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Fabrication of ePTFE-based Reinforced Composite Membrane

Impregnated by Surfactant-introduced Ionomers and Its Properties
of PEMFC

Dong-Heon Han, Seung-Ju Oh, Jong In Lee, Jin Woo Bae'

Future Convergence Engineering, Korea University of Technology and Education

2 o 1EX A4 A8 AR (polymer electrolyte membrane fuel cell, PEMFC)-& ePTFE7|8t 33}E3tdk2
ojel-m wo H|g] W2 ZpAT 43 WFHLR s) FET Qlok. I8y, thaAd ePTFE 33| 444yt
0]l FpA Afe]d] Wb o g Qlsf FopEete] BT o BAI7E AT ol ePTFEZ|RE A3pEgtat
9] o AT FAVAFEREE FS7H41717] dwol PEMFCS] A5 H4E& Aarth & AdolAs A4
24449 vt S Aozl T MAAZ]7] YallA Triton X-1009}F Igepal CO-630 AREAZAE 242 ¢
FERE o] o] =YAIA GAZ AFSHFT o] &-8&5te] T2 NAAAIZ ePTFEZ|HE AotEdate A&stgle
™, Z-A= A3A (membrane electrode assembly, MEA)Z A|&sto] PEMFCO] 285ttt AlHE/dA|9] gFo]
S7Feo] webA ePTFECIA HIRE o]kt 9] A4S 571317 mizol ePTFEZINE Zdokastae] e 7
A ZT}. EZE, PEMFCOIAl ePTFEZIRE A8HE9te) o | ARt £A7|ARHES FAAT AL SISk H&ol,
Triton X-100°] BIs|jA] S48 A-Z/dS 7HA|= Igepal CO-630 AHEAA= ePTFEC] gt o]k 8H9] 3
< ¢ AT & 7] g&o] ePTFEZ|RE Z8ME3tete] PEMFC A5d WS Eddoz /HAAZ 4 ATt

Abstract ePTFE-based reinforced composite membranes for polymer electrolyte membrane fuel cells
(PEMFCs) have attracted attention because of their higher durability and lower cost than ionomer
membranes. On the other hand, repulsion between the hydrophobic ePTFE membrane and hydrophilic
ionomer causes incomplete impregnation. This problem deteriorates the performance and durability of
PEMFCs owing to the increasing ohmic resistance and hydrogen crossover of the ePTFE-based reinforced
composite membrane. This study developed ionomer solutions with Triton X-100 or Igepal CO-630 as
surfactants, which can improve impregnation by reducing the repulsion between the hydrophobicity and
hydrophilicity. The surfactant-introduced ionomer solutions were impregnated directly on the ePTFE
membrane and applied to a membrane electrode assembly (MEA) for PEMFC. The presence of the
surfactant improved the impregnation of the ePTFE-based reinforced composite membrane due to the
increasing wetting properties of ionomer solutions on the ePTFE membrane and thus reduced the ohmic
resistance and hydrogen crossover of PEMFC. In addition, the ionomer with the Igepal CO-630 surfactant
showed better wetting properties than that with Triton X-100. Therefore, the introduction of a surfactant
into the ePTFE-based reinforced composite membrane was expected to increase the performance and
durability of PEMFC effectively.

Keywords : Polymer Electrolyte Membrane Fuel Cell, Membrane Electrode Assembly, ePTFE-based
Reinforced Composite Membrane, Ionomer, Impregnation, Surfactant
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1. M2

AEMA= S ART| RN A9 A
o|Tl= MEL FEHUCRHN A AAZ SR thafst I
T QiH1,2]l. B3], 1EA AsfEd AsHA
(Polymer electrolyte membrane fuel cell, PEMFC)
= AR AIRD =48}t AARhS o]-&5te] RAER
g3t ETE HiEsly] il JaAEHeH (3], B A=
AR HlSjA 2Rt L2} W2 LH2E Y1 E
2 8&Z Hoj Aol EE T2 AystE 2y
] Fopof thfsAl ARSE QL It ©]213t PEMFCS
HAYEHN TEA}F oAt F=a 2= Atolof 9
Asto] FATIAE A6t 4028 o] FAIXIth
FEA Ao Ae2 tEA 0 F DuPontAt Nafion¥
ARt IHE4A &EAKPerfluorosulfonic acid, PFSA)
o]l fLx& A 2= Stk 3] 0|23 PFSA ©|
Q19| CF, &4A FAKE(Backbone)dt SOsH 24
’39] ZAK&(Side chain)& B4 ol 2AHFAIE B/t

55 71AA, Wskehs B4 w2 ol 2AE s
ZE=t}5-7]. sHA|gh, IEA AsfEut 7ol ot
ZA] 2 X408 Hof Euljeke] FEo] otk 1
ARF o0& FAARAX Feol AaEe EAHC] 3l
ATHS,9].

olz|gt 2

R

[

=

A 4=9bg 4 9] BAIES /R4S ] AsiA
34 AAAR] EYEHEGEFL g3 (Expanded
Polytetrafluoroethylene, ePTFE)] 7]Zof o]Q-H
£ AN BsEd Y Reinforced  composite
membrane)2 Ft B2 FE-Z 9 Qt}{10]. skx|gk
ePTFEQ] Ag=/d3} 0] Q=19 X4/ Alolofl= WhLE
O = QIgf o]@kw9] o] 2 o]FojZ|R] gi= A
7h 2AQIcH11]. o] gt BobHsh TS Sholed:

E A2A7L, SATARREE F7HA AR e
2 ARHA 9 et W82 HasHA "ozl

£ dFolM= o34 AAAD ePTFEY &5/dw
G ole=m9] W5 Alo]9] BRI AT
A H47E FLHAT AR O IR7]9 25
7H AHZAA Triton X-1009} Igepal CO-630S
27 EAet TG ol SRS A X1, o]
E& 24 ePTFEC] -AIA ePTFEZ|9E ZsMEdtatE
AZsta, olg BolA AwAAY det W9 7N
AA 7|12} skt AAEGA EQlo ThE 0]k 9
ePTFE°] i3k FHESS gRlshr| el FE<

Aot on, o]e-HE ePTFE SHAA A&t 7

=
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SE3] o] ERIsE| 84l Electrochemical
impedance spectroscopy(EIS)S %o}t ESEH
Scanning electron microscope (SEM)Z Energy
dispersive spectroscopy (EDS) °|u|X& &G35}o] 7}
ShERtEke] HER X9t JEAAE 45190 A8
Aol A AetERtate] ot A AV AFREE 24
517] 34l EIS®} Linear sweep voltammetry (LSV)
£ SAsialon, d=ndR 9 45 W8S A6
A I-V curve} FH5AIZol T2 OCV W2k &4
staict.

2. 28
2.1 M=
2 AdFolMe FHE 54 AAAR] ePTFEZA

@IHEA AxHE PTFE thad XAA HE(15 +
0.2 pm)E AHESHYIHE TG oleleH= o] 2dwks
(EW)7F 1100°]3L 55 20 wt%?l D20212 ARE-51%
ot AEEAAE /717 7HBR1 Triton X-1009}
A9l Igepal CO-630S A|1u} Y= XA Fuljs}
o, +2F Fig. 1°] UeFdth ePTFEZ |V 5hE3t
qo] o4 AA 9 AAY IAoM= FAEeA
(Hydrogen peroxide, 30%)2} &4HSulfuric acid,
98%)E ARESIATE. MEA AFo] ARgd Zuj=
PremekAl?] 60% Pt on Vulcan XC-720]1, 0]
H= D2021E AR8SRT

C)]

Fig. 1. Structures of surfactants; (a)Triton X-100
(b)Igepal CO-630
2.2 ePTFE7|it Zsizaae Mt
ePTFE7|5t Z3E3tdto] a3t & ojloker &
HO] 242 Table 13 Zo] D2021 o]km £Ho
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Hofl ePTFES YRSt 3 Doctor blade
] 8-S WA ePTFES] ZPAIZ T 50TONA] SAIZE
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Table 1. The formulation of ionomer solution with

surfactants (Triton X-100 and Igepal
CO-630)
Sample D2021 Triton X-100 Igepal CO-630
(phr) (phr) (phr)
RCM 0 100 - -
RCM TO1 100 0.01 -
RCM TO03 100 0.03 -
RCM TO5 100 0.05 -
RCM TO7 100 0.07 -
RCM T09 100 0.09 -
RCM CO01 100 - 0.01
RCM C03 100 - 0.03
RCM C05 100 - 0.05
RCM C07 100 - 0.07
RCM C09 100 - 0.09

2.3 2-M=2 HAAM(MEA)L K=

Pt/C vt E4H8H, o] E H71et & 230}
29} wRkS Bo)4 Pt/C Eui&EE ARttt
AZE AeEEr gl HZd(Decal) Wl sh
Pt/C Evi&eizlE ZES Y= (Anode)® &=
(Cathode) =% Pt 3F 0.4 mg/cm® EATS A=
stk ZEe 2 AT 25 cm’E Ad T 5=t
gt} A dg=stel MEAE Altstioh

I d
ME 2N

24
ePTFEO] 3t 95§ ol &9 H/dS o
Ast7] fIsiA &2 27471(SEO, PHX 3000 °l-&3t
o &7+e 27959l EQ A|AY PTFEZ]
Bouto] o] edr g BA5] Qi Juda &3
7|(Biologic, SP-240) o]&3}o] EIS W#lo g AZ
mVolA 100 kHz#¥ 100 mHz7HA] 9] Foppa 27

3t & 99 HFHOhmic resistance)& 45kl o>

27

Kol w2t Jaugue] ol LAEES AN,

T

Ion conductivity(mS/em) =

Eq. (DA R, A, T& 27 3539 949 %3
(ohm), AH(cm®) 283 FA(cm)E LERAT 3318
el RERZ AEAAE BASH] A
FIB-SEMZH|(FEI Company, Helios 60002 U<
28Rt & 7500419 vi&=E TS Fgstal, EDS ¥4
W& B4 F, S, O BAES &5t

TEA ZojAu AgAxoA FstEREe] A, 4
A7AFLE, 45 D W3S ERlIshk] oA st
E3hato 7 AZ2ke MEAE GDL (Gas diffusion layer,
SGL 39BB)¥} 2 WZo] 67%2 2] 80EL=
HRAHAE Aottt AR HAHAE L4935} S
A=A A olA(WonATech, SMART2)2 ujEA
Z74%H](WonATech, WEIS510)2 £4& X353t
MEA ©91HA19] 587kt 842 dut&Ql PEMFC
= 2491 70 T, 100% relative humidity (RH), 1.0
baroll Al XslAT, o2 +45H7] fsiA anode
1.5 stoi. (stoichiometric ratio), cathode 2.0 stoi.
o] FFor A7 et 3718 FE0IL 1 A/minl &
ARE Z7HAIR TebA 0.4 Volstz Aol 4adE
7R ARt AYS S7oklth. E3, EISE Anode
@} Cathodeoll Z¥z+9] 4=24+(300 mL/min)2}t 371(300
mL/min)& 33k, 100 kHz%E 100 mHz7HA] 9]
HAolA Z= 100 mA 2ACE 43 & 24 X3S
E4519 0, LSV Anode®t Cathodeol 242t =4
(300 mL/min)2} A4(300 mL/min)E 33k, scan
rate 1 mV/secZ 0.05 VEE 0.6 V7IA9] H A
AYE HS7|HA ARE Z75kth MEA T91HA|
9] Y-+4< B7Ist7] Y84l W=k DOE (Department
of Energy) ZREZC] wWahA 90 T, 41,000
mL/min), &71(1,000 mL/min) ZFASZE Wet
(100%RH, 45 sec)/Dry (0%RH, 30 sec)& 4HHZs}o]
Az @2 OCVE H7Fst3ict.

ol
=

3. Za & nF
3.1 AHEEMIE = 0|2 RIEY &M
E Ao|A= ePTFEQ] 454} 0]Q o] A



A7 &5E =1 A A239 A3ZE, 2022

Atelof gh=S
ko] Bt 3 BAIE AHAI71L, ol Bl A
A A AR Y st Wide AMAAZI At
STt J717F 7X@ Triton X-1009F A&
Igepal CO-630 ARZ/AIE ol =ro] T=FE=E T
3193, ol &9 ePTFEY] tiet A& &4 FYE
ZZt Fig. 20 YERch AWEEEATE ZUEEA
ePTFE] gt T8 o] Qler] §HO] H&Zto] FA 5}
A ZAE AS & 5 At E3L o]okr] £ o]
AR Y] F&E7t S7Htol webAl ePTFES] thgt oF
& o]l MO HEZF2 A} A HE A E9
o 4= ok ol T ATE BHAl olelemo] EQJH Al
HE A= Teo] S7H5 ePTFE 9 45443} o]
9] Z4/97he] whEEl S AA|AA] ePTFE] 338
ojltrm GOl HZHo] F7HE Zor WHEC
[13].
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Contact angle (deg)

RCMO RCMCO1 RCM CO3 RCMCOS RCMCO? RCM CO9

Fig. 2. Contact angles of ionomer solution with
(a)Triton X-100 (b)Igepal CO-630 on ePTFE
membrane

ESE ePTEEY] a4 A-5-719] #+27F ©2 Triton

28

X-100%} Igepal CO-630°] 0.09 phrZ H7FE RCM
T092 RCM C09 3-8 ol=m G4 HFZf ofv]
A& Fig. 39 Yetilth. 543 o] ARSEA7E
7Fe T8 o] @em gHo] s Igepal CO-6300]
Triton X-1000] H|8] {&Zo] o 4% AS geldt
F At} ol L ol gHo] HrtE AU
AA19] RR719] F27F AP LSE ePTFEC] gt 33
& o] -r gH9o] AZHo| F7lsl7| W] FEZo]
TAaE Ao s 4 QIIcH14l.

Fig. 3. Contact angle images of (a)RCM T09 (b)RCM
C09 ionomer solution on ePTFE membrane

3.2 ABEEHZE = de=Eael 4

Igepal CO-630 A|EIAE T3t FFo= 8
oleww RMo| LIS ePTFES] AHY FHAA
ePTFEZ|%F 7ZslEgakE Azstant. Axd Z3shEdt
ko] EAE BA5H| $JaiA ol2AEE 42 Yst
fow, I AIE Fig. 49 22 UYER Fig. 4=
L o|mof AUEFA Y FFo] FIILRE F
shEgtate] ol2AEETt STk AL ERIT & 9l
o} ol AHEA M7t whebA AskEgh |
9] 338 olkm §HO A4S F7HIFY] Wizl
ePTFEC] gt o]@lcm] 89| gh3lo] JhAE Zoa
WA AT} Fig. 4(b)A+= Igepal CO-630 AHE
A7t =PE olelema T AsHERtato] Triton
X-100 AREIA7E =€ olelem & 3 E 3
ottt o =2 o|leHEEE Hot o|dl A
ePTFES] tigt 3Halg oleler o] A&7k =73t
Fig. 29] A3} LAt Igepal CO-630 AW
A7t =Y ol T H AsHEghate] o] HE
Z7t &2 o= ePTFEC| WisiA] Triton X-100Eth
Igepal CO-630<& 7M1 T3 olkw §oHo] &
240] f ¥7] EoE WA=t Iy, Igepal
CO-630 AUEAA7l 0.07 phre&@ =¥ RCM
C07 & oleln gHoz Agt ZojEgtare
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0.09 phro& F{J¥l RCM C09 74t 73hEgtato] o]
2AETHED ¥ 52 o]2AXEE BHYh oA ¥
2 FFo R E=lE ANEIAT L ol Yo
A9 FAE CRY 25449 BARS SOsH)
AEEE AAAZ]7] gl ol2ZEAETt dgstA
BAEA] 9] wEo s WhEItH15,16]. wWEbA
ZehEgtate] wEZ R X9 AmAr| 9] EA B4 RCM
CO07% RCM T07 ¥4 ojeler gHo = Azte 7
slEgEto 2 XI5kt
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Fig. 4. Ion conductivity of ePTFE-reinforced composite

membrane with (a) Triton X-100 and (b)
Igepal CO-630

3.3 AHEEMP EE ZetEgel REEX| 2M

AELZA7 YA k2 o]ker RCM 03} A
A7 EYH 0]k RCM T07, 181, RCM
C07& ePTFEC] & A1A ePTFE7|Et AolEgtahe A
25t o8y HEEA 9 JEYUAE SEMI EDS
E4E BoiA FQIslal, ©olF Fig. 5°1 YR
Fig. 5(2)9] SEMeIAl & &= Qlxol, AHEEA7T 27t

29

=7 ¢k RCM 02 o] B o]Zoj2] %] gko} 735}
B3} 57H50] ePTFERMO] EE513 Qs A 1T
4 Sl o]AL oju] GHXHZ ePTFES] 4543} o]
Q2um9] M43 Atolof HhE o2 Qg o] Qo] g
Zo] o]f7] f&o|t}. o#dt A¥h= Fig. 5(a)9] EDS
ABmgo S ePTFE A9 CF7|19 F A&o]
7hedlo] AdstA Exsta glom, 3 oleleH
T7191 SO579] SeF O4+o] HolA]| o= Z1S Bl
T ZRIE 4= Il

X7500 2pm
—

X7500 Zpm 0]

Fig. 5. SEM images and EDS chemical mapping of
ePTFE-based reinforced composite membranes
impregnated with (a) RCM 0, (b) RCM TO07 (c)
RCM CO07
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o] Fig. 5(b)9] SEMOJA & 4 %J%0°]|, Triton
X-100°] =Y% RCM T07 ©]Q=m ePTFES] 3
o]l FEAo=R /aHE AL &RIT 4= 9t ot At
= Fig. 5(b)2] EDS HA=HBS SolAx ZstEstdt 5
7t5oll4 FA4E0] RCM 09l H|al AHid o= A =i
Skl QL1 SeF O o] FEAHORE Hol= ZS g1y
itk ©2o] Fig. 4(c)2] SEMOflA & &= 915%0] Igepal
CO-630°] A7Fgl RCM C07 °©]2k:HE ePTFE of o
gt gHlo] fiFE o]Fojx AL ERIT 4= Utk ol=
Fig. 4(c)9] EDS AEWBE 53T ePTFES} 0|2
9] F, S, O4&o] 1% RIS 1T 4= U9tk
o]& 53f| Triton X-100Xt} Igepal CO-6300] A7}
H o]l ePTFEY &I OoE SHE 4= AT,
AiHo R s HdH AshEgato] AlE= AL

& 5 A

3.4 AHELEHIL CE Zalseael MEA 45
Totet 24

AHGGAY] =Yool T2 ePTFE7|8E 3=
o]gsto] MEAR A&t L, ol&9] DX 8587t
£ F5to] A7tEl= AR tigt AYE -V curveE
275t Fig. 6ol Uit AR7t S7HE0l oA A
HEGA7E EdE ol E A At
ARSEA7E A=A g o] lemwhS IR A
SHEgtaof] vl AYo] B w2 AS 1T 5= Ut
tj£o] RCM C07 &3& olelkeH gHog AzxH 7

BB ROM T07 28 oloin] goloz Az

H ASpEEo] HlsiA AT ARolA T 2 AL
e Bt
1.0 1.0
0.9 40.9
08¢ ““A.A.‘ s 198 8
- 0.7+ A“‘A‘ l‘" 7:,::—::::.\ 40.7 ;
S osf “ay }‘i-‘:1 b los <
=~ adagastin, 2
o 05F R 10.5 g
(=] A A e, c
S 04} e W 104 g
o
S 03} 40.3 =
0.2} ——RrcMo0 | 0.2 g
—e—RCM T07
0.1} o RoMcor {01
0.0 . 0.0

0.0 02 04 06 08 1012 14 16 1.8 2.0

Current density (A/cm?)

6. Polarization curves (I-V curves) and I-P
curves of PEMFC using ePTFE-based
reinforced composite membranes impregnated
with RCM 0, RCM T07, and RCM CO07

Fig.
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olgA oHA 5B MEAY AFE EIS
(Blectrochemical Impedance Spectroscopy)& 59
o £AsI31aL 11 AIE Fig. 79 YRt Fig. 7004
E 5 Jxo] AMLAEATT =9JE ol eleH 2 A
BIEFL AUGATE EYHA] Pl o] lmyt
A ZASpER o] Bls) o5 Aol W2 AL &
= Qo). ol= AHEA YO E ePTFES] gt o]
Lum9] FREA 0] F7IEHEA] ol SFAHY} /A
Eo] ut Agho] Rolxly] jEo g2 wHEIth HLol,
22 T AEEAZE H7E RCM T07 o]
of H|s RCM C07 o]2l=H = AZHE Z3Egate] A
ol o A AS IR 4= USith oA 5T
¥ Igepal CO-6302 Triton X-100°f B]sfA &
g ol Gl A GS G0 R A 5
AL, o]FA IR olwm o] AFEH R FIET

ulo] uixjdto] gulHog sfAE Aow wokE Q)
06
—RCMO
05l ——RCM TO7 ||
- —— RCM C07
E 04}
S
E o3t
o
g 021
E o4l
00 1 1 1 L
00 03 06 09 12 15

Re(Z) (Ohm-cm?)

Fig. 7. EIS Nyquist plots of PEMFC using ePTFE-based
reinforced composite membranes impregnated
with RCM 0, RCM TO07, and RCM CO07

AR AsErtE MEAS] FAVARAES AF
FAF 1Y =4 (Linear Sweep Voltammetry, LSV)
o2 =A4sto] Fig. 8o UEMTE Fig. 84 & 4= 9
o] Aol F7gt] wekA RCM T072 RCM CO7
o|-mE AZH F3EFES] MEAE RCM 0 °]2
o2 AzE FohEgiate] MEART W2 AR e
HYth o]A2 RCM T073 RCM C07 ©lxm7l &=
Y=HA] ePTFES] 3318 o] Qler goo] Z-94do] 7§
M= 6] lE AsHERs 4417 wet
Anode9] $£47|47F Cathode®E HF}=|A] F5}o] Als}h
W3t Aol AAE 7] Wizl AT =Tt
Zra" Aoz wAEQcH17]. ESF RCM T07 HErh
RCM C07 o]l AZHH ZsEgate] MEA7} T
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G A% e ol a/AETES} o 244E AL
slelgt 4 et oAL BB ol 2rvi]
o] NAEFE FATAFHRET FAEE A0RE
wE QT Ao o]t EISet LSVERE AW
FHAE U R 955 FUELS B
A S| RIS} 8 Agdo] AT 4 YU, ol
A e FHAL 4 Uk AL Skt
3.0
E 2.5
<
E 204
2 — |
2 157 ————— e
<
(7]
T 1.0
E ——RCM 0
g 0.54 —RCM TO7
——RCM C07
© oo . . . : .
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Voltage (V)

Fig. 8. Hydrogen cross over current density measured
by LSV of PEMFC using ePTFE-based
reinforced composite membranes impregnated
with RCM 0, RCM TO07, and RCM CO07

3.5 AHEIN =E Ler=ERe| MEA LY

=P

AHEGA7F =UE ePTFEZ|9E ZshEgtake] v+t
‘d< B71sH7] SfsiA AlZHE MEAS W= DOE7F 7
A Y7 TREEYE Ths/ARE T
o] AJ7te] Wste] whE OCVHSHE S7dsto] Fig. 90l
et A|EAgAl glo] oletemthe AT 7get
E3tEre] OCVE2 7Hd Ee] fdashe AL el +
AT o= RCM 0 o]H= ko] & o]F0ix]%]
e AeEgeE S5 $271A7F Cathode® &
ol FHsHA HAL, 1kaete] W2 FIA It
429 Abiol o] BgStHEA Aefo] FaEo], AR
‘geol AaE7] W2l Wdol dad Zer Hel
tH18,19). ¥FHo, A|BGAE o] lerol Z=sto]
ePTFEC] SA17] ZJoMEahe2 OCVEel A4t =
=, o122 RCM 05 o83t ZdahEstetol vjs) <
ol A=A thizell, a7 AFHRE=7} Faste] |
T/30] FgE Aew wAFHI. %ol RCM C07
0] A7k wE OCVe A7} 7H Al o]
A2 RCM C07 ©]2x=m7} RCM T07 °]2=H < H]s}
ol o] TS0 B AN ] o W2

0 r_?jl,

O

FAVASHEE BJY, T2 A5 Aol e
Aoz HAEW] HEeR HaE .

1.0

—~ 038

3

(]

=]

]

=

o 06

>
——RCM 0
——RCM T07
——RCM C07

L

50 100 150 200 250 300 350 400
Time (hour)

0.4
0

Fig. 9. OCV variation of PEMFC using ePTFE-based
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