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An elastomer is a material characterized by the capability to regain its original size and shape after being
deformed (stretched or distorted). An ideal elastomer for electroactive polymer (EAP) applications is a system
characterized by high extensibility, flexibility and a good mechanical fatigue.

Dielectric elastomers (DEs) are part of electronic EAPs presenting a good combination of electromechanical
properties such as high achievable strains and stresses, fast response speeds, long lifetime, high reliability and
high efficiency™.

Subjected to a voltage, a polymeric electroactive material sandwiched between two compliant electrodes will
reduce its thickness and expand its area. The electrical energy transformed into mechanical energy is called
actuation and it is studied in the technology of elastomeric transducers. While DEs deform under high voltage,
the actuation varies for different materials (ceramics®, glassy polymers® or soft polymeric networks*®). The strain
actuation for stiff materials such as glassy or semicrystalline polymers is limited by the electrical breakdown’,
while the deformation upon actuation for soft materials is limited by the electromechanical breakdown®. This
paper presents new soft polymeric materials based on silicone with improved mechanical properties.

Figure 1 shows several materials that exhibit large deformation upon actuation®.

Figure 1. Polymeric networks that exhibit large strain actuation: (a) fibers embedded in a compliant matrix, (b) polymer
network with folded domains, (c) polymer network with side chains and (d) polymer network swollen in solvent®.

Silicone elastomers exhibit good characteristics including biocompatibility, oxidation resistance, thermal
stability, fast mechanical response with good reproducibility and stable mechanical behaviour over a wide range
of temperature®®®3, However, silicone elastomer has weak intermolecular forces among polymeric chains, which
limits its mechanical strength. Mechanical properties may be improved using different methods (adding fillers*,
interpenetrating network synthesis®® or bimodal network synthesis™®). In the present study hyperswollen silicone
networks are synthesized and rheologically characterized. Their viscoelastic properties make them good
candidates for elastomeric transducers.

Silicone networks are synthesized using a hydrosilylation reaction at room temperature between vinyl-terminated
polydimethyl siloxanes (PDMS), a 4-functional crosslinker and a platinum catalyst. A ‘one-step two-pot’
mixing procedure is applied and to each premix 70% solvent (heptane) is added. The use of solvent causes
networks with fewer entanglements, thus giving the polymeric chains opportunity to act as undisturbed ideal
springs.

The viscoelastic behavior as function of the applied frequency (LVE diagram) is shown for different
hyperswollen networks with varying stoichiometric imbalance (r). The results are compared with results of
similar un-swollen networks. The hyperswollen networks are significantly softer and still easy to handle.

From a mechanical point of view, the materials for EAPs use have to be soft with sufficient mechanical strength
so the rupture of the material can be avoided at high strain actuation. Considering the EAP requirements and the
experimental data for the hyperswollen networks based on silicone, these materials may be considered as good
alternatives for the EAP application.
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