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Fig.1 Schematic diagram of FIB-slice process
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Fig.2 Optical micrographs for cast rod-shaped specimens produced using the directional solidification process: (a) cross section of

Al-2%Si alloy, (b) longitudinal section of Al-2%Si alloy, (c) cross section of Al-2%Si-0.2%Sc alloy, and (d) longitudinal section of

Al-2%Si-0.2%Sc alloy
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Fig.3  Optical micrographs of cross section of rod-shaped
specimens after quenching: (a) Al-2%Si alloy and

(b) Al-2%Si-0.2%Sc alloy
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Fig.4 Multiple cross-sections of equilibrium droplets after sequential grinding: (a~e) Al-Si alloy; (f~j) Al-Si-Sc alloy (white dotted line

corresponding to <001> direction in each cross section for equilibrium droplet)
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Table 1 Measured statistics of interfacial energy anisotropy for

Al-2%Si and Al-2%Si-0.2%Sc alloys

Al-2%Si  Al-2%Si-0.2%Sc Remarks
Pi1(es) 0.0219 0.0207 Droplet P
P2(e4) 0.0160 0.0203 Droplet P,
P3(es) 0.0209 0.0152 Droplet P3
Pa(es) 0.0183 0.0183 Droplet P,
Ps(es) 0.0237 0.0223 Droplet Ps
Mean(s)  0.0202 0.0193 Mean d‘;‘;’)g‘l‘zt‘s’f

Ref(es) 0.01691] Ref [13]

&1 0.0795

&2 -0.0056
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Fig.5 Typical SEM micrographs of FIB slices (the cross sections
of droplet are highlighted in black dotted box)
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Fig.7 Special sections of reconstructed region: (a) {001} plane
and (b) {011} plane
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Fig.8 Interfacial energy plots: (a) plot in three-dimensional

space, (b) plot on (001) plane and (c) plot on (110) plane

(e1 and &, are multiplied by ten times in the special cross

section plots)

B9 FLERIREE = 4= 8] (001) A1(110)TH 43 A

Fig.9 Interfacial stiffness plots: (a) plot in three-dimensional

space, (b) plot on (001) plane and (c) plot on (110) plane
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Anisotropy of Crystal-Melt Interfacial Energy for Al-Si and Al-Si-Sc Alloys

Wang Tao !, Chen Xiaohua ?, Wang Zidong *
(1. University of Science and Technology Beijing, Beijing 100083, China)
(2. State Key Laboratory for Advanced Metals and Materials, Beijing 100083, China)

Abstract: The equilibrium shape measurement (ES) is proved to be an effective method to determine the anisotropy of crystal-melt
interfacial energy. ES method was used to measure the shape of liquid droplets entrained in single-phase solid, and to calculate anisotropy
parameters for Al-Si and Al-Si-Sc alloys. Rod-shaped Al-2wt%Si and Al-2wt%Si-0.2wt%Sc alloy specimens were prepared using the
directional solidification process, followed by heat treatment and quenching. Specimens were sectioned normal to the <100> direction.
Optical microscopy was used to characterize 2-D droplet shapes obtained by sequential grinding for Al-2wt%Si and Al-2wt%Si-0.2wt%Sc
alloys, and then anisotropy parameters of interfacial energy were calculated. 3-D morphologies of droplets sliced by focused ion beam
(FIB) for Al-2wt%Si alloy were reconstructed with Image-J software. Anisotropy parameters of interfacial energy were calculated
(£1=0.0795, £,=-0.0056), and the 3-D interfacial energy and interfacial stiffness were plotted by Matlab software. Based on the experiment
results, effects of equilibrium temperature and Sc element on anisotropy parameters of interfacial energy were discussed for Al-Si alloys.
The results show that for Al-Si alloy the chemical composition of equilibrium droplet is Al-10.12wt%Si when the equilibrium temperature
is 595 <C, and the magnitude of interfacial energy anisotropy is 0.0202 for the primary a-Al in liquid metal. For Al-Si-Sc alloy, the
chemical composition of equilibrium droplet is Al-10.08wt%Si-0.11wt%Sc when the equilibrium temperature is 595 <C, and the magnitude
of interfacial energy anisotropy is 0.0193 for the primary a-Al in liquid metal.

Key words: Al-Si alloy; Al-Si-Sc alloy; interfacial energy anisotropy; focused ion beam (FIB) technology
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