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Abstract: The structure of metal melt is heterogeneous, having a significant effect on the microstructure and phase
morphologies in the subsequent solidification process and consequently determining the final performance of the product.
The study of the metal melt structure and the transition with external fields also shows the great guidance on developing
the solidification science and technology. There exists large quantities of atomic clusters within metal melts. Under external
conditions, the clusters will undergo configurational changes such as dissipation and rearrangement, i.e., liquid-liquid
structure transition (L-LST) that has been found in many metals and alloys. Getting more knowledge of the physical nature
of L-LST systematically, further regulating the L-LST process under the external field, is a promising method to optimize
the microstructures and properties of alloys. In this work, the concepts and theoretical models of metal melt structure and
its transformation are reviewed generally, followed by the research progress on the L-LST-controlled solidification behavior
and properties. Subsequently, the effect of the external fields such as temperature and pressure on the metal melt structure
transition is introduced in detail, and the critical roles of strong magnetic field are proposed and emphasized for the first
time. The development for research direction of metal melt structure considering multi-field coupling effect is also put
forward.
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Fig.3 Atomistic morphology evolution in liquid Ga obtained using cluster alignment method®”
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1673 K at 0.167 K/s, and the p-T curves of Sny;Biy; alloy at different heating rates™%
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Fig.10 The density of liquid NisTisy, NissTiss and NigTiss alloys versus temperature!
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Fig.17 SAXS profiles and integrated SAXS intensity versus temperature during heating, load-displacement curves, and modulus and
hardness as a function of annealing temperatures'™”
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Fig.18 Strong magnetic field realized by liquid helium-free direct cooling superconducting magnet™
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Fig.19 In-situ measurement of Cog, sB 55 alloyt

AL, R 1 Jirt - 2 DT 2R > R B SR VRO 4
FA G AR A JRLF P v ) S A BT 28, DT 7= R 4R
ANRGT BT A, 5 350 A %) J L 2 7 U B R s B
FHC RAZAR SRR C v L — 25 R R,

C=2N iy Dty (10)
A Ny T ke 53 531 kg BT AR 7 50 o 8 K B R 25 =
WHC,D TR AR 0.722 1, B R
BRI we A7 0C, AR 1/M-T M4 &}
285G 1A T R R R R R R e AR
T i s A 1) IR i B0 5 ) T 7L T, 8 VR 1 ML Al
R /N T 2 08 I e R A DI s 186 o, 33 2% 7R 0
AR I 71 0K 58 LN s A 9 A7 A 1 A B Y 23 15
Xof e VR B 1 1 TRRE B PR T AN B O AR A L IR AR
TAFFEAR P4k, (A 1 5 R 2 LA Y HE S T 7
T BE R, ORI A P B A A AR L e, B
JIN T GE T J A 5 R B A T T s A AN T 2,
P FL -0, 80 34K, 35 R LR B TR R —
., B 190)H, FEBRAT NIRRT, Cogi 5B gs 2L il A
SR A G5 R A B IR BE 2R 1 656.8 K, X4 jife
TIN50 J5 2 W AR 235 A e 72 iR P AT A 1553 K, Ut B
it JI0 R 3 36 5 & I AR Z5 B 25 4 B AR T B R S
S A 5T A1 BAUSTIZE Co-Sn A 4 Rt & 38 T 25 40)
MG WS N 5, G A0 VR 0 VR VR 45 b e 7 L
M1 590 K F#AKE] 1528 K,

53]

16 1.56 T #i3m Ll &% 23.235 T'm ¥ ERESA T,
TR PR (1 470 K)I & 4 0 A1 Ak 3 1) 722
e an &l 20 Fir 7R B9 FE F R R R TR R Ak
RMLIF IR AR S, E 0 E T 3R T Ik gh
Py A5 1 1 LT E To=1 508 K, H I ] 01, s AR 11y et
PR R TSR R, B TR T.=1406K,
WA RIS R G 5 AE  IBIR AR TR Z R IE A
T RS SR S 2 ISR AN )
BOHENIRETEEREZES KK,

EAS T B R ARV H T R v 2k v I AR 1) G Ak
A X R — IR B R 0 ARl R e AR e,
W R R R A R EE [, AT AR NS RAETR
BRA AT A 25 1 il A 3R T s S S R, A
20(a)H HE LR AE I /1 |, YR 19 16 23 o 1 [ A 0 B 42
WA R4l Co &R ML h A Mt KT
SRR, — O N R T R e R
DA B 7= A SR FL R AT T AR, R i TS S R
CoJii 7 [H] BE L B S S5 A B [ BE /N, SE 25 5 7= AR A
YERRSE R, Mk R —Juh 4, 38 F Co-B
JEF XA AR R EINE 42, H A ERHIB B
ASH MRS, EH BB B 7105
A AR P 3 7= A K i vk A S 2 b, v A
T HRGE I SRR B HH A S A
W3 77 1) 5 1) HES) A B [ A2 0, th S 80T 5

[ 20 £ 1.56 T ##id7 LA b 23.235 T/'m B GG FEEAR T #ORE T (1 470 KB Cog sBigs & &A1 M-T £ & M-T
il £k 154

Fig.20 Temperature dependence of magnetization (M-T) for Cog, 5B g5 alloy with a low overheating temperature of 1 470 K measured

in field of 1.56 T with field gradient of 23.235 T/m and inverse magnetization (1/M) plotted against temperature
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Tab.1 The measured parameters of the Coy, 5B 55 eutectic
alloy under different magnetic field intensity™

Hh Y 5i TyK Ox(L)/K O(Lo)/K
0.52T 1551.0+3.0 1328.5+0.3 1099.0+0.2
156 T 1552.547.3 1304.5+1.4 1096.5+0.4
2.60 T 1553.149.4 1279.542.6 1090.4+0.3
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Fig.21 Co-rich region of the Co-B phase diagram. The symbols
are the points for determining the characteristic parameters. The
green dashed line is drawn as guides to the eyes, which
represents the estimated increase tendency of the relevant data of
different compositions for 7,*
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Fig.22 Melt processing history and the corresponding solidification behavior of the Cog, sB g5 eutectic alloy!
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Fig.23 The energy barrier AG™ dependent on 6 for nucleation of
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