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Development of Skeletal Muscle-Mimetic Gel Actuators Driven by Bipolar Electrochemistry
(‘Graduate school of Advanced Science and Engineering, Hiroshima University, *Faculty of
Engineering, Yokohama National University, *School of Material and Chemical Technology,
Tokyo Institute of Technology, “PRESTO, JST) OTaichi Hino,' Keiichi Imato,"* Naoki Shida,
Shinsuke Inagi,** Ichiro Imae,' Yousuke Ooyama'

Electrically driven soft actuators have been attracted much attention, particularly in the field
of soft robotics, because their actuation can be easily and precisely controlled. However, the
shapes and movement of conventional electrically driven soft actuators are limited to thin films
and bending and extension, respectively.'™ Soft actuators that show extension and contraction
in the long axis direction promise unrestricted shapes and flexible movement like skeletal
muscle, which is the best soft actuator, but there are no examples. In this study, we aim to
develop gel actuators that mimic the structure and function of skeletal muscle by utilizing
viologen, which reversibly forms a dimer by redox reactions (Fig. 1), and bipolar electrodes
(Fig. 2), which work wirelessly in a dilute electrolyte solution. As a first step, we successfully
demonstrated contraction of viologen-containing gels on a bipolar electrode.

Keywords: Bipolar Electrochemistry, Soft Actuator; Gel

BRCEETSY 7 T Faz—x—E, ZO6) ||

xR B P ORBICHETE 2720 oy 7 ek =

T4 T ASHETHEAINTWS, L2L, (iEkDER :

g Y 7 b T 0 F o — X —DRIRk EEEIL. T nE (N) @ .
FURRIE b i - FRICER B, BUROR b IEN-E é%gﬂ& Y
SEE Y T N T I Fat— X —ThbE kOB i Y0
O)J: 5 czﬁilﬂjﬁﬁ&:ﬂzﬁﬁﬁ(%h&i\ ﬁ Elﬂfcﬁﬂ%%%i@( Fig. 1. lllustrition of gel contraition and

fcﬁ@] ‘?—S %ﬁfﬁ‘( ?—5 5 7j§ - O)fﬂ ifi VY, 2'—‘@1:77"5(61\ sw'elling b'ased 01? formatiqn and dissociation
Eﬁ“'ﬂﬁﬁﬁ}im i) 7L E/j - _‘iﬁ—( %%Bﬁ‘ A F of interactions (viologen d1mer).D .
o bj :/ %1@ f\é ﬁ_éA 5 b‘/l/ (‘: %ﬁ%'ﬂ?ﬁig{@iﬁ{ EF‘ VC“ ]7 Dilute solution of electrolyte g

A ¥V RITEREN T 51 R—F EMEFIA L. B
W{Fﬁﬁ@ﬂ ‘

OIS EREA R LT VTV Fao— X O %E

HEELTWD, TOFE—EREL LT, MK —TEMK
ETovda U EH SO LT,

Fig. 2. ll]ustratlon of gel actuators driven by
bipolar electrochemistry.
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