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Hypereutectic Al-Si alloy prepared by
controlled diffusion solidification and its thermodynamic analysis
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Abstract: The hypereutectic Al-20%3Si alloy was fabricated by liquid-liquid mixing of controlled diffusion solidification
(CDS), and the effect of temperature of high silicon alloy on the microstructure of primary silicon phase and
thermodynamic condition of primary silicon refinement in the mixing process were studied. The results show that the
primary silicon can be refined obviously and the size of the primary silicon can reach 37 um in the preparation of
hypereutectic Al-20%Si alloy fabricated by liquid-liquid mixing. When the temperature of high silicon alloy increases,
the primary phase size increases. When the high silicon temperature is over 790 °C, the refinement effect of primary
silicon is lost. Additionally, when the Gibbs free energy of the liquids prior to mixing is less than the Gibbs free energy of
the resultant liquid at its liquidus temperature (G inaktauidus=—39 336 6 kJ), the primary silicon phase will be refined
obviously.
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Table 1 Treatment temperatures of materials

Experiment Treatment temperature/C Pouring
No. Al-25%Si ZL102 temperature/ C
1 755 580 670
2 765 580 670
3 775 580 670
4 790 580 670
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Fig. 1 Schematic diagram of liquid-liquid mixing
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Fig. 2 Microstructure of Al-20%Si alloy during traditional

casting
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Fig. 3 Microstructures of Al-20%Si alloy fabricated by liquid-liquid mixing at different high Si alloy temperatures: (a) 755 ‘C; (b)

765 C; (c) 775 'C; (d) 790 'C
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Fig. 4 SEM images of Al-20%Si alloy fabricated by liquid-liquid mixing at different high Si alloy temperatures: (a) 755 C; (b) 765

C;(c)775C; (d) 790 C
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Fig. 5 Effect of high Si alloy temperature on size of primary

Si in liquid-liquid mixing
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Fig. 6 Total free energy of Al-Si binary alloy with different Si

contents at liquidus
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Table 2 Data obtained by Pandat software

Alloy 1/C G/k]

ZL102 580 ~32.151 39
Al-20%Si 688 ~39.336 60
Al-25%Si 755 ~43.871 32
Al-25%Si 765 ~44.666 50
Al-25%Si 775 ~45.464 62
Al-25%Si 790 ~46.667 23
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