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Abstract: Polyvinyl chloride (PVC) gel is a class of polymers that is able to contract, bend, or expand under an applied
voltage. PVC gel features a fast response, low cost, light weight, and high electromechanical efficiency, making it a promising
candidate for artificial muscles. This paper reviews recent progress on PVC gel, including its compositions, modifications,
fabrication technologies, design of novel configurations, and applications. This paper emphasizes the improvement of
electromechanical performance of PVC gel through doping with functional additives, as well as rapid manufacturing

techniques such as 3D printing and thermal melt processing. Based on the conventional configurations of PVC gel actuators
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employing anode-crawling mechanism, two novel deformation modes of PVC gel, namely electrostatic mode and
electrohydraulic mode, are discussed in detail. Moreover, the applications of PVC gel in soft actuation, as well as in medical
and optical fields, are systematically reviewed. Finally, the current challenges and future development trends facing PVC gel
are discussed.
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Table I Comparison of PVC gel with DE and IPMC on main properties
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Fig. 1 Schematic diagram of the anode creeping deformation of PVC gel
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Fig.2 Schematic diagram of various fabrication technologies of PVC gel: (a) Solution casting on flat-bottomed container™; (b) Spin
coating!®; (c) Blade casting®; (d) Hot curing of PVC plastisol'”; (¢) Rapid thermal melting technique®®®’; (f) 3D printing*"!
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Fig.3 Various types of PVC gel actuators based on different working principles: (a) Schematic diagram and prototype of stacked PVC gel
actuators with meshed electrode®; (b) Fabrication process and deformation of stacked PVC gel actuators with surface
microstructures®®; (c) Bending actuators®!; (d) Textile and yarn actuators’®”; (e) Fiber constrained planar PVC gel actuators*);
(f) PVC gel-based HASEL™!
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Fig. 4 Soft actuation applications: (a) Vibrotactile actuator™®”’; (b) PVC gel actuators-based gripper'*®!; (c) Bionic robots driven by PVC gel
with imperceptible liquid metal electrode!!; (d) Bionic fishtail®®’; (¢) Bionic jellyfish®!; (f) Neck pillow vibration generator™*’!
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Fig.5 Medical devices based on PVC gel actuators: (a) Soft wearable assistive spats™"); (b) Walking assist wearl>); (¢) Updated walking assist

wear'l; (d) Wearable finger tremor-suppression orthosis®?; (¢) Dynamic braille display!>’)
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Fig. 6 Optical applications of PVC gel actuators: (a) Plano-convex varifocal lens™; (b) Double convex lens®?; (c) Shape-changeable invertible

microlens®; (d) Unilateral electrode lenst®®!; (e) PVC gel tube-based liquid lens®®; (f) Stacked PVC gel actuators driven liquid lens™®;
(g) Transparency tunable smart window*!!
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