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Table 1 Chemical composition of Al-5Zr master alloy (mass

fraction, %)

Si Fe Zr Al
0.061 0.062 4.76 Bal.
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Fig.1 Schematic diagram of casting mold
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Fig.2 Time-temperature curves of different molds
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Fig. 3 Macrostructures of Al-5Zr master alloy in molds with different cooling rates: (a) Refractory mold; (b) Graphit mold; (c)

Copper mold
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Fig. 4 SEM images of Al-5Zr master alloy with different cooling rates: (a) Refractory mold; (b) Graphit mold; (c) Copper mold
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Fig. 5 EDS spectrum of white phase shown in Fig. 4(a)
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Fig. 6 Microstructures and distribution of Al;Zr along length direction in Al-5Zr master alloy solidified in different molds: (a)

Refractory mold; (b) Length distribution of Al;Zr in sample solidified in refractory mold; (c) Graphite mold; (d) Length distribution

of Al;Zr in sample solidified in graphite mold; (e¢) Copper mold; (f) Length distribution of Al;Zr in sample solidified in copper mold
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Table 2 Nucleation rate and growth rate of Al;Zr phase

during solidification in different cooling rates

Holding Long axis Growth rate

Colling o Nucleus
time in length of along
rate/ number/ )
.. twophase largest Al;Zr/ . long axis/
(‘Cs™) ] mm o
region/s pm (um's )
45.6 9.1 349.8 309 38.4
29.3 14.2 754.2 54 53.2
2.0 211.7 1142.5 23 5.4
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Effects of cooling rate on solidification structure of
Al-5Zr master alloys

ZHU Qing-feng"?, LI Fei'?, WANG Jia" %, WANG Qing-hai"*, WANG Wen-jing" 2, CUI Jian-zhong'-*

(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education,
Northeastern University, Shenyang 110004, China;
2. School of Materials Science and Engineering, Northeastern University, Shenyang 110004, China;
3. School of Mechanical Engineering, Liaoning Shihua University, Fushun 113001, China)

Abstract: The effects of the cooling rate on the morphology and size of the primary Al;Zr phase during solidification
process were investigated. Base on the experiment results, the effects of the cooling rate on the nucleation and growth
rate of the primary Al;Zr phase also were analyzed. The results show that with the cooling rate increasing from 2.0 ‘C/s to
45.6 “C/s, the coarse plate shape primary AlsZr phases change to fine needle shape. When the cooling rates are 2.0, 29.3
and 45.6 C/s, respectively, the average lengths of the primary Al;Zr phase are 215, 175 and 45 pm, respectively, the
growth rates along the major axes of the maximum size Al;Zr phase in the corresponding sample are 5.4, 53.2, 38.4 um/s,
respectively, and the nucleation numbers of the primary Al;Zr phase are about 23, 54, and 309 mm 2, respectively.

Key words: Al-Zr master alloy; cooling rate; solidification structure; nucleation
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