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1. Introduction

Polymer—electrolyte membranes have attracted much attention in the
past few decades due to their application in fuel cell systems. The
mamnly used proton—exchange membranes are perfluoro—polymers such
as DuPont's Nafion® and Asahi Chemical's Aciplox® because of high
proton conductivity and excellent chemical stability. Howoever, some
weaknesses such as high preparation cost, low conductivity at high
temperature, and expecially, high methanol permeability have limited
severely their practical DMFC application. Many studies have been done
for the development of polvmer electrolyte membranes with  low
preparation cost and low methanol crossover. Composite membranes arc
prepared by impregnation of polymer electrolyte into chemically inert and

mechanically strong porous thin films, which would be good candidates to
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substitute for the perfluoro—polymer membranes. They can reduce cost and
methanol  permeability., and enhance mechanical and electrochemical
properties Accordingly. there have been many reports about this type of
composite membranes. Gore—select membranes. where Nafion®  solution
i impregnaled in porous polytetrafluoroethylene (PTFE)., can be an
excellent example of composite membranes. But, it was found not
appropriate for DMFC application because of high methanol crossover. In
this study. we prepared sulfonated polystyrene—divinyl
benzene (PS—DVB)/PTFE composite membranes and report their
performance for DMFC fuel cell application.

2. Experimental

Porous PTFE membrane was used as a support material for sulfonated
PS—DVB/PTFE composile membrane. Styrene. divinyl benzene(DVB) and
AIBN were used as a monomer, a crosslinker and initiator, respectively.
PTFE membrane was impregnated with different ratio of styrene—divinyl
benzene monomer mixtures and polymerized with the aid of PET film
and a specially designed reaction vessel. Then.  sulfonation was
conducted with mixture of chlorosulfonic acid and 1,2—dichloroethane to
give the composite membranes. The chemical and physical structures of
the composite membranes were characterized by FT—IR and SEM. lon
exchange capacity IEC), ion conductivity and methanol permeability were
studied as functions of weight ratio of styrene/DVB.

3. Result & Discussion

Methanol  permeability and ion  conductivity of  sulfonated
PS—-DVB/PTFE composite membranes were measured as a function of
the ratio of styrene/DVB and were compared with Nafion®117. The
methanol permeability decreased with decreasing the ratio of
styrene/DVB . because of higher crosslinkng and lower sulfuric acid
groups(—SOS'H+) formed in the pores of composite membranes. As

shown in Fig. 1, the value of methanol permeability of the membranes
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prepared were 6.6x1077, 3.7x107", 1.5x1077, and 1.3%x10 "ai/s
according to the ratio of styrene/DVB of 95/5, 93/7, 90/10, 85/15 wt.%,
respectively. As Nafion®117 showed 1.02X107%at/s, methanol
permeability of all the composite membranes were much lower than that
of Nafion®117, presumably due to the chemical structure difference. As
shown in Fig. 2, ion conductivity decreased with decreasing the ratio of
styrene/DVB, like the methanol permeability behavior. The value of ion
conductivity of the membranes were 0.11S/cm(257T), 0.09S/cm(257),
0.09S/cm(25C), and 0.085/cm(25C) according to the ratio of
styrene/DVB of 95/5, 93/7, 90/10, 85/15 wt.%, respectively, which are
higher than that of Nafion®117( 0.0824S/cm).

4. Conclusions

The sulfonated PS—DVB/PTFE composite membranes with different
ratio of styrene/DVB were synthesized successfully. The composite
membranes developed showed lower methanol permeability and higher ion
conductivity than Nafion®117.

5. Reference

[1] V. Tricoli, Proton and methanol transport in poly (perfluoro sulfonate)
membranes containing Cs* and H" cations, J. Electrochem. Soc. 145 (1998)
3798.

[2] B. Bae, D. Kim, Sulfonated polystyrene grafted polypropylene
composite electrolyte membranes for direct methanol fuel cells, J. Memb.
Sci. 220 (2003) 75.

(3] 259, L3, B4, PVC/ E2HA ol udtete] Ay,
2003-0044651

[4] Fugiang Liu', Baolian Yi", Danmin Xing, Jingrong Yu, Huamin Zhang,
Nafion/PTFE composite membranes for fuel cell applications, J. Memb. Sci.
212 (2003) 213.

- 309 -



g

§ Nonlt7 + B5FSDB -
T | taarod OREDH b 10 [
£ 3E@ || CEBSDH ) S
] [} e
' -
EZE(B [}
g
e s -
Em ¢ / 3 o
=
1 s
QB 5 " g
0 o 1] ] S N N T
Rneafontinejnir] Styrene/DVB ratio [wi.% ]
Fig. 1 Methano! concentration of |Fig. 2 Methanol permeability of
SPS-DVB/PTFE composite [SPS-DVB/PTFE composite
membranes as a function of the |{membranes as a function of the
permeation time. ratio of styrene/DVB.
0.12 700 1
F s
—_ 600
E on i ° !
B 5 .7: 500 -
c; o = 400 -_'
;—;: - g‘ L
g 0.09 o '?'G__ SM-Z
£
[} = .
S 200 -
£ 0.08 r—° [} ¢
- | 100 -+
0.07 1 1 1 1 1 d 1 2 0 -
Styrene/DVB ratio jwt.%)] Styrene/DVB ratio [wi.%])
Fig. 3 Ion conductivity of Fig. 4 Characteristic factor of
SPS-DVB/PTFE composite [SPS—-DVB/PTFE composite
membranes as a . function of the |[membranes as a function of the
ratio of styrene/DVB. ratio of styrene/DVB.

- 310 -




Azl

e

H-7

~N
4

o

S-2, P-21

H-3

I-1

Zg Al

F-5

‘m.o
™~
ph

-1, P-1

F-2

P-23

—

skl

r
T+

G

(i

P-19, P-29

F-8

p-27

49

0

ol

P-8, P-10
P-16

H-6

P-3

4n
8o
G2

P-13

No
Gl

To

7U

F-7, P-6
H-7

S-4

A71%

w3
uha

P-26

—_—

KA

—

7ﬂ

P-25
P-23

—

7ﬂ

H-3, P-24

F-1

S-3

T

[N

pP-7

ol

o

F-7

PR

o

—_—

7h..

P-19
S5-6

MEF

F-3
P-2

P-7

A2

P-7

-

—

N2

P-2, P-3, P-4, P-5,
P-8, P-9, P-10

F-4

Rl

P-26
I-3
F-7

3

-
-

A7

N
‘md
4

B A

F-5, S-6

4o

O

7U

P-19, P-29

P-7

P-25, P-27
P-16

4

B84

H-8

&
10

—~

7U

P-8, P-9

B

H-1

Bo
B

7D

F-5, S-5
S-3

AEe
el g

P-3

(33
B

B

P-4

H-2

At

F-7

o

-

A

P-16
P-5

pP-27
P-23
P-13

1ES

F-2

%)

o

LHEl 7

- 311 -



A2

fo o2 o
do o2 XN
™ 9 o

lo

do o
ok of 9
e e

Mo o o Mo Mo do Ho Ho do Ao o
oE 4 N B XN 4N o A ox do o ot £ ol o
Mo opR of Av I & o N Ht g ok o > o b R

P-4

S-6

P-26

P-11

S-6

F-6, H-3, P-24
P-21

P-15

F-7, P-6
P-23

F-1, P-1
H-7

S-2

P-25

P-19

S-2

P-26

F-2

F-3

P-15, P-21
P-17, P-18

2
o
o

[od

o
e
}o|c

o
rlo
oX

[

L 92 0o 0o 9 9
2 e
off ox

5 o o0
o o 2%
g ;LA

o] %E
ojlES
o] %2
olej ]
o] &} g
old %
o gkt
old%
ol@dE
o] £ 3
Al &
SR
YA
AR
e
dei
deE
SR
4%
3y

Ao

- 312 -

F-7

P-19, P-29
F-5

P-26
P-17, P-18
pP-7

P-25

H-11

F-3

F-7

P-8, P-9, P-10
S-1

P-26
P-11, P-13
H-5

P-13

P-11

F-2

P-17

H-3

P-11

P-19

P-23

S-5

F-3, H-9
S-2, P-21
S-1, S-4, P-16
P-9, P-10
F-7, P-6
F-6



X
R
&

ol o of o oX o & & &
N ook Job p AN X 4t e o ofN
Mo N of g oo A ofN ox g

ox
=

LU
A\
=

b
o @ o2

ok

b

A R

e
e

Bae, B

e

S-4 Choi, J.H. P-14

P-15 HaH.Y. F-10, F-11
F-6 Han, J. P-20

F-5, S-5 Hong, S.A.  P-20

F-1, P-1 Hyun, SH.  P-28

P-16 Jung, D.H. P-28

H-4 Kim,C.S. P-22

F-8 Kim, J.H. P-28, F-10
P-16 Lee, G.Y. P-28

F-8 Lee, H1I. F-10, F-11
F-7 Lee, ].S. P-14

H-7 Lee, W.Y. P-22

P-2, P-5 Lim, T .H. P-20

F-7 Liu, J. P-12

P-26 Scibooh, M.A.  F-11

F-6 Nam, SW.  P-20

F-9, P-11 Vo, NX.P. P-20

P-7 Krishnan, P. P-22

H-7 Park, 1.S. P-14
H-10 Park, KW.  P-14

S-2, P-21 Peck, D.H. P-28
P-18 Ryu, S.N. P-28
H-10 Shin, D.R. P-28

P-2, P-3, P-4, P-5, Son, H.]. P-28

P-8, P-9, P-10 Song, R.H. P-28

S-3 Sung, Y.E. P-14

-2, 5-2, P-11, Yang, TH.  P-22

P-21 Yoon, SP.  P-20

F-2 Yu, HB. F-11

F-10 Woo, S.I. P-12

- 313 -



@3 A718535 dsAAEH 9949 49

997 [Aed
(2 At &t @)
2% SIERE)

S99 93812

=Y | azaquansazy | T2 g
R ST
(A7 2dTFY) (LG-Caltex® &)
ERETaS SET]
(LG sHah) (R0 7
W Z SIEIE
(KAIST) (A2 74)
PR 3 e
(qedatn) (HERE9)
AR 2 (AN A 39 A
Wy g AE) (2.917124)
S SRS
(KIST) (AA Y& w)
%5 < % A o
(SK) (CETI)
% = € N CEE
(KATECH) FFH Gz yxea 7 )
o & 9
(e o etan)

AL 58383
WRE, AL, WS Y, olAY, HE Y, AN o a

- 314 -




