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Dry Type Conducting Polymer Actuator Based on
Polypyrrole–NBR=Ionic Liquid System

M. S. Cho
J. D. Nam
Y. Lee
School of Applied Chemistry and Chemical Engineering,
Sungkyunkwan University, Suwon, Korea

H. R. Choi
J. C. Koo
School of Mechanical Engineering, Sungkyunkwan University,
Suwon, Korea

The fabrication of dry type conducting polymer actuator was presented. In the
preparation of actuator system, nitrile rubber (NBR) was used as a base material
of the solid polymer electrolyte. Thin films of NBR (150 � 200mm) were prepared
by compression molding process. The conducting polymer, polypyrrole(PPy) was
synthesized on the surface of NBR by chemical oxidation polymerization technique,
and the room temperature ionic liquid, 1-butyl-3-methylimidazolium bis(trifluor-
omethyl sulfonyl)imide (BMITFSI) was introduced into the composite film. The
cyclic voltammetry responses and the redox switching dynamics of PPy in NBR=
ionic liquid solid polymer electrolyte were studied. The displacement of actuator
was measured by laser beam.

Keywords: electro-active polymer; ionic liquid; NBR; polypyrrole

INTRODUCTION

Recently, Baughman [1] has reviewed the use of conducting polymers
as artificial muscles and described potential applications including
robotics and prosthetics. Many other workers have demonstrated
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simple actuator devices using conducting polymers and solid type
actuators in which the liquid was replaced with a solid polymer elec-
trolyte (SPE) [2,3].

The actuators working in air are generally built in a configuration
where SPE is sandwiched between two conducting polymer [4,5]. Such
type of actuators has several problems. A delaminating process, which
is due to thepoor cohesionbetween the conductingpolymer film, the layer
of metal and the flexible SPE, limits the lifetime of actuator [6]. In order
to solve the delaminating, the conducting polymer is embedded in an
elastomeric and conducting matrix. And then the matrix is immersed
in liquid electrolyte [7]. The system is a one-piece device instead of being
a conventionalmulti-layered device.Here, thematrix is composed of poly
(butadiene-co-acrylonitrile), a synthetic rubber (NBR) as the SPE. The
conducting polymer, polypyrrole (PPy) was synthesized on the surface
of NBR by chemical oxidation polymerization technique.

In order to build solid-state devices that perform as effectively as
demonstrated in liquid electrolytes, Room-Temperature Ionic Liquids
(RTIL) is chosen in our system. RTIL as electrolyte systems should
have an impact on many areas of application in p–conjugated polymer
electrochemical devices. The RTIL offer high ionic conductivity and a
large electrochemical window and are especially resistant against
oxidation, which explain the considerable attention given to electro-
chemical studies [8–10].

The present article reports on some issues and our approach to the
design of practical PPy–NBR actuators in RTIL environment.

EXPERIMENTAL SECTION

Material

The NBR is a copolymer composed of butadiene and acrylonitrile with a
relative 40=60 wt. proportion. The NMR is supported by Kumho Chem.
Ltd. and thin films (150 � 200 mm) were prepared by compression
molding process. The dielectric constant of NBR is measured to be
4.8 at 106Hz. The monomer pyrrole was offered by Aldrich Chemical
Co. and was purified by passing through an activated neutral alumi-
num oxide column. 40wt.% ferrictoluenesulfonate (FTS)-solution from
Bayer Chemical Co. was used as received.

Preparation of Conducting Polymer Based NBR

NBR films were soaked into pure pyrrole for 10minutes after which their
surface was wiped off with a filter paper. The swollen films were then
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immersed into the FTS solution for 24 hours for oxidative polymerization.
The film is washed several times with methanol. The PPy–NBR film
is dried at 25�C under vacuum for 24hours. After the edges were cut
out, the PPy–NBR film (5� 10� 0.200mm) were immersed in 50=50
CH2Cl2=BMITFSI solution or in 0.5M LiClO4=propylene carbonate
(PC) for 24 hours at room temperature. After CH2Cl2 evaporation, the
incorporated BMITFSI and LiClO4 caused the 10 � 15% of weight
increase. The composite film is kept in air.

Synthesis of the Room Temperature Ionic Liquid (RTIL)

The synthesis of 1-butyl-3-methyl imidazoliumbis(trifluoromethylsul-
fonyl)imide (BMITFSI), was carried out according to the procedure
described by Bonhote et al. [11].

Ionic Conductivity Measurements

The ionic conductivity of BMITFSI swollen NBR film was determined
by AC impedance spectroscopy. Cells equipped with two blocking, stain-
less steel electrodes were used to hold the film. A Teflon spacer was
included to fix the sample dimension. The impedance tests were carried
out in the 10mHz � 100kHz frequency range using Impedance=Gain
phase analyzer, Solatron SI model 1260.

Displacement Measurements

The displacement of actuator was measured by laser beam radiation,
KEYENCE LK-081 (KEYENCE Co., Japan): semiconductor laser
670nm, maximum out put 0.95mV, pulsed radiation. The point of
laser radiation is focused on the bottom of film (15mm long, 8mm wide
200 mm thick).

RESULTS AND DISCUSSION

We presented herein electrochemical characterizations performed on
polypyrrole synthesized in 40wt.% FTS-solution and activated in
BMITFSI ionic liquid. The NBR film activated in BMITFSI was ca.
10�3 S=cm in the conductivity at room temperature (15wt.% ionic
liquid uptake). Cyclic voltammograms in the ranges of –6 to 6V at
the scan rate of 400mV=s (two electrode system) were recorded for
actuators swollen by BMITFSI in Figure 1. PPy is oxidized with a
main anodic peak centered at þ2.1V. On the cathodic scan, one
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well-defined reduction peak at –1.8V is observed. The actuator dis-
played distinct oxidation and reduction peaks. The electrical stability
is satisfactory even after 100 scans.

As shown in Figure 2, activation of PPy–NBR in BMITFSI resulted
into very active displacement (4–5mm) while 2–3mm displacement in
LiClO4=PC. Both the bending and bending rates observed in ionic
liquids were greater than those observed in convention electrolyte sys-
tems. The reason for improved performance in ionic liquids is not fully
understood at this time. In the consideration of enhanced actuating
function of ionic liquids, the mobility and the concentration might be
two key factors. The ionic liquids do not require any solvent molecules,
the concentration of ions at the PPy and rubber interface is much
higher than that of conventional LiClO4=PC system. The ionic liquids
present a much higher concentration of ions at the double layer on the
surface of the polymer, which could account for some of the improved
performance. An observation that has also been noted in other
conducting polymers [12,13]. We measured a cycle life in excess of
200 cycles for PPy–NBR activated in BMITFSI. Neither chemical
degradation nor any declination in the bending-displacement
(bending-amplitude) was observed even after 200 cycles.

FIGURE 1 Cycle voltammograms of BMITFSI swollen PPy–NBR actuator in
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between–6and þ 6V.Scan rate: 400mV=s. 100th cycle.
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CONCLUSION

New type solid actuator, PPy–NBR was synthesized and its bending
actuation in ionic liquid environment was studied. This work repre-
sents a significant improvement of polypyrrole bending actuation
through the introduction of ionic liquid and novel solid polymer elec-
trolyte NBR and presents the possibility of greater improvements in
the field of conducting polymer actuation working in air.
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FIGURE 2 Bending displacement of the PPy–NBR activated in BMITFSI

rate: 400mV=s.
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