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Tailored biomimetic actuators made with multiwalled carbon nanotube
loaded ionomeric nanocomposites
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Abstract Biomimetic actuators that can produce soft-actuation but large force capability are of interest. Nafion, an
effective ionomeric material from DuPont, has been shown to produce large deformation under low electric fields (<10 V/
mm). Carbon nanotube/polymer nanocomposites were cast to enhance the electromechanical properties of the composites.
Multiwalled carbon nanotube (M-CNT)/Nafion nanocomposites were prepared by a solution casting to investigate the effect
of M-CNT loading in the range of 0 to 7 wt% on electromechanical properties of the M-CNT/Nafion nanocomposites. The
measured elastic modulus and actuation force of the M-CNT/Nafion nanocomposites are drastically different, showing larger
elastic modulus and improved electromechanical coupling, from the one without M-CNT.
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Fig. 1. SEM image of the cross section of 5% M-CNT/
Nafion with Pt chemically deposited electrode.
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Fig. 2. A schematic diagram for the measurements of block-
ing force under applied electric fields across the M-CNT/IPMC
nanocomposites.
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Fig. 3. (a) SEM and (b) TEM images of M-CNTs purchased from Catalytic Materials Inc. SEM micrographs of M-CNTs treated by

(c) a mortar/pestle and subsequently by (d) a bead milling.
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Fig. 4. EDS analysis of (a) as-received and (b) bead milled M-CNTs.
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Fig. 5. Variation of elastic modulus of the M-CNT/Nafion sec) of M-CNT/Nafion nanocomposite as a function of M-CNT

nanocomposites containing different amount of M-CNT. loading.
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Fig. 8. TEM images of (a) 0 %, (b) 1% and (c) 5% M-CNT dispersed Nafion nanocomposites. Note that gray-shaded background
and dark shaded region caused by the difference in M-CNT distribution represent Nafion and M-CNT, respectively. Black area in (b)
indicates Pt particles.
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Fig. 9. TEM image of the 5wt% M-CNT dispersed IPMC.
Note that gray shaded region and black dot represent M-CNT
and Pt particles in Nafion matrix.
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