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Fig. 1. High undercooling and rapid solidification of liqud quinary Zr;;Cuy,Al;,NigTis alloy under electromagnetic levitation condi-
tion: (a) AT = 200 K; (b) AT = 250 K; (¢) AT = 300 K; (d) core-shell interface morphology.
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Fig. 2. Alloy phase constitution and amorphous core formation: (a) XRD curves; (b) volume fraction of amorphous core.
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Fig. 7. Element distribution of Zrs;Cuy,Al;(NigTi; alloy shell under 250 K undercooling: (a) Microstructure of alloy shell; (b) Ni con-

tent; (c) Ti content; (d) calculated total pair distribution function; (e) calculated Zr-Ni partial bipartite distribution function;

(f) calculated Zr-Ti partial bipartite distribution function.
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Fig. 8. Microstructure evolution of ZrgCuy phase: (a) A en-
larged in Fig. 6(a); (b) lattice spacing of ZrgCus structure
versus distance from amorphous phase; (¢) calculated
ZrgCus XRD curves.
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Fig. 9. Effect of amorphous solidification on alloy average

microhardness: (a) System total volume of ZrgCuj crystal

growth and amorphous solidification;

(b) system free

volume of ZrgCuy crystal growth and amorphous solidifica-

tion; (c) average microhardness of alloy amorphous core.
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Microscopic structure evolution and amorphous solidification
mechanism of liquid quinary Zrs,Cu,,Al;,NisTi; alloy”

Xu Shan-Sen  Chang Jian  Zhai Bin  Zhu Xian-Nian = Wei Bing-Bof

(School of Physical Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)

( Received 19 July 2023; revised manuscript received 7 August 2023 )

Abstract

The substantial undercooling and rapid solidification of liquid quinary Zrs,CusyyAl;(NigTis alloy are achieved
by electromagnetic levitation (EML) technique. The amorphous solidification mechanism is revealed with
molecular dynamics (MD) simulation. It is observed in EML experiment that the containerlessly solidified alloy
is characterized by a core-shell structure, with mainly amorphous phase becoming the core and crystalline ZrCu,
Zr,Cu and ZrgCuy phases forming the shell. The volume fraction of amorphous core structure increases with
undercooling and attains a value up to 81.3% at the maximum experimental undercooling of 300 K, which
indicates that the critical undercooling required for complete amorphous solidification is 334 K. TEM analyses
show that the alloy microstructure is mainly composed of ZrgCuy phase, whereas the ZrCu phase and Zr,Cu
phase are suppressed when liquid undercooling approaches this threshold. Once the critical undercooling is
reached, amorphous solidification prevails over the crystallization of ZrgCuy phase. In addition, a small quantity
of amorphous phases are found in the crystalline shell and a little trace of ZrgCus nano-cluster is detected
among the amorphous core. It is further verified by MD simulation that the formation of amorphous phase in
the shell is caused by the microsegregation-induced solutal undercooling when liquid alloy attains the critical
undercooling, while the nano-clusters within the core is mainly ascribed to the micro-thermal fluctuation effect
inside highly undercooled liquid phase.

Keywords: electromagnetic levitation, amorphous alloy, highly undercooling, rapid solidification, molecular

dynamics
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