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Soft Actuators Based on Electroactive Conducting Polymers
by
Keiichi KANETO#*, Sadahito UTO

Department of Biomedical Engineering, Faculty of Engineering

Artificial muscles, also called softactuators, have been in great demand for use in human friendly robots,
owing to simple structure, light weight, flexibility, and for “quiet” and complicated robotic motions. Various
polymeric materials have been investigated for manufacturing softactuators, which are powered by electrical,
light, thermal and chemical energy. In this review, the research trends of softactuators based on various
electroactive polymers and in particular, polypyrrole (PPy), which is conducting polymer, have been briefly
presented. Furthermore, recent results on the PPy actuators, i.e., electrochemical strain (actuation stroke) and
creep under tensile stress have been reported. The electrochemical strain (eliminated creeping) was found to
strictly depend on the number and bulkiness of the injected anions and to follow a non-linear trend under the
tensile stress. The obtained results are interesting from the viewpoint of fundamental mechanics, i.e.,
relationship between electrochemical actuation and elasticity of the conducting polymer, PPy. The aim of this

review is to introduce electroactive polymers-based softactuators to students and new researchers.
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Fig.1 Deformation patterns of softactuators.
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Fig.2 Various materials for Electroactive Polymer

softactuators.

Table 1. Characteristics of various softactuators
regarding with those of Fig.2
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Fig.3 Research trend of Softactuators in typical
materials, and number of Japanese patents on
conducting polymers (Inset).
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Fig.9 Recovery of creeping by release of tensile loads in
PANi film.
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rates of 10 and 100 mV/s.

WHE =R (Al D3BRIIAT (f) 1k L CTE#M
() BN 256, £ ofERAIL Eq.(1)IZ
AT X oIk TCEEITE 5 9P, Eq.(1)idfE
Ha OUFE CHMEEROMME, B, Yo VBN L
RN EBRHETH D, AN O y Y7 % K #E
B (Al /ly) & L, IUES L BIRAM NIV E S x
Ol F % B RINHE /1. BB, $177 (blocking force)
fo(Pa)L EFRT D L, BEBXRALFIET (E) 1L Eq(2)T
G zohbd, E X727 F 2 —X[lM4 (actuator
stiffness) C. FEMEIRN 7 » 7 OIERNZHE H 5EIE CE
BINDYUITHR (V) EEMBRMEETHD.

Al Al f

bt B M)
_ fo
b= Alm /1o @

AR O X 5 ICERALER 22 iR X iR L - & ool
FEOFER T, YRR AL LIBRIBICRE 35 &
&z b, Fig.11 1% TBACIO/MB &k % FWVCE
fig 4 L7z PPy 7 4 /L 2% 1.0M O&FE Na ¥z A
WC, 2mV/s OFf 5 EE THIE L= ifERokE &
TR CTH D P, BRES AW ERE & 4T



Soft Actuators Based on Electroactive Conducting Polymers 9

HEEIEWVIESH D3, Fig10 SIXRR 7R TH
Do

Fig 11 [3BA AU BREWVE, fERERE D
2. BIERAMBSEMT 5 & MfERIERE Wb T
by —Ji. INEWAALF D CI HDHWE Br Tt
HHERIT/ N E VA, KEWAM £ THfERIIGh &
D7V, 2 BT 2 BER AR BLI L A2 28|
Eq.(3)Z779 2 RBE%L T Fig. 11 D NaClO, Dt F % fif
rodsd, EROLIICEREL > £ —&T 5,
EqQ(3)D f=0726 ¢ =Al,/ly. £7-. Al/ly =0 »
5IDO2WRGFEXZME IEORE f; 95 & Eq.(2)
NGB E&RRDDHZENTEL D,

Al/ly = —af? +bf +c 3)

#NaCl aNaBr %NaNO3 mNaBF4 +NaClO4 xNaPF6

9 PPy prepared from TBACIO,/MB
= Scan rate 2mV/s
= - —
3 - g
o 4 a i' '
B »
]
X 4
é X X % >
£ . x 1
g 2 A .
3 ® ° L] Ty . A ° N L d
X
0
0 5 10 15 20 25 30
Stress [ (MPa)

Fig.11 Tensile stress dependences of contraction ratios
in PPy film prepared from TBACIO/MB and
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