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Control of Primary Silicon Crystal Size of Semi-Solid Hypereutectic Al-Si Alloy
by Slurry-Melt Mixing Process

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

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

The hypereutectic Al-Si alloy slurries with various mean sizes of primary silicon crystals were produced by the
slurry-melt mixing process, in which the hypoeutectic alloy slurry and the hypereutectic alloy melt with various sili-
con contents were mixed and cooled under different environmental conditions. Two kinds of parameters were exa-
mined to evaluate the effect of the combination of the alloy composition on the primary silicon crystal size: one is
related to the stability of the primary silicon crystals in the mixed alloy, and the other to the number of them which
are to nucleate in the second alloy. It was elucidated that both of them provide a good guide on controlling the pri-
mary silicon crystal size. And it was also observed that the heat absorptivity of the mixing vessel plays a more im-
portant role in the refinement of the primary silicon crystals than the thermal condition of the atmosphere.
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Table 1 Combination of the first and the second alloys
used in the SMM experiments.

¢1, ¢ and ¢y are the silicon concentration of the first alloy,
the second alloy and the mixed alloy, respectively. W; and
W, are the mass of the first alloy and the second alloy,
respectively.

Series | No. | ¢j/mass% | c/mass¥% | cu/mass¥% | Wi/W,

Al 6 32 19 1

A A2 8 32 20 1
A3 12 32 22 1
Bl 6 34 20 1

B B2 8 32 20 1
B3 12 28 20 1
C1 8 26 20 0.5

C Cc2 8 32 20 1
C3 8 44 20 2

3 No. A2, B2 and C2 are the same combination.
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Fig. 1 Microstructures of the hypoeutectic alloy slurry
(first-alloy slurry) and the hypereutectic alloy slurry
produced by SMM process (SMM slurry) for series A, us-
ing a graphite vessel under furnace cooling. The slurry
samples were quenched just before the eutectic solidifica-
tion.
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Fig. 2 Effect of the silicon concentration of the first al-
loy, ¢;, on primary silicon crystal size (average area equiva-
lent diameter) in the SMM slurry, d, for series A. Results
for conventionally solidified Al-19, 20, 22 mass% Si alloys
are also shown for comparison.

Condition of surroundings: a graphite vessel under furnace
cooling (GF), a heat-insulating vessel at room tempera-
ture (TA), and a heat-insulating vessel under furnace cool-
ing (IF).
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Fig. 3 Relationship between, ¢; and d in the SMM slurry
for series B. The straight line shows the relationship for
series A (GF).
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Fig. 4 Relationship between, ¢; and 4 in the SMM slurry
for series C.

Fig.5 Microstructure of the Al-20 mass%Si alloy slurry
produced by SMM process with the alloy combination
No. C3.
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Fig. 6 Changes in fraction solid of the second alloys, fs3,
with elapsed time from mixing, #y, calculated from time-
temperature curves. The second alloys are assumed to be
completely segregated in the mixed alloy.
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Fig. 7 Thermal conditions of SMM process (series C)
depicted on the Al-Si phase diagram.

T;, T,: temperatures of the first alloy and the second alloy,
respectively.

T+, Ty parameters calculated by eq. (2) and eq. (3),
respectively.
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Fig. 8 Relationship between the parameter ATy and 4,
where ATy= Tiyu— T, and Ty is the liquidus tempera-
ture of the mixed alloy. The arrow points at the result for
the alloy combination No. C3.
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