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Fig.1 Structural models of three different clusters: (a) Al-Al
cluster, (b) Al-Zr cluster, and (c) Zr-Zr cluster

Fz 1 AlAI RN B FEEESHESEITE (on=1)
Table 1 Statistical values of valence electron structure

parameters of Al-Al clusters (en=1)

Bond name Dn,/nm la E’a/kJ mol™
B ™ 0.291 11 12 25.528 20
Be " 0.411 69 6 0.359 82
B ™ 0.504 22 24 0.014 59

=2 Al-Zr AFENBEFEHEHEITE (on=20)
Table 2  Statistical values of valence electron structure

parameters of Al-Zr clusters (en=20)

Bond name Dy,/nm la E'a/kJ mol™
B 0.291 11 12 34.693 94
B 0.411 69 6 0.491 22
B 0.504 22 24 0.019 95

#z3 Zr-Zr AFEBR FEMSHGITE (on=2)
Table 3 Statistical values of valence electron structure

parameters of Zr-Zr clusters (en=2)

Bond name Dn,/nm la E’a/kJ mol™*
B " 0.313 50 8 56.459 43
BA* 0.362 00 6 7.594 79
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Fig.2 SEM microstructures in the cross sections of Al-5Zr master alloy specimens at different pouring temperatures: (a) 800 C, (b)
900 C, (c) 1000 C, (d) 1100 C, and (e) 1200 C
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Fig.3 Three-dimensional schematic morphology of the AlsZr
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crystal growth process: (a) small blocky shape and

(b) long needle shape
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Fig.4 Schematic diagram of AlsZr crystallization process with high pouring temperature (# Zr-Zr clusters, = Zr atom, - Al atom):

(a) initial state, (b) clusters aggregation nucleation, (c) AlsZr crystal formation, (d) AlsZr crystals multiplication and growth, and

(e) the end of the crystallization state

Crystal

b nucleus

5 RiREER AlZr 45 @il o E K

Fig.5 Schematic diagram of AlsZr crystallization process with low pouring temperature ( #Zr-Zr clusters, ~Al-Zr clusters, ©Al-Al

clusters, = Zr atom, - Al atom): (a) initial state, (b) clusters aggregation nucleation, (c) AlsZr crystals formation, (d) AlsZr

crystals multiplication and growth, and (e) the end of the crystallization state
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Effect of Pouring Temperature on the Primary Al;Zr Phase in Al-5Zr Master Alloy

Li Fei® 2, Zhu Qingfeng®, Li Lei*, Jia Zheng', Shao Bo!, Cui Jianzhong*
(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)
(2. Liaoning Shihua University, Fushun 113001, China)

Abstract: Based on the empirical electron theory of solids and molecules (EET), the statistical values of valence electron structure
parameters of Al-5Zr master alloy melt were calculated, and the crystallization process models of the AlsZr phase in the Al-5Zr melt were
built at high and low pouring temperatures. The effect of pouring temperature on the morphology, size and the amount of primary AlsZr
phase during the solidification of Al-5Zr master alloys was investigated. The results show that the morphologies change from small blocks
to long needles, the average size increases and the amount decreases for the Als;Zr crystals with the increase of pouring temperature. When

the pouring temperature is below 1000 <C, the Al-Zr and Zr-Zr clusters with larger quantities and larger g/ gather, nucleate and finally

form a large number of small blocky AlsZr crystals; when the pouring temperature is above 1000 <C, the Zr-Zr clusters with fewer
quantities and larger g} aggregate, nucleate and ultimately form a small number of AlsZr crystals with long needle shape. The established

models agree well with the experimental results.

Key words: Al-5Zr master alloy; pouring temperature; primary AlsZr phase; empirical electron theory of solids and molecules; model
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