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Ferroelectric materials such as poly(vinylidene fluoride) — P(VDF) — and its copolymer with\
trifluoroethylene — P(VDF-TrFE) — possess relatively large piezoelectric constants but they are
limited for applications such as high precision actuators by their low strain level (< 0.2 %). By
the terpolymer poly(vinylidene fluoride-trifluoroethylene-1,1-chlorofluoroethylene) P(VDF-TrFE-
CFE), in short PTC, a conversion to a relaxor ferroelectric was obtained [1, 2] and along with
this high electrostrictive strain and relatively high Young modulus, both essential parameters
for actuator applications. It has been shown that the strain in the PVDF-TrFE-CFE, Sp7, is best
described as a second order dependence on the applied electric field [2, 3]:

Sprc = Q€)% (-1)4-E2 = M-E? (1)

with S = strain; Q = charge-related electrostrictive coefficient; €, = electric permittivity in vacuum; &, = dielectric constant of the
material; M = electrostrictive coefficient; £ = applied electric field.

In this poster, for our study on materials suitable for large deformable actuators, we consider
increasing even further the strain of the electrostrictive PTC. As the strain is dependent on the
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= Polymer:

P(VDF-TrFE-CFE), in short PTC
= supplier Piezotech S.A.S.
= 61.7/29.8/8.5 mol.-%
= strainof 7 % at 170 V/um [4]

= Nanoparticles:
BaTiO;
= supplier: loLiTec
= d~100nm; e =95

TiO,
= supplier: loLiTec
= d~20nm; e =110

Introduction
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* Annealing of samples in order to remove solvent and improve composites' crystallinity. = Dielectric constant directly dictates the materials electrostriction coefficient and hence
= Roughness of films was found to be dependent on annealing temperature. the materials strain.
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= The strain depends quadratically on the applied electric field for all stacks investigated, O = Capacity measurements showed that the dielectric constant of the

PTC/1 wt% BaTiO; composite increased by 15 % as compared to that of
the neat PTC.

= Addition of high-¢, NP, for both BaTiO5-NP and TiO,-NP, to neat terpolymer
iIncreases the induced strain substantially.

= Electrostrictive constant of a PTC/1 wt% BaTiO5; was found to be up to 3.5
times larger than that of the neat PTC but decreased with increasing the NP
content in the composite. Contrary, for TiO, the electrostrictive constant

\improved with increasing NP content. /
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confirming electrostriction.
= Strain increases with addition of nanoparticles.
= For the PTC/TiO, composites: Strain increases with increasing nanoparticle content.

= For the PTC/BaTiO; composites: Stack made of PTC/1 wt% BaTiO; composite exhibits
the largest strain. Further increase of nanoparticle content leads to a decrease in strain,
but the strain is still larger than that of neat PTC.

\_ = Largest strain could be observed for the stack made of PTC/1 wt% BaTiO5; composite. Y




