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Effects of phosphorus modification on morphology of
primary silicon particles and mechanical properties of
wrought Al-17.5Si-4.5Cu-1Zn-0.7Mg-0.5Ni alloy
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Abstract: The effects of phosphorus modification on the morphology of primary silicon particles and mechanical
properties of a wrought direct chill (DC) cast Al-17.5Si-4.5Cu-1Zn-0.7Mg-0.5Ni alloy were investigated. The results
show that the addition of phosphorus increases the nucleation rate of primary Si in the billet (100 mm in diameter)
leading to fine and uniform distribution of primary Si particles. The average size of the primary Si particles in the
modified alloy in the central region of the billet is 19um, comparing with that of 37um in the unmodified alloy. The
achieved ultimate tensile strength (UTS) of the modified alloy is 265 MPa in the as-cast state and 345 MPa in T6
condition. Hot deformation of modified and unmodified alloys with high per-pass reduction is carried out. The UTS and
elongation of the hot-deformed modified alloy in T6 condition are 383MPa and 1.15%, respectively.
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Table 1 Nominal chemical composition of studied alloys

(mass fraction, %)

Alloy Si Cu Zn Mg
Unmodified 17.5 4.5 1.0 0.7
P modified 17.5 4.5 1.0 0.7

Alloy Ni Zr+V+Ti P Al
Unmodified 0.5 0.6 0 Bal.
P modified 0.5 0.6 0.04 Bal.
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Fig.1 Microstructures of as-cast alloys: (a), (b), (c) Unmodified alloy; (d), (e), (f) Modified alloy; (a), (b), (d), (¢) Half radius region

of billet; (c), (f) Central region of billet
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Fig.2 Size distribution of primary Si particles: (a), (b) Unmodified alloy; (c), (d) Modified alloy; (a), (c) Half radius region of billet;
(b), (d) Central region of billet
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Fig.3 SEM image showing AIP nucleating site (marked by arrow) and elemental map scanning results: (a) SEM image; (b) Al; (c)
Si; () P
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PR RS, Haahitbo &S mikm, 3 Pmodified  As-cast +T6 345 0.80
AR S~ FH 471 = "L\ﬁ AN AR AT
BRFGRLRE R R RARERSURLIG I S AR RO ) B P modified Hot deformed+T6 383 1.15

B 5 GGHRERTEE SRR ITE A S BURL A 1 Ab)
Fig.5 Microstructures of alloys after hot deformation (Fractured primary Si particles are marked by arrows): (a), (b) Unmodified
alloy; (c), (d) Modified alloy
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Fig.6 SEM images for fracture surfaces of tensile specimens: (a), (b), (c¢) Unmodified alloy; (d), (e), (f) Modified alloy; (a), (d)

As-cast; (b), (e) As-cast+T6; (c), (f) Hot deformed+T6
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