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Microstructure and solidification behavior of Al-18%Si hypereutectic
alloy prepared by controlled diffusion solidification
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Abstract: Using the controlled diffusion solidification (CDS) technology, the predetermined hypereutectic Al-18%Si
alloy was prepared. The solidification microstructure evolutions of Al-18%Si alloy with the changing temperatures of
low—temperature precursor alloy and solidification behavior were investigated. The results show that, the anisotropy
growth of primary Si phase is inhibited by the CDS during solidification process, which can effectively improve the
solidification microstructure of Al-18%Si alloy. Adopting an appropriate precursor alloys mixing condition, which is
Al-25%Si alloy at 800 ‘C and pure Al at 580 “C, the distribution of primary Si phase is uniformly and the average size of
Si phase is 42.85um in the solidification microstructure. When the temperature of pure Al is too low, serious segregation
of primary Si phase exists in the solidification microstructure, and when the temperature of pure Al is too high, the
average size of primary Si phase is large. The analysis results show that, during the little constitutional supercooling
forming on the interface of solid-liquid in controlled diffusion solidification process, the primary Si phase tends to planar
interface growth. The relationship between diffused distance square of solute and equilibrium temperature is logarithmic,
the higher the equilibrium temperature, the more sufficient the solute diffusion, and the less the segregation.
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Table 1 Solidus and liquidus temperatures for Al-Si alloys

Temperature point/'C

Alloy AO=0-0,"
Solidus Liquidus
Al-258i 576 755 179
Al-18Si 576 660 84
Pure Al 660 660 0

1) 6, is liquidus temperature; 6; is solidus temperature.
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Fig. 2 XRD patterns of solidification microstructure under
normal cooling and controlled diffusion solidification for
Al-18%Si alloy
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Alloy 6,/°C AgsH/(J'mol )
Solid Semi-solid Liquid
Al-25Si 17420.96 X 100 53.46 30.35 10470.00
640, 660, 680, 700 .
Pure Al 20.67+12.38X 1070 - 31.80 11990.61




1764 A G

2014427 H

b

100 200 300 400 500 660 700

Distance/um

B3 Al-18%Si 174 HARV HIEEH HZUL A SEM A Fif SEM R Zcd 1 Hifie il
Fig. 3 Low magnified SEM image (a) and energy spectrum of high magnified SEM image (b) showing solidification

microstructures of Al-18%Si alloy under normal cooling in air
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Fig. 4 Low magnified SEM image (a) and energy spectrum of high magnified SEM image (b) showing solidification

microstructures of Al-18%Si alloy under controlled diffusion solidification
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Fig. 5 Microstructures of top ((a), (c), (e), (g)) and bottom ((b), (d), (), (h)) of Al-18%Si by CDS at different equilibrium
temperatures: (a), (b) 640 ‘C; (¢), (d) 660 C; (e), (f) 680 ‘C; (g), (h) 700 ‘C
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Fig. 6 Distribution of Al solute concentration and temperature in front of growing primacy Si phase for hypereutectic Al-Si alloy

solidification: (a) Normal solidification; (b) CDS
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Fig. 7 Temperature curves of CDS melt mixed with pure Al at different temperatures: (a) 375 C; (b) 470 C; (c) 580 C; (d) 660 'C
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Rillib

4) AR S 3 e e R e A AU AR A, R
Hor 3 MrBe: IRGHBL TR B IR
e
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