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Microstructure and thermal stability of
rapidly solidified hypereutectic Al-Si alloys

CAI Zhi-yong, WANG Ri-chu, ZHANG Chun, PENG Chao-qun, XIE Li-chun

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The microstructure characteristics of rapidly solidified hypereutectic Al-Si alloy were analyzed as function of
annealing temperature and holding time by scanning electron microscopy (SEM), differential scanning calorimetry (DSC)
and X-ray diffractometry (XRD). The precipitation and coarsening of supersaturated Si element were also investigated.
The results indicate that the microstructure of rapidly solidified Al-Si alloy is composed of fine block-like primary and
needle-like eutectic Si phase dispersed homogeneously in the a(Al) matrix. The structural distortion of the a(Al) matrix is
observed owing to large solidification rate as a result of gas atomization. While, the structural distortion is released after
annealing. The studies of coarsening of supersaturated Si in the matrix suggest that the precipitated Si phase coarsens
with increasing annealing temperature or prolonging holding time. However, the coarsening behavior is different to the
classical LSW theory. The coarsening mechanism is more likely to be controlled by interface diffusion with coarsening
exponent near 2. Additionally, the annealing temperature only affects the coarsening rate constant and activation energy,
but less affects the coarsening exponent.
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2 Fig. 2 DSC curve of rapidly solidified Al-Si alloy powder
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3 Al-Si 160 min
Fig. 3 Microstructures of rapidly solidified Al-Si powders annealed at various temperatures for 160 min: (a) 300 ; (b) 400 ; (c)
450 ;(d) 500

4 Al-Si 450
Fig. 4 Microstructures of rapidly solidified Al-Si powders annealed at 450  for different times: (a) 10 min; (b) 40 min; (c) 640
min; (d) 10240 min
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Table 1 Lattice parameter of a(Al) matrix in Al-Si alloy
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Table 2 Coarsening exponent and rate constant for

precipitated Si phase at different annealing temperatures

Rate constant

Annealing temperature/ - 3
n K/(nm®* min ")
400 225 9.62
430 2.16 20.96 1) Al-Si
450 2.10 34.78 Si Si a(Al)
500 2.06 38.35 Si o(Al)
DSC Si
Si
2) Al-Si Si
Si
2.4 LSW
Al-Si ( n 2)
9 9 Si
240 min 3) Al-Si 45.01 kJ/mol
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240 min
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