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lonic Polymer Metal Composites (IPMC)’s

e Can be used for soft robotic
actuators, flexible sensors,
and artificial muscles from
micro-to-macro size levels.

*Light weight A
*no mechanical parts <Large displacements
* low voltage *Low power consumption (milliwatts)

emicrons thin *Macro or micro level



Problems with IPMC’s

Nafion is not eco-
friendly

*Complex
manufacturing process




IPMC Structure

Nafion (170-200 microns), or ionic exchange material, with micro thin
layer of platinum (10-15 microns)



Nafion®

* Polyelectrolyte

* Hydrophobic perfluoroinated
backbone

e Hydrophilic sulfonic acid —{CF.~CF}ACF.—CF}—
functional groups




Nafion’s lonic clusters
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Platinum Electrode
/ BHF Membrane

® Water Molecules
® Free Cations




IPMC flexing under applied
voltage
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Making Membranes

* Preliminary Films
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Next generation membranes

Ranged from 0.15- 0.60 grams and 30-150 microns

* 100 % Nafion

» 20:80 CNF:Nafion
* 35:65 CNF:Nafion
* 50:50 CNF:Nafion
* 65:35 CNF:Nafion
* 80:20 CNF:Nafion
* 100% CNF




SEM Analysis

Nafion

X600 100 um 2018/07M1 1402 FL x2.0k 30 um 20180711 14:19 FL x2.0k  30um 2018/07/11  14:38 FL x2.0k 30 um

2018/07/05 1352 FL

1457 FL 20k 30 um 2018/07/05 13:38 FL x2.0k  30um

2018/07M11 1446 FL x10k 100 um 2018/0711



Nafion 600x

2018/07/05 13:52 F L x600 100 um

UV 0.4 Sample 10



CNF 2000X

2018/07/05 13:38 FL x2.0k 30 um

UV 0.4 Sample 10



CNF:Nafion 50:50

2018/07/05 1328 F L x1.5k 90 um

UV 0.4 Sample 10



Tensile Modulus as a Function of Percent CNF
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*Datapoints with similar letters have no statistical difference @95% confidence level



Tensile Strength as a Function of Percent CNF
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w0 Tensile Strain as a Function of Percent CNF

70

60‘

50

40

30

20 B +
10 A
A &

0 @
0 10 20 30 40 50 60 70 80 90 100

Percent CNF

*Datapoints with similar letters have no statistical difference @95% confidence level

Tensile Strain (MPa)

® >
® >



Stress (MPa)
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Typical stress-strain
curves of pure
materials and the
hybrids thereof (A and
B, respectively),
tensile data obtained
from CNF-Nafion®
membranes with
different CNF
contents: (C) Young’s
modulus and (D)
tensile strength-strain
relationship.
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Plating Process for Nafion

» Sanding of films to increase surface area

density = O

* Acid boiling with HCL to clean and dope
material with hydrogen ions

* lon exchange of tetraamine platinum

chloride hydrate (oxidation) - Q
* |nitial platinum compositing process using x v/

sodium borohydride to reduce platinum
onto surface.

* Final surface reduction to lower resistance
(usually done multiple times, 4)




First Plating Reduction

* High surface resistance into the Mega Ohms (need to have
resistance closer to 5 ohms)

* Did not short

* Kept mechanical strength
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Second Plating Reduction

50: 50 Bnder 50: 50 Mo Bonder

* Lower surface resistance
t & e Grey particles (platinum)
> ' e were visible

- * No substantial difference in
properties between films

* Maintained mechanical
strength

£5:25 MNo Ewnder




Second Plating Reduction

Rough side: 100-1000 Smooth side: mega ohm
ohm resistance resistance















Sputter Coating

e Same process used
iIn SEM coating

e Uses mixture of Gold
and Palladium

—  Substrate and Glm growth

Sputtering Target




Cheap alternatives: Copper Conductive Adhesive vs
Conductive Ink

Copper Conductive

Adhesive

e 25 um of Copper

* 45 um adhesive

* Too thick

Conductive Ink

* Ability to apply
multiple coatings




summary

*Hybrid membranes made from Nafion and CNF
were produced

* Physical and mechanical properties of the
membranes were satisfactory

* Plating process needs improvement
*Electric responsiveness is still weak
*There is potential for improvement
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