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Interfacial Durability and Electrical Properties of CNT or ITO/PVDF Nanocomposites
for Self-Sensor and Micro Actuator

Ga-Young Gu’, Zuo-Jia Wang*, Dong-Jun Kwon , Joung-Man Park "

ABSTRACT

Interfacial durability and electrical properties of CNT or ITO coated PVDF nanocomposites were investigated
for self-sensor and micro actuator applications. Electrical resistivity of nanocomposites for the durability on
interfacial adhesion was measured using four points method via fatigue test under cyclic loading. CNT/PVDF
nanocomposite exhibited lower electrical resistivity and good self-sensing performance due to inherent electrical
property. Durability on the interfacial adhesion was good for both CNT and ITO/PVDF nanocomposites. With
static contact angle measurement, surface energy, work of adhesion, and spreading coefficient between either
CNT or ITO and PVDF were obtained to verify the correlation with interfacial adhesion durability. The optimum
actuation performance of CNT or ITO coated PVDF specimen was measured by the displacement change using
laser displacement sensor with changing frequency and voltage. The displacement of actuated nanocomposites
decreased with increasing frequency, whereas the displacement increased with voltage increment. Due to
nanostructure and inherent electrical properties, CNT/PVDF nanocomposite exhibited better performance as
self-sensor and micro actuator than ITO/PVDF case.
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Fig. 1 SEM photos of morphology of the surface (8) CNT; and (b) ITO
powder.
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Fig. 2 Preparation process of CNT-PVDF and ITO-PVDF sheet.
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Fig. 3 Experimental scheme of electrochemical actuator in electrolyte
solution using laser displacement sensor: (a) whole; (b)
magnified region.
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Table 1 Acid-base and polar-dispersion surface energy component and
comparispn of work of adhesion, Wa and spreading coefficient,
S (m¥m)
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=)
o3

E £
9 5
S ot &
evm . g
Pl NN P R
FistAa A A AANE 2 £
x / 0z £ )
£ 10[Load s E 3
< 3 =
g 1
- /\/\/\/\/\ £
2 ot 6 2
L i 5
% 1 2 3 a1 5° % 250 s00 750 1000
Cycle Cycle
@ (b)

Fig. 5 Electrical resistivity of ITO-PVDF and CNT-PVDF layers
by (a) sensing; and (b) fatigue tests
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Fig. 6 Optical photos of static contact angle of actuator material
with double distilled water droplet; (a) neat PVDF; (b)
CNT/PVDF; and (c) ITO/PVDF sheets
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Fig. 7 Actuated strain versus amplitude curve for different actuator:
(@) CNT-PVDF and (b) ITO-PVDF layer.
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Fig. 8 Scheme of the change in actuator surface morphology after
actuation.
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Fig. 9 Actuated strain versus frequency and voltage curve for different
actuator, (8) CNT-PVDF and (b) ITO-PVDF layers.
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Fig. 10 Actuated strain curve with increasing CNT and ITO, CNT-PVDF
and ITO-PVDF layers.
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