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  A polymer is a substance composed of 
molecules with large molecular mass with repeating 
structural units and connected by covalent bonds. 
Therefore an electroactive polymer is a polymer 
whose shape is modified or deformed when a voltage 
is applied to it. Electroactive polymers (EAPÕs) can be 
easily deformed and repeatedly deformed. EAPÕs can 
return to their original shape when the voltage polarity 
is reversed. 
 Electroactive polymers are being used as 
artifi cial muscles. They are considered the future in 
artifi cial muscles and robotics. EAPÕs are used 
because they are generally lightweight, inexpensive, 
fracture tolerant, pliable, and have the ability to 
transform into any given shape.  
 There are many different ways to activate 
movement in EAPÕs: chemically, electrically, 
pneumatically, optically, and magnetically. Mainly 
they are electrically activated. There are two main 
types of EAPÕs: ionic and electronic. 
 Ionic EAPÕs have two electrodes and are 
usually in electrolyte. Electrolyte is a substance 
containing free ions and acts as an electrically 
conductive medium. The movement in ionic EAPÕs is 
based on the transport and diffusion of ions 
throughout the polymer. Examples of ionic polymers 
are: 

¥ Conductive polymers 
¥ Ionic Polymer Gel 
¥ Ionic Polymer Metal 

Composites 
¥ Carbon Nanotube  

 Ionic Polymer Gels are 
activated by chemical reactions. When the ionic 
polymer gel changes from an acidic to an alkaline 
environment the gel swells or condenses causing 
movement. The movement of the gel causes the 
cathode side to become more alkalinic and the anode 
side to become more acid. The problem with this form 
of ionic EAPÕs is that the response time is slow.  
 Ionic Polymer Metal Composite functions by 
bending when electric activation occurs. This 
movement is the result of having free cations in the 
polymer.  

Conductive Polymers are doped with a 
surfactant. When a voltage is applied, oxidation and 
reduction occur at the anode and cathode electrodes. 
The ions in the electrolyte cause a volume change and 
the polymer to bend.  

 
Carbon nanotubes are nanotubes with carbon 

to carbon bonded molecules surround by electrolytes. 
A carbon to carbon bond means that they are bonded 
covalently. The nanotubes move by means of 
changing of the bond lengths between the carbon to 
carbon bonds. When electrons are added or taken 
away the bond lengths increase or decrease due to the 
repelling behavior of electrons. 

Ionic EAPÕs have advantages in that they 
create a large displacement with low voltages, and 
movement depends on polarity. There are also 
disadvantages to ionic EAPÕs. Most ionic EAPÕs do 
not hold strain under DC voltages, the response time 
is slow, the produced force is small, they need to be 
wet, and it is hard to produce materials consistently.  
  Electronic EAPÕs are driven by Coulomb 
forces and are designed to bend, stretch, and contract. 
Examples include: 

¥ Dielectric Elastomer 
¥ Electrostrictive Graft 

Elastomer 
¥ Electrostrictive Paper 
¥ Electro-viscoelastic 

elastomers 
¥ Ferroelectric Polymers 
¥ Liquid Crystal 

Elastomer 
 Electronic EAPÕs function by applying a 
voltage across the polymer, and then the polymer 
bends and moves based on their make-up and design. 
Electronic EAPÕs have fast response time, can work in 
room temperature, can hold strain, and produce a large 
output force. The disadvantages are that you need high 
voltages and since the high voltages are near 
breakdown level, unwanted movement can occur. 
 Currently EAPÕs are still in the research stage 
and are not available commercially. In the future 
electroactive polymers will be used in robotics. 
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