFol IS yehdth Fig. (o=

2

5 pm

(a) 5 pm thickness membrane

(b) 15 um thickness membrane

(¢) 30 um thickness membrane

Fig. 2 Optical microscope images varying membrane thickness

Table 1 Variation of peak power density with membrane thickness

and RH
RH 100%-100% RH 100%-0%
30 pum [mW/cm?] 954 422
15 pm [mW/cm?] 1,050 642

5 um [mW/cm?] 1,235 852

5 um 70 748k A Ak AHgT PEMECS] ARUE 2
Aot s 100%-100% F7lolAlo] o Agd==
1,235 mW/em? o]0, A& E 100%-0% o)A 2] o) Ag
WL 852 mWientolch. 5 pm FAle] s HeUEhe AMg
%t PEMFCO A= At = 100%-100% tH] AtlST= 100%-
0%2] ZAGIA 32.1%] A% AsheS Mgt Fig. ol
A e B T ER AZst 3 A 1T 4 9ek
Figs. 4141 2 2 910l 5 ume] 8k Ak Y=
100%-100% ZZo|A 30 um =] 22.8%, 15 um thH] 15.0%2]

°
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Fig. 3 Performance comparison of reinforced membrane PEMFCs
based on membrane thickness and RH conditions
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0.10 Table 2 Variation of ohmic resistance with membrane thickness and
RH 100% -100% (0.6 V) e 30pum RH
R CPE ® 15um . . Y
wm e 5um RH 100%-100% RH 100%-0%
& e Ws 30 pm [Q-cm?] 0.056 0.108
ct
?, 15 um [Q-cm?] 0.038 0.061
9, 0.05 «®®°, 5 pum [Q-cm?] 0.031 0.042
.§ .a'.. ..
N .o.' ° % 'o. - Table 3 Variation of charge transfer resistance with membrane
° ... .. thickness and RH
t [ : RH 100%-100% RH 100%-0%
o
0.00 - r 30 pm [Q-cm?] 0.114 0.367
. . 15 pm [Q-cm?] 0.094 0.213
0.0 ;)21 ) 0.2 2
m
] ( cm’) . 5 um [Q-cm?] 0.091 0.122
(a) Nyquist plot at RH 100%-100% condition
0.30 EHH] 20.0%. 15 pum EHH] 2.8% 71—/\01_0:] O\:t:] 3HX]U1—9] :m]
RH 100% - 0% (0.6 V) e 30pum A ’ H=s =717
0.25{ g, _CfF e 15um 7} grobds kel A15e] 2717k Aokl AL BT 4= 9
_ m’ - e 5pm Atk TR AHEE 100%-0%2 TE 30 pume] A
NE 0.20 - Ry W 0.367 Q-cm?, 15um@] % 0213 Q-cm?* & 30 um iy 42.3%
(T} oo 7rastg o, 5 ume) A% 0.122 Q-em’2 30 pm TthE] 75.8%,
S 0151 o° .. 15 um ojH] 42.8% 7Sk A%e KT Ea g 2o
NE 0.10 4 o ‘. A A Aul FAol whE vk 2|8 7he] =7] ztolof| vla| A
I e, . & 27014 AP FAo] W2 Y AF 19| 27] Fol 7k
0.05- '. 2 &S ST 4 9k o2 B BE 78} s Aol A
] & 20| ol et AxSA WA ol & HEAo] st
0.00%5 VY AT RF 718 AL BRIT 5 ArH20] E, AigE
> Z (Q ém ) ' . 100%-0% 574011*14 5 pm %i} A Aufe ATSE 100%-
re _
%1 3]

b) Nyquist plot at RH 100%-0% condition
yquist p

Fig. 5 EIS measurement for PEMFC with different membrane
thickness and RH condition
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= ORI E 30 um 0.108 Q-cm?, 15 pum 0.061 Q-cnm’2
30 pm thH| 43.5% 7FA3tgon, 5 um 0.042 Q-em’E 30 pm
tH]31.2%, 15 pm tH] 31.3% H45te] AdSE 100%-100%
o] z7A 2R3 EISe} 2o AgES B},

R0 B, Uo|HALE &3R04 Y] A55 &8 £4
4= Qlt}. Table 3 o|4= A713ksH4] ¢ujds S4S Fdf
A%k RyQ ARAIRE A5 01T = ok WA, Ak
100%-100%Y wj, x4 ¥ % ’B‘H AKsE HE19] 7] 30 um
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oiy] 17.7% % _4\_0]'010
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