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A polymer is a large molecule made up of repeating units (called monomers), linked
together by a long chain. Due to their interesting properties, polymers are used in
various applications, such as construction materials, automotive parts, plastics, and
clothing.
Electroactive polymers (EAPs) are a type of flexible, elastic polymer (elastomer) that
change size or shape when stimulated by an electric field [12]. In other words, apply a
voltage and they bend, contract or expand.
Generally speaking, EAPs are categorized by their mode of activation: electronic or ionic.
Electronic EAPs include electrostrictive elastomers and dielectric electroactive polymers
(DEAPs), while an example of an ionic EAP is the ionic polymer metal composite (IPMC).
In electronic EAPs, the electric field applies coulomb attractive forces to the electrodes.
This causes the change in size and shape due to compressive forces. With ionic EAPs, the
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mobility and diffusion of ions changes the shape [3].
EAP materials are especially suitable in actuators – components used to move or control
mechanisms. For instance, one exciting type of ionic EAP is the ionic polymer metal
composite (IPMC) [3]. These are promising because low voltages can be used to get large
bending strains. An electric field is applied to one side of the polymer membrane, forcing
ions over to this side. The membrane swells on this side only, causing the actuator to
bend.
As an example, these actuators could then be used to move the aileron of an aircraft’s
wing, causing it to turn [4].

EAP actuators could be used to replace heavy parts in aircraft wings. Image credit:
Shutterstock / GuoZhongHua

Materials and Construction of Electroactive Polymers
Unlike the electroactive polymers of the past, the examples today are strong, robust and
efficient. This is thanks to the materials used to develop them, and the breakthroughs in
manufacturing methods. For instance, the aforementioned IPMCs can generate significant
forces at low voltages.
Early versions were slow however, and could only survive a few voltage cycles because
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chemical reactions broke down the polymer [5]. Advances in the field mean scientists and
engineers can now make IPMCs with highly stable and conductive ionic liquid electrolytes,
allowing ions to flow rapidly into robust fibers threaded through a hollow tube [5].
The materials and methods used to construct EAP actuators depend on the type of EAP in
question. For IPMCs, two types of base polymer are generally used: Nafion®, such as that
used by Grau et al.[4], and Flemion®. The polymer membrane is plated on both sides with
either Pt or Au electrodes. These noble metals provide the best electrical conductivity and
electrochemical stability [6], and so are ideal for many applications. The membrane
contains water as the solvent, and Na+ or Li+ cations balanced by fixed anionic groups in
the polymer [3].
Grau et al. also used shadow masks purchased from Ossilla and organic thin film
transistor materials (lisicon®SP400 and lisicon®M001) from EMD Performance Materials
Group. They used 1Butyl3methylimidazolium tetrafluoroborate (BMIBF4) as their ionic
liquid. A complete description of their method can be seen in reference [4] below. A
general method for fabricating EAP membranes is given in reference [7].
In contrast, a typical dielectric electroactive polymer (DEAP) – a type of electronic EAP 
consists of a dielectric elastomer membrane placed between two electrodes. When an
electric field is applied, the membrane compresses and stretches, causing the material to
change shape [8].

Benefits and Applications of EAPs
The benefits of IPMCs in particular are the large electromechanical bending at low
voltages [9], and their soft, flexible structures. This allows them to mimic the motion of
biological muscles, and be used in aqueous environments [10,11].
Typical benefits of DEAPs include low elastic stiffness and high dielectric constant, large
deformations, large energy convention efficiencies, light weight and low noise [8].
Benefits can also vary depending on the materials and methods used, as well as the
vendor. For instance, Parker Hannifin says their EAP technology offers several advantages
when compared with traditional technology [12]. They quote ultralow power consumption,
10X additional battery life, silent operation and a stretchable polymer with up to 20%
working strain for actuators.
On the other hand, Arkema develop specialty fluorinated EAPs (terpolymers), which have
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the ability to store large amounts of energy and boast larger changes in size or shape [13].
Various companies manufacture EAPs [1], so be sure to do your research before selecting
a vendor.
The applications of EAP actuators are numerous. They’ve received considerable attention
as soft biomimetic actuators in bioengineering applications like artificial muscles and active
catheters.
Due to the stability of their electrodes (using the noble metals Pt or Au), they’re also useful
for underwater robotic applications and aquatic propulsors, where corrosion resistance and
fast actuator response are important [3].
DEAP actuators have potential in acoustic applications such as sound generation, and
noise and vibration control in loudspeakers [8].
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