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Effect of Casting Condition on Refinement of Primary Crystals in Hypereutectic Al-Si Alloy
Ingots Produced by Duplex Casting Process

Tatsuya Ohmi, Masayuki Kudoh and Ken-ichi Ohsasa
Department of Metallurgical Engineering, Faculty of Engineering, Hokkaido University, Sapporo

The primary silicon crystals of hypereutectic Al-Si alloy are refined by the Duplex Casting process. In
this process, two kinds of alloy melts, i.e. “the first alloy”’ with a relatively low liquidus temperature and
“the second alloy’’ with a relatively high liquidus temperature, are cast in a mold in sequence at a given time
interval. Concerning the refining mechanism, the authors have explained that the second alloy melt is rapidly
cooled during mixing with the first alloy which acts as a coolant.

In this study, the influences of alloy composition and mold properties on the refinement of the primary
silicon crystals in the Duplex Casting process were examined. As a result, it was shown that the grain size of
primary silicon varied intricately depending on these conditions. The decantation technique showed that a
considerable amount of solidified shell had formed in the first alloy before the pouring of the second alloy
melt. Several comparative experiments were carried out in order to examine the effect of heat extraction by
the solidified shell, which is to be remelted during the mixing with the second alloy melt, on the refinement
of primary silicon crystals. In those experiments, the second alloy melt was mixed with the first alloy which
was in the liquid or solid state. As a result, it was proved that the solidified shell contributes greatly to the
refinement of the primary silicon crystals through the remarkable enhancement of the cooling capacity of
the first alloy. Considering this effect, the influences of alloy composition and mold properties on the pri-
mary silicon size can be explained.

(Received March 21, 1992)
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Fig.1 Experimental apparatus. O graphite mold, @
thermocouples for measurement, 3 thermocouples
for temperature control of second alloy melt, @ first al-
loy melt, ® second alloy melt, ® tundish for first alloy
melt, @ tundish for second alloy melt, ® electric fur-
nace, (9 stopper.
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Table 1 Combinations of the first and the second alloy.

First alloy Second alloy
Combination
Composition mass/kg Composition mass/kg
[ (AISi7),-(Al1Si32) 3] Al-7 mass %Si 0.440 Al1-32 mass % Si 0.660
[(AlSi12),-(AlSi32),]@ Al-12 mass % Si 0.550 Al1-32 mass% Si 0.550
[(AlSi17),-(AlSi32),] Al-17 mass % Si 0.733 Al-32 mass%Si 0.367
[(AISi12),-(AlSi24.5),] Al-12 mass%Si 0.220 Al-24.5 mass % Si 0.880
[ (AlSi12),-(AlSi27),] Al-12 mass%Si 0.367 Al1-27 mass% Si 0.733
[(AlSi12),-(AlISi32),]1® Al-12 mass%'Si 0.550 Al-32 mass%Si 0.550
[(A1Si12) ;- (AlSi37),] Al-12 mass % Si 0.660 Al1-37 mass%Si 0.440
[(AlSi12),-(AlSi42),] Al-12 mass%Si 0.733 Al-42 mass%Si 0.367
[(AICu33);-(Al1Si24.5) ] Al-33 mass% Cu 0.220 Al1-24.5 mass % Si 0.880
[ (AICu33),-(Al1Si27),] Al-33 mass%Cu 0.367 AL-27 mass%Si 0.733
[(Al1Cu33)-(AlSi32),]1® Al-33 mass% Cu 0.550 Al1-32 mass % Si 0.550
[ (AlCu33) ;- (AlSi37),] Al-33 mass% Cu 0.660 Al1-37 mass % Si 0.440
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Fig. 2 Relationship between the first alloy composi-
tion, C; and the grain size of primary silicon, d in the
Al-22 mass%Si alloy ingots produced by the Duplex
Casting process.

I-mold: graphite mold with heat-insulating bottom
plate.

G-mold: graphite mold with graphite bottom plate.
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Fig. 3 Relationship between the second alloy compo-
sition, C, and the grain size of primary silicon in the
Al-22 mass% Si alloy ingots produced by the Duplex
Casting Process or by ‘liquid-liquid mixing”’ experi-
ments in which the second alloy melt is mixed with the
first alloy melt in the heat-insulating vessel, and then
the mixed alloy is poured in the I-mold.
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Fig. 4 Relationship between the second alloy compo-
sition and the grain size of primary silicon in the Al-Si-
Cu alloy ingots produced by the Duplex Casting
process. For comparison, the results for the conven-
tionally cast ingots of mixed alloy composition are also
shown.
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Fig.5 Clusters of the primary silicon crystals ob-
served in the microstructures of Al-22 mass%Si alloy
ingots produced by the Duplex Casting process with
the combinations of (a) Al-12 mass%Si and Al-42
mass%Si, and of (b) Al-12 mass%Si and Al-24.5
mass % Si.
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Fig. 6 Relationship between the second alloy compo-
sition and the mass fraction of silicon (fg;) in the pri-

mary silicon clusters in the Al-22 mass%Si alloy in-
gots produced by the Duplex Casting process.
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Fig. 7 Relationship between the second alloy compo-
sition and the number of primary silicon crystals per
unit area, N in the primary silicon clusters.
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Fig. 8 Relationship between the mass of the solidi-
fied shell, Ws and the mass of the first alloy melt, W;.
Al-12 mass9%Si alloy was used as the first alloy, and
superheat was 50 K. The elapsed time after poring, A¢
was 7 s.
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Fig.9 The grain size of primary silicon in the ingots
obtained by various methods using the combinations
of (a) Al-12 mass%Si and Al-24.5 mass%Si and of
(b) Al-33 mass%Cu and Al-24.5 mass%Si.

“L-L Mix": liquid-liquid mixing in the heat-insulating
vessel.

“S-L Mix (Insulation)”: solid-liquid mixing in the
heat-insulating vessel.

“S-L Mix (I-mold)”: solid-liquid mixing in the I-
mold.

“Duplex-I": the Duplex Casting process in the I-mold.
“Duplex-G”: the Duplex Casting process in the G-
mold.
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Fig. 10 Relationship between the mass of the solidi-
fied shell and the elapsed time after pouring, 4¢. Su-
perheat of Al-12 mass%Si alloy melt was 50 K or 200
K. That of Al-33 mass% Cu was 50 K.
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Fig. 11 Relationships between T and d, and be-

tween Ty; and d.
SH1: pouring superheat of the first alloy melt.
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