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1.����

 

��� ���-�� ����(Ionic polymer-platinum composite, IPMC)

� �� ��� ��� ���� ������� �� ��� ��

�, �������(electroactive-polymer, EAP)� � ��� ����

�(actuator), �� ��� ��� � ��.1,2  

IPMC� � �� ��� ��� ��� ��� ��� ��� �

	���� ��� 
��� ��� � ���, �� ��� �� �

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

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

� �� ��� IPMC� �� ��� ���� ��. IPMC� 10 V 

��� ��� �� �� ��� �� ���� ���� � �

� ���.3-5 IPMC� ���� ��� 		� �� ���� ��

� � ���� �� ���� �� ��� ���� ������ 

��� � ���, ���� ��, ���� �� ���� ��� 

� ��.  

Nafion(Chemical Structure 1)� Du Pont�� �	�� ��� ��� 

��� ��� tetrafluoroethylene� � ��� ��� ��	 �� 

���	� ���� �� ��� ������ ����� ���

�, ��� ���� ��� ��� ������ ���� �� 

��� ��� ����� �� ������ ���.6,7 ��� �

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

Asahi Glass� Flemion, Asahi Chemical� Aciplex �� ���� ��.8-11  
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Chemical Structure 1 

 

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

� ��� ���� ���, ����� �� ���. ��� ��

� ��� ���� ���� ��� ����� �� �� ��.12  

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

����� ��� ��� ��� �� �� ��� � ��, �
 

Chemical Structure 2� fluoroalkyl methacrylate(FMA), �� �
 Che-

mical Structure 3� fluoroalkyl acrylate(FA)� ��		(AA)� ��

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

� IPMC� 	�� ��� ��� 	�� � ��.13,14  
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��� Fluoroalkyl methacrylate, ��		, 2-hydroxyethyl methacrylate(HEMA)� ���� ��� ��	� ��� ��

�� ��� ��� ���-�� ����(IPMC)� ���� ����� ���, HEMA� OH�� 1,3-diethoxy-1,1,3,3-

tetramethyldisiloxane�� �����. ����� ��� IPMC� ����� �����, ��� ��, ���� ���

� 	����. ��� IPMC� ���, � �� ��� �� ��� ���� ��� �	 �����.�

 

Abstract:�In order to enhance the actuation force of ionic polymer-metal composite (IPMC) made with the acrylic copolymer 
of fluoroalkyl methacrylate, acrylic acid, and 2-hydroxyethyl methacrylate (HEMA), the hydroxy group of HEMA was crosslinked 
with 1,3-diethoxy-1,1,3,3-tetramethyldisiloxane. The water uptake was reduced and the mechanical strengths and the actuation 
force of the membrane was improved by crosslinking. However, current and deformation responses of IPMC were decreased by 
crosslinking. 
 

Keywords: ionic polymer-metal composite(IPMC), fluorinated acrylic ionomer, electroactive, crosslinking, actuation force. 
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Chemical Structure 2 
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Chemical Structure 3 
 

���� � AA ����� ��� ���� ���� ����, 

AA ����� ��� 
� 
� ������ ���� ��� 

IPMC� ��� ��� ���� ���� 	��� ��� ��. 

�, � ����� 	�� �� ���, Nafion 117� ��� IPMC� 

20 g-water/100 g-dry IPMC ��� �� ����, � ����� �

�� ��� ��	� ����� � 100 g-water/100 g-dry IPMC� 

�� �����(Table 2 ��).9  

� 	���� ��� ��	� ����� ����� ���� 

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

� 2-hydroxyethyl methacrylate(HEMA)� �����, HEMA� OH�

� �
 Reaction Scheme 1� �� 1,3-diethoxy-1,1,3,3-tetramethyldi-

siloxane(DTDS)� ���� ��� �����.15 � ����� ��

� ��� 
� ��� ����� IPMC� ��� ��� 	� �

����.  
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Reaction Scheme 1 

 

2. ��  
 

2.1 ��� ���� ����� �� � ���� 

Fluoroalkyl methacrylate(FMA, Zonyl TM, Du Pont), ��		(AA, 

Aldrich), 2-hydroxyethyl methacrylate(HEMA, Aldrich)� 0.3 phr� 2,2'-

azobisisobutyronitrile(AIBN, Junsei)� ��� ���� ���� 60 �, 

�� �� ��� ���� �
�����. ���� �� �� � 

��� ��� ��� 		 ���� ��� ���� 	��� 

���� �
��� ��� � 60 ��� �������. �� 

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

��� ����� 165 ��� �� 0.20 mm� �� ��� ���

����.  

��� ��� 25 � ���� �� �� �� ���� �, N, N- 

dimethylformamide(DMF, Aldrich)� �� �����. �, ���� �

� ��� HEMA ����� ��� OH�� 1.5� ��� 	��

� DTDS� ���, ��� �	� ��� pH 5�6� 	� ���

� �� 25 � DMF �	� ��� �� �� �� ���� �, 110 �

� 	�� ����� ��� 24�� ���� ��� ��� ��

���.  

2.2 ��������  

�� ��� �� ��� ���� ��� ��	� ��� ��

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

� �� ����� �����.5,16 
��� ��� ��� �
� �

��� ���� ��� ����, 
�� ���� 2�� �� �

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

Pt(NH3)4Cl2�xH2O(Aldrich)� ���� �� 50 � ��	� 3�� 

�� ���	�� H+��� �� ����� �����. ��� 

�� ���� NaBH4(Aldrich)� 5 wt%� �� ��	�� 40 ��

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

��� ��� �� ��� 4�� ���� ��� ��� ��� 

��� ����� ����, 3, 4��� �� ��� ��� 60 �

�� ���.  

2.3 ��  

��� ���� � �� ���� ��� ���� ��� 
�

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

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

���� ��� 25 � ���� 2�� �� ���� � �

���(Instron 4411)� ���� �����. �� 10 mm, �� 30 

mm, �� 0.20 mm� ��� ����, ��� 10 mm/min� ��

���.  

����� ��� IPMC� ������ � (1)� ���� �

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

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

� 2�� ��� �� ����.6  

Table 1. Acrylic Copolymer Used in This Study  

 
Feed Composition 

(weight ratio) 
 

Polymer Composition 
(weight ratio)a Designation 

 FMA AA HEMA  FMA AA HEMA 
PFMAH0  69.00 31.00 -  75.25 24.75 - 
PFMAH1  68.32 30.69 0.99  66.13 32.14 1.73 
PFMAH2  67.64 30.39 1.96  70.43 26.19 3.38 
PFMAH3  66.99 30.01 2.91  67.99 26.94 5.07 

aDetermined by 1H-NMR analysis. 
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)sampledryg100/waterg(uptakeWater −−  

= 100
dry

drywet ×
−

W

WW
                                       (1) 

 

IPMC� ��� ��� ����� ��� 
��� ��� �

� sputtering� � ������
(SEM, Jeol JSM 820)�� 	���

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

Figure 1� ��
 �� ���� � 	��� 5 V� ��� �

�
� 1 Hz� +5 V, -5 V� ����� IPMC� ���� 
� 

��� � �� ��� �����.8,9 IPMC� � 6 mm� �� �

��� �� � � �� �� ���� ��� ��� �� � �

� ��� �	 
�� ����� �� ���� ��� ��	� 

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

���� ��	� ��� �����. ��� � �� �� ��

� � �� ��� ���� ���� ���� ���. ���� 

�� ��� �� IPMC� ��� load cell� �� � �, 5 V� ��

� ��� 
� load cell� ���� �� �� �� �����.  

 

3. �� � �� 
 

3.1 �����  

�	�� ��� �� �� IPMC� ���� ���� ��� 

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


� IPMC� ��� ��� 	����, ���� ���� 
�

� 	����.13,14 FMA/AA� �	�� ���� 	���� 2-hy-

droxyethyl methacrylate(HEMA)� ����� �, HEMA� OH�� 


� Reaction Scheme 1� �� DTDS� ���� ��� ���� �

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

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

���, �� ��� ���� HEMA� �� ���� �� ��� 


 � ��.  

3.2 ���� 

���� �� ��� ��� 25 � � �� 2�� �� ���� 

� ��� ���� ���� ��� Table 3� �����. PFMAH0

� 	� ���� ��� ���, �� ��� 
� ���� �� 3, 

4� ����, ���� ��� ���� 
�� 	�� � � ��. 

3.3 �����

Figure 2� SEM�� 	�� IPMC ��� ����� ����

�. Figure 2� IPMC �� �
�� PFMAH0� � 4 µm 
��� 

�� ��� ���� ���, ��� PFMAH2� �� �� ��

� 2 µm ���� 
 � ��. ��� ��� ��� �� ���

� ���� ��� ��� ��� ��� 	���. PFMAH1� 

PFMAH3� �� �� ��� 2 µm ��� �� ��� �� ��

20mm

5mm

6mm

Load cell
Laser displacement
sensor

Potentiostat

Waveform generator

displacement

20mm

5mm

6mm

Load cellLoad cell
Laser displacement
sensor

Potentiostat

Waveform generator

displacement  

Figure 1. A schematic of displacement measuring system. 

Table 2. Water uptake of Film and IPMC  

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

Before crosslinking After crosslinking 
IPMC 

PFMAH0 81.6 - 98.2 
PFMAH1 57.0 27.7 30.1 
PFMAH2 49.3 23.3 26.2 
PFMAH3 40.1 18.5 21.2 

 
Table 3. Tensile Properties of Crosslinked Wet Acrylic Copolymer Films  

Sample Tensile modulus(MPa) Elongation at break(%) 
PFMAH0 0.11 34 
PFMAH1 0.40 32 
PFMAH2 0.38 22 
PFMAH3 0.30 16 

 

�

(a) 
 

�

(b) 

Figure 2. Scanning electron micrographs of the cross-section of IPMC 
from (a) PFMAH0 and (b) PFMAH2. 
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���, �29� �5�, 2005� �

� �
�� ���.  

3.4 ��� �� �� 

Figure 3� IPMC� 5 V� �� ��� �� 
� ��� ��� �

��� ������, ��� 	��� ������ ���� 


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

�� ��� ��� �� �	� �� �	� ���� ��� �� 

���� �� 
��� ���� �� ��� 	
�� � �� �

�� �	 ��� ��� �� ����� ����� ���� �	

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


� ��� ��� ��� ��� ���� �� � ���� �	

��.1,8,10 Figure 3�� PFMAH0 > PMFAH1 > PFMAH2 > PFMAH3� �

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

��� ���� 
 � ��. ��� ������ ��� ��� �

�� �� ��� ��� 	
� ��� ��� �� 	���.  

Table 4�� Figure 1� ��
 �� �� load cell� IPMC� ��

� �� � �, 5 V� ��� ���� 
� load cell� ���� �

� ��� PFMAH0� �� �� 
���� ������, �� �

�� PFMAH0 < PFMAH1 > PFMAH2 > PFMAH3� ��� ���� 


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

��� �
� ���� ��� ����, �� ���� �	 �

����� �� ���� �� Figure 3� ��� �� ��� �

��� ���� ���� ���� 	���.  

Figure 4�� 1� ���� +5 V, -5 V� �� IPMC� ��� 


� ��� ��� ���� ������, Figure 3��� �� �

��� �� ���� ��� �	� ��� ���� ��� ��

�� 
 � ��. �� ��� �� ��� ��� 	
 ��� 

Figure 3��� �� PFMAH0 > PMFAH1 > PFMAH2 > PFMAH3� 

���, � �� ��� ����� ���� 
 � ��.  

� ���� �� �� ��� � �� 
��� ��, ���� 

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

��	�� ���� �	��. ���� �� ��� 1.23 V �


� 
� �� �� �	� � �� ����.1  

 

4. ��  
 

IPMC� ���� ���� ���� ������ ����� 


�, IPMC� ��� ��� �
��� ���� �����. ��� 

������ ��� �� ��� �� ��� ��� 	
 ��� 

�����. 

 

��� ��� 	�� 	���� ��������
��(��

�	: 02-PJ3-PG6-EV03-0004)� ���� ������ �� ��� 

��	�.  
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Figure 3. Initial current and displacement responses of IPMC by the 
applied voltage of 5 V ; (      ) PFMAH0, (       ) PFMAH1, (       ) 
PFMAH2, (       ) PFMAH3. 
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Figure 4. Current and displacement responses of IPMC by 1 Hz�5 V step 
voltage repeatedly applied ; (      ) PFMAH0, (      ) PFMAH1, 
(      ) PFMAH2, (       ) PFMAH3. 
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