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Abstract
Dielectric elastomer actuators (DEAs) are promising for many applications owning to their remarkable merits such as large deformation, fast response, high efficiency, low cost, and light weight (1).
Recently, hydrogels have been used to activate DEAs (2). In these devices, hydrogels serve as the stretchable transparent electrodes and elastomers - as the stretchable transparent dielectrics. However,
the emerging of such hydrogel-elastomer devices has posed many challenges due to the distinct nature of hydrogel and elastomer (3). Intensive researches are taking place to learn more about hydrogel-
elastomer systems. In this work, we study field concentration and its influences on hydrogel-elastomer devices. We fabricate a DEA by using polyacrylamide hydrogels containing lithium chloride as the
electrodes and polydimethylsiloxane elastomers as the dielectrics. We find that most devices fail on the side of electrode, where field concentration is the strongest. We observe salting out phenomenon
and local temperature increase as well as plasma during the experiments. We hypothesize that the electric field concentrates at the edges of hydrogels, causing the surrounding air to break down. This
produces plasma that heats up the hydrogel, thus leading to the salting out. We note that the breakdown of air helps dissipate energy into the air and protects the DEAs.
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Salting out phenomenon

Figure 2. Salting out and localized temperature increase. a) Digital images showing the salting out
evolving process of a DEA driven by PAAm hydrogels containing 8 mol/L LiCl under applied voltage
that is 80% of the breakdown voltage with a frequency fixed at 1 kHz. b) Corresponding thermal
images of the DEA before experiment, 5 minutes into experiment, 10 minutes into experiment and
1 hour after experiment. A local temperature increase is observed. The highest local temperature
reaches 66.6 ℃ after 10 minutes of experiment, which is where the salting out is observed most
significantly.

Hydrogel plasma and coated DEA

Figure 3. a) Schematic of an uncoated DEA. Air breakdown occurs at the edge of hydrogel because
of the local field concentration. b) Digital photo of a DEA, working under 80% of breakdown voltage
with 1 kHz frequency. Air breakdown is observed as purple light. c) Schematic of a PDMS elastomer
coated DEA. Air breakdown is prohibited. Local field concentration happens and is marked with an
arrow. d) Digital photo of the device after breakdown. The amplitude of applied voltage is 80% of
the breakdown voltage of uncoated DEA. e) Comparison of breakdown strength in coated and
uncoated DEAs using different electrodes.

Conclusion
• Air breakdown around the edges of hydrogels causes local temperature increases in

DEAs, resulting in the salting out phenomenon.
• The breakdown of air helps dissipate energy into the air and protects the DEA.

Sample preparation
• A membrane of a dielectric polydimethylsiloxane based elastomer is pre-stretched (20%) and

fastened onto a rigid frame.
• Polyacrylamide hydrogels, containing lithium chloride (LiCl), are attached on both sides of the

elastomer and connected to external power source via top and bottom aluminum foil
electrodes.

Figure 1. a) Schematic of a hydrogel driven dielectric elastomer actuator (DEA). b) Schematic side
view of a DEA. Electric field concentrates locally at the edge of hydrogels. Such local field
concentration causes air breakdown around the edges. c) Digital photo of a DEA.

Lifetime experiments
• Sinusoidal voltage, 1kHz frequency.
• Breakdown strength determined by increasing voltage until DEA was breaks down.
• Lifetime tests were carried at 96%, 93%, 90%, 87% and 80% of breakdown strength voltage,

until elastomer was broken.
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