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Abstract: Ga-based liquid metals have gained significant attention in the field of flexible electronics due to their inherent
properties such as good fluidity, high electrical and thermal conductivity, and non-toxicity. The undercooling phenomenon
and oxidation behavior of these liquid metals are crucial factors influencing their stability and applicability in various
environments. Under specific conditions, Ga-based liquid metals exhibit remarkable undercooling behavior, maintaining a
liquid state even at temperatures far below their solidification point. They readily react with oxygen and water, leading to
the formation of solid oxides, which poses challenges to their stability and functionality. This paper provides a
comprehensive review of the research progress on the undercooling and oxidation properties of Ga-based liquid metals. It
discusses the mechanisms behind undercooling and the formation of oxide layers, emphasizing the factors affecting their
stability and controllability. Furthermore, recent advancements in mitigating undercooling and oxidation effects is explored.
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Tab.1 The basic properties of liquid metals™'**!

Liquid metal Melting point Vapor pressure  Electrical conductivity ~ Thermal conductivity ~ Viscosity Surface tension

/C /Pa /(10°S-m™) /(W-m'-K") /(MPa-s) /(mN-m™)
Mercury -38.8 1(42°C) 1.04(25°C) 8.5 1.53 487

Gallium 29.8 10 (30 C) 74(25°C) 40.6 (27 C) 1.37 711 (30 C)
Indium 156.6 13 (1000 C) 12.5(25C) 81.6 27 C) 556 (157 C)

Tin 231.9 9x10* (727 C) 8.7(25C) 66.6 (27 C) 561.6 (232 C)
Bismuth 2714 0.9 (25 C) 787 (27 C) 270 (382 C)
Galnys 15.0 3.4(22°C) 26.4 (37 C) 1.99 624 (22 C)
GalnysSn 25 (EGaln) 10.8 3.1(25°C) 24.5(25 C) 2.22 535(25 C)
Galny; sSny, (Galinstan) 10.0 <13.3x10° (500 C) 3.5(20°C) 254(37°C) 2.4 718 (20 C)
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Tab.2 The reported undercooling of liquid metal particles

Liquid metal Particle size/pm
Ga 0.1~1
Ga 0.05
Ga 0.05-0.15
Ga Bulk
Ga 200~500
Ga Micrometer-scale
EGaln 80
EGaln 20
EGaln 1
EGaln 0.1~1
EGaln 0.2
EGalnSn 0.07~0.15

Matrix and environment
Encapsulated in resin >150
Supported on sapphire >120
Supported on amorphous silica >213
Sandwiched between polymers 81

Distributed in elastomer >5

[
[
[
[
[
Distributed in elastomer >5 [
Distributed in elastomer 85 [
Distributed in elastomer 100 [
Distributed in elastomer 105 [
Distributed in elastomer 101 [
At high vacuum 116 [

[

Exposed to air 150

Undercooling/K Ref.
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Fig.1 Effect of a thin oxide layer on the supercooling of Ga-based liquid metals: (a) schematic diagram of liquid metal particles on a

substrate; (b) mechanism by which the oxide layer improves the supercooling behavior
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Fig.2 Phase separation of Gayln,, nanoparticles during cooling obtained by HAADF and EDS elemental maps: (a) 297 K; (b) 241 K;
(c) 173 K&
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Fig.3 Illustration and thermoplastic behavior of PMMA-b-PBA-grafted EGaln hybrid materials: (a) illustration of the materials;
(b) DSC curve of the materials, with the inset showing the section of the DSC curve of a separate scan within a temperature range
covering the 7, of PMMA®
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Fig.4 Structure and morphology of Ga-based liquid metal particles after sonication under different environments: (a) morphology of
Ga metal particles; (b) morphology of Ga-indium alloy particles; (¢) TEM image of GaOOH rod; (d) SAED pattern of GaOOH rod™”
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Fig.5 EGaln droplet-based ink and its stability: (a) schematic illustration of sonicating EGaln in alginate solution and EGaln droplets
shelled in alginate microgel; (b) typical SEM image of EGaln droplets; (c) typical SEM images of EGaln droplets after 7 d in air and
60 d under N, purge; (d) XRD patterns of EGaln droplets at different storage periods of time under N, purge; (e) colloidal and chemical
stability of EGaln droplets evaluated with storage time. Carboxymethyl cellulose (CMC), hyaluronic acid (HA), gellan gum (GG), and
quaternized chitosan (QCH) were used to replace alginate for comparison'®!
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