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Simulation of cluster structures formation and nucleation-growth
characteristic during solidification processes of liquid metal Cu

Y1 Xue-hua

(School of Physics and Optical Information Sciences, Jiaying University, Meizhou 514015, China)

Abstract: A simulation study was performed on the formation properties of micro-cluster structures and nucleation and
growth of crystals during solidification process of 20000 liquid metal Cu atoms at two different cooling rates by adopting
the molecular dynamics method and Quantum Sutton-Chen multi-body potential. The pair distribution function, the
bond-type index method of Honeycutt-Andersen(HA), cluster-type index method(CTIM-2)and visualization analysis
were used to analyze and study the transition of microstructures and evolution properties of micro-cluster configurations
during solidification process. The results show that the crystal structures form mainly with the 1421 and 1422 bond-types
or the FCC(12 0 0 0 12 0) basic cluster, and the HCP(12 0 0 0 6 6) basic cluster being composed of the two bond-types at
the cooling rates of 4.0 X 10'> K/s and 2.0 X 10'* K/s. Especially, the FCC(12 0 0 0 12 0) basic clusters consisting of 1421
bond-type occupy a dominant position in crystal-growth and the effect of microstructures evolution. Meanwhile, it has
been found that the temperatures of crystallization are 673 K and 773 K under two cooling rates, respectively. Namely,
the lower the cooling speed is, the higher the crystal temperature is, and finally the system forms the crystal and
amorphous mixed coexistence structures of FCC ad HCP, but the FCC crystal structures is major. When the cooling rates
and temperature are lower, the FCC(12 0 0 0 12 0) basic cluster posseses better genetic characteristic, and the basic
clusters are easier to form bigger nano-cluster structure by bonding together.
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Fig. 1 Pair distribution function of liquid metal Cu at cooling rate of 4.0 X 10'* K/s(a) and 2.0X 10'2 K/s(b)
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Fig.2 Change of bond-types with temperature at cooling rate of 4.0 X 10'? K/s(a) and 2.0 X 10" K/s(b)
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Fig. 3 Structural schematics of basic clusters in system: (a) Icosahedron cluster (12 0 12 0 0 0) with center atom of 16008; (b) FCC
cluster (12 0 0 0 12 0) with center atom of 18205; (c) HCP cluster (12 0 0 0 6 6) with center atom of 19981
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Fig. 5 Schematic diagrams of structural configuration containing 5818 basic clusters for 20000 atoms in system at 173 K: (a)

Atoms distribution in cubic box (white represents five fold symmetrical atoms including icosahedron and clusters containing 1551

bond-types, red represents atoms forming FCC polyhedron, green represents atoms forming HCP polyhedron); (b) 2D(1 1 1) cross

section for whole atoms (blue represents atoms forming BCC polyhedron, purple represents atoms forming other polyhedron except

for five fold symmetrical atoms, FCC, HCP and BCC polyhedron.)
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