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Abstract: In this study, we synthesize novel silane based inorganics for preparation of the polymer electrolyte membrane
with high proton conductivity under high temperature condition and developed membranes are characterized. SPAES, hydro-
carbon based polymer are synthesized and used as main polymeric material. We used sol-gel method to prepare inorganic
material with high performance using silica, phosphate and zirconium. Three types of inorganics were prepared by control of
the mole ration of each component. As a result of EDX analysis, the inorganic materials are well dispersed in the polymer
membrane. The water uptake of the composite membrane is increased by introduction of the hydrophilic inorganic material
in the membrane. When the content of the zirconium in the membrane is increased, the proton conductivity of the compo-
site membrane shows the higher value than pure SPAES membrane at the high temperature. And the silica based inorganics
effect to increase the proton conductivity under low temperature condition.
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Fig. 1. Preparation step of the complexed inorganic materi-
al by sol-gel method.
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Fig. 4. EDX analysis of prepared SPAES/4Si4P2Zr composite membrane.
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20 2.0 0.20
25C 100R.H. 100 C 100R.H. 120 C 40 RH.
€ 164 2" -
(%)
;\’EJ /// /; g g 0.15 -
: 124 —1 — ’/T/’” ;///{/ ///// g 1.24 5 ‘? / /
o= ) / // / "/”/ s B 7 %
: Vi) UA// % / oty
g / 4* Y / ) k-] > S
5 084/ / / V £ 038 g %
c 7 7 ¥
<] NV 1 Y ‘z’ I ° /
8 K N g - & 0.05-
S 04+ ‘é’ 0.4+ N 'é %
° o v o 7
o 7 wrry WY R
0.0 A P2 A 0o A A7 77007 0.0, / / (A e
Nafion SPAES SPAES SPAES SPAES Nafion SPAES SPAES SPAES SPAES Nafion SPAES SPAES SPAES SPAES
4sidp2zr 6si3plzr 7si2plzr 4sidp2zr 6si3plzr T7si2piz 4sidp2zr 6si3plzr T7si2pizr
Sample Sample Sample
(@) (b) (©

Fig. 7. Proton
conditions).

okl

3o

rlr

re
Fr
R
D)
ofo
2]
2

o=
T
<

o] o3k FEs
LT ol A= SPAES

conductivity of SPAES composite membrane ((a) 25°C 100% RH, (b) 100°C 100% RH, (c) 120°C 40 % RH

A4 a5 o3 F89 S/ et 24385
Bound watere L&A W #57|¢F A¢e FE&
dA o™ Free waterd A% A%7)9ke A3 glo] &
5 olsste FEOE BT F T[18,19].
A ERIE  dRol, & 1EA WolA e #E7I
o} Agtd TR g HfiEo] FiHoE =& i
A543 FrlEEe] EY9EAS A AREA o5
T e FEEC EHES $ATE £ e A==
w9 gaFo] Z717F W bound¥ FE2 &aFo] A
Hog F/HEE AT & AT
4.6. SPAES =gtate| o|2dMEE 24

AsAA L At d7|setd SHoA 2
O XAEEE f73atH, 53 Aoy AFeHE =
A o] AEEALS A St whekA B AT
M 100% 7Hs3H, 12 A5dedA o AEEE
SR8 o 103 34 & FAES Attt ol

Membrane Journal Vol. 25, No. 5, 2015



462

=)
br
br
rlr
<
(€]
=3
(¢
&
3
8
g
=8
22}
2
=2

3 5
WHE L Y [20]. Fig. 72 Z47] & 2444 34
e ol eAEE 4 ANE UET. Flg. 7
= Al ggol

[e}
S7FE AL, ol mE ol A
AR 1Y (b), ()

i
2x7h F7H D 52 Fegol

oft

N
-

h=4

, o9 2 AZIFY FEol
Hol| g} o] 2AHEET} dato] HE B
E3to] A 23 F5S bound waterdl] &k
rotthus mechanisme] 2|3 o] &A= F 37} LAY
S AT 4 Y. x3 A=25

£ SaA B Uy FAATS FESHA 5

Ao g Fgute ezt SkekA =Y, Aw
oA FE9 ol E TAEAE A3 F=

N
—

232 N

il N ¥ o\

ool

3}
=

=
p

in)

o=
ofy
<
k=)
=
EY
Y
brt
b

(o

ot om, Axd Huhe] F¢ ol A
=T LA ZYol v oj2E

4. 24 E

E A L& o|2ATAHE A= A Ayt
o AzxE g8 AdogdES J4, A=2IZFA ELE
o] g3t AW 93 HstH FrES AZIHIA
om o5 gl AA AEAQ SPAES FH7lske o]
2HEE 9 78 A4S A S AYstnh. B3t
H F71EY A EA g8 A HESY AT A
ol QI Fr1E3 EisiEer HFHoE A
2IFA F7EY 22U 53 1L S5 A=
Ae 7 Aty AZE AYsATh REEA
B4 299 FU1E 4AELS 299 o 124
Bako]l Hol e AL AT 4 Addon FFZHA
4L 53 F71E EY0] & o] FR S AT F

mBEgoel, A 25 @ A 5 &, 2015

f

ool

So,

it

—d

N

it}

1o

brt

19 o
o

oft

o

£

=

T

)

ox it
Shis

™o e e
(o
(o]
—

oxl

2

b
e =
ot

ol
=

08(:41
e X0 rlo 2

i oo oft o2t 2 12 ¥Q b PN 12 oy I

o £
U
BN
Al %
o

=)
lo
R
=
bt
T

o i

2
b
=
D)
=
o,
o
2
I

AAFAAAE a4
o

: 10047796)¢] A4 A

ek

1

aA WAL
z FYgHY

=
o

Reference

1. L. Gubler and G. G. Scherer, “Trends for fuel cell
membrane development”, Desalination, 250, 1034
(2010).

2. D. J. Kim and S. Y. Nam, “Research trend of or-
ganic/inorganic composite membrane for polymer
electrolyte membrane fuel cell”, Membr. J., 22, 155
(2012).

3. D. J. Kim, H. Y. Hwang, and S. Y. Nam, “Cha-
racterization of hybrid membranes made from sul-
fonated poly(arylene ether sulfone) and vermiculite
with high cation exchange capacity for DMFC ap-
plications”, Membr. J., 21, 389 (2011).

4. H. Huh, D. J. Kim, and S. Y. Nam, ‘“Proton con-
ductivity and methanol permeability of sulfonated
poly(aryl ether sulfone)/modified graphene hybrid
membranes”, Membr. J., 21, 247 (2011).

5. D. J. Kim, M. J. Jo, and S. Y. Nam, “A review of
polymer-nanocomposite electrolyte membranes for
fuel cell application”, J. Ind. Eng. Chem., 21, 36



10.

11.

12.

13.

(2015).

D. J Kim, M. K. Jeong, and S. Y. Nam,
“Research trends in ion exchange membrane proc-
esses and practical applications”, Appl. Chem.
Eng., 26, 1 (2015).

M. Gil, X. Ji, X. Li, H. Na, J. E. Hampsey, and Y.
Lu, “Direct synthesis of sulfonated aromatic poly
(ether ether ketone) proton exchange membranes
for fuel cell applications”, J. Membr. Sci., 234, 75

(2004).

. S. M. J. Zaidi, S. D. Mikhailenko, G. P. Robertson,

M. D. Guiver, and S. Kaliaguine, “Proton conduct-
ing composite membranes from polyether ether ke-
tone and heteropolyacids for fuel cell applications”,
J. Membr. Sci., 173, 17 (2000).

A. H. N. Rao, R. L. Thankamony, H.-J. Kim, S.
Nam, and T.-H. Kim, “Imidazolium-functionalized
poly (arylene ether sulfone) block copolymer as an
anion exchange membrane for alkaline fuel cell”,
Polymer, 54, 111 (2013).

B. Bae, T. Hoshi, K. Miyatake, and M. Watanabe,
“Sulfonated block poly (arylene ether sulfone)
membranes for fuel cell applications via oligomeric
sulfonation”, Macromolecules, 44, 3884 (2011).
M. Tohidian, S. R. Ghaffarian, S. E. Shakeri, E.
Dashtimoghadam, and M. M. Hasani-Sadrabadi,
“Organically modified montmorillonite and chito-
san-phosphotungstic acid complex nanocomposites as
high performance membranes for fuel cell applica-
tions”, J. Solid State Electrochem., 17, 2123 (2013).
H. Dogan, T. Y. Inan, M. Koral, and M. Kaya,
sulfonated PEEK
nanocomposite membranes for fuel cell applica-
tions”, Appl. Clay Sci., 52, 285 (2011).

M. Linlin, A. K. Mishra, N. H. Kim, and J. H. Lee,

“Poly (2, 5-benzimidazole)-silica nanocomposite mem-

“Organo-montmorillonites and

branes for high temperature proton exchange mem-
brane fuel cell”, J. Membr. Sci., 411, 91 (2012).

14.

15.

16.

17.

18.

19.

20.

21.

22.

463

J. A. Asensio, E. M. Sanchez, and P. Gomez-
Romero, “Proton-conducting membranes based on
benzimidazole polymers for high-temperature PEM
fuel cells”, Chem. Soc. Rev., 39, 3210 (2010).

R. K. Nagarale, W. Shin, and P. K. Singh, “Progress
in ionic organic-inorganic composite membranes for
fuel cell applications”, Polym. Chem., 1, 388 (2010).
C. Arbizzani, A. Donnadio, M. Pica, M. Sganappa,
A. Varzi, M. Casciola, and M. Mastragostino, “Me-
thanol permeability and performance of Nafion-zir-
conium phosphate composite membranes in active
and passive direct methanol fuel cells”, J. Power
Sources, 195, 7751 (2010).

K. A. Gross, C. S. Chai, G. S. K. Kannangara, B.
Ben-Nissan, and L. Hanley, “Thin hydroxyapatite
coatings via sol-gel synthesis”, J. Mater. Sci. -
Mater. M., 9, 839 (1998).

K. Onishi, S. Sewa, K. Asaka, N. Fujiwara, and
K. Oguro, “Morphology of electrodes and bending
response of the polymer electrolyte actuator”,
Electrochim. Acta, 46, 737 (2001).

A. A. Kornyshev, A. M. Kuznetsov, E. Spohr, and
J. Ulstrup, “Kinetics of proton transport in water”,
J. Phys. Chem. B, 107, 3351 (2003).

J. Ramirez-Salgado, “Study of basic biopolymer as
proton membrane for fuel cell systems”, Electrochim.
Acta, 52, 3766 (2007).

C. Yang, S. Srinivasan, A. S. Arico, P. Creti, V.
Baglio, and V. Antonucci, “Composite Nafion/zirco-
nium phosphate membranes for direct methanol fuel
cell operation at high temperature”, Electrochem.
Solid-State Lett., 4, A31 (2001).

C. Yang, S. Srinivasan, A. B. Bocarsly, S. Tulyani,
and J. B. Benziger, “A comparison of physical
properties and fuel cell performance of Nafion and
zirconium phosphate/Nafion composite membranes”,
J. Membr. Sci. 237, 145 (2004).

Membrane Journal Vol. 25, No. 5, 2015



