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Microstructural Evolution of Electromagnetically Stirred Al alloy
Billet During Isothermal Reheating at the Solid-liquid State

Dock-Young Lee’
Division of Materials, Korea Institute of Science and Technology, P.O.Box 131, Cheongryang, Seoul 130-650, Korea

Abstract

The reheating stage of electromagnetically stirred Al billet is a critical factor in the thixoforming process. When reheated to the
solid-liquid state, the microstructure evolves to a more globular and more homogeneous structure by a coarsening mechanism, the
kinetics depending on the initial microstructure. Microstructural evolution has been characterized by conventional parameters (mean
size of particle and shape factor) as a function of holding time in the solid-liquid state. The aim of this study is to report exper-
imental results concerning microstructural evolution in the solid-liquid state of electromagnetically stirred Al billet. The material
was elaborated in the form of continuously cast bars solidified with electromagnetic stirring to degenerate the dendritic structure.
The choice of the reheating conditions is determined by a dendritic ripening and coalescence mechanism, involving variations of
both the shape and size of the particles. The reheating time has to be long enough to allow a minimum degree of spheroidizing, but
has to be limited as much as possible in order to avoid excessive ripening. The optimum microstructure was obtained at the reheat-
ing temperature of near 584°C and the holding time of 5 min. The only means of combining high productivity with good casting
quality was to use feedstock billets whose microstructure showed rapid transformation characteristics.
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Table 1. Chemical composition of A356 Al alloy(wt/%).

Al Si Mg Fe Ti Cu Zn Mn
Bal 7.0 027 0.12 0.13 0.2 0.1 0.1
Metal mold Filter  Runner
/ \ AN
A

Dummy bar ~ / \

R;me}' board

R

Electromagnetic
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Fig. 1. Schematic drawing of horizontal continuous casting

apparatus for production of thixotropic Al alloys.
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Table 2. Experimental conditions.

No classification Experiment condition
1 Material A356
. . 200, 300, 400,
2 Casting speed, mm/min 460, 500, 600
3 Frequency of magnetic field (Hz) 60
4 Magpnetic flux density, Gauss 0, 500
5 Reheating furnace Salt bath furnace
6 Reheating temperature (°C) 584
L . 30sec, 1,2,3,4, 5,6,
7 Reheating time(minute) 7.8.9.10,13. 15
8  Cooling water temperature (°C) 6
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Fig. 3. Microstructure of reheating specimens obtained at various casting speed after reheating at 584°C: (2)200, (b)300, and (c)400(mm/min).
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Fig. 4. Microstructure of the continuous as-cast billet with various casting speed during electromagnetic stirring. (a) 300, (b) 400, (c) 500 (d)

600 mm/min.
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Fig. 5. Variation of primary size and roundness as a function of casting
speed(500 Gauss).
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Fig. 6. Change in external appearance of Al alloy specimens at various reheating times. (a) as cast, (b) 30sec, (¢) 1min, (d) 2min, (e) 3min, (f) 4min,
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Fig. 7. Microstructure of electromagnetically stirred Al alloy after holding temperature at 584° C for (a) as-cast, (b) 30sec, (¢) 1min, (d) 2min, (e)
3min, (f) 4min, (g) Smin, (h) 6 min, (i) 7min, (j) 9min, (k) 10min, and (I) 13min.
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Fig. 5. Variation of size and roundness of primary phase of
electromagnetically stirred Al alloy as a function of holding
time at 584°C.
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