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DA BT B 2, A 8 SR AR )AL i — AR e T
AW CaZng(fL) H T ELE 1) CaZng 2 1E = 45
T A PR R — B[R],

SR, CEFRATT AP IA B [E] L RSP 7 g [ 2% A
T, XA A B IO R AR AR SR AN R AT, T2 T

RS AN [R) 45 R A A (R A TR - %, BELAS 485 T
(5 7 EHE, AR TR RS S R 132, B
FEAEATE N 1 x 101 K/s, 5 x 1010 K/s )18 5 e [ |
RETE B m A S5 A R 2 A T, X P s S B2 ) et R A
M DGR AT, AHBATT B TR 0 25 P v A2 v
&Y A%, 2058 A R T & FhF 28 5 1 2. 4
U, CaZng 1 Zn Ji 72 Ca 71 4%, Hf, b
FHA TR, B R T HBL Zn BT R0 5 R4,
BN b Zn JE AN, B2 5 I Y K bee
en AR ZE A, T Ca JR AT E 4. W R 1R
% hep 55 fee Z5#), & LA ) PRAE .

FENMMEARHE A2, CEFRATSAT 78 1) i 28 4y
MrFI B % b, FEAR R I 4748 T30h 1 x 10 K/s
F15 x 1019 K/s B, hronE KRG AL bee S FIAH
) 1441 F1 1661 B R 38 I i) 93 s (B Sk i
B E) 673 K F1 723 K S50 B A% i 43 & 4 f it
i 4 i 712 K, —#FAEE N IA ST (i 4(c)
T 6(b) AT7R), X 7875 B B H R HDURIE 70 1) 45 1 &
AT DL A B A AT LA, RN BRATTE— 2B
RIS R A SRR AL T — SR IR AT M~ E &
Gurp 53— KK fee 5 hep 9 H BLATAH RZ I 1421
AT 1422 B AR CHSE 0 1) 45 s ST3K (U E 4 (d) AN
6(c), (d) Fr7w), WIFEAH B 8 A 5% 8L P I s ]
PAHEAT O A, 3% TR 47 3 AL AL Re $R A B 2 56 T
SRR AR O TH S B H AT D0, R T S AR 1
(1) LA 53 A 4 B8 A 1 T %) 6 4 g [ ek A v i W 25
P AR IR N B, — 3 2 A AR VI O &,
BRETHE—BIRAT .

4 % %

AKICR 381 )15 77 06 R RS A 2 3R
KA CasoZngg G a M RAEA [FATHE T 1 5 [H
A FRREAT TN T, IR RUA S A k4. HA
AR EGE . CTIM-2 ¥4 DL R nT AL S 772 AN TR
JEHEREAT T 5307 45 SRR H:

1. RGAEAE— N IE AR A B &S 45 H 1 1
T, AT 5 x 1012 K/s 5 1 x 101 K/s 2 6], 7E I
T LA R 1101 K/s, 1x 1013 K/s, 1 x 1012 K/s,
5 x 10 K/s I, RGTEHLA 1551, 1541, 1431 FEA
s DL AR EARTR T (1201200 0) 8 E
AR S A G5 EIG A4 E LR 1 x 101 Ks,
5 x 101 K/s I}, REGHTZ L 1441 F1 1661 FEAL BY
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LA bee FEAJEFH] (14608 00) NEMK (FH V&
f£) hep(120 0 0 6 6) Al fee(12 0 0 012 0) S AL #))
1A SRS I 4.

2. 1T Ca, Zn JR5 RAFZECR, 12K BGIE
10 74 S Y ) P, JFG U 3 A R BT 2 — U
RN S A 4 R T Zn-Zn, Ca-Zn, Ca-Ca AHX] B
1 =i XA 73 A oA HOE B = AN ks BB A
AT B, Zn, Ca J& T WA 58, X6 BT [F) 25
JEF R T v S R T I IRV I T B,

T 565 WA L B0 23 2R L A el PR AT T 328 8 IR 1)
ME.

3. FEIMFATE UL EE A TE X P, 74 3 BRI,
Zn J5 TR Dy SR AE — i, T ORI %; 1l
A, TR A S 1. AR E s,
AFin AR R MBS E . RN A2 T DU B &S T8 L
X P, ¥ BRI, TR LA HEAR R 7 A £, Zn J7
TR G B R bee dRAS S5, # Ca Ji
FIE R hep Al fec 4574).
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Abstract

A simulation study is performed on the effects of six different cooling rates on microstructural evolution during solidification
process of liquid CasoZnso alloy with larger atomic size difference by using the molecular dynamics method. The pair distribution
function, Honeycutt-Andersen (HA) bond-type index method, cluster-type index method (CTIM-2) and three-dimensional visualization
method are adopted to deeply analyze the microstructural evolution. The results show that there is a critical cooling rate (in a range of
1 x 10'2 and 5 x 10! K/s) for forming amorphous or crystal structure. When the cooling rate, such as 1 x 104 K/s, 1 x 10'® K/s,
1 x 10" K/s and 5 x 10" KJ/s, is above the critical cooling rate, the amorphous structures are formed mainly to be the 1551, 1541
and 1431 bond-types or the icosahedron basic clustr (12 0 12 0 0 0); while the cooling rate is under the critical cooling rate, such as
at 1 x 102 K/s, the partial crystal structures are formed mainly to be the 1441 and 1661 bond-types or the bee clusters (14 6 0 8 0 0)
(containing part of hep (12 0 0 0 6 6) and fcc (12 0 0 0 12 0) basic crystal clusters) in the system. In the cooling rate range of forming
amorphous structure, the first peak of the pair distribution function g(r) is split obviously into three secondary peaks corresponding to
the nearest neighbor as Zn-Zn, Ca-Zn and Ca-Ca, respectively, and with the decrease of cooling rate, the secondary peak formed by the
like atoms is inereased and the secondary peak formed by unlike atoms is reduced. With the decrease of cooling rate, the Zn atoms can
be easily segregated to form the larger clusters; the lower the cooling rate, the bigger the number of basic icosahedrons formed in the
system, and the amorphous system is more stable. In the cooling rate range of forming crystal structure, a great number of Zn atoms

are segregated to form the bulk bce crystal structures and part of Ca atoms are segregated to form some hep and fce crystal clusters.

Keywords: liquid Ca-Zn alloy, cooling rate, microstructural evolution, molocular dymanics simulation
PACS: 61.20.Ja, 61.25.Myv, 64.70.D—, 71.15.Pd

* Project supported by the National Natural Science Foundation of China (Grant Nos. 50831003, 50571037, 51102090).

1 E-mail: liurangsu@sina.com
1 E-mail: liuhairong@hnu.edu.cn

246102-10



