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Development of gallium-based liquid metal phase transition process

for thermal management

ZHANG Xuezhong', YANG Yanhong , XIANG Dong , ZHAO Chunxia, LI Dong , WU Yuanpeng
(School of New Energy and Materials, Southwest Petroleum University, Chengdu 610500, China)

Abstract: This paper provides a systematic and comprehensive review of the research progress on gallium (Ga)-
based liquid metals (LM). The study covers a wide range of topics, including the composition of Ga-based LM, their
complex phase transition processes, diverse application fields, significant advantages, existing challenges, and
effective modification strategies. Due to their unique physical and chemical properties, Ga-based LM have attrac-
ted significant attention across various industries. Their phase transition process is highly complex, involving a
series of physicochemical changes and atomic rearrangements and interactions at the microscopic level. These
materials exhibit remarkable advantages, such as high thermal conductivity and large phase change latent heat,
enabling them to efficiently transfer and store heat in thermal management applications. They provide excellent
solutions for heat dissipation in electronic devices. Additionally, Ga-based LM show great potential in energy
storage, enhancing the efficiency of energy storage and conversion. However, their applications also face some
challenges, such as corrosion of other materials, which may affect the lifespan of devices in contact with them, and

the occurrence of undercooling, which limits their use in certain scenarios. To address these issues, researchers
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have explored alloying and composite modification strategies to improve their performance. Looking ahead, Ga-

based LM is expected to make breakthrough progress in micro-mechanism exploration, further performance opti-

mization and new application areas. This review aims to provide a comprehensive and valuable reference for

research and applications in related fields.

Keywords: gallium-based liquid metals; phase transition process; thermal management; energy storage; modi-

fication strategies
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Fig.1 (a) The sequence number of element Ga in the periodic table and

the related physical and chemical parameter information; (b) Photo of

liquid Ga; (c) Schematic diagram of liquid Ga internal bonding model"?!
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Fig.2 Solid-liquid equilibrium phase diagram of

Ga at different temperatures!"®
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Fig.3 Experimental setup (a) and the schematic configuration (b) of the thermal interface materials (TIM) performance measurement system; (c) Heater
temperature (7Tjeqr) €volution as a function of heating time at an applied power of 200 W; ((d), (e)) The steady-state Tj,qq; Versus the applied power;
(f) Simulated effective thermal conductivity (k) and total thermal resistance (R, of the applied TIM as a function of Tjeqe; (g) Simulated temperature
profiles for cases with vertically aligned graphene monoliths (VAGM), Carbonaut thermal pad and liquid metal-modified VAGM (LM-VAGM) as TIMs;

(h) Thermal cycling stability of the cooling system with LM-VAGM as TIM in cyclic heating/cooling tests'®®!

4, WA E; HIRsh e R, nlns e b, TE LM SR Z v, Al 7l F 28 7R S8 3L HEA /Y
fe A TLR S B & e RO I BEAT o Rt ZHITLRE TIRE , WO R T HEA B 41 73 38 #%



120 EaMB=ER

(a) — o e ———
.. Glass <& Cooling & z
Liquid metal \ w -
. microdroplets I ——
"o Liquid -
. solution -
Q@QFE |7 D) g
"~ Shape
transformation
Phase 4 Phase 3 Phase 2 Phase 1 Phase 4 Phase 3 Phase2  Phase 1
= (b) ﬁs 180 -(C) Microdroplets solidification Ice crystal formation
%0 0 E * .
g Z = * * ce e
v = A .
Z -0.5F  Solid R
é state b= & 120 *x X * ®
10 S5 i * % *
= s R E g * * % o« o
" TLoT Microdroplets ~ ™ = - =3 ‘g v .
ﬁ 20 phase change = 60 ) o ) *
—80 -60 —40 -20 0 —60 —40 -20 0
Temperature/ 'C Temperature/ 'C
@ Phase 1 Phase 2 ) Phase 3 o
Amorphous liquid state Ice crystals formation Microdroplets solidification & Liquid solution

cracks formation

Liquid
6 microparticles
% Il Ice crystal
é Cracks
@) é == - Transformed
é I I \é/ microparticles

4 WBESEERGE (LMMs) 7R EA M TR IRFE AL : (a) SE8 % B /R IR A RARIE AL T LMMs RIEARFEA s (b) LMMs FIK A A BT 1A &
Sify) DSCMHL; (c) RBEFIK (DIK) A LMMs 544 SAHR ARSI EE LA K LMMs (B RZEFLIBE 2 B O6 R (SLOBRFRBIE AL, STOTM R
R LMM I IRAEAL) 5 (d) UL IR REEAHAL R IR . TEMREAA T, RGN 341 BrB LUK A s BB 2 FRRIKIE IR
RAE: BB 3 1A LMMs BURIASIRE (DSC AR & A2 E1 #2AE 10°C/min AURHIHE T HEFT)P)

Fig.4 Shape transformation of liquid metal microdroplets (LMMs) under cooling: (a) Schematic illustrations of the experimental setup as well as the
shape transformation of LMMs upon low-temperature stimulus; (b) DSC test of the dual fluid system composed of LMMs and aqueous solution;

(c) Relationship between the equivalent radius of LMMs and the corresponding phase change temperature for deionized water (DI water) and shape
change temperature of LMMs (The solid circles represent the ice crystals formation, while the solid five-pointed stars represent the shape change of
LMMs); (d) Schematic illustrations of the phase change for the dual fluid system. The phases of the system are divided into three under low-temperature
stimulus: Phase 1 represents the amorphous liquid state of the two fluids; Phase 2 represents the state of ice crystals formation; Phase 3 represents the

phase change state of LMMs (The cooling procedure of DSC and cryostage was performed under the cooling speed of 10°C /min)"*!
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Fig.5 (a) Schematic diagram of the liquid metal-assisted synthesis
process; (b) High-angle annular dark-field EDS elemental maps (left
panels) and HAADF-STEM image (right panel) for the GaFeMnNiCu
high-entropy alloys (HEA) precursor (The FFT pattern (inset)
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Fig. 6 Preparation and rheological properties of composite hydrogels via introduction of polyacrylamide/sodium alginate (PAM/SA) into GO-
encapsulated LM (P-LMGO): (a) lllustration of the fabrication of P-LMGO hydrogel with LMGO nanocomposite fillers; TEM images of liquid metal
nanoparticles (b) and LMGO nanocomposites (c); (d) Digital photos of P, P-LM, and P-LMGO hydrogels; Oscillation rheology measurement results

include strain sweeps (e), frequency sweeps (f), tand (g); (h) Matrix pore sizes of P, P-LM, and P-LMGO hydrogels'®"
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Fig. 7 Fabrication of LM aerogel and mechanism illustration: (a) Schematic illustration of fabrication process of LM micro-nano droplets in

carboxymethyl chitosan (CMCS) solution; (b) TEM image of the LM droplet with shell and formation mechanism; (c) Fabrication of LM aerogel

by directional freezing; (d) Optical and SEM images of LM aerogel; (e) FTIR spectra of CMCS and LM aerogel;

(f) Schematic demonstration of bimetallic chelation strategy
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Fig. 8 Illustration depicting the mechanochemical effect in designing heterogeneous AIN-LM interfaces, forming a gradient diffusion of LMs into the

crystal lattice of AIN. This design facilitates liquid-solid interaction at the AIN-LM heterointerface, promoting efficient interface thermal transport'®!
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