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Abstract: In this study, silane-crosslinked organic/inorganic composite membranes were prepared by simultaneous irra-
diation grafting of binary monomer mixtures (styrene and 3-(trimethoxysilyl)propyl methacrylate (TMSPM)) with var-
ious compositions onto a poly(ethylene-alt-tetracthylene) (ETFE) film and followed by sol-gel processing and sulfonation
to provide a silane-crosslinked structure and a proton conducting ability, respectively. The Fourier transform infrared
spectroscopy (FTIR) and thermo gravimetric analysis (TGA) were utilized to confirm the crosslinking of ETFE-g-PS/
PTMSPM films. The prepared membranes with similar ion exchange capacity but a different TMSPM content were
selected and their membrane properties were compared. The ETFE-g-PSSA/PTMSPM membranes were characterized by
water uptake, dimensional stability, and proton conductivity after sulfonation. The membrane electrode assemblies
(MEA) of the prepared membranes were fabricated and their single cell performances were measured.

Keywords: radiation, grafting, poly(ethylene-co-tetrafluoroethylene), silane-crosslinking.

M B Aaf el 7oA 7H‘?§'}§j— 2oA] SRR Y)2(Nafion)

o] F= AMGE|AL vk ARkH o g e Hajdute Wis)

s AR oet 30 FASL YR 7HAS] H5oE &, WA, 71714 4ol SrsiARtE aLola ol
Qlate] zIgdoln oUx] §&0] & ASHX|7} 7ol X4CE e A9 AErehe ARAR oA Uﬂ‘?_‘f% Ag o)
At =2 B 2 HR 7 5o s 7R ok wet
A I A (PEMFC)IIA Al A)Q1 ST} Al olelgh Yul o] EAIS sidstr] flsiA Al dsd

"To whom correspondence should be addressed.
E-mail: shinj@kaeri.re.kr

525

Aut o] tzbEg F3E T 9lom T Fof WAk e
o] g3l AgHAY Az AT L3l Tits] WY

ITE 7] S

w3 o



526 OIRT - £FE - AFY -

AR 2 ZES 0] 83 ARHAY Alx AFe AN
< ol8slo sek, A4, A SA4o] et Rt =
el ol A ZEAE E=ske FHE 1gH]
SKEE? oUA7} e AR E88Pd AAAE ARSSHA
271 wiizell FAAA 2k A

st [J31= Rzt e ) 2
Exe= AR RS AR APdREe R EA] Alojrt
7¥ss7] wiitol] dAmsdx e £4 HAs) golsit. !

WAL o] gst] ARAAE AT A FE B4
A e ZEEES ZHZE SFEAT & AESE S
Bl ol ZEII7F B ARAAYE A
UTE AL, o]FHA AlzE o] 2wk o] 2w kgl
5 AT =2 s 2 AAES 7R HH dsaA
75 & Wske izl s 2 A
o] Iallul= wAIKS 7HAAL et o]} 2
slhA KA wAlE Tl FRE =Y
7] well =2 divinylbenzene(DVB)9} -2 7HuAlE
@} SAl] ZHZEAA Thl F2E 7R
Az A77E FE= APH o] gkt

FZole AT AGe] G (p-styryltrimethoxysilane)S
polyethylene-co-tetrafluoroethylene(ETFE) Zgol AMAS
olg3ste] ZZEAIR] & A4 WhgoR AT Tl x5
PAstarl AEst S Bl At 7l =20 §47] 59
FAx0] W ¥ (silane-crosslinked organic/Inorganic composite
proton exchange membraneyS A|Z3IATE!416 o]2fdt A
=7k 72 FEeR Q% S8k KA STk sS4l
A7) B9 72 FA0=E Qg e <P H VA &
/go] dEl= ol Ark

2 ArEox e AYATE Fok] 2 A kg
o= 7l P25 AT F e 3-EUSAEE)ZEE
g}l olg e o] E(TMSPMY’} Al Z2iZE% ETFE 2
go Alxs] 913 AR AL 20S el HES
g AP 7k vk 53 A sl #29] ETFE-g-PSSA/
PTMSPM SR =e] Az AFE T4t A+ 4
3, ZEldl3} TMSPM Tl &5 895 ETFE IS0l %
APde R T ZEAE A5 opllEe] HA ] Sridls g}l
S5, TMSPMO| R ZE&o| S7HrE A|xd 2ol 3}
4 QFgde] Fkshe As Elskinh

2 AteMs APATE Sale] AlxE A vl 2
£ FHslke Fholeushor Agdx|e] &8 7teS
7A5357] 2189l MEA(Membrane Electrode Assemblies)S
A5 T HeHA] des A olE flste] fARE
S RHEFH(EC) e 7THAIAIE A&k Zhael] 24Ql @
S WA= TMSPME] o] e B52 Alxste] w9l
A A 7l AMgsioach. 2El et TMSPMe] E§Eof

rr
Rl
M
5
T
i
X
k1
hins
ok
4
%0,
N
by
(]

¢

rr
re
|
2
)
4

2

o

—

), ool

Zg, 364 A43, 20129

oY - = - NS}

JfZER ETFE Z5° &4 Rk %, FTIR(Fourier
transform infrared spectroscopy)?} TGA(thermo gravimetric
analysis)= o|8ale] A 7w Fxo] PA el siwe
@ 9H 54 wake BAT HES WS Fole Az

g 250 Faole AR W IAE 54 = RS,

Al =1

AlZ&H]. 50 um F72] polyethylene-co-tetrafluoroethylene
(ETFE) ZE& Asahi Glassold 748 sl9a, g™
(St, 99%)} 3-(EWEAIEY) 22 vE}l oladyo|E
(TMSPM)= AldrichellX] 93ttt oAlE, 120822
olgl, HEZ)SIO| =2 FH(THF)S Showa(Japan)ollA] 1913}
For FZ2H4EAH98%)> Kanto ChemicalollA] 73153
oh S Aok 2 Bl S A glo] AR

HIARM J2f=E!. 50 ume] ETFE 252 4cm x20cm =
7|12 A=20, oES R AJFSI] 74%3 & SYTMSPM &
Ao} otME BulE TS gl HAELE gl A
AE GNE 2087 AR FHSAL CCoollM WA= 7
S o]838le] 2kGy/hel ZAMFHER Azl Aol u}
2} ZARIGITE WA 2ARE 8dolA ZEZER ETFE
IE5 wiglo] THF §ri= A&sl] zFslal s 2E
2 2P 52 AASINL JFElA 80°CE 12A17F
5ot Axsiity. aEXE® ETFE ZE9 @jzes
(DOG)Z 2] (1)S olg-sld AT, Wiz WA e
E He] ETFE ZE°] 7z oM, W= JHzEd
ETFE Z&9] FA oIt}

DOG(%) = [(W=Wo) / W] x 100 (M

EX Jtm ¥ M=S| A9 ETFE-g-PS/PTMSPM Z&
2 1.0 M HCl §9of] T 5 80 °CollA 2447 &<t =4
Hhgate] Tl 25 FAATE AT VlE 252 SR
T2 3l AX MRS F JFLE 80 °CollA 12417 F<t
AZAZCE AxE 58 FE2HEM2HEF2 2 eH2/
98 viv) &3 &rlf <ol Yol 124]7F 5<F ¥REAIFIAL 70 °C
SRl B 3AIZE Bt BES TRrEsllsle] AEA AR
717 =9E A 7l o] AFAR] = (silane-crosslinked
ETFE-g-PSSA/PTMSPM)S #2315t} o]% Axd Agd
Ak SFHTE T3] AlEgE T 60 °Collx] F3 Azt

O|2uEk2Z(IEC: lon Exchange Capacity) 8. A%
H AsAATe] [ECe A% WS olgsid s
|1Z=¥ 2R 1.0 M NaCl “F&-4ell 24A|7F F2F HAAIA A
EAb Z8719] 240]L-8 Na o] 202 |37l & g &
AJAE HCI®l 42 0.1 M NaOH 89122 A3t}
27l ARGl NaOHS| & 21 (20l st IEC 7= 7l

2

2



ATt o714, N& AT NaOHe| 2% F5oly, ¥
£ A4" NaOH °J(mL)°lttl, Wiz 82| 4% FA oIt
IEC(meq/g)=NXxY/ W, 2)

| =2 (Water Uptake).
SRl 24770

X|== 848k Dimensional Change) %
3cm x3cm 7|9 AZRE B Ao

B R 39 SokE T wA 9 wAE S4ek
o} 4319 vre] wHs Az o] WA 2 3)% ol4d
of A% WSS SR o] Aol At B BRE %
o WAl 3L, Ak A%E el WAL LR,

Dimensional change(%) = (4,,— 4,) x 100/ A4, 3)

s, 1z ‘%4 AL Fskd o] FA zelE ©]
gato Fras SAsINeH A (4 e AR Rl
=3

Water uptake(%) = (W,,— W,) x 100/ W, “)
A7IM, Wgre &S T3 =] FAlolAL, W(ge Uz
| 2] FAE veRd

FA0|2ME=Z (Proton Conductivity) 8. Alx8 2]

FY3F Holl WME(Pt) BAEHS 4mm 7%]_& HEA)7) 2L
SolatronA}2] SI1260S AR&3l] ARHAS =43 & 2]
B)= o]83l] 40| ATEE Akl

c=W/Rxdxl (5)

# oA o(S/emyE FAOIXEEE, Wem)= 71 &
A% Apole] A, R(Q)t‘ oL SN 25T Fol
A dedRe] SRt loAle A 413 (ohmic
resistanceyS 27, dem)= =] A, [em)y> =He] Z
< o)t} ofuf, AlxE w2 SRl 24017 B T
3] Fslelal wre] ¥ 5 Al F s 90%°]
oM 25 287 Fiole Aeres SAsITh
FTIR(Fourier Transform Infrared Spectroscopy) &£4.
<4 wreo g 03l JlwFtx dA4L g =ZEE ETFE-g-
PS/PTMSPM ZE3} Az 7w 322 ANz I
(crosslinked ETFE-g-PS/PTMSPM)S  FTIR  spectrometer
(Brucker, Tensor-37) ©]-8-31%4 4000~500 cm™ 217 9]
A Ao e S ZA sk vlaL BAsle] Basisinh,
71HI® ME (Mechanical Properties). A1z o] 71414
£/J> INSTRON series IX(Instron, Universal Testing
System Model 4400) FH|E o]83] A3t AlHS
53mmx31mm 7|2 FHISIA A2l 50 mm/min

ol weE Al B ARA s Wt 527

HPEERZ AP (tensile strength)e} IH AAlE

elongation)yS =73}

TGA(Thermo Gravimetric Analysis) £4. StTMSPM
o] o] w2 ¥4 54S TA Instrument*le] SDT600
L ARgEl AFEIT <ok 10mg94 ABE o]gslom,
A2 7157 okollA 10°C/mine] 52 £52 650 C7A] =
7@0]—/\;\1:]’.

MEA(Membrane Electrode Assemblies) M= %
PEMFC Single Cell Performance. ¥ /&t Z0lE 5 wi%
Nafion 8o EIFAIA A28 catalyst YIE ]85
catalyst-coated membrane(CCM) ' F 233 ZIE 7]
Hog MEAS A|ZsItt. AZE MEAS} CNLoA A%
Sk single cell 252 ©]831] cell performanced single
celts AIZBIAL 100% Fhsie B 80 °C 2714 SMART
PEMFC test system(WonATech)yS A5 cell performance
g 248 F 1 A4E 1V o= eIt ol &
(anode) WO E 4 7EAE 100 mL/mineE F o}Mﬁ
H, S (catode) WHOFE AR 7125 100 mL/min® &
TSI

(break

Table 1= = W& 3 AEs} A4S 7A Axd A
7kl 0] Aol 2wt ol FARE o] 2w AE-FH(IEC)
& 2N TMSPME] 24H7E the whs Addete] 54
3l o] 2w SETK(EC), 2P ZEL(DOG), T&(WU), 2|5
HBHDO) fh& HofErh. AdEs) spgelr dE 2871=
T zEd ZSER 2EA] =157] w2l [EC #hol A
stk Zle o Zed AER wEARe] vhEEee] Jgk
HlZaiths 22 ojnlgitt b AR IEC #olA DOG
7F 71 AL A kg Foid 5 = TMSPM I
Ae] Aol mae vk

TMSPM Z4H]o] me gge] wisle s Hd
TMSPME 71514 92 7-¢-Rtk TMSPME 30% 37ist
o] Axw 2] g0l F7IEINL TMSPME: 50% 37}
stof AlzE Tre] A dgo] v Haslal e #E

Table 1. Characterization of Crosslinked ETFE-g-PSSA/
PTMSPM Membranes Prepared with Different Ratios of
St/TMSPM

Samples name IEC” DOG® WU° DC?
(meq/g) (%) %) (%)

StYTMSPM 10/0 (v/v) 2.17 47.7 69 55
SYTMSPM 7/3 (VIv) 2.13 68.2 81 65
SUTMSPM 5/5 (v/v) 2.04 73.0 64 52

“lon exchange capacity. *Degree of graft. “Water uptake. “Dimensional
change.
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Figure 1. FTIR spectra of ETFE film, ETFE-g-PS/PTMSPM film
and silane-crosslinked ETFE-g-PS/PTMSPM film (bottom spectra are
expanded for clarification).
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Figure 2. TGA thermograms of the prepared membranes before and
after silane crosslinking (a) ETFE-g-PS/PTMPM 7/3 (v/v); (b)
crosslinked ETFE-g-PS/PTMPM 7/3 (v/v); (c) ETFE-g-PS/PTMPM
5/5 (v/v); (d) crosslinked ETFE-g-PS/PTMPM 5/5 (v/v).
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Figure 3. Stress-strain curves of crosslinked ETFE-g-PSSA/PTM-
SPM membranes prepared with different TMSPM contents.
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Figure 4. Effect of temperature on the proton conductivity of
crosslinked ETFE-g-PSSA/PTMSPM membranes prepared with dif-
ferent TMSPM contents.
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