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Formation and evolution of non-dendrite microstructure of
Al-Si alloy slurry fabricated by near liquidus casting
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(1. National Center of Novel Materials for International Research, Tsinghua University, Beijing 100084,China;
2. Key Laboratory for Advanced Materials Processing Technology, Ministry of Education,
Department of Mechanical Engineering, Tsinghua University, Beijing 100084,China)

Abstract: By comparing different experimental schemes and using multiple polishing in situ observation and
metallographic analysis, the evolution law of non-dendrite microstructure of Al-Si alloy slurry fabricated by near liquidus
casting was researched. Further, from the perspective of melt structure, the formation mechanism and stable existence of
non-dendrite microstructure was discussed. The results show that, for Al-7.97Si, at 390—400 C, the process of transfer
and rheoforming of semi-solid slurry will cost 15s by conventional near liquidus casting. However, in the temperature
range not high above liquidus, because of the effect of applied rotating magnetic filed, the time of transfer and slurry
rheoforming is elongated. The main reason is that the disturbance caused by rotating magnetic filed for overheating melt
always influences the nucleation and growth during solidification. On one hand, the disturbance changes the sizes, shapes
and distribution of atomic clusters, which provides the conditions for increasing nucleation rate; on the other hand, it also
decreases the solute concentration gradients of solid-liquid interface, which restrains composition overcooling and
increases the critical radius of globular growth for crystal nucleus in stable state.

Key words: Al-Si alloy; superheat melt; rotating magnetic filed treatment; non-dendrite microstructure; evolution;
stability; melt structure
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Chemical composition of aluminum alloy (mass

Si Mg Ti Fe
7.97 0.60 0.18 0.051
Cu Zn Al
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Fig.1 Schematic diagram of chilled cast (unit: mm)
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Fig.2 Schematic diagram of experimental equipment and
ontologies magnetic generator: 1—Aluminum alloy melt; 2—
Temperature control system; 3—Stainless steel crucible; 4—
Ontologies magnetic field generator; 5—Thermocouple; 6—
Holding furnace; 7—Whole magnetic field generator; 8—

Control cabinet of magnetic field generator
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Fig.3 Schematic diagram of in-situ observation by repeated
polishing
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Fig.4 Microstructure formation of Al-Si alloy slurry by near
liquidus casting: (a) Pouring temperature of 611 ‘C; (b)
Pouring temperature of 618 ‘C
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Fig.5 Non-dendritic microstructure evolutions of Al-Si alloy slurry at pouring temperature of 618 °C: (a) Holding time of 0 s; (b)
Holding time of 1 s; (c) Holding time of 2 s; (d) Holding time of 3 s; (e) Holding time of 6 s; (f) Holding time of 10 s; (g) Holding
time of 15 s; (h) Holding time of 20 s
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of primary a(Al) phase
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Fig.7 Effect of holding time of slurry in mold on number

density of primary a(Al) phase with different roundness
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Fig.8 Microstructures of Al-Si alloy slurry by near liquidus casting after magnetic field treatment: (a) Holding time of 3 s; (b)

Holding time of 18 s; (c) Holding time of 3 s; (d) Holding time of 18 s
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Table 2 Microstructure parameters of Al-Si alloy slurry by near liquidus casting under different processing parameters of rotation

magnetic field

Parameter Temperature/ ‘C t/s d/pm n(1>p>0.35) ny(1>p>0.5) Figure
3 22.7 494 437 8(a)
I=60 A, =20 Hz; =50 s 616
18 353 181 66 8(b)
3 21.4 301 152 8(c)
I=60 A, =30 Hz; =50 s 619
18 33.6 147 63 8(d)
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