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Abstract: A simulation study has been performed for a large liquid metal system consisting of 1,000,000
Al atoms to investigate the formation and evolution of nano-clusters during the solidification processes,
adopting the Honeycutt-Andersen (HA) bond-type index method and the cluster-type index method
(CTIM-2) to analyze and characterize various types of basic clusters. The result indicates that during the
solidification processes of liquid metal Al, the basic icosahedron clusters of (12 0 12 0 0 0), related to 1551
bond-type plays the most important role in the microstructure transition; The nano-clusters are mainly
formed by the mutual combination of basic icosahedron clusters and other basic clusters of (131102 0 0),
(14 2 8 4 0 0) and so on. Within the nano-clusters, the center atoms of various basic clusters are all bonded
each other with single-bond or multi-bonds, and the more the number of the center atoms bonded with
multi-bonds, the more stable the nano-cluster would be. In this system, there are always a few basic cluster
of hcp (120006 6) and tDh (12 0 2 0 0 10) related to the crystal structures.

Keywords: liquid metal; solidification processes; nano-cluster structure; characterization method;
computer simulation.
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Figure 1. Pair distribution function of liquid Al at 943K
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Figure 2. Schematics of several basic clusters at 300K: (a) icosahedral basic cluster(12 0 12 0 0 0)with central atom of 946102; (b) hcp basic
cluster (14 6 0 8 0 0) with central atom of 82280; (c) bcc basic cluster(14 6 0 8 0 0) with central atom of 546847; (d) tDh basic cluster(12
0 2 0 0 10)with central atom of 946102; (e) basic cluster(14 2 8 4 0 O)with central atom of 130555.; (f) basic cluster(13 1 10 2 0 O)with
central atom of 395651.
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f+E&(Dh)E AR FH (120200 10); (e) kA 130555 SREFAHLEERFEFH(1428400); (f) KL 395651 SRFAHHLHERETF
B(13110200).
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Table 1. Relations of the number of various basic clusters with temperature (K)

F1 EMEXFRTHANHESERE (K) BXHR

Temperature(K) and the number of various cluster-types

Types of clusters 943 883 833 780 730 675 625 550 500 450 400 350 300
(120006 6) 0 6 2 1 3 2 1 0 1 2 3 0 2
(12020010) 5 5 5 5 4 9 9 9 9 15 15 20 28

1083

(12012000) 2106 2819 3671 4867 | 6389 8698 2 14857 | 18328 | 22216 | 26207 | 30153 | 33853
(14012200) 183 210 253 368 447 564 751 881 1007 1189 1203 1360 1416
(15012300) 78 68 103 126 165 208 262 358 410 391 478 472 550
(16012400) 8 19 17 27 31 40 34 46 55 63 74 83 91
(13110200) 1544 1919 2341 3078 | 3750 4870 5357 6522 7244 8125 8974 9417 9930
(14110300) 427 536 684 894 1113 1366 1585 1881 2136 2382 2638 2892 3004
(15110400) 172 213 285 366 452 568 647 845 899 1026 1092 1117 1191
(16110500) 29 37 42 67 76 95 104 111 127 136 163 175 186
(17110600) 2 6 2 4 4 3 6 9 5 7 4 5 3
(1028000) 13 7 16 13 15 1 12 3 5 2 2 0 0
(1128100) 231 243 260 269 273 274 250 215 188 173 148 110 107
(1228200) 969 1066 1208 1440 | 1624 1865 1974 2117 2037 2067 2051 1956 1902
(1328300) 396 452 548 585 740 882 933 960 1051 1029 999 1035 1038
(1428400) 735 865 1014 1291 | 1632 1992 2194 2635 2758 2985 3286 3363 3628
(1528500) 188 224 288 346 415 573 619 750 810 791 939 1023 1082
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(1628600) 23 26 52 59 56 75 86 94 7 102 110 122 104
(1728700) 0 3 2 6 5 5 7 8 4 0 2 3 3
(1036100) 3 6 5 2 1 5 4 3 1 1 1 0 0
(1136200) 41 36 38 33 29 23 19 19 20 13 5 8 5
(1236300) 288 260 301 359 375 345 322 253 276 199 174 140 146
(1336400) 914 1016 1191 1412 1651 1810 1951 1936 1884 1857 1782 1689 1726
(1436500) 318 400 527 570 669 739 800 845 884 834 853 868 842
(1536600) 103 106 149 182 227 224 295 267 358 330 364 371 386
(1636700) 11 9 13 12 14 28 25 28 29 30 25 27 32
(1144300) 19 16 21 13 21 16 15 11 6 5 2 2 4
(1244400) 102 106 83 80 95 88 89 63 a7 55 33 33 29
(1344500) 131 112 124 151 133 192 149 131 102 107 85 65 71
(1444600) 175 225 226 261 266 332 354 336 311 258 268 269 267
(1544700) 42 56 59 58 62 76 105 101 88 84 113 83 126
(1644800) 5 5 3 6 3 7 10 10 9 6 5 13 8
(1252500) 7 9 17 10 11 3 8 5 4 2 1 2 2
(1352600) 27 30 33 30 40 30 30 39 15 18 23 17 16
(1552800) 1 4 1 7 5 6 5 7 12 2 5 4 5
(1460800) 4 2 6 8 3 8 9 9 5 4 1 3 3

1700 2079 2985
Jouah fumber of | 9300 | 11117 | 13589 26029 36365 | 41203 | 46498 | 52122 | 56885 | 61786
6 6 4

Icosahedrons

expressed by (12

0 12 0) related
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Figure 3. The 2D schematic of the whole system consisting of 1,000,000 Al atoms at 300K:
(a) Whole (111) cross section; (b) a 1/16 part of (111) cross section.
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Figure 4. Schematic diagram of a larger cluster consisting of 139 atoms within 26 basic clusters with connecting bonds at 300K (the
gray spheres are the center atoms of basic clusters): (a) the whole atoms; (b) the central atoms.
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