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Bisphenyl Propane Unit and Nanosilica Composite Membrane for Fuel
Cell Electrolyte Application
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Abstract >> A proton-conducting bisphenylpropaned sulfonated fluorinated
blockcopolymer (BPSFBC) was synthesized. Five kinds of polymer electrolyted
composite membranes were preparated by incorporating silica (SiO,) with vari-
ous weight ratio. And their characteristics were investigated by FT-IR (fourier
transform infrared), "H-NMR (1H nuclear magnetic resonance), TGA (thermogravimetric
analysis), water uptake, FE-SEM (field emission scanning electron microscopes),
and ion conductivity properties. The water uptake and ion conductivity were in-
creased until 9 wt% SiO,, and then decreased. The maximum proton conductivity
equalto 52 mS cm™ was measured for the BPSFBC/SiO2-9 composite membrane
at 90C and 100% relative humidity. From the measured results, it is distinct that
the manufactured composite membrane BPSFBC/Si0,-9 can be considered as a
polymer membrane suitable for a fuel cell electrolyte

Key words : PEMFC(I £ X Maj 22t 918 MX|), Silica(X 2|7}, Si02), Composite
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2.1 A

4,4'-Bis[(4-chlorophenyl)sulfonyl]-1,1'-biphenyl
(BCPSBP), decafluorobiphenyl (DFBP), bisphenol-A
(BPA), N,N-dimethylacetamide (DMAc), dimethylsulf-
oxide (DMSO), tetrahydrofuran (THF), toluene, silica
(Si0,, 0.007 um)>  Sigma - AldrichAlo| 4] EU 315
o, 43251 4,4-bis[(4-chlorophenyl) sulfonyl]-1,1'-bi-
phenyl (sBCPSBP)'1} vAd|dz gy} thols 7k
&9} BaohE B535YH|(BPSFBO) = 45
o AM8BITY.

2.2 BPSFBC/Si0,—x =28} ot H|x

sBCPSBP (5.39 g, 7.00 mmol)2} BPA (1.76 g,
7.70 mmol)E o]-g-sto] XA Wk 2| ehik-g-
o7 2ApA 2 E TASHY AL BPA 2.84 g,
12.0 mmol)$} DFBP (4.40 g, 13.2 mmol)& ©]|-&-3}
o] 22Aea T FAsIAT) THAEE 24
28] 11H(0.94 g, 4.00 x 107 mmol)9} A=A L
TH(1.15 g 4.00 x 10° mmol)E 1:19] & H| &=
HES A A A HFgFE 2otule o 7 ou|Add
Za 99E e 5E53 B3 E5F
FA|(BPSFBC)S 34 sk4lct?. 343 BPSFBC
0.2g57O % LMS AT
L8 A)171 & 80C oA 36A17F EoF wHtst th&
MEEE feld floll AHAE ko] 80T oA 12417k
& XF 8o A AxAA BPSFBC s ¥4l
. YEE g9 we 1 M ito g AAgSH
S ThA] AFQ B4 2447 Bob ARSI
A4 3lE] BPSFBC 22 5 28F 9 L0128 &4
5171 918l DMSO°| §-35aL, o]oj A F=FH|(3%,
6%, 9%, 12%, 15%) = 9t A2]7KSi0,, 0.007 um)
Z=718k & 70 Col| A 12A17F S-¢F wukslg o).

'é'
e A fe FAlel ALgska, ofolA
B A T, 15A7H S0CoA | M Faroz
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Aestlct. 515 33k SR,E AHS &, 25
2 80CoA 24A17F Z9oF A=x3le] BPSFBC/
Si0,-3, BPSFBC/SiO,-6, BPSFBC/SiO-9, BPSFBC/
Si0,-12, BPSFBC/SiO»-15 B3} 958 A 2319
t}. BPSFBC/SiO,-9: FT-IR (film, cm’) 3509, 3061,
3038, 2968, 2875, 1649, 1586, 1534, 1501, 1483,
1401, 1389, 1364, 1309, 1261, 1243, 1206, 1169,
1149, 1117, 1069, 1028, 1013, 1001, 977, 896, 883,
812, 724, 710, 683 ; '"H-NMR (600 MHz, DMSO-ds)
§ 8.40~7.43 (Ar-H), 7.42~6.50 (Ar-H)), 1.71~1.38
(-CHs3).

b3
(=]

2.3

A

'HNMR A#E& 02 JNM-ECA 600 instrument
(JEOL Ltd)E A&-5}%itt. Fourier transform infrared
(FT-IR) 2~#EHOZ Nicolet Impact 400 FT-IR
spectrometerS AME-51TE TGA AHEHO R TA
Instruments Thermal Analysis SystemA}2] Q502 A}
S3519a1, ool HAA HIAELE Bekk-techAl2)
47119 2 H Teflon A3} SCI-TechAlo] AHFE T
2% 9 7|75 ARSI FE-SEM-E =4 Carl
ZeissAt2] SUPRA 40VPE AlE-3lo] =345} tt.

3. Zit H IF

b

Scheme 194 BPSFBCo]| Alg]|7}& Zeku|o| uw}
2} H7}sko 2 4] BPSFBC/SiOx 23} vk 4| %3}

ol &3 2 S4e 23

* H-bonding

Scheme 1. Structure of BPSFBC/SiO2-x
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A A% A% ne 3=t 'HNMR AHEY

2 DMSO-ds 0.2 é 451937 8.40~7.43 ppm HE] ol

A wEShE 2o Wk FAgRRet 7.42~6.50
ppm ‘%1%’401]*1 g /g o) Wk A=
slolstgon 1.71~1.38 ppmol| A H|AHUZZ gt

O] X FAAIE BHQ8IIrt. BPSFBC L&A
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Fig. 1. TGA of samples of SiO,, BPSFBC, BPSFBC/SiO,-3,
BPSFBC/SiO,-6, and BPSFBC/SiO,-9
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BPSFBC/SiO>-3, BPSFBC/Si0,-6, BPSFBC/Si0;-9-2
219°C, 224°C 9 228°Coj|A] Z+7} &el=] it Ale]
7hE Azxd 53 9 F2Hd & A9 AlA L}
A7t W AR oA SS547F Al Ao
200~250C A3l B9 A Salo] TEE
t}. 10% FAZEFS BPSFBC, BPSFBC/SiO»-3,
BPSFBC/Si0O,-6, BPSFBC/SiO,-9= z}+7F 511°C, 44
2T, 449C & 454 Col A Ztz+ EelE]9lom o=
X719 SEAY = As AEFe R ZRlE
ok 3 760C 2] 2moA &AH AR S
BPSFBC, BPSFBC/Si0,-3, BPSFBC/SiO,-6, BPS-
FBC/Si0:-9=  50.5%, 56.7%, 57.1% 2 574%%
ol it & 3HAst Edture Ly Exiaby o)
o w2 e o g A AEs Holdl
O AHrAo® AmHA| As2kof At 4
orA S LrERYI QL
Sha(water uptake)o|gt &-ZAL7|Q} A7} Sk
ol osl 25 Hae XJE% T2 HERd
otk g0zl Halld 1k 150 Cof|A] 244171 &
Aol Azt 3, e dxd Adsjd 1t
i Wan)S 579311 80C o] FF<ollA] 3AIZF
ot et F Aol FHY SRS Tl Aol
A uho] HEH W) S ZA I} o] 2] ol
9] A5 o] g3to] &= YERRIAL, Ak S43]
& BPSFBC:= 10.8 wt%, BPSFBC/SIO-3-2 12.5 wt%,
BPSFBC/SiO-9= 14.8 wt%, BPSFBC/SiO»-15%= 9.2
wt%= Aot 714 Way2b Waer ZH2F A
uf} B2 2oy ko] BAS g,
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Fig. 2. lon conductivity of membranes of BPSFBC, BPS-
FBC/SiO2-3, BPSFBC/SiO2-9, and BPSFBC/SiO.-15 under
100% RH condition

BPSFBC

Fig. 3. FE-SEM surface images of membranes of (a) BPSFBC,
(b) SiO2, (c) BPSFBC/SiO2-3, (d) BPSFBC/SiO,-9
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