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Application of liquid crystal elastomers in the
development of artificial muscles

CHEN Wenhui, ZHOU Xiaohang, LIU Ke’
(College of Engineering , Peking University, Beijing 100871, China)

Abstract: Liquid crystal elastomers (LLCEs) are high-performance polymer materials composed of liquid
crystal units that exhibit excellent elasticity and reversible deformation through liquid crystal orientation
transitions. This reversible deformation closely mimics the behavior of natural muscles, making LCEs an
ideal material for artificial muscle fabrication. In recent years, extensive research has focused on LCE-
based artificial muscles. This review provides an overview of the preparation methods and actuation modes
of LCE-based artificial muscles. It emphasizes a comparative analysis of the actuation performance of
LLCE-based artificial muscles versus natural muscles and methods for enhancing the actuation performance
of LCE-based artificial muscles through chemical modification and structural optimization. Additionally,
this review discusses the future prospects for the development of LCE-based artificial muscles in soft
robotics and intelligent medical devices.
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Fig.1 Fabrication methods of liquid crystal elastomer:
3D printing, dry spinning, wet spinning, template

method.
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Fig.2 (a) Mechanism of the deformation of liquid crystal elastomer actuated by heat”; (b~g) Liquid crystal elastomer
artificial muscle preparation by dry spinning and its performance under thermal actuation'™ ; (h~j) Liquid crystal
elastomer artificial muscle process prepared by template method and its performance under thermal actuation™’.
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Fig.5 (a,b) DRI-LCE jumping actuator with a closed-loop structure enabled by photo-mechanical coupling™;
(c,d) Schematic diagram of GNR/LCE composite film driven by near-infrared light'**
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thiol-acrylate Michael addition reaction. During
synthesis, mesogens are in the isotropic phase in
a present of solvent (toluene) at 60 C'*. (b)

Schematic illustration of the preparation of

dopamine layer on liquid crystal elastomer®.
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(a) Actuation mechanism of I.CE fiber and POM images of polydomain, monodomain, and isotropic states of LCE
microfibers observed at two different angles with respect to the analyzer. Scale bars: 200 pm [middle], 20 pm [right],
and 200 pm [bottom]. (b) Uniaxial tensile tests (at 25 °C) of as-spun LCE microfibers with different diameters
(22~66 pm). (c) DSC trace of as-spun LCE microfiber™. (d) Fabrication process of knotted artificial muscles.
The two insets are the POM images (scale bar: 200 um) before and after the LLCE is printed, showing the alignment
of the liquid crystals. (e) Knotted structure greatly amplifies the actuation performance of the LCE material, leading

to high stroke and high frequency actuation'*”.
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Fig. 10 Soft robot based on liquid crystal elastomer artificial muscles. (a) Robotic arm based on liquid crystal elastomer

artificial muscles; (b) By controlling the stimulation time of the LCE-based motor unit, the oscillation dynamics of

the arm after one perturbation can be tuned'™; (c) Slit robot based on liquid crystal elastomer artificial muscles™"; (d,

e) Hill-climbing robot based on liquid crystal elastomer artificial muscles. Scale bar: 1 cm
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A (b) £l

mechanism for in vivo surgery; (b) Deformation

process of the active compliant mechanism'™®’.
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Fig. 12 Breathable, shrinkable, hemostatic patch for enhanced skin regeneration with round and cross-shaped wounds in

a rat model based on liquid crystal elastomer artificial muscle. (a) Schematic illustration of the shrinkable,

hemostatic patch consisting of two layers (i.e., liquid crystal elastomer artificial muscle and acrylate dressing) ;

(b) Schematic illustration of working mechanism of the shrinkable, hemostatic patch for skin regeneration; (c¢) Optical

image for dozens of hemostatic patches; (d~f) Optical images for the process of full-thickness, round skin wound

operation in a rat model. Scale bars is 1 cm™.
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