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Effects of the Non-equilibrium Heat-treatment on Modification of
Microstructures of Al-Si-Cu Cast Alloy

Heon-Joo Kim
Department of Metallurgical Engineering, Pukyong National University

Abstract Addition of Ca element and nonequilibrium heat treatment which promotes shape modification of eutectic
Si and B intermetallic compound were conducted to improve the mechanical properties of Al-Si-Cu alloy. Modification
of eutectic Si and dissolution of needle-shape B intermetallic compounds were possible by nonequilibrium heat treat-
ment in which specimens were held at 505°C for 2 hours in Al-Si-Cu alloy with Fe. Owing to the decrease in aspect
ratio of eutectic Si by the heat treatment of the alloy with 0.33wt.% Fe, the increase in elongation was prominent to
be more than double that in the as-cast specimen. Dissolution of needle-shape f intermetallic compounds in the alloy
with 0.85wt.% Fe led to the improvement of tensile strength as the length of B compounds decreased to 50%. )
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Table 1. Chemical composition of the alloys. (wt. %)
Alloy Si Cu Mg Mn Fe Ni Al
. 0.33
Al-Si-Cu 55 3.0 0.5 0.5 0.05 Bal.
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Fig. 1. Result of X-ray diffraction for the alloy of 0.85
wt.% Fe.
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Fig. 2. SEM photographs showing typical microstructure and intermetallic phases in the alloy of 0.85wt.% Fe.; (a) Typi-
cal microstruture (b) Shape of o phase (c) Shape of B phase (d) Shape of CuAl,
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Fig. 3. DSC analysis for Al-5.5wt.%Si-3.0wt.%Cu alloy.
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Fig. 4. Variation of shape of eutectic Si with nonequili-
brium heat treatment conditions in the alloy of 0.33%
wt.%Fe; (a) 505°C 2 hr (b) 515°C 2 hr (c) 525°C 2 hr.
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Fig. 5. Effect of amount of Ca on eutectic Si aspect ratio
in the alloys of different Ca amount and 0.33wt.% Fe.
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Fig. 6. Effect of amount of Ca on eutectic Si aspect ratio
in the alloys of different Ca amount and 0.85wt.% Fe.
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Fig. 7. Varation of dimple size with nonequilibrium heat treatment on the tensile specimen of 0.33wt.% Fe.; (a) As-cast
specimen (b)Nonequilibrium heat treated(505°C, 2 hr) specimen (c) Eutectic Si at base of dimple and EDX analysis.
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Fig. 8. Variation of elongation with eutectic Si aspect
ratio in the alloys of different Ca amount and 0.33wt.% Fe.
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Fig. 9. Variation of elongation with eutectic Si aspect ratio
in the alloys of different Ca amount and 0.85wt.% Fe.
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Fig. 10. SEM micrographs showing the crack propaga-
tion along B-phase in the alloy on 0.85wt.% Fe; (a) Section
perpendicular to the fracture surface of Charpy speci-
men, (b) Section perpendicular to the fracture surface of
tensile specimen.
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Fig. 11. Variation of shape of B phase with non-equilib-
rium heat treatment in the alloy of 0.85wt.% Fe.; (a) B
phase in as-cast structure (b) B phase in nonequilibrium
heat treated (505°C 2 hr) structure.
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Fig. 12. Effect of non-equilibrium heat treatment on aver-
age length of B phase in the alloys of different Ca amount
and 0.85wt.% Fe.
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Fig. 13. Effect of non-equilibruim heat treatment on the fracture of tensile specimen of 0.85wt.%Fe.; (a) As-cast
specimen (b) Nonequilibrium heat treated (505°C, 2 hr) specimen (c) EDX analysis of B phase on cleavage plane.
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Fig. 14. Variation of tensile strength with amount of Ca
in the alloys of different Ca amount and 0.33wt.% Fe.
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Fig. 15. Variation of tensile strength and average length
of B phase with amount of Ca in the alloys of different Ca
amuount and 0.85wt.% Fe.
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