KANeW Nafion Actuator

We developed a new Nafion
actuator with enhanced
deformation. This actuator is based
on adouble layer Platinum Copper
electrode and uses the oxidation-
reduction of Copper to get a
dynamic ion flux upon polarity
change. Thisresultsin enhanced
current and displacement of the
actuator.
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We developed aloop
actuator based on our
double layer Platinum
Copper electrode
actuator. Here are
performance data, photos
and sketch of the loop
actuator.
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Gesign of a Nafion Actuator Array

We designed an actuator array using the out of
plane deformation of the Nafion membrane and
electrode patterning.
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First asguare of Nafion 117 membrane was Platinum plated.
Then metal was removed in the desired pattern with a sharp
tip; four octagonal electrodes connected to the edge of the
membrane were created on both sides of the membrane.
Finally each cell was individually copper electroplated and
the whole array was soaked in CuSO, solution for ion
exchange to Cu?* Each octagonal actuator could be actuated
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We scan acrossthetwo lower cellsfor the out of
Plane displacement with thelaser displacement meter
while cycling the voltage applied to the left one.
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We switched to gold electrodes and studied the
influence of membrane thickness on actuation. We
prepared gold plated Nafion 112 (50-micron thick),
115 (125-micron thick) and 117(180-micron thick).
The amount of gold deposited after one plating is
proportional to the volume of the membrane so we
had to do 6 plating cycles on the thinnest one

to ensure conductivity.
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Structure of the gold electrode (SEM)

Nafion 117 Nafion 115 Nafion 112
after 2 plating after 3 plating after 6 plating
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Membrane thickness has a large influence on actuation. The thinnest
membrane Nafion 112 deforms the most and the most quickly.

\

time(s)

gener ation
array (3x3)

A 4

At time = Osec voltage 2 S e
goesfrom O to 2V_ : i"'-"-_m = E N
180 micron thick = : g% %\
g Nafion & o I //,L "
Os 2s 2 = actuator %i—o-s .
il 2 |
— ‘_‘ — a2
9- -1.5 |
125 micron thick g I?c[()ement T
|
% o A 07s 25 3 P .
! < ﬂ.-x -l 180um(disk), 125um(star), 50um(x) after 2,
é"_ 3 and 6 plating cycles respectively.
50 micron thick
We prepgred a 2nd generation actuator array (3x3) .
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/ Application for the actuator array \

Antenna for satellite based Internet connection
Phase shifters

Waveguide
wave

Dielectric Nafion membrane
Material actuator

Publications

M. Uchidaand M. Taya, “ Solid polymer electrolyte actuator using electrode reaction”, Polymer 42, 9281-9285, 2001.

M. Uchida, C. Xu, M. Le Guilly and M. Taya, “Design of Nafion Actuator with Enhanced Displacement”, Proc. SPIE — The
International Society for Optical Engineering, 4695, to be published June 2002.

M. Le Guilly, M. Uchidaand M.Taya, “Nafion Based Smart Membrane as an Actuator Array”, Proc. SPIE — The International
Society for Optical Engineering, 4695, to be published June 2002.

UW - Center for Intelligent Materials and Systems EI\'E




