Elasticity of the electrode of CNT actuator
and its effect on the deformation

Dept. of Applied Physics, Univ. of Tokyo

Kousuke Nakamura!, Tatsuya Yamaue, and Masao Doi

H=RKYF ) Fa—TT7rFaz— 5 ORTEBEORBDI:DH, REICETINS 1 4 > il
EICL2BRHEEEORIL, BLXUEFhOT 7 F a1 — ¥ ERICRIZTERBLRA0 AT 1%
BWAROBICL VERRIELLTEI0D, 77 Far— 5 OEFKEIHERICIKTFET, TE
BLEIKFE L, SRICEDVT 7 Fax - DERIE, BEBOILHEIZLIVELTWE D
T3, MBRICEFAIAF VOBRBEICLZDDELEEZ LN,

1 Introduction

The carbon nanotube actuator is a soft actuator which has bimorph configuration [1}; the elec-
trolyte layer is sandwiched by the electrode layers. The electrolyte layer consists of polymer
and the electrode layer consists of carbon nanotube and polymer, and the whole contains ionic
liquid. When a voltage is applied across the actuator, it bends toward the anode side. The
cause of the deformation is not clear; the size difference between cation and anion, the electrical
stress working on the interface of electrolyte and electrode, or others.

To make the cause‘of the deformation clear, the elasticity of the electrode of CNT actuator is

measured by changing the ionic liquid fraction and its effect on the deformation is investigated.

2 Experiment

The CNT actuator and the electrode are made according to Ref. [1]. The ionic liquid fraction is
varied according to samples. Young’s modulus of the electrode and the actuator is measured by
the tensile test in the air. The deformation of the actuator is measured by the laser displacement
meter under 4V rectangular wave. The charge in the electrode layer is obtained by integrating

the electric current.
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3 Result and Discussion
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Figure 1: (a)Young’s modulus of the electrode. (b)Displacement and charge divided by thickness

Fig.1 (a) shows the experimental result of Young’s modulus of the CNT electrode. Young’s
modulus is proportional to the volume fraction of the solid substances (CNT and polymer). In
the case of sample 1, Young’s modulus is higher than others. This is thought to be caused by
the capillary force [2].

Fig.1 (b) shows the measured displacement and the charge divided by the thickness of the
CNT actuator. The deformation is large when the volume fraction of the solid substances is
large although Young’s modulus is large. The dependency of the deformation on the electrode
elasticity is not clear. Two curves have same trend. This means the deformation is caused by
the strain difference between cathode side and anode side. The deformation is thought to be

caused by the volume of ions.

4 Conclusion

The ionic liquid fraction effects on the elasticity. And the deformation is influenced by the ionic

liquid fraction. This is not because of the elasticity but because of the charge and the thickness.
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