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1.����

 

��� ���� ��� ��� ��� ���� �������(elec-

troactive-polymer, EAP)� ���� ��� � ���� �� ��� �

��, ����� �� ��	 ��� �� ����. ��� ��� 

��� ��� ������� �� ���, ��� �
�� ���

����� ��� ���� ��	 ��� ��.1,2  

������-�� ����(ionic polymer-metal composite(IPMC))

� EAP� ����, �� ��� �� �� �� �� ��� �� 

��� ���, �� ��� �� ����	 ����� ��� 

�����. IPMC� ��� ��� ��	 ��� ��(anode) ��

� ������, 10 V ��� ��� �� �� ��� �� ��

�� ���� � �� ����. IPMC� ���� ��� ��� 

�� ���(actuator)� ��� � ���� �� ���� 	� �

�	 ���� ����, ���� ��, ���� �� ��� �

�� � ��.3-6  

IPMC� �� ����� ���� ��� ����� 	
�� 

�� ��� ��� ��� ��, � DuPont� Nafion, Asahi Glass� 

Flemion, Asahi Chemical� Aciplex �	 ���� ��. ��� tetra-

fluoroethylene� � ��� ��� ��
 �� ���
� ���

� �� ��� ������ ����� chemical structure 1	 ��� 

��.7,8  
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Chemical Structure 1 

 

��� �� ��� ���� ��� �� 0.1�0.3 mm ��� �

� ��� �	�� ���, ����� �� ���. ��� ��� 

��� ���� ���� ��	 ����� �� �� ��.9  

	 ������ Nafion	 ���� IPMC� ��� � ���� 

����� ��� ��� ��� �� �� ��	 � ��, chemi-

cal structure 2� fluoroalkyl methacrylate(FMA), � DuPont� Zonyl 

TM� ��

(AA)	 ����� 	� ���� IPMC� ��� 

� ���, Nafion�� ��� IPMC
 ��� ��	 ��	 ��

� � ��.10  
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��� Sodium montmorillonite �� sodium montmorillonite� ��� macromer� 	� ��� fluoroalkyl methacrylate
 

��

	 ��� ����� ��� ��
� ��� ���/sodium montmorillonite ����� ����, ��� 

X-� �
 ��, ����, ����� � ��� ��	 �����. �, ��	 ���� ��� ���-�� ���

�(IPMC)� ���� � 
�� �� ��� �� �� �� � �� ��	 ��� ��, sodium montmorillonite� �

�� ��	 ���� �� � ���� ��� ��		 ����� 

 

Abstract:�Fluoroalkyl methacrylate and acrylic acid were bulk radical copolymerized in the presence of pure sodium 
montmorillonite or macromer intercalated sodium montmorillonite to get a fluorinated acrylic ionomer/sodium montmo-
rillonite composite, and their physical properties, such as X-ray diffraction pattern, tensile properties, and water uptake, 
were examined. These composites were used to preparean ionic acrylic polymer-platinum composite (IPMC). The current 
and deformation responses of these IPMCs by external voltage applied across the platinum electrodes deposited on both 
sides of IPMC showed that the cation migration from anode to cathode was suppressed in the presence of sodium mon-
tmorillonite, causing reduced current and deformation. 
 

Keywords: ionic polymer-metal composite(IPMC), fluorinated acrylic ionomer, electroactive, sodium montmorillonite, 
composite. 
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Chemical Structure 2 

 

IPMC� � �� ��� ��	 ��� ��� ��� ��� �

� ���� ��� ���� ��� � ���, �� ��� �� 

���� ��(cathode) ��� ��� � ��
 	� ���� �

�. �� �� �� �� ���� ��, ��(anode) �� ���� 

��� �� ��� IPMC� �� ��� 	�� ��.1,3,11 ��

� �� �� ��� ���	 
���� ���� �� ��� 

��� ����. ��� 	 ����� ��� ��� ��
� 

����� ��� �� ��� ��� ��� ��

	 ���

� �� ��� ����� �� ���� ���� ���� �� 

��� ��� �����.10  

Sodium montmorillonite� ��� silicate ��� � ��� Na+ �

�� 	��� �� ��� �� �� �� �����.12,13 	 ��

��� sodium montmorillonite� ��� 	���� �
�� ���

�� ���� ��� ��
 ��� 	���� �
� �� ��

� ���� � ��� �� ����, FMA
 AA� ���� ��

� ��
� ��� ���(PFMAA) 	���� sodium montmorillonite

� �
�� ����� ����, �� ���� IPMC� ���� 

�� ��	 �����. ����� ���� FMA
 AA� ��

� ���� � sodium montmorillonite� 	� ���� ���� �

�� chemical structure 3� poly(ethylene glycol) methyl ether methacryl-

ate macromer� sodium montmorillonite� ��� ����� �� 

� �14-16 �� FMA, AA
 	� ������ ��, � ��� �

����.  
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Chemical Structure 3 

2. ��  
 

2.1 ������������������

���� 562g/mol� poly(ethylene glycol) methyl ether methacrylate 

macromer(PEGM, Aldrich)� sodium montmorillonite(Southern Clay 

Products Inc.)� ��� ����(PEGMM)� ���/acetonitrile �

��(��� 1/1) ��� �����. � ��� 100 mL� PEGM	 

3 g �� �, sodium montmorillonite 7 g	 �� � ���� 2�	 �

����. �� � ���	 ����, ���	 acetonitrile� ��

�� 

 ��� �, �� ���� ��	 ��� � 3�	 ��

�� ��� �����.14-16  

2.2 ���������������������

FMA
 AA� ���� ��� ��
� ��� ���(PFMAA) 

	���� sodium montmorillonite� �
�� ����� sodium mon-

tmorillonite �� ��� ��� macromer ����� 	� ��� 

FMA
 AA� 
� ����� �����. ��� 0.3 phr� 2,2′-
azobisisobutyronitrile(Aldrich)	 ��� ���� ����, 60 �, 

�� �� ��� ����. ���� �� �� ��� ��� 

���� ���� ��� ��� � 60 ��� �� �����. �

� recipe, ���, ��� ����� �� �� Table 1� �����.  

��� ����� 165 ��� �� ���� �� 0.16 mm� �

� ��� � IPMC� ��� �����.  

2.3 �������� 

�� ��� �� ��	 ���� ��� ��
� ��� ��

�-�� ����(ionic acrylic copolymer-platinum composite, IPMC)

� �� ���� �����.11,17 ����� ��	 ��	 �

�� ���� ���� ��� ����, ��� ���� 2�	 �

� ���� �, 	 10-2M ��� tetraammine platinum(II) chloride 

hydrate, Pt(NH3)4Cl2�xH2O (Aldrich)� ���� �� 50 � ���� 

3�	 �� ���
�� H+
��	 �� ����� �����. 

��� �� ���	 NaBH4(Aldrich)� 5 wt%� �� ����� 

40 ��� ��� ��� �� ��� �� IPMC� ����

�. �� ��� ��� � ��� 4�� ���� ��� ��� 

��� ��� ���� ����, 3, 4	�� � ��� ��� 

60 ��� ���.  

2.4����

��� ���� � �� ���� ��	 	��� ��� �

����(1H-NMR)	 Varian Plus 300 MHz NMR� ���� ��

�. ���� trifluoroacetic acid� �� �����.  

���� �� sodium montmorillonite 	�� ������� �

���. �, TA Instrument� ��� ��(TGA 951)� �� ���

�� 10 �/min ��� 700 ��� ��� � ���	 ���� �

� � sodium montmorillonite� 	�	 �
���.  

Table 1. Acrylic Copolymer Composites Used in This Study 

Feed composition (weight ratio)  Polymer composition (weight ratio) 
 

FMA AA Sodium montmorillonite PEGM  FMA AA Sodium montmorillonite PEGM 
ZAN0 70.00 30.00 - -  82.00 18.00 - - 
ZAN3 70.00 30.00 3.00 -  79.89 20.11 3.96 - 
ZAN7 70.00 30.00 7.00 -  86.05 13.95 8.66 - 
ZAP3 70.00 30.00 2.46 0.54  88.83 11.17 2.35 0.67 
ZAP7 70.00 30.00 5.73 1.27  79.75 20.25 4.97 1.14 
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���, �29� �4�, 2005� �

X-� �
�� X-ray diffractometer(X'PERT, Philips)� Cu K�(�

�1.54 Å) �	 ����, �

	 1.21��� 1.2 °/min� ���

��� ����.  

����� ��� ����� ��	 25 � ���� 2�	 �

� ���� � �����(Instron 4411)� ���� �����. �

� 10 mm, 
� 30 mm, �� 0.16 mm� ��	 ����, ���� 

10 mm/min� �����.  

����� ��� IPMC� ������ �� �(1)	 ���� 

�
���. � ��� Wwet� ��� 25 � ���� 2�	 �� 

���� �� ����, Wdry� ��� ��� �� 80 � ����

�� 2�	 ��� �� ����.5  

 

Water uptake (g-water/100 g-dry sample)� 

100
dry

drywet ×
−

W

WW
                                         (1) 

 

IPMC� ��� ��� ����� ��� ���� ��� �	 

sputtering� � ����

�(SEM, Jeol JSM 820)�� �����. 

��� ����� �
� � ��� ��� ��	 �����.  

Figure 1� ��� ��� ���� � �
�� 4 V� ��� �

��� 1 Hz� �2V, �2V� 	����� IPMC� ���� �
 

��
 � �� ��� �����.3,5 IPMC� � 6 mm� �	 �

��� �� �� �	 ��� ���� ��	 ��� �� � �

� ��� �� �
� ����� �� ���� ��� 	��� 

�����. ���� �	� 
�� 25 mm� ���, ��� 5 mm 

���� 	��� ��� �����. ��� � �� �� ��

� � �� �	 ���� ��� �
�	 ���.  

3. �� � ��  
 

3.1 ����������

Figure 2(a)
 (b)� 

 sodium montmorillonite
 sodium mont-

morillonite� PEGM� ��� ����(PEGMM)� X-� ���

� �����. Sodium montmorillonite� ���� Southern Clay�� 

�� ��
 ���� 2 θ�7.8°�� ��� ���� ��, PEGMM

� 2 θ�6.3°�� ��� ��	 
 � ��. � ��� macromer� 

PEGM� ���� ��� sodium montmorillonite� �	 	�� �

�	 ����.14-16 P. Aranda �� �� ��� ��� sodium 

montmorillonite� � ���� poly(ethylene oxide)� 	 0.26 g/g-mont-

morillonite�� ��� � ���, �� ��� poly(ethylene oxide)� 

�	� �� 
	 � �� ��� ��� � ��.15 	 ���� 

��� PEGMM � PEGM macromer� 	�� Table 1�� 0.22 g-

PEGM/g-sodium montmorillonite� ��� poly(ethylene oxide)�� 	

	 �� ���	 
 � ��. �� PEGM�� poly(ethylene oxide) 

�� �� ���� � ��
 ��� �	� �� ���� 	


��. ��, Figure 2(e)
 (f)�� PEGMM	 FMA, AA
 ����

� ��� ZAP3� ZAP7� PEGMM� ��� ���� X-� �
 

��� ��	 
 � ���, � ��� ���� ���� sodium 

montmorillonite� ��� poly(ethylene oxide) ��� ��� ��� 

��		 ����. �� �� FMA
 AA� ���� � sodium mont-

morillonite ��� ���� ��� ZAN3� ZAN7� 2 θ�5�8° �
�� ���� ��� 
� X-� �
 ��� ��	 
 � ��

(Figure 2(c)
 (d)). � ��� ���� �� PEGM ����� �

� �
� ��� 	��� �� sodium montmorillonite� �� �� 

��� ��� �
� ��	 ����.  

3.2 ������

�
�� ��� �
 �� IPMC� ���� ���� ��� 

����� 	 ��� ��� ��� ����� ����� ��

� �� ���� ��� IPMC� �����	 ���� Table 2� 

�����. ��� �
, ZAN3
 ZAP3� sodium montmorillonite� 

�	�� �� ZAN0� �� ������ ��� �� Nylon 6/mont-

morillonite nanocomposite��� ��� �
 �� ��� silicate� 

��� �� ���� 	
	 ���� ���� 	
��.18 ��

� ZAN7� ZAP7� ZAN0�� ������ ��� ���, �� 

sodium montmorillonite ��� ������ sodium montmorillonite

� �� �� �
� �� ��� ��� ��� ���� ��� 

20mm

5mm

6mm

Laser displacement
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Potentiostat

Waveform generator

displacement

cathode anode

20mm

5mm

6mm

Laser displacement
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Waveform generator
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Figure 1. A schematic of displacement measuring system. 

Figure 2. X-ray diffraction patterns of (a) sodium montmorillonite, (b) 
PEGMM, (c) ZAN3, (d) ZAN7, (e) ZAP3, and (f) ZAP7. 
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���� ���� ���� 	
��. ����� ��	 ��

�� ��� ���� IPMC� ���� ���� ��� �� 

���	 ��� � ����, �� -COOH�� ��� � -COO-

Na+
� ���� Na+

��� �� ���� �� ��� 	
��.19,20 

Table 2�� IPMC� ���� �� �� �����	 ��	 	

�� � ��. IPMC� �
� ��� sodium montmorillonite� 		

� �����	 ZAN0� �� ����� ��� ���, 	�� 

�� ��� ���� ��	 Table 2�� 
 � ��.  

3.3 �����

��� ����� �� ��� ��	 25 � � �� 2�	 �

� ���� � ��� stress-strain ��	 Figure 3�, ���� 	

�� ���� ����	 Table 3� �����. ZAN0� �� ��

�� ��	 ���, ���� ��������
21-26 ZAN3� ZAP3

� sodium montmorillonite� ����� �� ZAN0� �� ���

�� ���	 � � ��. ��� ZAN7� ZAN3�� ZAP7� ZAP3

�� ����� ��		 
 � ���, �� ������ ��� 

�� ��(Table 2 ��)�� ��	 ��� ��	� �� �� � 

��� 	
��.  

3.4 �����

Figure 4� SEM�� ��� IPMC� �� � ��� ����� 

�����. Figure 4(a)� �� ���� 	 2 ������ ��� 

�� �� �� ��� ��	 ��� � ��. Figure 4(b)� �� 

����� 	 20 ��� ��� ���� ���� ��� 	�		 

��� � ���, �� IPMC ��� ����� ��� �� �� 

SEM ��	 �� ��� � ����� ���� �� ���

� ���� ��� 	
��.1  

3.5 ����������

Figure 5� IPMC� 4 V� �� ��� �� �
 ��
 ��� 

���	 ������, ��� ���� ������ ���� �

�	, ��� ��� ���� ��	 
 � ��. �
 �� ��
 

�� ��� 		� �	 ��� �� ��� ���� ��� �

� ���� 	� ���� ���� �� ��� ��� � �

� ��� �� ��� 	�� �� ����� ���� ���

� 	
��. �, ���� ��� �� ��� ���� ��� 

�� �� �� ��� ��� ��� ��� ���� �� � 

� � �

 (a) (b) 

Figure 4. Scanning electron micrographs of (a) the cross-section (b) the 
surface of IPMC from ZAN0. 

Figure 5. Initial current and displacement responses of IPMC by the 
applied voltage of 4V ; (���) ZAN0, (-- . -- . -- ) ZAN3, (-- . . -- . . --) ZAN7, 
( - - - - -) ZAP3, (..............) ZAP7. 
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Table 3. Tensile Properties of Wet Acrylic Copolymer Films 

 

 Sample 

Tensile  

modulus  

(MPa)  

Tensile strength  

at break 

(MPa) 

Elongation  

at break 

(%) 

ZAN 0 0.43  2.23 68 

ZAN 3 1.20  3.37 78 

ZAN 7 0.61  2.03 33 

ZAP 3 1.02  3.63 46 

ZAP 7 0.61  2.37 34 

 

Figure 3. Stress-strain curve of wet acrylic copolymer film ; (a) ZAN0, 
(b)ZAN3, (c)ZAN7, (d) ZAP3, and (e)ZAP7. 

	�

��

��

��

��

��

S
tr

es
s(

M
P

a)
 

� �� ��� ��� ��� ��� ���

Strain(%) 

0

1

2

3

4

5

(a)

(b)

(c)

(d)

(e)

Table 2. Water Uptake of Film and IPMC 

Water uptake (g-water/100 g-dry sample) 
Sample 

film IPMC 

ZAN0 22.3 67.2 

ZAN3 14.7 78.0 

ZAN7 25.0 68.7 

ZAP3 21.2 76.1 

ZAP7 35.7 66.1 

 

(d) 

(b) 

(a) 
(c) 

(e) 
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��� 	
��.1,3,11 Figure 5�� sodium montmorillonite� ��� 

ZAN3, ZAN7, ZAP3, ZAP7� ��
 ��  ��� ZAN0� �� 

�� ���	 
 � ���, sodium montmorillonite� 	�� �� 

��� �� �
� ��� � ���. �� sodium montmorillonite� 

IPMC �� �� ��� ������ ��, ����� �� PFMAA

� -COO-Na+�� ��� Na+ ��� �� 	� ���� �	 �

��� ��� ��	 ����.  

Figure 6�� 1� 	��� +2 V, -2 V� 	�� IPMC� ��� �


 ��
 ��� ���	 �����. Figure 5��
 �� ���

� �� ���� ��
 ��� ��� ���� ��� ���	 


 � ���, sodium montmorillonite� ��� �
 ��� �� �

�
 ��� ��� ��		 ��� � ��.  

 

4. ��  
 

X-� �
 � ��� sodium montmorillonite �� �� macromer� 

��� sodium montmorillonite� 	� ��� FMA
 AA� ��� 

����� �
 sodium montmorillonite� PFMAA� ��� ��� 

�� ����� ��� � ��	 �����. ZAN0� �� sodium 

montmorillonite� ��� ����� ���� IPMC� ����, �

�� ��� �� ��� ��
 �� 	 ��� ���� sodium 

montmorillonite� IPMC �� ��� ��� ����� ��� �

�	 ���� ��
 �� � ��� ���	 �����.  

 

������	 ��� ����� ����������� �

� ��� ��� ��(��	�: 02-PJ3-PG10- 31402-0001).  
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Figure 6. Current and displacement responses of IPMC by 1 Hz�2 V step, 
voltage repeatedly applided ; (--------------- ) ZAN0, (-- . -- . --) ZAN3, (-- . . -- . . --) 
ZAN7, ( - - - - - ) ZAP3, (.............) ZAP7. 
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