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Abstract—A novel ionic polymer based on crosslinked poly(vinyl
alcohol) - succinic acid -5-Sulfoisophthalic acid sodium salt
(PVASS) was prepared using solution casting method and the
electromechanical performance was studied for the first time.
The PVASS membranes were characterized using Fourier
transform infrared(FT-IR) and their physical properties in terms
of linear expansion, water uptake and ion-exchange capacity
were tested. The results showed that the composition of PVASS
membranes influenced their physical properties as well as the
electromechanical performance.

Keywords-crosslinked;  lonic composites;
actuation

polymer-metal

1 INTRODUCTION

Ionic polymer is a kind of polymer electrolyte. It can be
used in the field of lithium-ion batteries, fuel cell, biomaterials
and electroactive polymer (EAP) actuator''. Among EAP
actuators, ionic polymer metal composites (IPMCs) have the
character of large bending deformation under low voltage of
electricity™, their application involved in dynamic sensors,
robotic actuators and artificial muscles™>.

IPMCs consist of a thin ionic polymer membrane with
metal electrodes plated chemically on both faces. [IPMCs bend
to the anode side when they subject to a voltage due to the
migration of cation in the polymer. Therefore, Ionic polymer
plays an important role in IPMCs. Lots of scientists are

interested in study of syntheses and structure of ionic polymer.

Among them, Nafion has a strong mechanical strength, high
proton conductivity, and chemical stability, it has been widely
used in preparation IPMCs 7. However, the Nafion is
fluorinated polymer, its high price and less environment-
friendly, limit its applications'™. Therefore, hydrocarbon ionic
polymers such as sulfonated PVDF/PVP/PSSA ionic
membranes'” sulfonated  polyetherimide ~ (SPEI) MY
sulfonated  polystyrene(sPs)!'*'¥,  sulfonated  poly(vinyl
alcohol) membrane!">"® poly((t-butyl-styrene)-b-(ethylene-r-
propylene)-b-(styrene-r-styrene sulfonate)-b-(ethylene-r—
propylene)-b-(t-butyl-styrene)) ionic membrane (tBS-EP-SS-
EP-tBS; SSPB)!"” have been synthesized .

In this study, a novel ionic polymer, PVA/ SSA /5-SSIPA,
was synthesized using one-step method through esterification.
Polypyrrole was used to make electrodes **' The
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composition of membranes influences the properties of
membranes. The relative properties in term of mechanism and
actuation are under study.

11 EXPERIMENTAL SECTION

A. Material

Polyvinyl alcohol 1750 = 50 (PVA) was purchased from
Sinopharm Chemical Reagent Co., Ltd, China. SSA (70 % in
water) and Sodium p-toluenesulfonate analytical grade AR ,
were provided by Tianjin Heowns Biochemical Technology
Co., Ltd, China ; 5-Sulfoisophthalic acid sodium salt (5-
SSIPA) and Pyrrole were purchased from Aladdin reagent
Shanghai crystal Pure reagent Co., Ltd. China;FeCl; ¢ 6H,0,
AR, was purchased from Tianjin Guangfu Technology
Development Co., Ltd, China ;

B. Preparation of partially crosslinked s-PVA membranes
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Fig.1 The synthetic scheme of PVAS and PVASS

The base membrane of crosslinked PVAS membrane was
obtained using solution casting method through esterification



of PVA and SSA. The details of the procedure were as
follows: PVA solution of 10 wt.% was obtained by dissolving
PVA in deionized water and stirring at 90 °C for 3h.The
resulting PVA solution was mixed with SSA in mass ratio of
2:1.under stirring at room temperature for 24h. Following, the
homogeneous solution was poured into a glass mold, heated at
40°C 48h and annealed at 80°C for 1.5h to induce cross-
linkages between PVA chains. The obtained membrane
(PVAS) were activated and purified by 1M HCI solution. And
unreacted additives in the membranes were removed. Using
the same procedure, membranes of PVASS6, PVASSI17,
PVASS21 and PVASS25 were made with adding 5-SSIPA in
weight percentage of 6%, 17%, 21%, 25% respectively. Fig. 1
shows the synthetic scheme for the PVAS and PVASS.

C. Preparation of electrodes

Polypyrrole were synthesized on the both sides of
membranes as organic electrodes. A calculated amount of
FeCl; * 6H,0 and Sodium p-toluenesulfonate were dissolved
in 100ml deionized water. Then the membranes were put into
the solution, meanwhile 1ml of pyrrole was dropped into the
solution under stirring for 0.5h at 0°C. Then the membranes
were washed twice using distilled water.

I

Fourier transform infrared spectrometer (FT-IR Nicolet
6700) was used to characterize the chemical structures of
membranes in this study. The Linear expansion (LE) and
Water uptake (WU) property were determined by measuring
the change in size and weight before and after water sorption.
The Linear expansion (LE) and Water uptake (WU) were
obtained using Eq.(1) and (2) respectively.

CHARACTRACTERIZATION

_ Wwet —Wdry <100 ¢

Wdry

Where W, and Wy, denote weight of the wet and dry
membranes, respectively.

Lw— Ld
E=—m—

(2)
Ld
Where L,, and L, denote the length of the wet and dried
membranes, respectively.

%) (1)

%100 (%)

The Ion exchange capacity (IEC) was measured using
titration method. A certain amount of membrane was
immersed in 50 ml of 1M HCI solution in order to convert the
sulfonate group to H" form. The membranes were then washed
with deionized water to remove excess HCI and equilibrated
with 50 ml of 1 M NaCl solution at room temperature for
24h.The IEC(meq/g ') of the membranes was determined by
titration with 0.01M NaOH solution using phenolphthalein as
an indicator .The IEC of the membranes was calculated using

Eq.(3)
0.01(Vo, NaoH —VE, NaoH )
Wdry

IEC=

3)
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Where Vo naon 18 the volume of NaOH at the beginning of
titration, Vg naon is the volume of NaOH after equilibrium, and
Wary is the weight of dry membrane(g).

Electromechanical property was carried out by using a
Labview-based system device. The IPMC was stimulated by
programmable power. The programmable power was
composed with an MCU of Mega8, digitally controlled
potentiometer, adjustable voltage regulator AS1117 and relay,
and provided an electrical signal with periods of 1 s to 5 min,
voltage of £1.25 to +5 V, and square wave. For the actuation
measurement, specimen samples with dimensions of 30mm
length,5mm width and 0.25-0.35mm thickness were prepared
including the 10 mm of the electrode contact area. The
measurements were carried out in air at room temperature
after hydration in the 0.1M LiCl water for 24h.

IV~ RESULTS AND DISCUSSIONS

The FTIR spectra of PVAS and PVASS were shown in
Figure 2. The FT-IR spectrum of PVAS showed a broad band
at 3340cm™ corresponding to the stretching vibration of -OH.
The bands at 1740 and 1080cm™ were associated with
stretching of the C=O and C-O stretching vibrations
respectively.
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Fig. 2. FT-IR spectra of PVAS and PVASS.

From the spectra of PVASS membranes, it was noticed
that the intensity of —OH decreased with the addition of SSA
and 5-SSIPA indicating the reaction between PVA, SSA and
5-SSIPA. At the same time, they showed a quite different.
character by the presence of new bands. The brands at 910
and 760cm” were associated with bending vibration of
benzene. The FTIR spectra of PVASS confirmed that 5-
SSIPA was introduced to the membranes successfully.

The physical properties of PVAS and PVASS membranes
in terms of length expansion, water uptake and ionic exchange
capacity as function of 5-SSIPA content were provided in
Table 1. It showed that the values of LE and water uptake
increase with 5-SSIPA content increase. When the content of
5-SSIPA was 17 wt%, the membrane exhibited the highest
value of length expansion of 224%, water uptake of 353%.
The corresponding values for the PAVS membrane were



125% and 144% and 2.52, respectively. However, when 5-
SSIPA concentration in the membranes was higher than 17%,
the values of LE and water uptake decreased to 178%, 302%
of PVASS21 and 189%, 247% of PVASS25. As for the value
of IEC, the highest one was PVASS25 of 3.16 meq/g, much
higher than that of PVAS of 2.52 meq/g. Therefore, the
content of 5-SSIPA influenced the crosslink degree of
membrane. The structure and mechanism are under studying.

TABLE 1 PHYSICAL PROPERTIES OF PARTIALLY CROSSLINKED S-PVA

MEMBRANES
PVAS PVASS6 | PVASSI2 | PVASS17 | PVASS21 | PVASS25
LE(%) 125 1454 156 224 178 189
WUP(%) 144 210 250 353 302 247
[EC(meq/g)| 252 261 2.17 1.89 257 3.16

. -
. .
Fig . 3 . Displacement of an IPMC based on PVAS and PVASS membranes

under electrical field: PVAS under (a) OV and (b) 3V ; PVASS21 under (c)
0V and (d) 3V.

The actuation of the PVAS and PVASS membranes was
measured using a cantilevered actuation setup. The deflection
of the membrane was evaluated by fixing one end of the
membrane in the apparatus and measuring the movement of
the free end, as shown in Fig.3. For comparison, PVAS and
PVASS21 were selected for actuation test. Fig. 3a showed that
the PVAS based IPMC actuators at OV had no deflection.
When a voltage of 3V was used to drive the IPMC actuator, it
exhibited a tip displacement of 2mm (Fig. 3b). From Fig. 3¢
and 3d, the IPMC based on PVASS21 showed the similar
electromechanical performance as that of PVAS.

v

Novel ionic polymer PVAS and PVASS were synthesized
successfully. The physical properties of ion-exchange capacity,
water uptake and linear expansion of the membrane were
tested. IPMCs based on PVAS and PVASS were fabricated
and their actuation behavior was tested. The result showed
that the physical properties of membrane depended on the
composition of the membranes. The IPMC based on PVAS
and PVASS showed similar actuation performance.

CONCLUSIONS
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