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Fig. 1 Optical microstructures of spray casted AZ91 alloys and those after annealing at 400 C for 2 h (¢;=8 mm): (a) Spray casting;

(b) Spray casting+2% SiC with 2 pm; (c) Spray casting+2% SiC with 40 nm; (d) Spray casting+annealing; (e) Spray casting+2% SiC

with 2 pm+annealing; (f) Spray casting+2% SiC with 40 nm+annealing
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Fig.2 SEM images and EDS spectra of spray casted AZ91 alloy after adding SiC particles with diameter of 2 um (4;=8 mm)

B3 70 40 nm SiC JEHEBT AZ91 &4 SEM 1% & EDS

Fig.3 SEM image and EDS spectra of spray casted AZ91 alloy after adding SiC particles with diameter of 40 nm (4;=8 mm)
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Fig. 4 Optical microstructures of spray casted AZ91 alloy with copper mould of different inner diameters after adding 2% SiC with

2 um and annealing at 400 C for 2 h: (a) 6 mm; (b) 4 mm
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Table 1 Physical parameters of AZ91 alloy[23’25]

Parameter Value
Aluminium concentration, cy/% 9
Liquidus slope, m/(K-% ") —6454
Gibbs-Thomson coefficient, 7/(K-m) 6.2X1077
Sound speed in the liquid, Vy/(m's™) 553
Melting point of Mg, T,,/K 923
Partition coefficient, &, 0.364
Specific heat of fusion, AH/(J’kg ") 3.7X10°
Gas constant, R/ (J-mol K ") 8.314
Diffusion speed at interface, VDI/(m'sfl) 19
Diffusion speed in bulk liquid, Vp/(m's™") 20
Solid-liquid interface energy, o/(J-m 2) 0.115
Entropy of fusion, AS/(J'kg K" 4x10*
6.0
X
> 551
< osof
=]
=
£ 45}
s
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S 401
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3
= 3.5¢
S
1%
3.0 : ; s
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Undercooling, AT/K
Bl 5 AREAER AZ91 &E&PIEMT Al & &
Fig. 5 Calculated Al content in primary phase for AZ91 alloy

with different undercoolings
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Fig. 6 Calculated effective nucleation size for AZ91 alloy

with different undercoolings
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Nucleation and microstructure refinement of non-equilibrium
solidified magnesium alloy containing micro/nano SiC

HE Wen" %, YANG Wei’, WANG Xiang®

(1. Key Laboratory for Microstructural Control of Metallic Materials of Jiangxi Province,
Nanchang Hangkong University, Nanchang 330063, China;
2. National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: With the combination of vacuum induction melting and spray casting by step copper mould, rapid cooled
magnesium alloys containing micro/nano SiC were fabricated, and then the influence of particle size of SiC on
heterogeneous nucleation and microstructure refinement was investigated. The results show that both the increase of
cooling rate and the addition of SiC promote grain refinement of magnesium alloy, whereas, the effect of SiC with micron
size is better than that with nano under spray casting condition. As for the copper mould with inner diameter d;=4 mm, the
addition of 2% micron SiC generates the reduction of average grain size within 5 pm. After solid solution treatment at
400 °C for 2 h, the grain morphology of primary a-Mg phase transits from fine rosette to polygon, accompanied by the
disappearance of divorced eutectic f-Mg;;Alj, phase at grain boundary. According to the theoretical calculation of
dendrite growth and solute trapping model, the obtained undercooling range for spray casting is 67—80 K, which
corresponds to the critical nucleation radius with 0.115-0.116 um. Consequently, SiC particle with micron size is
advantageous for microstructure refinement.

Key words: non-equilibrium solidification; heterogeneous nucleation; dendrite growth; microstructure refinement;

magnesium alloy
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