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Fabrication and Electromechanical Behaviors of a SWNT/PANi Composite Film
Actuator

Cheol Kim™, Shuai Zhang™

ABSTRACT

The improved SWNTs/PANi composite actuator films applicable to an artificial muscle were fabricated
successfully using a new process of manufacture that consists of 90% pure single-walled carbon nanotubes
(SWNT) and chemical polymerization. PANi is electrically conducting polyaniline polymer. The conductivities of
the composite SWNTs/PANi film-type actuators and the pure PANiI films fabricated were measured as 56.15
S/lcm and 17.38 S/cm, respectively, by the 4-prove method. The conductivity of the composite actuator is 3.2
times higher than the pure PANi film. The fabricated composite actuator showed higher conductivity than any
other similar ones. The quality of samples was investigated by an electron scanning microscope (SEM). To
measure the actuating strains, a specially designed beam balance apparatus was developed and strains of the
composite actuators was measured by a laser displacement sensor subjected to electric currents. During the
operation, the sample was soaked in the NaNOs solution and the sine-wave voltage in the range of +1V ~ -1V
was applied. The length of the composite actuator changed from 1,=12.690 mm to 1;=12.733 so that the change
of length was 1=0.043 mm and the strain was 0.34 %. This is a very high strain for this kind of a composite
actuator. Other result reported by Tahhan showed 0.23 % strain, so that the present result is improved by 48%.
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Fig. 1 Photos of PANi film samples.
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Fig. 2 Photos of SWNTs/PANi composite film samples.
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Fig. 3 SEM pictures of the samples.
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Fig. 4 Four-Point collinear probe resistivity method.
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Table 1 Conductivity of polyaniline films
h
(Thickness I(Current/A)  AV(Voltage/VV)  C(Conductivity/S/cm)
/cm)
0.40 0.82 17.95
0.45 0.98 16.89
0.006 0.48 1.02 17.31
17.38(average)

Table 2 Conductivity of SWNTs/PANi(3:1) composite films

h
(Thickness I(Current/A)  AV(Voltage/VV) C(Conductivity/S/cm)
/cm)
0.40 0.12 61.32
0.45 0.15 55.19
0012 0.48 0.17 51.94
56.15(average)
AV
p= 453h( 1) @
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Fig. 5 The measurement system for conductivity.
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Fig. 6 Schematics of an actuator testing system.

7](Omron 3Z4M-J1001-6)= =% 9]
=437 S8 A-gHRT.
75}52%0 __LEI_O] xqgﬂon(NaNoa)q \:]—74 E Lq]
Abgetel ZAeTh ERE 2P He) 2E A
)=
(€]
Al &

—~
Qo
Q
=
c
QD
=
o
=}
=
D
w

°
o
>
w
@D

~

9;)&3—7 AC ﬁo]—o] ?‘5:]— tﬂ'/‘g7]°ﬂ -/] H X—l
Hl d=eo2 guEth do] sk do)A] Me
SAHA

(d)

Fig. 7 Strain test system.
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