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Abstract : In this study, we prepared porous cation exchange membrane using
polystyrene such as, EPS (expanded polystyrene), SAN (styrene acrylonitrile copolymer)
and HIPS (high impactive polystyrene). These polystyrenes were sulfonated by acetyl
sulfate to make porous cation exchange membrane such as, SEPS, SSAN, SHIPS. SEM
was employed to confirm porous structure of membrane, and IR spectroscopy was used to
confirm sulfonation rate of ion exchange membrane. Water and methanol content were also
increased with amount of sulfuric acid in reactants. SSAN-20 showed the highest value in
water and methanol content. Fixed ion concentration and conductivity was also increased
with an amount of sulfuric acid in reactants. Methanol permeability for  SEPS-20,
SSAN-20, SHIPS-20 was found to be 1.326 x 10 cm®/s, 1527 x 10™ cm®/s and 1.096 x
10° cm%/s respectively. From the result of electrodialysis experiment in 0.03 M Pb(NOs):
aqueous solution, anion exclusion and cation selection effects were confirmed.
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Fig. 1. Schematic diagram of an apparatus for sulfonated polystyrene porous membrane.
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Table 2. Experimental Conditions for the
Measurement of Methanol
Permeability
g};ss‘f‘ca‘ Gasket | CIM | A-Cell | B-Cell
Length 10 | 130 | 140 | 140
(mm)

Thickness 1 B 198 198
(mm)
Width | gy | 50 | 80 | 80
(mm)
Area | aeo14 | 36214 36214 | 36214
(mm®)

Volume
(mlL) - 144.85 | 144.85
Qualit Si- - PP PP
uality rubber

Number 1 1 1 1

_ MeOH - - ldowt%| 0

initial conc.

C1rc1;ltz;tmgr Circulate pump : 100mL/min

Refract KRUSS OPTRONIC Co.
etractor Germany, abbe-refractometer
meter AR-2

SEPS-20 SSAN-20 SHIPS-20

Front

Back

Cross
section

Fig. 2. SEM images of sulfonated polystyrene
porous membrane.
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Fig. 3. FT-IR spectrum of each polystyrene
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3.3. ol2naEz ¥ IHOI2SE

olewd £Es FAG A Fig 6.7 &
A7E dAgrl. SEPS-10, SEPS-15, SEPS-20
9] ol w3 L2 1203 mey/g, 1408 mea/g,

EPS, SAN, HIPSE oj4# 33 e

QRAAE TEA AN B9 AZ % 1 B4 B AT 7

1591 meg/ge® YERRSW, SSAN-10,
SSAN-15, SSAN-202 1.607 meq/g, 1.773 meq
/g, 1.989 meq/go2 74zt vpERRLY, SHIPS-10,
SHIPS-15, SHIPS-20&  Z+zk 1707 meq/g,
1.930 meq/g, 2.209 meq/go 2 YERGTH AA A
o2 WSE Fo) Fibe o] FAUFE ol
ng o] Flste AFE HAoH, iEE
2 SHPS-200] 7+ A Yebgth

1A o] 2FEE  SHIPSSt SEPSS 4%l
E e o) 7RSS 2A olREEI F
hste AFe UEiQey, SSANS B9
= SSAN-2000 4 ZaEE AL #AF £ 9
Ack. ol Frgol FUHor Frtste] F¥
9] clusterd] Aol F7hsted 01315& Aol
Hette ez AN F
oA FiHQ Aol ﬁ.ﬁli A A=
-COOH719] 28] T ez AAXG 2
A4 olesre e oo WF & ol
3k At MEade] He2A F2 o] 85
o, SHIPS7H 7HY $58 298¢ dehiith

=

3.4. M| & HEE EwE
A1 FA G ojemavol} AAAE T
A4 AfdaAel S48 Busy] 9s8A 1M
KO 8ol i@ =tel 493 59 % A%
A% olgste] WNREEE Tkl Fig 7o
e weE Fo Fae) Fo| FAES
% ANHEEY} Frbste B%E B, 53
SHIPS7} 7V #e 374338 werh ?J_WJ
oz olemP §3W Yol FAUFT A
s£wsb Z7bshe Age meln Qon, ok
DALY EEAT| A Fol o W
#F

O

O

Fig. 7949 %o W&g FHE2
SEPS-10, SEPS-15, SEPS-202 Z47} 324 %,
430 %, 595 %E UERWRAIL, SSAN-10,
SSAN-15 SSAN-20& 585 %, 695 %, 936
%2 Z+zh JeEhg e, SHIPS-10, SHIPS-15,
SHIPS-202 77} 215 %, 402 %, 531 %&
etk 34 A$sh Zo] ukgE T
3‘%&91 ool Zr1EgE FMElE AEE A

31, SSANo] AAH o7 =& Wed FH&
L}E}LH%E} olE FARU weLu F
3 MeAo] =& -COOH7Ie Z{lel o
oz n¥Eddt

m{

PO UR A

_51_



8 482 Ux-o - £79

3.5. HEFRT A

Fig. 8.& SEPS-20, SHIPS-20, SSAN-202]
AlZkell WE B-cell?] WegE FxH3E Ug
d Aelw, Table 3& A (7)o dsjA A"
Hge FARE Ueld Aod. FFY e
ARAHA L 3EA A& FFoe dgs
et FHErb stolol 3=, ol WE T3
Ao &A47 FE3d oed 9% AFe o
a9 Ao gYAE T& dAEY) A% A
ot WEHS JEAXNE nEA HaHQ
Nafion® 117¢] ZA$-ox 30 °Co d2zoA
deg 5157t 43 x 10° cm¥s9) Aoz B
2 vk & AP A e SEPS-209) F$-ol
1326 x 10° cm¥se #e Y,
SSAN-209] ZA-$ol= 1527 x 10° cm¥/s9) g
S Yehliglod SHIPS-209] A %ol 1.09
x 10° em¥/s9) g ULl ol e mshg
3 g5g, nPoeEEt Y $5u
SHIPS-200] 714 $-48 54¢ yehhgion,
1 g0 2 SEPS-20, SSAN-20¢1 Aoz 1}
ettt A4 oz A& HoIAE Nafion® ol
A 3 2L e JEgdREd, o &
Aol EAMARTGE 2EA £Y9L F@AtolA
SEY ¥ BEoR AYsuA miae Uy
b doiFo sobd oleld dAbe] vhehut
Aoz webg)

B-cell methanol concentration vs time

1.2

1.0 1

0.8 t

0.6

0.4 |

0.2

methanol concentration (wt %)

0.0 + +
0 20004000 6000 800010000120001400016000
time(s)

e SEPS
v SSAN
= SHIPS

Col8vs Col 9
Col13 vs Col 14
Col18 vs Col 19

|

Fig. 7. Methanol
B-cell at various time elapse.

concentration change of

HEM LSS

Table 3. Methanol Permeability of Sulfonated
Polystyrene and Nafion®-117 at 30

°C
N (VaL)/(ACA) Permeability X
0- B A1 10° (em¥s)
Nafion™-117 - 0.43
SEPS-20 29.3 1.33
SSAN-20 29.3 153
SHIPS-20 16.0 111
4. @ &

AEg Fol2ud g Axdy) & E
2EAe RER} matrix® AAEA  acetyl
sulfate Al9FE A83le S ENEE A F
3Adne s Axse A¥L slgeny, o ¢
& o} &3le] DMFC& PEMOo 249 AL 7%
4E Bdstdo. 1 dd g3 ge FAE

12
vk
i)

170l 2(-S05)9 =S &<

, ES&E Y Fasrt vw
T 5 U

7717 A /A
ol

G olZugdE AxdHd

4 e
¥2
]

o
o
<%
w2
rir

e v

oy e

ot
r-
2

k)
ok}

=)
Mo
[o
)
rl

o BN
>
r:‘_‘
tlo

it

ofi
ot oXx
2
1o
ol hu
Lo
ol
)
e
5
I

I3
® o

X
I
3o,
s dy oo
T

b

N

ol

©

ju

N

o

Rch
X
o

g z2AE] A8 AR E
g A3 BgE F FAke Fo) F7)
of we} AFAEIL Base B BY
on], SHIPSS} SSANe|] &3] Be ZEA
82 By

4. A7) A BHE FRY AH 1Hol
o

e
ol

ORI R = Y - R -

_52_



Vol. 23, No. 1 (2006)

anas

C. K. Dyer, Fuel Cells for Portable
Applications., J. of Power Sources, 106,
31 (2002).

. M. Broussely and G. Arcahdale, Li Ion
and Portable
Prospects for the next 5-10 Years, J. of
Power Source, 136, 386 (2004).

. D. H Jung, Principles of Generation and

Batteries Power Source

Status of Development of Direct Methanol
Fuel Cells, Prospect of Industrial
Chemistry, 7(2) 14 (2004).

. M. H Jochen, T. Antje, V. Claus, S.

Kornelia, L. Wolgang, and L. Dieter,
Membranes from  Sulfonated  Block
Copolymers for Use in Fuel Cells,

Separation and Purification Technology,
41, 207 (2005).

. M. Rikukawa and K. Sanui, Proton-
Conducting Polymer Electrolyte
Membranes Based on  Hydrocarbon

Polymers, Progress in Polymer Science,
25, 1463 (2000).

. P. Costamagna, L. Magistri and A. F.
Part-load
Performance of a Hybrid System Based
on a Solid Oxide Fuel Cell Reactor and a

Massardo, Design and

Micro Gas Turbine, J. of Power Sources,
96(2), 352 (2001).
P. Costamagna, and S. Srinivasan,
Quantum Jumps in the PEMFC Science
and Technology from the 1960s to the
2000:  Part 1L
Technology Development and Application
Aspects, J. of Power Sources, 102, 242
(2001).

. N. Carretta, V. Tricoli and F. Picchioni,
Ionomeric Membranes Based on Partially

Sulfonated

Year Engineering,

Poly(styrene): Synthesis,

10.

11.

12.

13.

14.

15.

_53..

EPS, SAN, HIPSE o448 A3 vjgé dada g ia dad oo Az % 1 5449 88 97 9

Methanol
of Membrane Science,

Proton Conduction and
Permeation, J.
166, 189 (2000).
H. Bashir, J. L. Acosta and A. Linares,
Proton Conducting Polymer
Based on EPDM and
Branched HPBS, J o Membrane
Science, 253, 33 (2005).

D. S. Kim, H. B. Park, J. W. Rhim and
Y. M. Lee, Proton Conductivity and
Methanol Transport Behavior of
Cross-linked PVA/PAA/Silica  Hybrid
Membranes, Solid State Ionics, 176, 117
(2005).

H J Kim, Y. S. Kang, and J. J. Kim,
Polymeric

New

Membranes

Microporous Membranes,
Polymer Science and Technology, 2(2),
81 (1991).

G. Cardenas, M. Carla and C. Hernan,
Thermal and TGA-FTIR
Studies of  Polyacrylic  Acid
Polymethacrylic Acid Doped with Metal
Clusters, European Polymer Journal, 36,

1091 (2000).

Properties

and

W. Shim, "Synthesis and the
Spectroscopic  Investigation of Metal
Containing Polymeric Materials” Brown

University(1985).

B. S. Jung, B. K. Kim and J. M. Yang,
Methanol
Through Partially Sulfonated Polymer
Blend Membranes for Direct Methanol
Fuel Cell, J. of Membrane Science, 245,
1-2, 61 (2004).

B. Smith, S. Sridhar, and A. A. Khan,
Synthesis and Characterization of Proton

Transport of and Protons

Conducting Polymer Membranes for Fuel
Cells, J. of Membrane Science, 225, 1-2,
63 (2003).



