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1.��� 
 

����� �� �� ��� ���� � �� � ��� ����

����� ���� �(phase)�� ����, ��� ����� �

�� �� �� ��� �� ��, ���, ��� ���� �� �

� �� ����.1-4 ��� ��� ����� ������ 200 �

��� �� �� ���� �� ����, �� ��� ���(solid 

polymer electrolyte, SPE) ����� ���� ��� 2� ��, ���

�, ��� �� �� �� ��� ����� 	�� 
� ���

� �� ��� ��� ��.5-7 

SPE� �� ����� ������, ��� ��� ��, ��� 

��� ����� ��� ��� �� �� �� ��� �	� 

���, ��� �� 
 ��� ���� ��� ���� ���

�� �� ������ ���� ����
�� ������ �

��� ��. ��� ������ SPE� �� ��� ��� ��

�� ����, ��� ��� �� ���� ���� ��� SPE

� 
��	� ��� ��� ��. �, SPE� ���� �� ���

� ��� � �� ���, ������(Tg)� ��� ��� 
�

� ��� ����, � �� ����� ������ ����� 

��. ��� ��� �� ��� �� ion-paring ���� ���� 

�� 
�(aggregation)� ���� �� �� ������ ��� 

�� ��� �� 
�� �� ��� ��� ��.8,9 ��� ��	

� ���� �� TiO2, Al2O3, SiO2, �� ���, ��� ��� ��

� �� �� ��� �� � ��� ���� �� �� �	�� 

���������	
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�
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��� � ����� mobil crystalline material-41(MCM-41)� �� ��� �� �� ��� ���(solid polymer 

electrolyte, SPE)� ������ ��� ���� ���, poly(ethylene oxide)(PEO), ����� �� ��� ��� 

MCM-41 ���, ��� ���� ���� SPE� ���
�. SPE� ����� X-	 �
�
(XRD) � ���

�	��(DSC)� ��� ������, ����
�
(FRA)�� ������ ���� �� ����� ��

�
�. � ��, MCM-41� ��� ���� ���� �� PEO� ��� 
�� �	� ��� � ����, 

�� MCM-41� ������ ��� ��� �� ����. ��, P(EO)16LiClO4/MCM-41 ��� ���� ��

���� 8 wt%� MCM-41� ��� 	� �	 � ������ ���, 8 wt% ����� �� ��� ���

��� ��� ��� � ���. ��� ������ ��� MCM-41� ��� �� ���� ���� ��

� ��� ��� �� ��.�

 

Abstract:�In this work, the solid polymer electrolyte (SPE) composites, which are composed of poly(ethylene oxide) 
(PEO), mesoporous mobil crystalline material-41 (MCM-41), and lithium salt, are prepared in order to investigate the 
influence of MCM-41 contents on the ionic conductivity of the composites. The crystallinity of the SPE composites was 
evaluated using differential scanning calorimeter (DSC) and X-ray diffraction (XRD). The ionic conductivity of the SPE 
composites was measured by the frequency response analyzer (FRA). As a result, the addition of MCM-41 into the 
polymeric mixture prohibited the growth of PEO crystalline domain due to the mesoporous structures of the MCM-41. The 
P(EO)16LiClO4/MCM-41 electrolytes show an increased ion conductivity as a function of MCM-41 content up to 8 wt% 
and a slightly decreased conductivity over 8 wt%. These ion conductivity characteristics are dependent on a change of 
polymer crystallinity in the presence of MCM-41 system. 
 

Keywords: solid polymer electrolyte, ionic conductivity, crystallinity, mobil crystalline material-41. 
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���, �29� �4�, 2005� �

���� ��.10-16 �� ���� ���� �� SPE� �����

� ����, ���� ��� ��� ��� ��� �
�� �

�	� ��� ��.10 ��� SPE� ���� �� ���� ��

�� ��� SPE� ����� ���� ���, ��� ��� 	

�� ��/�� �� ���� 		� ��� ��.11-16 

� ���� ��� PEO� �� �
����� ��	 
�(Tm)

� ��� ���� �� ��� ���, ��� �� �� ��� 

��� �� ��� ���, �� SPE��� ���� ����� �

��.17,18 ��� ��� �	�� ���� PEO� ��� 
�� 

�� ��� ���� �� ������ 	� �	� ��� ��. 

��� PEO� ��� 
� ��� ������ ����� �	 

�� ��� �� �� �� ���� ��� SPE ������.17-25 

���, � ����� �� ���� mobil crystalline material-41 

(MCM-41)� ���� SPE ����� ���
�. �� Mobil�

�� 
�� ����(mesopore) ��� ��� MCM-41� 1992� 

�� �
���(liquid crystal tamplate) ����� �� ������, 

MCM-41� ��� 1�
� pore�� 6��� array ��� ��� �

����� ��(mesoporous tube)� �����. ��� � ��� 

������ 6�� 	� ���� ��� ���� 	�� ���

�, �� MCM-41� ���� ����� ��.26-28 

���, � ����� ����� ��� PEO� ��� 
�� 

��� ��, ������ ����� ��� MCM-41� ���� 

P(EO)16LiClO4/MCM-41� SPE� ���
�. ��� ��� SPE� 

���� MCM-41� ���� ��� �� SPE� ����� �� 

� �� ��� ��� ��� 
	� ���
�. 

 

2. �� 
 

2.1 ���

��� 2.0�105 � poly(ethylene oxide) (PEO)� ���� LiClO4� 

Aldrich ��� ���
��, ��� ��� acetonitrile� Junsei Che-

mical(Japan)�� ���� ���
�. ���� ���� MCM-

41� ��� �� ���
� colloidal silica Ludox H40� (�)��

���, ������ ��� cetyltrimethylammonium chloride(CTMACl) 

solution� Aldrich ��� ���� �� �� ���
�. 

2.2 ���������� 

Colloidal silica� Ludox H40 14.3 g� 1 M NaOH ��� 46.9 g� 353 

K�� 2�� �� 
��� sodium silicate ��� ���
�. 20 g

� CTMACl� 28 wt% NH3 ��� 0.29 g� �� ��� 1�� �� 


� �, �� �� ��� sodium silicate ��� ��� ���� �

��� 1�� � 
��
�. � 
 ���� 370 K�� 24�� �

� �	� �, ���� ���� 30 wt% acetic acid� ���� pH 

10.2� �
�
�. pH �
 � 370 K�� 24�� �� �	�� �

�� � 
 � �� ��� �, ��� ���� ������� 370 

K�� ���
�.29 ��, ���� �� �
���� ���� �

�� �� ��� 823 K�� 5�� �� �� ��� �� MCM-41

� ���. 

2.3 �������������

PEO� 50 ��� MCM-41� LiClO4� 130 ��� 24�� �� 

���� ���
��, LiClO4� acetonitrile� ��� � ��� 

MCM-41� ���� 10� �� sonication� ���
�. ��� PEO

� [EO]� [Li+]� 16:1� ��� ��� 24�� �� 
�� � �� 

40 �� �� ���� 24�� �� ���� SPE� ���
�. 

2.4 �������������� 

PEO� LiClO4� MCM-41� ��� �� SPE� �� ��� �

��� ��	(SEM, Hitachi S-2400)� ���� ���
�. ��, �

���	��(DSC, Perkin Elmer DSC6)� X-	 �
�
(XRD)� 

�� MCM-41� ��� PEO� ����� ��� 
	� ��

����, DSC� ���� 125 ��� N2 ������ 5 �/min

� ��
�� ���
�. 

2.5 ���������

��� SPE� ������ ���� ��� 
� ����� �

��
�. ���� ��� � 
� ����� �� ��� ��

� ��� ���� ��� ���� 10 Hz�10 kHz� ��� ��

�� ����
�
(frequency response analyzer, FRA)� ��� 

AUTOLAB 30(potentiostat/galvanostat) (Eco Chemie, Netherlands)� �

��� ���
�.  

���� �
(Rb)� FRA ������ ���� equivalent circuit 

analysis� �� ���
��, ���(�)� (1)�� ��. 

 

t

ARb1 =
σ

                                                (1) 

 

���, t� SPE� �� ��� A� SPE� ��� ����. 

 

3. �� � �� 
 

3.1 ���������� 

��� MCM-41� �� ��� �� MCM-41� ��� Figure 1

� �� ��� ��, � 	� 	� 3500 cm-1�� -OH �� ��� 

980� 810 cm-1�� Si-OH� Si-O-Si� �� ��� 	� ���� 

��� � ���. ���, �� ��� ��� �� ��� MCM-41

� 	���� 3000�2800 cm-1 
��� �� ������ �� 

��� ���� ��� � ���. �� �� �
��� ��� 

����� �� ���� ���, �� ���� �	� ���� 

����.  

��� MCM-41� ���� 2 � < 7� 
�� XRD ���� ��

Figure 1. FT-IR absorption spectra as synthesized MCM-41 and calcinated 
MCM-41. 
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� � ���, ��� � ���� ��� MCM-41� XRD ��

� ��� MCM-41� ���� ��� � ���. �, Figure 2� 

�� ��� �� MCM-41� XRD��� ����, MCM-41� �

� ��� �� [100] � ��� [110], [200], ��� [211] �� ��

�� 2 � 
�� 2�7� ���� ��� � ���. �� �� � �

��� ��� MCM-41� �� ���� ��� � ���.  

3.2 ��������� 

Figure 3� Figure 4� XRD� �� ��� SPE ��� 
�� �

�� ��	 ���. ����� PEO� ��� 
�� 2 �� 15�

30� 
��� ��� � ��.30,31 Figure 3�� 
 � �� �� ��, 

LiClO4� MCM-41� ��� �� ��� 
�� �� intensity� �

�� ��� � ���, 5� 8 wt% MCM-41�� �	 � intensity� 

��, � ����� ��� ��� � ���. 

��� PEO� ��� 
�� ��� MCM-41� ��� 
	� 

���� �� MCM-41� �� ��� ���� 2 �� 1.5�8.0� 


��� SAXS� ���
�. � �� Figure 4�� 
 � �� �� 

��, MCM-41� PEO� ���� �� MCM-41� �� ��� �

�� � ���� MCM-41� ���� ���� �� MCM-41� 

�� ��� intensity� ���� �� ��� � ���. ��� SPE 

���� MCM-41� �� ���� Figure 2� �� MCM-41� �

�� �
�� 
 �, Figure 4�� MCM-41� P(EO)16LiClO4 ���

� ���� �� [100] � ��� intensity� ��� �� ��� 

� ���. ��, P(EO)16LiClO4 ���� MCM-41� 2 wt% ��� 

	�� MCM-41� [110] �� [200] �� ��� ��� ��
��, 

MCM-41� ���� ����	 [110] �� [200] �� ��� �� 

intensity� ���� ��� � ���. ��� MCM-41� ��� 

�� SPE� SAXS ��� ���, SPE��� �� MCM-41� ��

� �� ��� ��� �� ���� ���, MCM-41� � �	

� SiO2 channel� ��� P(EO)16LiClO4 ���� ��� ��� �

���.  

��, DSC ��� ��� SPE� ���� ��� ��� � ��

�. �, Figure 5� LiClO4� MCM-41� ��� �� SPE� ��	 

��� ��	 ���, ��� ��	� ��� � PEO� ��� 


�� ��� ����. PEO� ��� 
�� ��� ����(�)

� �� ��� � ��� ��� �� ����. 

 

o
f

f

H

H

∆
∆=χ                                                 (2) 

 

���, PEO� ∆Hf
0� Tm� �� 189 J/g� 65 ��� LiClO4� 

MCM-41� ��� �� ∆Hf� DSC ��� �� ��
�. �� 

Table 1� ��� �� ��, MCM-41� ��� �� PEO� ���

�� ��� 8 wt% MCM-41� ��� 	� �	 � ��� �
�

�, ��� ����� ��� XRD� ���� ���� ��� 

MCM-41� ���� �� intensity� ��, � ����� ��� �

�� � ���. �� ������ ��� �� MCM-41� ��� 

Figure 2. X-ray different pattern of MCM-41. 
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Figure 3. Wide angle X-ray diffraction patterns of pure PEO and 
PEO16LiClO4 with MCM-41 of different weight ratios. 
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Figure 4. Small angle X-ray diffraction patterns of PEO16LiClO4 with 
MCM-41 of different weight ratios. 
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Figure 5. DSC curves of PEO16LiClO4with MCM-41 of different weight 
ratios. 
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���, �29� �4�, 2005� �

PEO� ���� �	� 
	� ��� ���� ����.  

3.3 ������������ 

SPE� �� 	��� ��� Figure 6� �� ��� � ���. 

����(semi-crystalline) ���� PEO� ��
�� ��� �� 

��, � �� 
� ��� �� ��� �� �� ��� ���, 

�� ���� LiClO4� ���� �� ����� ���� ��

�� ���, � �� 
� ��� 	�� 	���� ��� PEO

� �� 	���� ���
(homogeneous) ���� ��� � �

��. �� ���� ����� �� PEO� ��� 
�� ���

� ���� ����. ��� P(EO)16LiClO4 ���� �� 	��

� ��� P(EO)16LiClO4 ���� MCM-41 ���� �� �� �


� ��� � ���. �, P(EO)16LiClO4 ��� ����� MCM-41

� ���� ��, PEO� ��� 
�� ���� MCM-41� �

��� ���� �� ��� PEO� ��� �� ��� 	�� �

�� 	
��� ��� � ���. ��� ��� 8 wt%� MCM-41

� ���
� 	� �	 �
� ��� � ����, 10 wt% MCM-41

� ��� 	�� 	���� ��� 	�� �� ���� �� �

�� � ���. �� XRD � DSC� ���� 
 � �� �� �

� ��� 
�� ��� �� ��� ����. 

3.4 ���������� 

� ���� ��� SPE� ������ ��� Figures 7� 8� 

��� ��� � ���. ���� �
(Rb)� 1% ��� ����

�� ���� �
�� ����, ���� ���� Figure 7�� 


 � �� �� �� Rb� MCM-41� �� ���� �� ���

�, 8 wt%� ���
� � �	 � ��� ��� MCM-41� ��

�� 10 wt%� � �� ���� 		� �
�. ��� Rb� ��

� ���� MCM-41� PEO ������ ��� �� �� ��

� ���� ���� �� �� �� ���� ���� ��� 


	� �� SPE� ����� ���
� ���� ����.  

���� ��� �� ������ ��� ��� Figure 8�

� ��� � ���. ��, ���� ���� 8 wt% ���� �

��� �� ������ ���� �� ��� � ���. ��

�� ��� �� SPE� ������ ���� ���� ���

� 	���� ���� ���, SPE� ����� ��� ���

� �(phase)� ����� ����� ��� ��.32,33 Z. Wen �

� ���� LiAlO3� ���� SPE� ����� ��� ��� �

�, ���� ����� �� ������ ��� α-LiAlO3� 	

� γ-LiAlO3�� �� ������ �� �� ������ ��

� ���
�.33 ��, ���� �(phase)� ������� ��� 

10 wt% ��� ���� ���
� 	� ���� ����� �


��� ���� ������ ��� ��� � ���, ���� 

���� 10 wt% ��� 	�� ���� ���� �(phase)� �

         

 (a) (b) (c) 

 

         
 (d) (e) (f) 

 
Figure 6. SEM photographs of (a) pure PEO, (b) 0, (c) 2, (d) 5, (e) 8, and (f) 10 wt% of MCM-41 in PEO16LiClO4 polymer electrolytes. 
 

Table 1. Crystallinity(�) and Melting Temperature(Tm) of PEO16LiClO4/ 
MCM-41 Composite Polymer Electrolytes 

MCM-41 
(wt%) 

Si/Li 
Melting temperature, 

Tm (�) 
Crystallinity, � 

(%) 
0 - 59.82 43.4 
2 0.16 59.32 32.9 
5 0.40 58.24 32.1 
8 0.66 56.82 26.3 
10 0.85 56.98 28.3 
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	�� �� �� ���� ����� ����� ���
�. ��

� ��� �����, � ���� 8 wt% ���� ������ 

��� ��� � ���. �� ���� ���� 8 wt% ��� 	

� ���� ����� �
��� ���� ������ 	�

��, ���� �� ��� 	�� ���� �(phase)� �	�

� �� ��� �� �
��� �� � �� ��� ���� ��

�� ����� ������ ��� 	���� ���� ����.  
 

4. �� 
 
� ����� MCM-41� �� � MCM-41� ���� ��� 

SPE� ���� MCM-41� ��� �� P(EO)16LiClO4 ���� �

���� ������ ��� �����. � ��, XRD� ��� 

P(EO)16LiClO4 ���� ���� ��� MCM-41� ���� ��

� �� ���� ��� ��� � ���. ��, ���� MCM-41

� ���� �� SPE� ����� ���� �� DSC� XRD� 

��� ��� � ���. �� MCM-41� � �	� SiO2 channel

� ��� P(EO)16LiClO4 ���� ���� ��, � MCM-41� PEO 

����� ���� PEO ���� ���� ����, �� �� 

���� ����� ��� ��� ����. ��� ��� SPE

� ���� ��� MCM-41� ���� 
	� ��� �� ��

�, SiO2 channel� �� ��� PEO� Li ��� �� �� ���

� �� 
	� ���� ��� � ���. ��, P(EO)16LiClO4 �

��� ������ MCM-41� ��� ��� ���� ���� 

��, SPE� ���� � MCM-41� ���� ���� �� ��

�� �� �	� ���� �� ��� ��� ��� �
��� 

��� ��� ��� ����. 
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Figure 7. Complex impedance plots of PEO16LiClO4/MCM-41 polymer 
electrolytes system at room temperature. 
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Figure 8. Dependence of conductivity on MCM-41 content in PEO16LiClO4/ 
MCM-41 polymer electrolytes system at room temperature. 
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