Memoirs of Osaka Institute
of Technology
Vol. 63, No. 2(2018) pp. 1~7

EEMNESFEHWN Y 7 NT 7 F 22— Z O A =X L

M SO TR, Bk

T2y A TR
(2018 4£ 9 H 29 H =)

Mechanism of Deformation in Conducting Polymer Softactuators
by
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Faculty of Engineering

Soft actuators are prospective power devices for human friendly robots owing to their noiseless and
simple structure. Herein, we have discussed the mechanisms of electrochemical strain and stress as
induced by the ions. Electrochemical oxidation and reduction in conducting polymers induces
reversible deformation (electrochemical strain) due to insertion and exclusion of ions. The strain was
found to depend on the ions, whose volume and radius were estimated. The results indicated that the
radii of the inserted ions were between those of crystalline ions and hydrated ions in aqueous
electrolyte. The contraction force (electrochemical stress) was observed to be tens of MPa, and was
related to the elasticity of the polymers.
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(b) Electrode side

(a) Solution side

Fig.1 SEM Pictures of PPy film.
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Fig.2 Sample holder for measurement of
electrochemical strain and stress.
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Fig.3 CV and electrochemical strain for anion drive PPy

in various electrolytes.
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Fig.4 CV and electrochemical strain for cation drive PPy
in various electrolytes.
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Fig. 5 Charge dependence of electrochemical strain
in anion drive PPy film.
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Fig. 6 Charge dependence of electrochemical strain
in cation drive PPy film.
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Fig.7 A model of film swelling due to insertion of ions
by electrochemical oxidation.
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Table 1. Estimated ion radii doped electrochemically in PPy,
crystalline ion and hydrated ion radii for comparison'® (pm).
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Fig. 8 Anion and cation radii estimated from electrochemically
doped in PPy film, crystalline ion radius and hydrated ion
radius shown in Table 1.
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Fig. 9 Tensile load (stress) dependence of electrochemical
strain PPy film.
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Table 2. Maximum strain (Al,/ly), blocking force (f;) and
electrochemical elastic modulus (£) of PPy film in various

electrolytes.
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NaCl 1.3 60 4.7
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Fig.10 Maximum strain (AZ,/ly), blocking force (f;) and
electrochemical elastic modulus (£) of PPy film in various
electrolytes.
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