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Shinkage Morphology in Al-Si System Casting Alloys
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Abstract

For making sound aluminum castings, it is an
important problem to clarify the shrinkage
morphology of various raw ingots. The aim of
this study is to clarify the main factors affect-
ing the shrinkage morphology of Al-Si system
casting alloys by examining their shrinkage be-
havior. Examination of the shrinkage cavities in
the cylindrical castings for secondary diecasting
alloy ingots showed that the soluble gas in the
melt as well as the alloying elements remarkably
affected the change in shrinkage morphology. By
using the method newly developed for evaluating

the shrinkage morphology of hypoeutictic alloys

quantitatively[] the effects of silicon content and
gas amount were investigated. It was clarlfied
that the total amount of three kinds of shrink-
ages, that is, porosity, interior and exterior
shrinkages, was constant in the alloys with the
same composition, although each kind of shrinkage
was affected by the gas in the melt. It was also
confirmed that the relations among the three
kinds of shrinkages were varied with the silicon
content. Furthermore, the change in the ratio of
the shrinkages with the amount of gas was found

to be dependent on the pore formation.
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Fig. 1  Shape of shrinkage cavities in JIS ADC12 alloy castings made from secondary alloy
ingots without molten metal treatment.
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Table 1 Chemical composition of JIS D12S secondary alloy ingots (mass%).

Ingot Cu Si Mg Zn Fe Mn Ni Sn Na Ca
A 2.20 11.25 0.23 0.55 0.8 0.18 0.10 — 0.001 0. 002
B 2.23 11.16 0.26 0.99 0.79 0.25 0.07 <0.01 <0.001 0. 004
C 2.40 _ 11.18 0.26 0.56 0.85 0.22 0.07 0.04 0.001 0.007
D 2.79 10.92 0.13 0.37 0.82 0.24 0.20 — 0.003 <0.001
E 2.05 10.72 0.26 0.51 0.71 0.31 0.09 - 0.002 0.001
F 2.17 11.0 0.30 0.60 0.82 0.18 0.13 0.03 <0.001 0. 004
G 3.27 11.7 0.41 0.18 0.45 0.19 0.07 0.03 <0.001 0.001
H 2.40 10.8 0.28 0.99 0.70 0.19 0.12 0.03 <0.001 0.003
I 2.34 11.8 0.17 0.55 0.78 0.19 0.07 0.02 <0.001 <0.001
J 2.26 11.4 0.26 0.60 0.83 0.26 0.14 0.03 <0.001 0.001
K 2.26 11.4 0.26 0.60 0.83 0.26 0.14 0.03 <0.001 0.001
L 2.20 11.7 0.20 0.29 0.80 0.18 0.07 0.01 0.008 0.003
M 2.07 10.2 0.24 0.72 0.74 0.20 0.06 0.04 0.006 <0.001
N 2.29 11.1 0.23 0.34 0.64 0.17 0.18 0.02 0. 005 0.010
1.5 9.6
JIS ( § Max. Max. Max. Max. Max. Max
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(a) Cylindrical mold (b) Conical mold

Fig. 2  Schematic view of cylindrical (a) and

conical shell mold (b) for testing
shrinkage behavior.
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9 %Si 10%Si

Fig. 3  Shape of shrinkage cavities in Al-9

11%Si 12%Si

12%Si-2%Cu alloy castings

made from virgin alloy ingots without molten metal treatment.

Fig. 4  Shape of shrinkage cavities in JIS ADC12
alloy castings made from secondary alloy
ingots after vacuum-degassed treatment.
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Fig. 6  Effect of silicon content on the amount of
shrinkage in conical castings for Al-Si alloys.
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Fig. 11 Relations between exterior shrinkage
and surface sink in conical castings
for Al-4%Si and Al-7%Si alloys.
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(b) non-expansion region

(a) expansion region

Fig. 19 Microstructures in the conical casting
made after gas-enriching for Al-10%Si
alloy.
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