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Advancements in Ionic/Electroactive Materials and Structures for Soft Robotics

WU Jiaxiang, QIU Lintao, WANG Liiting, ZHAO Yukai, ZHANG Kaihang, SHI Ye,

YANG Xuxu, LI Tiefeng
(Zhejiang University, Hangzhou 310013, China)

Abstract: Dielectric elastomers and hydrogels possess some special physical and chemical properties, and respond well
to external stimuli, which make them important components of new soft actuators, wearable devices, medical healthcare
equipment, and human-machine interactive robots. This article firstly explores the application prospects and improvement
paths of electronic-type electroactive polymers, i.e. dielectric elastomer materials. By discussing the performance, advan-
tages, and disadvantages of silicon rubber, polyurethane, and acrylic ester-based dielectric elastomers, the current application
potential and limitations of these materials in artificial muscles are elucidated. Subsequently, some solutions are proposed,
including the use of brush-like dielectric elastomers (BBE) and interpenetrating network structures (IPN) to enhance material
performance. Secondly, electromagnetic-responsive, osmotic-pressure-responsive, and photo-responsive hydrogel actuators
are introduced, providing comprehensive explanations of their respective working principles and applications. Finally, the
impacts of both dielectric elastomers and hydrogels as two types of driving materials and structures on soft robotics perfor-
mance are summarized, and the broad application potentials of these two types of actuators are showed in areas such as soft
robotics, artificial muscles, and intelligent sensors, and some future research directions are suggested.

Keywords: dielectric elastomer; multifunctional material; hydrogel actuator; soft robot
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Tab.1 Dielectric and mechanical property parameters of common dielectric elastomers

g AREl B AYE BIREE/MPa AWEH B /(Vium) B
LR3005/50 [E e 0.28 2.9 115 3 [26]
LR3043/50 [EL i 0.53 2.8 144 3 [26]
LR3005/30 [ERIES] 0.25 2.8 123 X [26]

Sil3481 [E e 0.61 3.64 50 L [27]
MF620U [EL e 0.37 3.13 55.9 3 [28]
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TPU-LPT4210 PN 3.36 6 218 I [29]
VHB PR IR S 0.4~2.3 4.7 17~31 3 [29-30)
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Tab.2 Correlation between actuation rates of responsive

hydrogels and their materials

IXEHHLH TR A AL WEhd % SR
PAMPS-PAAc 0.80°/s 3L [60]
75 PAAc-AI(OH);NP 0.90°/s 3L [62]
Fe;0,-MWCNT-PNIPAm 0.60°/s 3 [74]
PNIPAm-TCNCs 4.8°/s 3L [75]
N— GO-PDMAEMA 2.7°/s 3tC[76]
Alg-PDMAEMA 5.0°/min 3 [77]
PNIPAm-PAAc 6.7°/s 3L [78]
PEG-aCD-Sti 1.2°/s X [79]
J6IRE) PNIPAm-GO 7.5 3L [80]
PMAA-POEGMA 1.5°/min 3L [81]
PAAc 1.6°/s 3L [82]
S—— PNIPAm-PAAm 0.25°/s 3( [83]
PVBIPS 2.3°/min 3 [84]
Alg-PDMAEMA 7.5°/min 3L [77]
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Fig.8 Osmotic pressure-induced deformation of hydrogels
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Fig.10 Bilayer structure actuation and gradient structure actuation
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