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Abstract

The synthesis of conducting interpenetrating polymer networks (IPNs) for actuator applications is described. The IPNs are synthesized
from poly(ethylene oxide) and polybutadiene networks in which the conducting polymer (poly(3,4-ethylenedioxythiophene)), PEDOT, is
gradually dispersed, i.e. its content decreases from the outside towards the centre of the film. The conducting IPN morphology was
investigated by electrical resistance measurements and DMA. For actuation experiments, aqueous or organic electrolyte solutions were used
but the best results were obtained with a room temperature ionic liquid, 1-ethyl-3-methylimidazolium bis-(trifluoromethylsulfonyl)imide

(EMITFSI).
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Among electronic conducting polymers (CP), poly(3,4-
ethylenedioxythiophene) (PEDOT) has received much
attention recently because of its particularly high stability
in the doped state and the reversibility of the doping process
[1,2]. However, PEDOT as many conducting polymers is
insoluble in common solvents and the conventional methods
of polymer processing cannot be used. Extensive studies
have been carried out in order to overcome the poor
processability of such compounds [3]. Improvements are
expected by combining conducting and thermoplastic or
elastomer insulating polymers in which the conducting
polymer furnishes the required conducting properties, while
the insulating polymer matrix improves the mechanical
properties. One possibly promising solution is the combi-
nation of a conducting and an insulating polymer into an
interpenetrating polymer networks (IPNs) super structure.
Indeed, the presence of cross-linked polymers in these
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architectures ensures both dimensional stability and the
requested mechanical properties [4]. Also the entangle-
ments between the cross-linked polymers increase the
miscibility with the CP compared to usual blends. In most
reported cases, the measured volume percolation threshold
for conductivity (generally below than 5%) is lower than
that which is observed in statistical blends (e.g. 16 vol%)
[5-7].

Conducting polymers have also attracted attention
because of dimensional change properties due to expulsion/
inclusion of ions during doping/dedoping processes which
lead to interesting potential applications in the design of
actuators for robotics, prosthetics, microvalves [8—13]...
Air working actuators are generally built in a configuration,
where the internal layer is a solid polymer electrolyte (SPE)
sandwiched between two CP layers (CP//SPE//CP) and the
relative differential expansion between conducting polymer
layers results in bending [14]. However, when a conductive
polymer film is deposited onto a flexible polymer film
sputtered with a thin layer of metal, a delamination process
which limits the actuator’s lifetime is almost always
observed [15]. As we have reported previously [16,17]
this problem can be overcome if the actuator is designed as a
conducting interpenetrating polymer network (IPN).
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In this study, the synthesis of conducting IPNs leading to
actuator applications is described. The CP has been
prepared from oxidative polymerization of the correspond-
ing heterocyclic monomer inside the IPN matrix. This IPN
matrix is made from poly(ethylene oxide) (PEO) and
polybutadiene (PB) networks chosen as an interesting
solution to the design of solid polymer electrolytes
(SPEs). The PEO network acts here as the SPE partner,
whereas the PB network ensures good mechanical proper-
ties preventing crack formations during bending defor-
mations. The PB network is formed by polyaddition of the
OH functions of dihydroxytelechelic polybutadiene (HTPB)
with a NCO-crosslinkers (Desmodur® N3300) and the PEO
network is obtained by radical copolymerization of
poly(ethylene glycol) dimethacrylate and methoxy
poly(ethylene glycol) methacrylate. Conducting IPNs are
synthesized from PEDOT and the above mentioned SPEs.
The synthetic pathway leads to a gradual dispersion of the
electronic conducting polymer through the thickness of the
network, i.e. the quantity of PEDOT decreases from
the outside towards the centre of the film. Finally
application to actuators working in open air for duration
over one month is demonstrated.

2. Experimental
2.1. Materials

Methoxy poly(ethylene glycol) methacrylate (PEGM,
M, =300 g mol "), poly(ethylene glycol) dimethacrylate
(PEGDM, M,,=875 gmol "), polybutadiene—ao,t» di-
hydroxy functionalized (HTPB, M,,=2800 g mol~ '), and
dibutyltin dilaurate (DBTDL 95%) were obtained from
Aldrich and used without further purification. 3,4-ethylene-
dioxythiophene (EDOT) (Bayer) was distilled under
reduced pressure prior to use. Acetonitrile (HPLC grade
from Acros), dichloromethane (Carlo-Erba), propylene
carbonate (HPLC grade from Carlo-Erba) methanol
(Carlo-Erba), anhydrous iron III chloride (Acros), lithium
perchlorate (Aldrich), dicyclohexylperoxidicarbonate
(DCPD) (Groupe Arnaud) and Desmodur® N3300 21.8X
10~ mol of NCO for 1 g of Desmodur) (Bayer) were used
as received. The synthesis of the room temperature ionic
liquid (RTIL), 1-ethyl-3-methylimidazolium bis-(trifluoro-
methylsulfonyl)-imide (EMITFSI), was carried out accord-
ing to the procedure described by Gritzel et al. [18] for
subsequent use as an electrolyte in the conducting IPN.

2.2. Preparation of poly(ethylene oxide)/polybutadiene IPN
SPEs (PB/PEO IPN)

DCPD is used for methacrylate function radical
initiation of PEGDM and PEGM. Desmodur® N3300
is the HTPB crosslinker and DBTDL the polyaddition
catalyst between NCO and OH functions. The mixture

(PEGDM/PEGM/HTPB: 0.2/0.6/0.2 weight proportions)
was poured into a glass mould to yield a 250 um thick
film. The mould was heated at 50 °C for 3 h and post-
cured for 1 h at 80 °C. The general procedure synthesis
and the DMA characterization of the PEO/PB IPN are
described elsewhere [16].

2.3. Preparation of conducting polymer based (semi) IPN

The SPE films were soaked into pure EDOT for given
lengths of time and their surface was wiped off with filter
paper afterwards. The swollen films were then immersed
into a FeCl; aqueous solution (1.5 mol Lfl) for given
lengths of time. The film is then washed several times with
methanol until the color disappears completely, i.e. excess
of FeCl; is removed. The film surface is then wiped off with
filter paper. The conducting material is dried at 60 °C under
vacuum for 24 h.

2.4. Characterizations

In order to examine the swelling capacity, PEO/PB IPN
films (approximate dimensions 10X20X0.250 mm®) with
accurately known weights were immersed (either in pure
EDOT or EMITFSI) at room temperature. The films were
removed from each liquid at different times and carefully
wiped. The swelling ratio in the samples is defined as:

(Ws B WO)
0

SR(%) = X 100 (1)
where W, and W; are the weights of SPE samples before and
after swelling.

In order to examine whether the SPE synthetic pathway
leads to an adequately tuned material, salt uptake (LiCl,
CaCl,, BaCl,, tBuNCIO,4 and LiClO,) measurements were
performed. IPNs were swollen with aqueous salt solutions
(10_l mol L™ l) for different times. Then samples were
dried overnight at 50 °C under vacuum and the salt uptake
was calculated.

Dynamic mechanical analysis measurements are carried
out on single network, IPN or semi-IPN samples (typically
LXwXt=15X8X0.5 (mm3)) with a Q800 model (TA
Instruments) operating in tension mode (strain between 0.05
and 0.07%, pretension 1072 N). Experiments were per-
formed at 1 Hz frequency and with a heating rate of
2 °C/min from —100 to +50 °C. The set up provides the
storage and loss moduli (E' and E”) and the damping
parameter or loss factor (tan §) defined as the ratio tan 6=
E"IE'.

The two terminal-technique with gold pressure contact
was used for the room temperature electrical resistance
measurements on PEO/PB/PEDOT IPNs. Electrical resist-
ance measurements were performed along the surface (Rj)
and across the thickness or bulk (R,,) with a KEITHLEY 197
autoranging microvolt DMM. For the measurement of Ry,
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the interspacing of electrodes (area of 1.8 mm?) was 1 cm.
The bulk conductivity was measured after cutting the film
edges in order to suppress the electrical conductivity
contribution through the edges along the surface.

2.5. Actuator capacity

After the edges were cut out, the conducting semi-IPNs
(approximate dimensions 10X30X0.250 mm®) were
immersed in a chosen electrolyte solution for a given time
at room temperature. The conducting IPNs were then
maintained horizontal with steel clamps in order to ensure
electrical contact with the VMP Bio-logic (Science Instru-
ment) potentiostat. The bending response was obtained by
applying a voltage between +2 and =5 V.

A data acquisition system was used to allow the actuator
bending deformation. Using a CCD ToUcam USB camera,
the actuator position was characterized by calculating the
curvature p (cm 1) as described elsewhere [19].

Actuator capacity was tested at room temperature and at
—30 and —20°C using a climatic test chamber Binder
MKS53.

3. Results and discussion

3.1. Polybutadiene/poly(ethylene oxide) IPN SPEs
(PB/PEO IPN)

3.1.1. Synthesis

In a previous study, PEO/polycarbonate IPNs were
prepared as our first attempt to design conducting polymer
based actuators [11,20] However, for this particular
chemical composition, bending deformations lead to crack
formations at room temperature since deformations induce
stress inside the material. To prevent cracking, polybuta-
diene (PB) was used instead of polycarbonate [16]. This
elastomer was shown to be able to absorb large
deformations.

Therefore, SPE IPNs based on PEO and PB with different
relative weight proportion were prepared, mixing all
components of the two partner networks from the start.
The PEO network is obtained from methacrylate end group
polymerization/cross-linking in the presence of DCPD as
initiator. The PB network is obtained through cross-linking
reactions between dihydroxy telechelic polybutadiene
(HTPB) and Desmodur® in the presence of DBTDL as
catalyst. The synthesis of IPNs requires a minimum of
toluene as solvent since HTPB and PEGDM/PEGM are not
miscible. The mixture is heated at 50 °C for 3 h, leading to
the formation of the IPN. The morphology of the resulting
IPN has been described elsewhere [17] and typical dual
phase morphology is observed for composition ranging
from 90 to 50 wt% PEO in the mixture. For PEO wt% less
than 40% composition, isolated PEO domains appear and
the PB phase is continuous in space.

3.1.2. Swelling studies of PEO/PB IPNs

3.1.2.1. EDOT swelling study. According to the procedure
described in Section 2, the mass quantity of EDOT loaded in
the SPEs can be controlled by the duration of the swelling in
pure EDOT. This mass quantity measures the amount of
EDOT that is trapped within the SPE matrix and proved
perfectly reproducible. The swelling study of the single
PEO network could not be performed since a fragmentation
of the sample occurs after 2 min immersion. For the single
PB network, a plateau value around 60 wt% EDOT is
obtained after 60 min swelling as depicted on Fig. 1. The
EDOT swelling kinetics of various PEO/PB IPNs show that
the maximum EDOT uptake increases from 100 to 350% for
IPNs containing 10 to 90 wt% PEO, respectively. Further-
more the swelling rate increases with increasing weight
proportion of PEO. This high affinity may reflect a specific
interaction between the ethylenedioxy function of EDOT
and the ethylene oxide units in the PEO chains. It is also
worthwhile to note that for IPNs containing the highest
weight proportion of PEO, i.e. 80 and 90 wt%, no
destruction of samples is observed contrary to what
happened with single PEO networks. This result can be
taken as an evidence of the synergy of properties in the
IPNs.

In the forthcoming, only results concerning IPNs with a
relative weight proportion PEO/PB 80/20 will be discussed
since these particular materials were used as a matrix for
actuator applications.

3.1.2.2. EMITFSI swelling study. The room temperature
ionic liquid ethyl-3-methylimidazolium bis-(trifluoro-
methylsulfonyl)imide (EMITFSI) can be used as electrolyte
for actuator application. Therefore, the mass quantity of
EMITFSI, which can be absorbed by the IPN, was
measured. Fig. 2 shows the EMITFSI uptake kinetics in
the PEO/PB (80/20) IPN as well as in single PEO and PB
networks. First of all, EMITFSI does not enter into the PB
matrix at all, even if this ionic liquid is usually considered as
a hydrophobic salt. In more polar matrix such as the PEO
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Fig. 1. EDOT swelling kinetics for (a) single PB network, and for PEO/PB
IPNs (x/1—x). x= (b) 90 wt%, (c) 80 wt%, (d) 70 wt%, (e) 60 wt%, (f)
50 wt%, (g) 40 wt%, (h) 30 wt%, (i) 20 wt%, (j) 10 wt%.
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Fig. 2. EMITFSI swelling kinetics for ( A ) single PEO network, (<) single
PB network, and for ([(J) PEO/PB IPN (80/20) wt/wt.

single network or the IPN, the EMITFSI uptake is quite
high, and reaches 200 wt%, which indicates a high affinity
between EMITFSI and PEO. It should be noticed that a
partial destruction of the single PEO network is observed
but not in the case of the IPN. Again, the synergy of
properties brought by the combination of PEO into an IPN
with PB is demonstrated.

3.1.3. DMA characterization

The typical viscoelastic behaviour of the PEO/PB
(80/20) IPN was studied by DMA. Fig. 3 shows the loss
tangent (tan d) as a function of temperature. Only one
relaxation is observed (—45 °C) which is due to the close
relaxation temperatures of the two single networks (—63
and —45 °C for single PB and PEO networks, respectively).

DMA characterization of the EMITFSI swollen PEO/PB
IPN has been also carried out. Fig. 3 shows also the alpha
relaxation of EMITFSI swollen PEO/PB IPN. In this case
the alpha relaxation is 15°C lower than that of the
unswollen IPN demonstrating the plasticizing effect of
EMITESI. This result also indicates that EMITFSI is not
able to crystallize inside the matrix at —60 °C, temperature

Tan §

0 e —— - s
-100 -50 0 50
Temperature (°C)

Fig. 3. Dynamic thermo-mechanical spectroscopy. Tan ¢ of (PEO/PB) IPN
(80/20), without (- - -) and with (—) EMITFSIL

which is very low compared to that of the melting point of
EMITFSI [18] (—3 °C).

3.2. Conducting IPNs (PEO/PB/PEDOT IPN)

3.2.1. Synthesis

Conducting IPNs were prepared by dipping the EDOT
swollen IPNs films into an iron III trichloride (FeCls)
solution. Different solvents were used for FeCls (chloro-
form, acetonitrile...) and it was observed that the locus of
EDOT polymerization, and thus the conductivity of the
resulting IPN depends on the nature of solvent. It has been
observed that the exit rate of EDOT from the film relative to
the entry rate of FeCl; in the matrix seems to play a major
role [11]. The best results are obtained if water is chosen as
the solvent for the oxidative polymerization of EDOT.
Indeed due to the low EDOT solubility in water, i.e. 1.5X
10~? mol L™, the polymerization rate and the diffusion of
EDOT out of the film into the aqueous solution is slow and
allows the penetration of FeCl; in the matrix before a
significant amount of EDOT leaves the matrix.

After the general experimental conditions (concentration
of reactants, solvents...) for the preparation of conducting
materials were established, two different pathways were
investigated which both lead to conducting IPNs. In the first
procedure IPNs with a 300 wt% EDOT content are dipped
for different lengths of time into a FeCls/water solution
(1.5 mol L™ 1. Alternatively the second procedure consists
to dip swollen IPNs with different EDOT contents, for 16 h
into a FeCls/water solution (1.5 mol L l). Sulfur elemental
analyses were performed on all samples. Fig. 4 shows the
PEDOT final content in the IPNs measured on the samples
prepared through the first procedure, i.e. when the EDOT
polymerization is carried out from a 300 wt% EDOT
content. The PEDOT content in the IPN increases with the
chosen length of the polymerization time (seven samples
were prepared with polymerization duration from 2 to 50 h).
A maximum of 10% polymerization yield inside the matrix
is observed. Indeed a 300 wt% EDOT loaded IPN leads to a
maximum of 30 wt% of PEDOT inside the film after 24 h of

PEDOT content (wt%)

Polymerization time (hours)

Fig. 4. PEDOT weight content in the conducting IPN as a function the
EDOT polymerization length time. FeCly/water solution: 1.5 mol L™".
EDOT loaded in the PEO/PB IPN 80/20: 300 wt%.
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polymerization. This result means that the main locus of
EDOT polymerization is outside the film, either in the water
or at the film surface.

Alternatively (Fig. 5), for a constant time of EDOT
polymerization (16 h) an increase of the initial weight
proportion of EDOT loaded in the IPN (from 70 to
300 wt%) leads to an increase of the final PEDOT content.
This second procedure does not lead to an increase in the
polymerization yield, which remains again here below 10%.

3.2.2. Characterization

For all samples, the electrical resistance was measured
along the surface (R;) and across the thickness or bulk (R})
of the film. The Ry/R; ratios are plotted on Figs. 6 and 7 as a
function of the weight proportion of PEDOT according to
the first and second synthesis procedure, respectively. Each
Ry/R curve exhibits a maximum, which shows that the bulk
resistances are at least 100 times higher than the resistance
measured along the surface. Furthermore, the electrical
resistance R reaches a plateau value around 10-30 Q for
PEDOT contents higher than 10 wt%. This result implies
that there is an inhomogeneous distribution of PEDOT
across the sample thickness, i.e. that the PEDOT concen-
tration decreases from the outside towards the centre of the
IPN sample, leading to a very poor connectivity of PEDOT
inside the bulk of the matrix. This behaviour can be taken
advantage of especially bearing in mind the fact the
preparation of IPNs with a gradual dispersion of the
conducting polymer throughout the thickness would be an
asset for actuator applications. Furthermore this gradual
dispersion has been confirmed by energy dispersion
spectrometer (EDS) [17]. A 10 pm depth from each side
of the sample has been observed.

As shown on Fig. 8, the EMITFSI uptake kinetics
decrease drastically in the case of conducting IPN compared
to the PEDOT depleted PEO/PB IPN. However, the
maximum uptakes for both IPNs are of the same order of
magnitude, i.e. 200 wt%. Thus the conducting polymer
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Fig. 5. PEDOT weight content in the conducting IPN as a function the
EDOT weight proportion loaded in the PEO/PB IPN 80/20. EDOT
polymerization time: 16 h.
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Fig. 6. Variation of Ry/R; ratio as a function of the weight percent of
PEDOT. First synthesis procedure of conducting IPNs: 300 wt% EDOT
loaded in the PEO/PB IPN are dipped for different lengths of time into a
FeCls/water solution (1.5 mol L™ h.

10 um layer forms a shield that limits the inwards diffusion
rate of EMITFSI.

3.2.3. DMA characterization

The influence of PEDOT content in the IPNs on the
viscoelastic properties of the materials is shown in Fig. 9(a)
and (b). As the weight proportion of PEDOT increases the
rubber plateau value increases and conversely the damping
properties decrease. Thus at room temperature the stiffness
of samples increases with the PEDOT content. It is
noteworthy that the temperatures of the main relaxation
(correlated with the glass transition temperature) hardly
shift with increasing PEDOT content.

The thermo-mechanical properties of conducting IPNs
were also characterized in the presence of EMITFSI. As
already observed for PEO/PB IPN (Fig. 3), the ionic liquid
also behaves as a plasticizing agent in the conducting IPN.
The main relaxation of the conducting IPN is 20 °C lower in
the presence of EMITFSI than in its absence (Fig. 10).

3.2.4. Actuator capacity
First of all, only the second synthesis procedure was
chosen for the actuator preparation, since this procedure is

7,0E+03
6,0E+03
5,0E+03
4,0E+03

Rb/Rs

3,0E+03
2,0E+03
1,0E+03

0,0E+00
0 5 10 15 20 25

PEDOT content (wt%)

Fig. 7. Variation of Ry/R; ratio as a function of the weight percent of
PEDOT. Second synthesis procedure of conducting IPNs: swollen PEO/PB
IPNs with different EDOT contents are dipped for 16 h into a FeCls/water
solution (1.5 mol L™ 1.
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Fig. 8. EMITFSI weight content in (A) the PEO/PB IPN and (H) in the
PEO/PB/PEDOT IPN as a function of time. PEDOT mean content in the
IPN: 7 wt%.

less EDOT consuming (swollen PEO/PB IPNs with
different EDOT content are dipped for 16 h into a FeCls/
water solution). In these synthesis conditions, the R/R;
curve (Fig. 7) shows a maximum for a PEDOT weight
content around 7-10 wt%, which corresponds to the steepest
PEDOT gradient in the conducting IPNs. Therefore, a series
of conducting IPNs were prepared according to this weight
proportion for actuator applications.

Before actuation experiments, conducting IPNs were
dipped in different salt/solvent combination solutions (10~
mol L™1). The mass quantity of electrolyte in the IPN was
controlled by the time duration of immersion in the salt/water
solution. After salt uptake, a strip of conducting IPN (10X 6 X
0.25 mm’) was subjected to a voltage of +2V applied
between the two sides of the actuator film. Fig. 11 shows the
actuator curvatures as a function of time in open air and
demonstrates that these actuators can be operated with
different salts and solvents. The best result is obtained with
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Fig. 10. Dynamic thermo-mechanical spectroscopy. Storage modulus (-)
and tan 0 (- - - -) versus temperature of conducting IPNs, (grey): EMITFSI
non-swollen sample, (black): 200 wt% swollen sample. PEDOT weight
content in the conducting IPN: 7 wt%.

the LiClO4/propylene carbonate (PC) electrolyte solution
which allows the actuator to reach a curvature as high as
1 cm™ 'inless than 4 s. On the other hand the actuator capacity
is greatly affected by the nature of the solvent, since using
acetonitrile instead of PC leads to a less efficient actuator:
indeed, onlya0.35 cm™ ! curvature is observed after 50 s. For
all tested systems, the conducting polymer (CP) volume
increases during the oxidation step and decreases during the
reduction step. Many investigations were carried out on the
mechanism of the volume change in conducting polymers
during the redox process [15]; the mechanism is governed by
the incorporation or expulsion of ions and solvents of the CP
layer. The size of the anion used in the electrochemical device
has a strong influence on the mechanism of charge
compensation, therefore, on the volume variation during the
redox process. In presence of small anions, anions and solvent
molecules motions are involved in the redox process. In this

14 1
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04

021

Temperature (°C)

(b)

Fig. 9. Dynamic thermo-mechanical spectroscopy. Storage modulus (a) and tan ¢ (b) versus temperature of conducting (PEO/PB) (80/20) IPNs. Influence of the

weight content of PEDOT: 0, 2.4, 7.2, 12.2 wt%.
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Fig. 11. Time dependence of the curvature using as electrolyte/solvent: (a)

LiClO4/PC (25 wt%), (b) BaCl,/H,O (6 wt%), (c) LiCI/H,O (8 wt%), (d)
CaCl,/H,O (4 wt%), (e) tBuNClOy4/acetonitrile (15 wt%), (f) LiClO4/
acetonitrile (7 wt%). Applied voltage: 2 V.

case, the conducting polymer layer shrinks during the
reduction reaction. According to the results obtained above,
an anion motion mechanism is postulated here.

Fig. 12 shows that the initial rate of bending increases
with the applied voltage [21]. Nevertheless, for applied
voltage higher than 2 V, a degradation of the conducting
polymer must occur since no bending deformations are
observed in these conditions except if the cycling frequency
is higher than 1 Hz. For instance under a 8 Hz cycling
frequency, the LiClO4/propylene carbonate swollen actua-
tor can be cycled over 8 X 10* times (3 h) at a voltage up to
3V before the bending deformation stops due to PC
evaporation. However, after being immersed for a few
hours in LiCLO4/PC solution the actuator recovers its
working capacity.

In order to prevent solvent evaporation, the actuator was
encapsulated into a thin layer of polyisobutene (using the
spray coating technique). However, the encapsulation
technique only slows down the evaporation but does not
prevent it totally since the actuator looses its bending
capacity after 24 h. Presently, the best way to avoid the
evaporation process is to use a Room Temperature Ionic
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(=]
=
|

Time (s)

Fig. 12. Time dependence of the curvature using as electrolyte LiClO,/PC.
Applied voltage: (¢)2V, (H) 5V, (A) 10 V.

Liquid (RTIL) as electrolyte. Indeed RTILs are non-volatile
compounds and have been successfully used for electro-
mechanical actuators [22-24]. In the presence of ethyl-3-
methylimidazolium bis-(trifluoromethylsulfonyl)imide
(EMIMTFSI) as RTIL, the actuator could be operated in
open air over one month without drying as described
elsewhere [16]. Furthermore, the actuator can be stored over
a period of 6 months at least without any precaution and be
operated again immediately.

According to the results from the DMA characterization,
EMITFSI is able to act as an electrolyte even at low
temperature. Actuation experiments were carried out at
—30 and —20°C and the time to display a 60° angular
deformation upon 3V was recorded. At —30°C, the
actuator bends within 10 min, which is 60 times slower
than at 30 °C. By increasing the temperature to —20 °C, a
60° angular deflection is obtained after 5 min. These results
are in agreement with the DMA results and show that in the
presence of EMTFSI, actuation is still possible down to at
least —30 °C.

4. Conclusion

In this study conducting IPN based actuator architecture
has been demonstrated and leads to a bending deformation
with different salts and solvents as electrolytes. The device
is made of poly(3,4-ethylenedioxythiophene) and a PEO/PB
IPN. The dispersion of the conducting polymer in this
device follows a symmetrical decrease from both outside
faces towards the centre. This gradient distribution depends
on the mean PEDOT content into the actuator, consequently
the PEDOT mass quantity loaded in the conducting IPN was
adjusted in order to get the electrical resistance along the
surface at least 1000 times higher than the in the bulk. In this
case, the structure is similar to that of a typical three-layer
actuator.

The presence of RTIL (EMITFSI) in the conducting IPN
decreases the alpha relaxation temperature from —45 to
—70 °C showing that EMITFSI does not crystallize and still
has a plasticizing effect. Consequently, the actuator can be
operated in open air at low temperature (—30 °C), since
EMITFSI can be used as electrolyte at this temperature.
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