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Introduction

There have been considerable attentions for biomimetic actuators
including  electro-active polymers (EAPs) Ionic polymer-metal
composite (JPMC), an ilonic EAP, is one of the most promising
actuator because of its large bending displacement with low applied
voltage Its unique characteristics can be made use of in a number of
applications such as robotics and artificial muscles [1]. The bending
deformation is attributed to water drag associated with the
unidirectional migration of the counter cations in the ion-exchange
merrbrane JEM) [1] It consequently requires that IPMC should be
operated in some humid conditions or in the bulk water to function
constantly, since water would be easily evaporated m the dry
condition. Also, water electrolysis in IPMC is known to progress
when applied voltage exceeds approximately 1.3 V [2]. Water loss in
IFPMC is surely one of the most serious problems related to the
actuation capability, and results in short air-operating life time In
order to prevent solvent loss in the IPMC, water has been substituted
with ionic liquids as solvent and electrolyte owing to their high ion
conductivity, non-volatilty, non-flammability, and the large
electrochernical stability windows [3]. However, almost all the normal
TPMCs based on commercial IEM like Nafion® or Flemmion® soaked
with ionic liquids are not efficiently actuated, snce ion conductivity
of lonic liquids in commercial IEM is relatively low compared with
that of water.

The present study is intended to prepare the effective IPMC with
increased air-operating stability by using icnic liquids. The IEM
containing sufficiently larger amount of anionic group than
commercial IEM was necessary for adequate ionic conductivity of
tonic liquids in IEM. IPMC emnploying the prepared IEM soaked with
tonic liquids 1s expected to have proper actuation capability and high
alr-operating stability.

Experimental

The ionic liquids were purchased from C-TRI The other materials
including MWafion® 117 membrane were purchased from Aldrich The
IEMs were synthesized by radiation-grafting and sulfonation process.
Poly(vinylidene-co-hexaflucropropylene)  (P(VDFco-HEP), Mw
400E) films of 200 um thickness were rradiated at room temperature
under Ny with yray (0.7 kGywh dose rate; 10, 30, and 50 kGy) using a
8o source (KAERIT, Korea). Irradiated films were immersed in Na-
purged styrene at 70 °C and grafted for 16 h, and then sulfonated with
1.5 vol % chlorosulfonic acid in 1,2-dichlorcethane The amount of
sulfonic acid group was evaluated from ion-exchange capacity, which
was determined by traditional titration method. Pt electrode was
chemically deposited on both surfaces of IEM by using effective
plating method, known as impregnationreduction with Pt(NHz4]Cl
and NaBHy [1]. In order to effectively imbibe the ionic liquids into
IEMs, the dehydrated IPMCs were immersed in methanol/ionic
liquids rixture (50/50 by weight) [3]. The properties of the ionic
liquids and prepared IEMs are given in Table 1 and Table 2. Icnic
conductivity was determined by using AC impedance method.

Table 1. Structure and properties of the icnic liquids.
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Table 2. Properties of PESA-grafted PVDF-co-HFP mernbranes.
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Bending actuation of the prepared IPMC was measured by laser
displacernent meter (Figure 1). The detection position of IPMC strips
(30 mm free length and 5 mm width) was 20 mm apart from the tip.
Adr-operating stability was quantified by actuation cycling,
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Figure 1. A schematic of the experimental setup for the actuation
analysis.

Resulis and discussion

Figure 2 shows the bending displacement and response of the
prepared IPMCs by applying a direct current to the electrode at 2 W
for 50 5. The bending performance of the IPMCs, which made from
each of IEMs and soaked with each of ionic liquids differs from each
other in the maximum displacement and the response time And the
actuation capability of the prepared IPMCs 15 similar to or higher than
that of Mafion IFMC with waters. We demonstrate that the difference
in the bending capability can be caused by the difference in the
various properties of IEMs and ionic liquids. The higher concentration
of hydrophilic sulfonyl group enables the IEM to possess more lonic
liquids. The maximum displacement of the IPMCs is considered to be
affected by the amount of soaked content of 1onic liquids n TEMs.
The higher conductivity causes the fast transportation of mobile
cations accompanying lonic liquids, and consequently, the response
time of the IPMCs is dependant upon the 1onic conductivity. And air-
operating stability of the IPMCs with irmproved actuation behavior is
appreciably governed by wvarious physical and electrochemical
properties of soaked solvents in TEMs.
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Figure 2. Actuation capability of IPMCs employing (a) different
IEMswith [E][B] and (b)TEM 3.11 with different ionic liquids.

Conclusions

The prepared IPMC's employing the TEMs soaked with ionic liquids
were effectively deformed three times larger and actuated for 300
times longer than those of Mafion with water at the same applied
conditions owing to improved properties of the IEMs and ionic liquids.
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