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Table 1 Typical classification of liquid metal

ALVTiE, o, RS H SR dizdk
HLL, ThEeE AN ER . ST RIS AR
PSR X Nk, IERZI N 2 B R . TR
S, HAR AN TRy, AR 1 X
GRS 5 N SRR H8 . AR IUA W R A
ATRPIBRL A 2 BN, 51K T ARHERT SRR
TR AL -

RARBEE AL S B — I, B2 R
RGP SRR, MBRZT, E24aisn
BAHME: AaRAE IR T A AP RS T BT
B, HHRSERREREGFRIER. EESLH,
BEVSARL A RIE BE R MRS R, FURBHEIWE T
RATEAS S BT 54 WS-SR 54K 2R
REAFAET 22 T 2RI R, EEEONBR 1R85
n, WASERER R T 5 SRR B, T
HIE ATl T 0] K, PR SR T L ThREAR T
YRGS &, PR T RTETARAT MARYEZ]
BEAED), X RTTIEBE AT SRR R, SRERR
B A 5 SRORE B A3 A B 2 S A 2
K, HHURE T 53 AR 4 IR~ A e A B
(K1 71«

WA BRI ARSI SR
MZERSBREEORIRE, ERZIRIR T R
BRI S ARG SR E TR R AL
GUARIIIA S R SR ORI T KR OO
KD, WSS & R I HH I SO A EHR R R
PET BB, RS SR BN R R, A
BARRR BRI R T LL AT % 5208 H I JEHL
WAB, RUBILIHEFE (K858 PRBES SR
BIEHLE N, IEAWTEROL T AL SRR L 8 1 [ A

Pae s HARER 5 0 {1 FH 22 Ak
N ] 4:(1064.63°C). 4R(961.93°C). 4 EVIRAEYE S . HERERRE, HE
SIS SR VES. AR
e Dl 0 1 fl 128 (1083.4°C). #:(1538°C) BRI A B i
. :mﬁ\%ﬁéﬁ\w\ m%vﬁqu\&m%cﬂwo\m ﬁﬁﬁﬁ,ﬁﬁm%%,ﬁﬁ—%
Hi. i (38.89°C). #f1(28.44°C). #j(27°C) TR

. . £(29.76°C)s HHEGGUE SR 10°CRAR)  ZAT0RE, Wil N AR S [EH 4
FNHIEREER . BEAEE. LSS
b Rl s B £ (k5 ST 50°CBL ) U LS YA




440 TREOHFL—— B SRR iR AR, 18(4): 438-451(2026)

W HUEMSAFKE, BESERAERMEEA
AU R I L 4 6 K S P 01, 7 R SR AR R
iras. b, ZEEE. BAARS. TR ER. &
B R G 2 MO AN . XS SR ool
BB ZRTIIA L NEAAT, ARRNEILEN
SCPLE R A R etk S AR R IR T A .

SRR, SRR RS SN A T4
B, BRI AR RS TR A . HoE
IR SMAEA . ARG, B3 AL RSP
AL, ERESERMER R Z Ay Rk A
I T A R B O T AR ETH
FIRZERSL WBTHIEREYES, W
HENRIEE T, AH B2 T2 A DI REA KL
EHEAAR, WS eR BRI BRI ) SR
FEEM . A2 HZHIDOKR, #FaiEEt 5 ih RS
SR ORI iR KRR EE (1D . A0k
ROMBEH A RO BEE A, X T% s
BHOIEFRTA SHEAMRSEE, TR ALRH
Rk b 5CH R IR, A EER . CEIERKH

BEERA RS0

AU HT AL A
SRS et BRI
ENi 53D T EN
Efe S 5 B L
BT SRR
AL T AR A
TP A H B AE
ﬁﬁﬁﬁi'fﬂf%?%ﬂiﬂ%%?@

zﬂi

Lda-

P EEIR 02
bt

'& 5 =

1 21 YLK E RS SR 28 AL R SR RS

EE@JEﬁ‘JIM' - é
i

DO & R I B AR X S TR A SR R R IT
I H AR AT S AT

1 REERMRSNARALEERE

PSP bl BN D N SIESIVARE DS €23 T et
B by S 3 2R Py R A R P i R e s,
A R ISR BBl 20 28 T#%
32 HE ¥ IR ok S o R e AR A 21 A,
BRI MRS U LR E AR E R
UIREM R HOMASESCWI S, v TR b R AR A A
FeglE I, TR T RS G R A 2 e
G, AR IR G .

BB NLAK . R HIZ B IR .
PrifseE, NETHREReE. & ) . 8%
SR LR K 2 T B T BRI DL IR T 4 REAE
e, bl s E A S AT T e IR
PR INZACE, I BRI, REEF
AR, Bas I ARSESCIBIT R . SR, 1E A Rtk

Figure 1 Technology tree of room-temperature liquid metals gradually illuminated since the early 21st century, along with development trends
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Figure 2 The transdisciplinary and pan-disciplinary cross-cutting characteristics of liquid metals studies and their associated categories of
integration.
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Figure 3 The technological buzzwords and popular frontier domains embodied in liquid metals
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Abstract: Liquid metals such as gallium- or bismuth-based alloys, along with their derived materials, can achieve reversible
transitions between liquid and solid states as well as between flexible and rigid states at room temperature. Owing to their
plentiful outstanding tunability in physical state and intrinsic properties, these materials are driving profound transformations
across rather wide fields such as physics, chemistry, biomedicine, electrical engineering, robotics, data center cooling and
advanced energy etc., giving rise to a wide range of cutting-edge interdisciplinary frontiers and strategic emerging industries.
Consequently, research and development in the area has evolved from a previously niche topic into a remarkable surge of
scientific and technological focus. To better advance the revolution of this cutting edge frontier, it is crucial to identify and
interpret the developmental natures of the liquid metal science, technology and industry, prospect their future trends and propose
solid ways to speed up the innovation activities.

In this article, we begin by interpreting the material demands driven by representative technological advances in modern and
contemporary human history, thereby introducing the development landscape of room-temperature liquid metals in the 21st
century and the sequential emergence of the science and technology tree they lighted up and the evolutionary trends. Then, we
review the history of liquid metal research and applications, dividing it into several stages: High-melting-point metals such as
gold, silver, and copper that bridge classical and modern times; Traditional toxic and highly reactive liquid metals like mercury
and sodium-potassium alloys; and Currently prominent highly safe room-temperature liquid metals, including gallium and
bismuth-based alloys. On this basis, we highlight the foundational discoveries and typical technological breakthroughs of room-
temperature liquid metals, which have been hailed as "The Second Revolution in Human Utilization of Metals". Based on a
discussion of the liquid metal genome and combinatorial materials, we elucidate the exceptional enabling characteristics of liquid
metals for various materials, as well as their functional scalability and vast development potential. Using liquid metal chip
cooling, printed electronics and semiconductors, biomaterials science, and transformable robotics as illustrative examples, we
outline the transdisciplinary and pan-disciplinary cross-fertilizing nature of liquid metals and their advancement styles. We
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interpret the typical paradigms over the fundamental researches and engineering practices. And through deep integration with
established subjects and industries, we distill a corresponding cluster of cross-disciplines enabled from liquid metals.
Furthermore, we also explore Al pathways for accelerating innovation and empowering talent cultivation in unconventional
areas. Through an overview of the development trajectory of liquid metal science, we outline both accidental and inevitable
breakthrough features during their evolution, as well as the characteristics of disruptive versus incremental innovations in the
area.

The emergence of room-temperature liquid metals is characterized by a pronounced transdisciplinary nature and extensive
interdisciplinary integration, which has largely reshaped conventional understandings of traditional materials, fluid machines, and
rigid matter. The technology tree illuminated by liquid metals has exhibited vigorous vitality, opening up vast development
spaces for materials science and engineering, while also providing fertile ground for cultivating innovative talent in
interdisciplinary fields. The liquid metals profoundly trigger fundamental and practical research paradigm shifts and game
changing industries, offering abundant innovation opportunities across many frontier scientific and technological fields.
Proactively exploring and harnessing the boundless possibilities embedded in liquid metals will accelerate the formation of more
interdisciplinary fields, key technologies, and industrial clusters.

Overall, liquid metal science and technology bridges both microscopic fundamental sciences and macroscopic industrial
applications, exhibiting a breadth of scope that is rarely seen among most of today's fields. This article deepens the
understanding of the general liquid metal sciences, engineering and interdisciplinary subjects and offers guiding insights for the
evaluation, forecasting and incubation of emerging directions, and is expected to foster more bottom-up innovations and promote
the establishment of ever diverse cross-disciplines.

Keywords: liquid metals; material science; interdisciplinary research; transdisciplinarity; research paradigm; engineering



