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Formation mechanism of spherical particles in undercooled melt

GUO Hong-min', YANG Xiang-jie*

(1. School of Materials Science and Engineering, Nanchang University, Nanchang 330031, China;
2. School of Mechanical and Electronic Engineering, Nanchang University, Nanchang 330031, China)

Abstract: The microstructure evolution of Al-20%(mass fraction)Cu alloy under LSPSF (Low superheat pouring with a
shear field) conditions was investigated. The quick formation mechanism of spherical particles in an undercooled melt
was discussed by microstructure simulation technique and M-S interface stability theory. The results show that the
morphology of primary a(Al) is determined by both the number of free crystals and the cooling intensity of melt. The first
observable primary a(Al) of Al-20%Cu alloy is spherical shape, and grows spherically in subsequently lower cooling.
The overlapping diffusion fields from adjacent growing crystals can induce a stabilizing effect on the morphological
instability at the solid-liquid interface and promote the globular growth of primary a(Al). Restraining and coarsening
caused by overlapping diffusion fields and Gibbs-Thomson effect are main dynamic conditions that promote the
morphology transition of instabilized crystal from equiaxed shape into spherical shape.
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Table 1 Experimental parameters used in preparation of semi-solid slurry for Al-20%Cu alloy

Pouring temperature/

Rotation speed of

Inclined degree of

Technique No. C barrel/(r-min ) barrel/(") Slurry holder
1 670 90 25 Clay-graphite, 560 'C
2 645 90 25 Clay-graphite, 560 'C
3D 645 90 25 Clay-graphite, 560 °C
4 650 90 25 Steel, 12 °C
5 650 90 25 Steel, 300 C
6 650 90 25 Clay-graphite, 12 'C
7 650 90 25 Clay-graphite, 560 ‘C

1) Added with refiner
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Fig.2 Morphologies of primary a(Al) in
Al-20%Cu alloy under technique No.1, 2 and

3 at different pouring temperatures: (a)
670 C; (b) 645 °C; (c) 645 C, melt is refined
with 0.1%Ti
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B3 ARFEAHITEEER Al-20%Cu & &4 FAH KBS
Fig.3 Morphologies of primary a(Al) in Al-20%Cu alloy poured at 650 ‘C and different cooling rates: (a) 24.3 C/s; (b) 11.2 C/s;
(c) 2.8 C/s; (d) 0.42 'C/s

e g ‘ & ﬁ@;"flﬁ = . G & ‘.. R i
B4 JEARAHERL 0.18 C/s IIELAHEM T Al-20%Cu 136 [ AR AL AL 1 A2
Fig.4 Microstructure evolutions of Al-20%Cu alloy during continuous cooling and average cooling rate of 0.18 ‘C/s: (a) 595 C;
(b) 592 C; (c) 584 C; (d) 568 C
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Table 2 Characteristics of primary a(Al) during different

solidification stages corresponding to Fig.4

Temperature/  Solid fraction/  Grain size/ Shape
C % um factor

595 7 27.1 0.89

590 11 44 .4 0.87

584 20 65.6 0.90

568 37 117.3 0.85
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Fig.5 Effects of undercooling and amount of grain on growth morphologies and Cu concentration field around grains: (a)

Undercooling of 3 K, distance between grains is 30 cells; (¢) Undercooling of 5 K, distance between grains is 30 cells; (e)

Undercooling of 3 K, distance between grains is 70 cells; (b), (d), (f) Cu concentration distribution curves according to (a), (c) and (e),

respectively
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Fig.6 Morphology evolutions and Cu concentration field during formation of primary a(Al) in Al-20%Cu alloy for two thermal and

nucleation conditions: (a) Amount of nucleation 50, cooling rate 0.5 K/s, cell size 1 pm; (b) Amount of nucleation 7, cooling rate 5

K/s, cell size 1 pm
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Fig.7 Evolution of solid-liquid surface from instability to stability in Al-20%Cu alloy at melt underdooling of 4 K
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