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Effect of Phosphorus Content on Mechanical Properties in

Al-7%Si Alloy

Michihiro Toyoda*, Mayuki Morinaka* and Hiroyuki Toda**

Phosphorus, which is a trace impurity in Al-Si alloys, causes changes in the eutectic solidification behavior of those alloys.
Although mechanical properties are affected by eutectic structure, the influence of the P content is unclear. The mechani-
cal properties of an Al-7%Si alloy were evaluated changing P content at three different levels (Oppm, 8ppm, and 13ppm). In
addition, 3D imaging using synchrotron X-ray computed tomography was performed to observe the eutectic cells formed in
the alloy containing 8 ppm B The results were as follows: 1) The eutectic structure of the alloy with Oppm P content formed
a modified structure, resulting in improved elongation, whereas the alloys with P contents of 8ppm and 13ppm formed
unmodified structures together with decreased elongation. 2) 3D imaging clarified the fact that, when the Al-7%Si alloy
contains P, plate-shaped eutectic Si undergoes eutectic cell growth in a radial shape from a divorced eutectic Si. It is thought
that elongation decreases due to crack growth at the center of the eutectic cells, where plate-shaped crystallized Si particles

are cracked.
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Table 1 Chemical compositions of specimens.
HEEH D LR,
(mass %)
Alloy Si Cu P Na Sr
OppmP 7.0 0.30 <0.0001 <0.0001 <0.0001
SppmP 71 0.28 0.0008 | <0.0001 <0.0001
13ppmP 7.0 0.28 0.0013 <0.0001 <0.0001
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Fig. 1 Schematic drawing of tensile test specimen.
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Fig. 2 Schematic diagram of thermal analysis cup for

preparation of tomographic specimens.
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Fig. 3 Results of 2D microstructural observation of Al-

7%$51 alloys with different phosphorus contents.
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Table 3 Phosphorus contents dependence of tensile
strength in Al-7%Si alloy.
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Allo Proof stress, | Tensile strength, Elongation,
y g, MPa ops MPa /%
n 1 2 3 1 2 3 1 2 3

OppmP | 70 | 69 | 70 | 165 | 163 | 165 | 25.0 | 17.2| 21.9
SppmP | 68 | 68 | 69 | 144 | 158 | 152 | 7.1|12.0| 85
13ppmP | 68 | 67 | 68 | 145 | 140 | 150 | 7.4 | 6.0 | 111
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Fig. 4 Typical stress-strain curves of Al-7%Si-
0.0000%P, Al-7%8Si-0.0008%P, and Al-7%Si-0.0013%P
alloys.
Al-7%8Si-0.0000%P, Al-7%Si-0.0008%P, Al-7%Si-
0.0013%P & & D RENZIET - 0§ HHRH.
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Fig. 5 Results of observation of fracture surfaces of specimens after tensile test.
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Fig. 6 Results of thermal analysis of Al-7%Si-0.0008%P
alloy together with observation of 2D microstructure.
Note that water quenching was performed for freezing
microstructure at a high temperature.
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Fig. 7 Results of 3D imaging of Al-7%8Si-0.0008%P
alloy during initial period of eutectic solidification. In
region A, primary crystal a-Al and eutectic Si were
visualized, while in region B, only eutectic Si was
visualized.
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Fig. 8 3D imaging of plate-shaped eutectic Si crystal-
lized from divorced eutectic Si.
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Fig. 9 Comparison microstructures with optical micro-
scope and fracture surface images captured at same
maghnification.
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Fig. 10 Difference in fracture surfaces with different

eutectic solidification microstructures. Arrows show

center of eutectic cells.
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Fig. 11 Schematic diagrams of the mechanisms of
eutectic fracture with and without Phosphorus in the
Al-7%S$i alloy.
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