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Fig. 1 Fundamental characteristics of hypoeutectic Al-5%Si

alloy: (a) Position in binary Al-Si alloy phase diagram; (b)

Cooling curves under different solidification conditions; (c)

XRD patterns
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Fig. 3 Morphologies and size distributions of primary a(Al) phase in Al-5%Si alloy: (a), (b) Static; (c), (d) With ultrasound at stage of

liquid phase; (e), (f) With ultrasound at stage of nucleation and growth of primary a(Al) phase; (g), (h) With ultrasound during

eutectic transformation
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Fig. 4 Dynamic nucleation feature of Al-5%Si alloy within
ultrasonic field: (a) Local undercooling versus pressure; (b)

Nucleation rate versus pressure and wetting angle
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Table 1 Physical parameters used in calculation

Physical parameter Symbol and unit Value
Si content in alloy Co/% 5
Si content in primary phase Csi/% 1.7
Undercooling degree AT/K 30
Liquidus temperature T/K 903
Molar mass of Al My/(gmol ™) 26.98
Molar mass of Si Mg/(gmol ™) 28.08
Fusion enthalpy of Al AH,,_a/(kJ-mol ™) 10.4714%
Fusion enthalpy of Si AH,, ¢/(kJ-mol™)  50.661*"
Volume change rate of Al AV pad% 6.5
Volume change rate of Si AV sl % —10M%
Density of melted Al Pmal(kgm™)  2.385X 104
Density of melted Si pmsi/(kgm™) 253X 10710
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Fig. 5 Interdendritic structure of Al-5%Si alloy under different solidification conditions: (a) Static; (b) With ultrasound at stage of

liquid phase; (c) With ultrasound at stage of nucleation and growth of primary a(Al) phase; (d) With ultrasound during eutectic

transformation
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Dynamic solidification and mechanical properties of
hypoeutectic Al-5%Si alloy within ultrasonic field

WANG Bao-jian, ZHAI Wei, WEI Bing-bo

(Department of Applied Physics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: High-intensity ultrasound at a resonant frequency of 20kHz and power of 500 W was introduced into different
solidification stages of hypoeutectic Al-5%Si alloy, and the formation mechanism of primary a(Al) phase and its
interdendritic structure was explored. The results show that porosity in the solidified structure reduces remarkably, and
the primary a(Al) phase transforms from coarse dendrites under static into equiaxed grains or fragmented dendrites by
introducing power ultrasound during different solidification stages. Meanwhile, the interdendritic structure is also refined
by ultrasound. When the power ultrasound is applied into liquid phase, it accelerates the nucleation of primary a(Al)
phase by enhancing wetting status between the crystal embryos and impurities in the alloy melt. If ultrasound is employed
during nucleation and growth of primary o(Al) phase, the cavitation-induced nucleation and cavitation-induced
fragmentation take the responsibility of most remarkable grain refinement. Once the ultrasound is introduced in eutectic
transformation, the dendritic fragmentation results from mechanical effect accounted for the reducing in grain size of
primary a(Al) phase. Both microhardness and yield strength can be improved after ultrasound is applied at each
solidification stage of Al-5%Si alloy, indicating that applying power ultrasound is an effective way to moderate the
mechanical properties of Al-Si alloys.

Key words: ultrasonic field; eutectic solidification; dynamic nucleation; cavitation effect; structure formation;

mechanical property
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