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Electroactive Materials Produced by Ras Labs
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A. Weight (t = 0) = 0.11 g B. Weight (t = 1 minute, 50 V) = 0.01 g
Note:  Red dye added to (uncoated) EAP to improve visualization.  
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Depictions of encapsulated EAP materials with embedded electrodes
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Bilayer for Negative Electrode Peristaltic Pump Design
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Extremely Energy Efficient MovementExtremely Energy Efficient Movement
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A.  Before electric impulse

B Aft l t i i lB.  After electric impulse

Damage to electroactive material in boxed area.  
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Ras Labs and Princeton University Plasma Physics Laboratory formed CRADA

Combines 
th ti ti f R L bsynthetic expertise of Ras Labs 

plasma expertise of PPPL

EAP Materials & ActuatorsEAP Materials & Actuators
EAP and embedded electrode(s) to move as unit



Water Drop Control Nitrogen plasma Oxygen plasma
Contact Angle Test

Stress!Test!to!Break!of!Plasma!Treated!Titanium!Electrodes!in!EAP!Actuators
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Sample Weight 
to break 

( )

Distance
(cm)

Stress
(N/m2 = 
k / 2)

<Stress>
(N/m2)

(g) kg/ms2)
Control  1† 183 1 18.3

C l 2 600 1 3 431 431Control 2 5,600 1.3 431 431

N plasma 1 6,800 1.5 453
476

N Plasma 2 7,500 1.5 500

O plasma 1 6,300 1 630

476

746
O plasma 2 6,900 0.8 862

†!Control!1!not!used!in!average!data!set.

746



Radionuclide Experiment

Dry Time
**

*
*

*

* *
* *
* *

22-Na and T-3 in 
0.5 w/v % aqueous
NaCl solution
22 Na activity = 0 1!Ci/mL

*

Place radiolabelled EAP 
in non-radioactive22-Na activity = 0.1!Ci/mL

T-3 activity = 0.0011126 !Ci/mL

+

in non-radioactive 
0.5 w/v % aqueous NaCl solution

-

50 VGRS for 22-Na

GRS for 22 Na Remove 1st aliquot (t = 0)

LSC for T-3Analysis

LSC for T-3

GRS for 22-Na Remove 1st aliquot (t = 0),
then begin electric input, 
removing aliquots at timed intervals

Analysis



Contraction Experiment
Contraction Experiment Following Na-22 Contraction Experiment Following Tritium / T OContraction Experiment Following Na-22
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Conclusions and Goals
• Materials were synthesized to produce EAP smart materials with good strengthMaterials were synthesized to produce EAP smart materials with good strength, 

durability, and electroactivity (with electric input).  Some of these EAP material 
expand, some bend, and some contract.  Reversing the polarity produces contraction-
expansion cycles.  Data driven contractile theory being determined.  

Thi l t i ti i hi h l i t b i t• Thin elastomeric coatings or coverings, which also serve as a moisture barrier, act as 
“skin,” preventing evaporation and leakage of the electrolyte solution(s) and allowing 
these actuators to be fully operational anywhere. Electrolytic effects being investigated 
as part of a bilayer coating.

Goal: Byproduct gases used to drive a fuel cell Electricity generated used to drive nextGoal: Byproduct gases used to drive a fuel cell.  Electricity generated used to drive next 
EAP in series of device.  Conceivably could produce extremely energy efficient devices. 

• Research and development to significantly improve the polymer-electrode interface 
was accomplished.  Further improvements using a variety of mechanisms are ongoing.

Goal:  For both the electroactive smart material and the embedded electrodes to move as 
a unit, analogous to our muscles and nerves moving together.  
The embedded electrode serves a dual purpose: conducting the electric stimulus, 
analogous to a nerve; and connecting the electroactive material to jointed levers,analogous to a nerve; and connecting the electroactive material to jointed levers, 
analogous to a tendon connecting muscle to bone.    
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Poly(vinylidene chloride) based coating
Patents pending
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