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Abstract: To improve the performance of ionic polymer-metal composite (IPMC) actuators, Nafion films sandwiched
with Nafion/conducting nanoparticulate electrospun webs were used as polymer electrolytes of IPMC. Multiwalled car-
bon nanotube (MWNT) and silver were the conducting nanoparticulates and the nanoparticles dispersed in a Nafion solu-
tion were electrospun. IPMCs with the Nafion/conducting nanoparticulate electrospun webs displayed improved
displacements, response rates, and blocking forces. MWNT was superior to silver in terms of displacement and blocking
force, and the webs without the conducting fillers also caused enhanced performances compared with the conventional
IPMCs. These improvements were attributed to an elevated electrolyte flux through highly porous interlayers and capac-
itance induced by well dispersed conducting fillers, and low interfacial resistance between electrolyte and electrodes.

Keywords: ionic polymer-metal composites, actuator, electrospinning, multiwalled carbon nanotube, Nafion.
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Figure 1. Structure and bending mechanism of IPMC actuator.
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Figure 2. Fabrication procedure of IPMC actuators based on Nafion/conducting nanoparticulate electrospun webs.

Figure 3. SEM images of IPMCs based on Nafion/conducting nanoparticulate electrospun webs: (a) Nafion/Ag electrospun web; (b) Nafion/
MWNT electrospun web (10 wt% nanoparticulate filler per Nafion weight); (c) electrospun Nafion/Ag on Nafion film; (d) elctrospun Nafion/
MWNT on Nafion film (after heat treatment); (e) and (f) are cross sections of elctrospn Nafion/Ag on Nafion film and elctrospn Nafion/
MWNT on Nafion film, respectively; (g) and (h) are surface morphologies of IPMCs completed after Pt deposition with Nafio/MWNT web

and pristine Nafion web, respectively.
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Table 1. Composition, Thickness and Electrolyte Uptake of IPMCs
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Sample Compogition o_f web Thickness” Electrolyte uptake Note
(weight ratio) (mm) (Wt%)
Ag web Nafion/PEO/Ag=5/1/0.5 0.21 20.6
MWNT web Nafion/PEO/CNT=5/1/0.5 0.22 20.9
Bare web Nafion/PEO=5/1 0.22 223
Nafion film 0.20 16.8 Reference sample

“Thickness in the water-swollen state.
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Figure 4. Surface resistance of polyelectrolytes with Nafion/con-
ducting nanoparticulate electrospun webs and Nafion film.
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Figure 5. Bending performance of IPMCs based on Nafion/con-
ducting nanoparticulate electrospun webs and Nafion film: (a) tip
displacement under DC 3 V; (b) horizontal displacement at 10 mm
distance from the grip under AC 3 V square waves at a frequency
of 1Hz.
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Figure 6. Time-dependent bending deformation of IPMCs based on
Nafion/conducting nanoparticulate electrospun webs and Nafion
film under DC 3 V.
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Figure 7. Blocking force of IPMCs based on Nafion/conducting
nanoparticulate electrospun webs and Nafion film under DC 3 V.
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Figure 8. Potentiostatic analysis for IPMCs based on Nafion/con-
ducting nanoparticulate electrospun webs and Nafion film. The
measurement was performed for 10 s under a constant potential of
3V.
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