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Magnetic Liquid Metal Composites: Research Trends in Fabrication
Methods, Multifunctional Properties, and Advanced Applications

Yewon Jang*, Jaechwan Kim*"

ABSTRACT: This review paper provides a comprehensive overview of magnetic liquid metal composites, which are
gaining significant attention for their unique properties in advanced applications. While pure liquid metals offer high
electrical/thermal conductivity, self-healing, and deformability, their inherent limitations in mechanical strength and
chemical stability necessitate the integration of functional nanofillers. The paper first classifies the main liquid metals
and their key properties, then reviews magnetic fillers with associated composite strategies, and finally compares major
fabrication routes. Key multifunctional properties of the composites are discussed in detail. Furthermore, the paper
extensively examines their diverse advanced applications, particularly in soft robotics, flexible sensors and wearable
devices, and biomedical fields. Finally, it addresses remaining technical challenges and proposes future research
directions to foster the continued development and industrial adoption of the composites.
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Fig. 1. Essential properties of liquid metals together with SEM
images of gallium, Galinstan, EGaln, and Field’s metal [21,
22]
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Fig. 2. Magnetic behavior of ferromagnet, super-paramagnet
and paramagnet [23, 24].
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Fig. 3. Fabrication methods of magnetic liquid metal compos-
ites: (a) mechanical mixing, (b) chemical modification,
and (c) encapsulation [27-32].
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