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Fig. 1. Schematic diagram of topological structure of H-A bond types in common neighbour analysis. The root-pair atoms and their

common neighbours are represented in red and green colours, respectively.
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Fig. 2. Schematic diagram of topological structure of basic atomic cluster characterized by CTIM: (a) FCC basic atomic cluster (12,
12/1421); (b) defective FCC basic atomic cluster (12, 2/1311, 1/1411, 9/1421).
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Fig. 3. Topological structure of larger atomic clusters char-
acterized by CTIM: (a) Cluster with 220 atoms consisting
of one HCP basic atomic cluster (12, 6/1421, 6/1422) and
one FCC basic atomic cluster (12, 12/1421); (b) nano-
cluster with 38 atoms consisting of six FCC basic atomic
clusters (12, 12/1421). The gray atoms are central atoms of

basic atomic clusters.
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Fig. 4. Changes of average energy per atom with temperat-
ure during the solidification of TizAl alloy under different

cooling rates.
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Fig. 5. Microstructures of solidification solids (273 K) un-
der different cooling rates: (a) 2 K/ps; (b) 1 K/ps; (c) 0.5 K/ps;
(d) 0.01 K/ps. The crystal atoms with FCC, HCP and BCC
structures are shown in green, red and blue, other atoms

are shown in gray.
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Fig. 6. Evolution of pair distribution function with temper-

ature during the solidification process of TizAl alloy.
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Fig. 7. Changes of the total number of basic atomic clusters
and the ratio of involved atoms in the 22 major basic atom-

ic clusters during the nucleation process of TizAl alloy.
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Fig. 8. Relationship of the number of 22 major basic atomic clusters with temperature during the solidification process of TizAl al-
loy: (al) FCC-like basic atomic cluster; (a2) HCP-like basic atomic cluster; (a3) BCC-like basic atomic cluster; (a4) ICO-like basic
atomic cluster. For clarity, (b1)—(b4) show the enlarged views of (al)—(a4) in the temperature range (1110-814 K), respectively.
The numbers of ICO-like, BCC-like and defective FCC, defective HCP basic atomic clusters reach saturation point at 7; = 1110 K,

Ty = 1085 K and T3 = 1010 K.
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Fig. 9. Evolution of spatial distribution of FCC-like, HCP-like, BCC-like and ICO-like atoms during the solidification process of
TizAl alloy: (a) 2073 K; (b) 1110 K; (c) 1085 K; (d) 1010 K; (e) 273 K. The FCC-like, HCP-like, BCC-like and ICO-like atoms are
shown in green, red, blue and yellow color, respectively. The parallel and fivefold twin grains are labelled in G1 and G2, respect-

ively.
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Fig. 10. Formation process of parallel twin grains labeled G1 in Fig. 9(e): (a) Relationship of heritability and size (number of cent-
ral atoms) of tracing clusters with temperature; (b) evolution process of the structure of atomic clusters. The FCC-like and HCP-

like atoms are shown in green and red color, respectively.
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Fig. 11. Competition process of different local structures in the formation process critical nucleus shown in Fig. 10(b): (a) Change of

the proportion of the atoms with different local structures; (b) spatial distribution of the atoms with different local structures. The
FCC-like, HCP-like, BCC-like and ICO-like atoms are shown in green, red, blue and yellow color, respectively. Others with dis-

ordered structure are shown in white color.
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Simulation of nucleation and evolution process of nuclei
during solidification of Ti;Al alloy”
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Abstract

The nucleation mechanism of TizAl alloy is simulated by the molecular dynamics method in this work. The
atomic clusters on different spatial scales are identified in the solidification process by the cluster-type index
method (CTIM), and the formation process and the growth process of critical nucleus are studied in depth. It is
found that the solidification system contains ten thousands of different types of atomic cluster structures, but
only 22 types play a key role in the nucleation process. In the nucleation and growth process of nuclei, the ICO-
like cluster, the BCC-like cluster, and the defective FCC cluster and the defective HCP cluster respectively
reach their saturation points at the characteristic temperature 7T (1110 K), T, (1085 K) and T3 (1010 K). And
the competition processes of these clusters are revealed according to the changes of their number and spatial
distribution with temperature. By tracing the nucleation and growth process of the grain with parallel twin, it is
found that the critical crystal nucleus is composed of single-phase FCC structures, and the preferent nucleation
of metastable bce structure is not observed. The twinned structure is formed by the layer-by-layer growth along
the close-packed plane. It is also found that the CTIM is more accurate than other methods in revealing the

microstructural characteristics during the solidification.

Keywords: TiAl alloy, nucleation mechanism, molecular dynamics simulation, atomic cluster
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