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Electromechanical strain responses of poly (styrene-b-ethylbutylene-b-styrene) (SEBS)
/carbon black (CB) composites and SEBS/single wall carbon nanotube (SWCNT) com-
posites were investigated. The electric field induced thickness strains s, of the composites
increased with the conductive filler content at the low filler concentration region and
then showed the maximum. s, represents relative thickness change relative to the initial
thickness of the composite film. A further increase of the filler concentration caused a
decrease in the actuation strain. The SEBS/SWCNT showed a larger s, than SEBS/CB
at the same filler content.

Keywords Dielectric; electromechanical strain; SWCNT; carbon; space charge injec-
tion.

1. Introduction

Electroactive dielectric elastomers have been paid a great deal of attention as potential
actuators, owing to their outstanding properties such as high electromechanical actuation
strain, fast response, high power-to-mass ratio and easy processibility [1-5]. In particu-
lar, Shankar and coworkers reported that an electroactive nanostructured poly (styrene-b-
ethylbutylene-b-styrene) (SEBS) gel in where glassy styrene micelles served as physical
crosslinks, showed excellent electromechanical performance as well as a great tunability
of their properties [4,7,8]. However, the outstanding actuation performance has still been
achieved at very high applied electric field strength, which is considered an obstacle for
real application.

Many dielectric elastomer composite systems with conductive fillers have been
proposed in order to reduce the operational voltage by means of increasing the di-
electric constant [6-9]. Zhang and coworkers reported that poly (vinylidenefluoride-co-
trifluoroethylene-co-chlorofluoroethylene) composites with conductive carbon nanotubes
achieved a robust actuation strain [6]. Such actuation performance enhancement was
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attributed to a higher dielectric constant of the composites in comparison to a matrix
polymer. Huang and Zhang reported that poly (vinylidenefluoride-co-trifluoroethylene-co-
chlorofluoroethylene) copolymer with polyaniline conducting polymer fillers showed a
dramatic increase in the dielectric constant near the percolation threshold concentration
and a big increase in the electromechanical actuation strain [7]. In contrast, Guiffard et al.
claimed that though polyurethane with a small amount of conductive carbon powder fillers
had almost the same dielectric constant as neat polyurethane, the electric actuation proper-
ties of the composites were significantly enhanced in the presence of the conductive fillers
owing to the space-charge effect [8—11]. Nonetheless, the origins of the enhanced actuation
of the composite systems with the conductive fillers are not yet fully understood.

This presentation introduces two types of fillers of single wall carbon nanotube (SWC-
NTs) with a rod shape and carbon black (CB) nanopowders to SEBS dielectric elastomers
in order to investigate the effect of conductive fillers on the electromechanical actuation
properties of the SEBS dielectric elastomers.

2. Experimental

2.1 Materials

The poly(styrene-b-ethylbutylene-b-styrene) (SEBS) (G1650) triblock copolymer shown
in Fig. 1was purchased from KRATON. It is a thermoplastic elastomer with 30 wt% styrene
hard end blocks and 70 wt% ethylbutylene soft middle block. White mineral oil (T-150)
was obtained by Michang Oil Ind. Co. in Korea. The carbon nanopowder (Denka black)
(CB) and single wall carbon nanotubes (AST-100F) (SWCNTs) used as conductive fillers
were purchased from DENKA and Hanhwa Nanotech, respectively. The CB had average
primary particle diameter of 36 nm and specific surface area of 65 m*g. The SWCNTs
had average tube diameter of 1.0-1.2 nm and average tube length of 5-20 m. The carbon
paste (FTU-20) used as compliant electrodes was purchased from Asahi Chemicals.

2.2 Preparation of the SEBS/CB and SEBS/SWCNT composites

The SEBS gel consisted of 20 wt% neat SEBS and 80 wt% mineral oil. The SEBS/CB
and SEBS/SWCNT composites contained a predetermined filler content ranging from
0.02 wt% to 10 wt% in the SEBS gel. The sample name, SEBS/CBO0.2 denoted the composite
consisting of SEBS gel and 0.2 wt% CB fillers. The composites were blended using ball
milling with zirconium balls. A mixture of SEBS gel, conductive fillers and toluene medium
in a bowl was milled at 400 rpm for 1 hour. After ball-milling, it was dried in a vacuum
oven. The sample films 0.5 mm thick were prepared using hot pressing molding. Compliant
carbon paste electrodes were coated on both sides of the composite films by spin-coating.
The average thickness of the compliant electrodes was 10 pm.

— CH,CH i‘{“ CHZCHp J—% CHZCH 'Jﬂ—F CHCHz —

Figure 1. Chemical structure of SEBS
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2.3 Characterizations

The dielectric constant of the composite films was measured by an impedence analyzer
(HP1492A) at 100 Hz to 10 kHz at room temperature, respectively. The electromechanical
thickness strain of the composites was measured using two laser displacement sensors
(Keyence LK-G80) under the application of a voltage step. The detailed thickness strain
measurement setup was described in the previous literature [18,19]. For the electromechan-
ical strain measurement, the composite films with carbon paste electrodes were mounted
between the rigid frames with a 30 mm diameter. The electric voltage was delivered to the
film using a function generator, the Agilent 33250A amplified by a factor of 1000 through
a high-voltage lock-in amplifier, and a Trek 10/10B.

3. Results and Discussion

Figure 2 shows the dielectric constants of SEBS/CB and SEBS/SWCNT at various filler
contents. The neat SEBS gel had a dielectric constant of 2.36 at room temperature. The
dielectric constants of both composites increased with the filler concentration. However, the
increase rate of the dielectric constant with filler content was different in each composite.
The dielectric constant of the SEBS/CB composites slowly increased with the CB content.
The SEBS/CB composite with CB fillers of 1 wt% had a dielectric constant of about 2.5.
In contrast, the dielectric constant of the SEBS/SWCNT composites rapidly increased with
filler content even at a very low SWCNT concentration. The SEBS/SWCNT composites
showed a much faster increase rate of the dielectric constant than the SEBS/CB composites.
The SEBS/SWCNT1.0 with SWCNT of 1 wt% had a dielectric constant of about 3.0.
Interestingly, the dielectric loss factor of every sample in this work was kept below 0.05
even at high filler concentrations.

Figure 3a shows the electromechanical thickness strain s, of neat SEBS, SEBS/CB0.2
and SEBS/CBO0.5 as a function of the electric field. The initial sample thickness was 500 um.
The s, of the neat SEBS gel increased with an increased strength of the applied electric
field. The SEBS/CBO0.2 composite containing a CB content of 0.2 wt% showed a higher s,
than the SEBS at the same electric field strength. Interestingly, the SEBS/CBO0.5 composite
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Figure 2. Dielectric constants of SEBS/CB and SEBS/SWCNT composites at various filler concen-
trations.
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Figure 3. The electromechanical thickness strains, s, of (a) SEBS/CB composites and (b)

SEBS/SWCNT composites as a function of the applied electric field, and thickness strains of (c)

SEBS/CB and SEBS/SWCNT composites with various filler content at a constant electric field of

13 V/pum.

with a CB content of 0.5 wt% showed a smaller s, than the SEBS/CBO0.2 with a CB content
of 0.2 wt% at the same electric field strength. Similarly, in Fig. 3b, the SEBS/SWCNTO0.05
composites with a SWCNT content of 0.05 wt% showed a much higher s, than the SEBS
at the same electric field strength. However, the SEBS/SWCNTO.5 showed a smaller s,
than the SEBS/SWCNTO.05 at the same electric field strength. Figure 3c shows s, of
the SEBS/CB and SEBS/SWCNT composites as a function of filler content at constant
electric field strength of 13 V/um. The s, of the SEBS/CB composite rapidly increased
with the CB content until 0.2 wt% and then decreased with a further increase in CB
content. The s, of the SEBS/ SWCNT composite also rapidly increased with the SWCNT
content until 0.05 wt% and then decreased with a further increase in SWCNT content. The
SEBS/SWCNT composite showed a larger s, than the SEBS/CB at the same filler content.

The SEBS/SWCNT composites showed a larger s, than the SEBS/CB at the whole
range of filler level in this experiment. It was attributed to two reasons. One was the
conductivity difference between the CB and the SWCNTs. SWCNTs are well known as
conductive fillers with higher electric conductivity than CB. Thus, it was expected that
the SWCNTs would be better conductive fillers than the CB in the composites so that the
SEBS/SWCNTs had not only a higher dielectric constant but also larger electric actuation
responses than the SEBS/CB. The other reason was the shape difference between the two
fillers. The SWCNTs had a long rod shape (1D morphology) with a high aspect ratio. The
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SWCNTs had a tube diameter of 1.0-1.2 nm and a tube length of 5-20 um. In contrast, the
CB was isotropic and had amorphous carbon particles (0D morphology). The SWCNTs
with a high aspect ratio acted as more effective fillers than the CB with a low aspect
ratio, because as the aspect ratio increased, not only the effective surface area but also the
hydrodynamic volume of the filler increased [20,21]. That is to say, the electric actuation of
the composites was considerably influenced not only by the electric conductivity of fillers
but also by the filler shape. The SWCNTSs with a higher conductivity and shape anisotropy
played as more effective conductive fillers than the CB with a lower conductivity and
isotropic shape.

Interestingly, the actuation strain peak maximum appeared in Fig. 3c. The reason
of the strain peak maximum is not clear yet. However, high conductivity of the used
fillers can be considered as one of the most possible reasons. Both CB and SWCNT
were conductive fillers. As the filler concentration increases, the dielectric stability of
the composites becomes unstable. That is, the dielectric break-down electric field of the
composites decreases with filler content. The enhancement of the dielectric instability of
the composite films at a high filler content could be attributed to the reason why electric
actuation performance of the composite films became reduced at a high filler concentration.

4. Conclusion

The electric actuation properties of poly (styrene-b-ethylbutylene-b-styrene) (SEBS) /car-
bon black (CB) and SEBS/single wall carbon nanotube (SWCNT) composites were in-
vestigated. The electromechanical thickness strains and elastic energy densities of the
composites increased with the conductive filler concentration up to certain point and then
decreased at a high concentration. The electric actuation of the composites was consid-
erably influenced not only by the electric conductivity of the fillers but also by the filler
shape. SWCNTs with higher conductivity and shape anisotropy were more effective fillers
than CB with lower conductivity and isotropic shape.
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