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� �

���� ���� (sulfonated polysulfone, SPSF)� poly(phenylmethyl silsequioxane) (PPSQ)� �-�� �� ��
��� ���� ������ ��� �� ��� �����. ���������� ������� �� ��� �
���� ���� ����� 37~75%� SPSF� �����. SPSF/PPSQ �� ���� SPSF� PPSQ� DMF
� ���� ����� ���� �����. � �� ����� �� �� ���� ���� 2.8�10-3~
4.9�10-2 S/cm���� ����� �� ��� ���� �� ���. ��� ���� ���� �� ����� �
�� ���� ������ ����� ���� ������, PPSQ� ��� ���� ��� ���� �����
���� �� ��� � 	��. � 5 wt% PPSQ� ��� �� ����� ����� � ��� ���� SPSF
� ���� �� �
��� ���� �� ������ ������.

Abstract : Sulfonated polysulfone (SPSF) with poly(phenylmethyl silsesquioxane, PPSQ) composite polymer electrolyte
membranes were prepared and their proton conductivity, water uptake and methanol permeability of membranes were
characterized. By controlling the ratio of (CH3)3SiCl and ClSO3H and reaction time, SPSF with 37~75% degree of
sulfonation were synthesized. The increase of sulfonate groups in the base polymer resulted in the increase of the
water uptake in the membranes as well as methanol permeability. Composite membranes were prepared by casting
of DMF solution of SPSF and PPSQ. The proton conductivity of the composite membrane at room temperature
was 2.8�10-3~4.9�10-2 S/cm. The increase of PPSQ contents in composite membranes resulted in a decrease in
water uptake and methanol permeability. Composite membranes containing 5% PPSQ did not make a significant
effect on the proton conductivity and methanol permeability compared with that of pristine SPSF, but a significant
decrease of water uptake was observed. 

Key words : Sulfonated polysulfone, Poly(phenylmethyl silsequioxane), Composite membrane, Proton conductivity, Meth-
anol permeability. 

1. �  �

�� ��� ����(direct methanol fuel cell, DMFC)�
��� ���� ���� ��� ��� ��� ��� ��
�� ����� �� �� ���� �� ��� ��� ��
�� ��� ���� ���� ��� ���� ��� ��
� ������ �� ���� ��. �� ��� ���� �
�� ��� ��� ���� ���� ���� ����, �

�� ��� �� ��� ��� ������ �� �� ��
�� �� ���� ����� ��� ���� ��.1,2) 
�� ��� ����� ��� ����� Nafion®�� �
�� ���� �����(perfluorinated ionomer membrane)�
�� ���� ��. � perfluorinated ionomer� ���� �
��� �	 ���
� ��� ��� ��� ��� ���
� ��� ���(methanol crossover)� �� ���� ���
� �� � � ��� � �� ��� ����� DMFC�
���� ��� ������ ���� ��.3) 
��� ���� ����� ���� Nafion® �� �� �
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	 ���(��) ��� ���� ��� ���	�.4,5) � �
�	 ��� ��� �� ���� � ��� ���� ���
� ��� Nafion® ��� ��� ��� ���� ��� �
�. �� �� ���� ��� ���� �	 ����
(ionomer)� ��� �� ��� ���� ���, ��� ��
� �� ���� ����� ��� ������ �����
��� ��� ������.6,7) � 	� polysulfone,8,9)

poly(ether ether ketone),10) poly(phenylene oxide),11) poly-
imide,12,13) polybenzimidazole14)�� ���� ����� ��
�
 ��� ��� ���� �� ���	�.
��� ���� �
� ��� ������ �� �� �
��� ��� ����� ���� ��� �	�� �� �
�� ��� ���� ��.15) �	�	 �� ��� ����
� �	� �� ��� ���� �� � ����� ���,
�
��� ���
 ���� ����� �� ����� �
� ���� �	�� ��� �� ��� ���� ��.16)

Stimming �	 Nafion� ��� ����� ��� ����
	
�� �
��(90oC) ��� � �
 ���� ���	�
� �����.17) Staiti �	 ����� ��
� ��� ��
�
 PBI� �	�� ���� �
��� ����� ���
��� ��
� �����.18) ��� � ��� �� ���
� ��� �� ���� ���� ��� ��� ��. 
� ����� �� ��� ����� ����� ����
� ��� ��� ��� ���� �
�� ����� � �
��� ���� �� ���� ���� ���� �����
�
 �	�� �-�� �	�� 	
���. ���� ���
�� �
��� ���� �
���� ��� poly(phenyl-
methyl silsequioxane) (PPSQ)� ������ ��� ����
� ���� Bisphenol A polysulfone (SPSF)� �����.
Bisphenol A polysulfone	 �	 ���
���� �� ���
����� 40% �� ��� ��. ��� �
 		 �	 �
���� �� SPSF� �
(70oC ��)�� �� �� ���

� �� ������ ��� ���������� ����
� �����. � ����� ����� �
���, ���
� ��� ��� ����� ��� SPSF/PPSQ�	 ����
� 	
����, ���� � �	 ����� ����

PPSQ� 
�� �� ���, ��
 � ��� �� ��� 

����.

2. �  �

2.1. ��
Polysulfone (Udel P-1700, Amoco)	 ����	(chloro-

form)� �� � ���� 
���� �	��, ������
40oC� 24�� �� 

�� �����. ���	� ���
chlorosulfonic acid(CSA, 99% Aldrich)
 chlorotrimethyl-
silane (CTMS, 98% Aldrich)� �	�� �� �����. �
�� �� ��	�� sodium metoxide(25 wt.% in methanol,
Aldrich)� �����. 	� � ��� �	� ��� ���
�� 1,2-dichloroethane (DCE, 99% Aldrich), dimethyl
formamide (DMF, 99% Junsei) � dimethyl sulfoxide
(DMSO, 99% Junsei), ���	 ���� ���� �	��
�����. �� ���� poly(phenylmethyl silsequioxane)
(PPSQ, Gelest) � �� �
	 �	�� �� �����. 

2.2. ����� ���
���� ����(SPSF)	 Scheme 1� ��� 	
 		
����� ��� ��� ���� 	����.19,20) �� ��
����� 

� PSF� ��� DCE� 0.1 g/l� ��� �
� ���� ���.  ��� PSF  �
� ���	�
chlorotrimethyl-silane(CTMS)� 1,2-dichloroethane 15 ml� �
� �
� chlorosulfonic acid (CSA)� dichloroethane 45 ml
� �� �
� ���� 1�� ��� ���� ��� ��

�. ��� ����� �� ���	� � � ����� 


Scheme I
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�� 
����. �� 
�� ��, �
� ����� sodium
methoxide�
� ��� ���� ���� ��� ��� 

��� � �
�� 2�� �� �����. ���� ����
��� �� ����, ��� � ���� �� 
 �����.
	�� SPSF	 60oC�� 24�� �� 

 � 80oC�� �
��� 2�� 

���. ����� ��� ��� ��� 	
� 1H-NMR� ���� 7.6~8.0 ppm � 6.8~7.4 ppm ���
�� ��� �� �� �����.21)

2.3. ���� ���� ��
SPSF� PPSQ� DMF � DMSO� �� 15 wt.% �
�
	
���. PPSQ� �	 SPSF ���� 5%, 10% �� 20%
� ���. 	
� �
	 ���� ��(0.2 µm)� �� � �
�� ��� ��� � � 60oC�� 8�� �� �� 

�
��. �� 	
� �	 0.5 M �� �
�� 2�� �� ��
� ���� 24���� 4��� �
� �� ���� ���
��. 

2.4. ������(Methanol Permeability) ��
��� ��� ��� Fig. 1� �� diffusion cell� ���
� �����. Chamber A(VA = 250 ml)�� 2 M ��� ��
�� ��� chamber B(VB = 38 ml)�� ���� ���. �
chamber ���� ��� �� �� ��� 6.15 cm2�� �
��� ���� ��� �����. �� ��� ���� �
� �� ����� ���. � chamber� �� ���� ��
�� �� magnetic stirrer� �� �����. ��� ���
���������(GC-14A, Shimadzu)� ���� ����
�. ��� ���� ��� �� �� ��� ���� ��
� (1)� ������ �����. 

(1)

���, P� ���(permeability), CB(t)� �� t���
chamber B� ��� ��, CA� chamber A� �� ���
��, VB� chamber B� ��, L� �� ��, ��� A�
�� ���� ��.

2.5. �����(Ion Conductivity) ��
��� ����� �� ���� ���� ��� Fig. 2�
�� cell� ����� �� 	��� ���(Impedance/Gain-
Phase Analyser 4194, Hewlett Packard)� ���� ����
�� �����.9) ��� �� ��� �� � ��� ���
�� ���� �	� � ��� ���� ���. 
��� ��� ��� ���� ��� 100 Hz~100 kHz�
� 	��� ����� �� � ���� ����� ���
��� ����. ��� �� �� ���� ���� ���
� (2)��� ����� κ�� ����. 

(2)

���, κ� �����, R� �� ������ S� ��
�� ��
� �� ��� ��� ���, l� ���� ��
��. 

2.6. ��� (Water content) ��
���� ���� ���� �� �� ��� ��� � �
�� ���� ��� ��� ��� �� ��� � ����
� �� ��� �����. �� 3� �� ���� ����
����. ��
� �	� ��
��� 3� �� �� ���

�� ��� � ����� �� �� ��� �����. 

� ��� �� �� ���� 
�� 1 g ��
� ����
(� (3)) ���� ����. 

��� = (3)

���� Wwet� Wdry� �� 
��� �� ����.

3. �� � �� 

3.1. ���� (degree of sulfonation, DS)
��� �
� �� �
� ��� ��� �����(� 300

rpm) ��(30oC)�� �	��
�, �
�� ��, �
���

CB t( ) AP
VBL
----------CA t to–( )=

κ l
RS
-------=

Wwet Wdry–

Wdry
------------------------------ 100×

Fig. 1. Schematic diagram of methanol permeability measurement
cell. 

Fig. 2. Schematic diagram of ionic conductivity measurement cell.
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����� Table 1� �����. Table 1�� ��� �� �
�, ����� ����� �� � �
��� ���� ��
� �����. �� 	� ����� �
�� 
� �
��
�� 21�� ����� ����� ��� ��� � ���
����� ����� �� ��� 
��. Fig. 3� ����
� 49 mole%� SPSF (DSPSF-49)� 1H-NMR ����
�
�
�� ��� 	�21) ��� ����� �� SPSF ���
�� � � ���. 

3.2. ��� �� ��
Fig. 4� ����� �� ����� ��� ���� ��

�� 	��. ��� ���� 8�10-8 cm/s~1�10-6 cm/s
�
Nafion 117� ��� ��� (30oC�� 1.4�10-6 cm/s)� ��
� �� �����. �� SPSF�� PPSQ� ��� �� �
��� �� ����� ���� �� ���� ���� �
� �������� �� �� ��. �� Table 2�� ��
�� 	� �� PPSQ� ��� �� ��� ��� ����
���
� ���� 	� ��� � ���.

3.3. �����
��� �� ������ ��� ��� 	��� ����
���� ����
�, � �	� �� �	� ����
Nafion 117� ������ 9.2�10-2 S/cm (25oC)� ����
�
 ��� 1.0�10-1 S/cm� ��� ��� ���.22) Fig. 5
� ����� �� �� ���� �����. SPSF �
SPSF/PPSQ ���� ���� ����� ���� �� ��
��
� ���� �	� ���, PPSQ� ��� 5 wt%� 

��� SPSF/PPSQ� ���� �� ����� �� ���
�� ��� � � ���. 

3.4. ��� ���� ������ ��
Fig. 6� SPSF� SPSF/PPSQ ���� ������ ��
������� ����� ���� ����. � ���� �
�� SPSF� SPSF/PPSQ �� ����� �
� ��� �
� ������ ���� ��� ���� ������ ��
��� � � ���.23) �� ���� ��
	�(cluster)� �
� ���� ��� ����� 	���� ���� ����

 
Table 1. Dependence of degree of sulfonation on the mole ratio and
reaction time.

SAMPLE
PSF:CTMS :CSA 

(mole ratio)
Reaction Time 

(hours)
Degree of 

Sulfonation (%)

SPSF-37 1 : 0.8 : 0.8 17 37

SPSF-49 1 : 1.0 : 1.0 21 49

SPSF-60 1 : 1.2 : 1.2 15 60

SPSF-75 1 : 1.2 : 1.2 21 75

* PSF: Udel polysulfone
* CTMS : chlorotrimethylsilane
* CSA : chlorosulfonic acid
* Solvent : 1,2-dichloroethane
* Concentration of PSF = 0.1 g/l§

Fig. 3. 1H-NMR spectrum of sulfonated polysulfone (Degree of
sulfonaton: 0.49). 

Fig. 4. Methanol permeability as a function of degree of
sulfonation. PPSQ contents: 0 wt%(

��
) and 5 wt%(

��
).

Fig. 5. Ionic conductivity as a function of degree of sulfonation.
PPSQ contents: 0 wt%(

��
) and 5 wt%(

��
).

Table 2. Ionic conductivity and methanol permeability of composite
membranes for different PPSQ content.

PPSQ content(wt %)
Ionic Conductivity

(S/cm)
Methanol Permeability 

(cm/s)

0 7.0� 10-2 1.2� 10-6

5 4.9� 10-2 8.3� 10-7

10 5.7� 10-2 1.1� 10-6

20 2.9� 10-2 9.1� 10-7

* Degree of sulfonation is 75%
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� �� ���� ��� ����. 

3.5. ���
Fig. 7� ����� �� ���� ��� ��� ���. �
���� �� ���� ��� ��� ���, ������
��� ��� �� ����� �� ��� ���� ���
��. ���� ��� 0.21~0.56 g H2O/g membrane� ���
�. ���� 60 � 75%� �� PPSQ� 5 wt% ���
SPSF/PPSQ �� ����� ���� PPSQ� ���� ��
��� �� ���� �� ���� ��� ��� 	�. 
�
��� ���� �� �� �� ���(swelling) ��� ��
� �� ���� ��� �� ��� �� ���� ���
����� �� ��� �����. 
�� SPSF� �� 5 wt% PPSQ� �
� ���� ���
�� � ��� ��� �� ���� ����� �����
���� ����� � �� ������. ��, DMFC� �
� ��� ��� 	��� SPSF-60� 5 wt% PPSQ� ���
� �� ���� �� �� ��� � ��� �� ��� �
���� �� ���� �� �
��� ����31 % ��
�� ��� �����. �� SPSF/PPSQ �� ����� �

��� DMFC ��� ���� 
�� �	� 	���. 

4. �  � 

���� ����(sulfonated polysulfone, SPSF)� poly
(phenylmethyl silsequioxane, PPSQ)� 
-�� �� �����
���� ������ ��� �� ��� �����. SPSF/
PPSQ �� ���� SPSF� PPSQ� DMF� ���� ��
��� ���� �����. � �� ����� �� �� �
��� ���� 2.8�10-3~4.9�10-2 S/cm���� �����
�� ��� ���� �� ���. SPSF � SPSF/PPSQ �
� ����� ��� ���� ������ ����� � �
	��� PPSQ� ��� ���� ��� ��� � ����
����� ���� �� ��� � 	��. ��� SPSF�
�� PPSQ� �
� �� ����� �� ��� � ���
�� ��� ����� �� ���� �� �
��� ��
�� ����� � �� ������. � 
��� ���
SPSF/PPSQ �� �����DMFC � ��� ���� 
�
�� ��� � 	� ��� ����.
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Fig. 6. Relationship between methanol permeability and ionic
conductivity of SPSF/PPSQ composite membrane. 

Fig. 7. Variation of water uptake with degree of sulfonation. 


