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Formation of Fine Primary Silicon Crystals by Mixing of Semi-solid Slurry of
Hypoeutectic Al-Si Alloy and Phosphorus-Added Hypereutectic Al-Si Alloy Melt

Tatsuya Ohmi, Kouki Minoguchi, Masayuki Kudoh,
Youichi Itoh, Kiyotaka Matsuura and Kuniyoshi Ishii

Department of Metallurgical Engineering, Faculty of Engineering, Hokkaido University, Sapporo

The principle of a new process to produce the semi-solid slurry of hypereutectic Al-Si alloy containing fine pri-
mary silicon crystals has been proposed: the process was named “slurry-melt mixing (SMM)”’ process. In this
process, a phosphorus-added hypereutectic Al-Si alloy melt (second-alloy melt) was mixed with a semi-solid slurry
of a hypoeutectic Al-Si alloy (first-alloy slurry) under a furnace-cooling atmosphere. As the two kinds of alloys
were brought into contact with each other with agitation, the second-alloy melt was rapidly quenched to precipitate
numerous fine primary silicon crystals, while the equiaxed alpha solid solution in the first-alloy slurry was remelted
absorbing the latent heat of fusion. And the enthalpy balance of the two alloys led the mixed alloy to a stable solid-
liquid coexisting state.

Al-20 mass% Si alloy slurry was produced by the SMM process with the combination of an Al-8 mass% Si alloy
and a phosphorus-added Al-32 mass%Si alloy. The arithmetic mean of area-equivalent diameters of the primary
silicon crystals in the SMM slurry was 27 um. The fluidity of the SMM slurry could be kept for about 1000 s be-
cause of the low cooling rate of the atmosphere. Sodium-addition into the SMM slurry makes it possible to achieve
the modification of the eutectic silicon crystals without the coarsening of the primary silicon crystals.

(Received October 14, 1993)

Keywords: semi-solid metal, slurry, hypereutectic aluminum-stlicon alloy, hypoeutectic aluminum-
silicon alloy, mixing, primary silicon, refinement, eutectic silicon, modification, solidification
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Fig. 1 Effect of silicon concentration of the first alloy, ¢y,
on the SMM process conditions. The silicon concentration
and the temperature of the second alloy (¢; and T3, respec-
tively) are fixed. fg;: fraction of the primary alpha phase in
the first-alloy slurry at the eutectic temperature.

o silicon concentration of the mixed alloy. Tiy: liquidus
temperature of the mixed alloy. T4 parameter calculated
by eq. (1).
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Fig. 2 Experimental apparatus.

(D second-alloy melt, @ launder, @ stirrer, @ first-alloy
slurry, ® thermocouple, ® electric furnace, @ mixing
vessel, elevating apparatus, (@ optical sensor of
tachometer, @@ motor.
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Fig. 3 Time-temperature curves of (a) conventional
solidification of phosphorus-added Al-20 mass%Si alloy
and (b) SMM experiment with the combination of Al-8
mass%Si alloy and phosphorus-added Al-32 mass% Si
alloy.
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Fig. 4 Micrograph of Al-8 mass% Si alloy slurry quench-
ed just before the eutectic solidification.
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Fig. 5 Micrographs of phosphorus-added Al-20 mass%Si alloy conventionary solidified with or without stirring.
(a) giant primary crystals in the vicinity of the vessel wall (solidified without stirring).
(b) “Primary Silicon Free Zone” which occupied the lower half of the ingot except for the vicinity of the vessel wall (solidi-

fied without stirring).

(c) finest primary crystals observed in the upper part of the ingot solidified without stirring.
(d) finest primary crystals observed in the ingot solidified with stirring.
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Fig. 6 Micrographs of Al-20 mass% Si alloy slurry samples which were produced by SMM process with the combination
of Al-8 mass% Si and Al-32 mass% Si alloys, and were fully solidified under furnace-cooling condition. The effect of phos-
phorus-addition to the second alloy on the refinement of the primary silicon crystals is shown: (a) with phosphorus-addi-
tion, (b) without phosphorus-addition.
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Fig. 7 Micrographs showing the effect of sodium-addition to the SMM slurry.
(a) furnace-cooling. (b) sand mold casting.
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