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Abstract: Al-Mg-Si-Mn-Cu-Zr die-cast aluminum alloys with different compositions were designed by phase diagram
and thermodynamic calculation, and effects of mass ratio of Mg and Si as well as annealing heat treatment on micro-
structure and mechanical properties were investigated. The results indicate that the as-cast microstructure is mainly
composed of a-Al matrix, Al;Mg,Cu, Mg,Si, AlsMn, Al:Mg, and Al;Zr phases. With the increase of Mg, Si mass
ratio, the morphology of AlsMg,Cu phase is transformed from discontinuous point to continuous network with increas-
ing in content. Mg,Si phase displays a skeleton-like morphology, of which the size and content rise continuously. Mor-
phology of AlsMn phase is converted from spot and block to needle flake with increasing in content. The as-cast yield
strength is raised continuously, while the tensile strength and elongation are decreased straightly, which are 170 MPa,
268.7 MPa and 5.8% at Mg, Simass ratio of 6, respectively, and the fracture mechanism is charaterized by intergranu-
lar fracture. Discontinuous point-like Al{Mg,Cu phase is transformed into network Al,CuMg phase after annealing and
heat preservation, while segregation occurrs under excessive preservation. The size of Mg,Si phase is decreased firstly
and then increased with continuously rising content, while the morphology of Al;Mn phase remains needle-like. The
tensile strength shows a continuous rise, while yield strength exhibits a slight reduction. The yield strength, tensile
strength and elongation of alloy are 180.8 MPa, 310.4 MPa and 5.6 % , respectively, after annealing at 455 °C for 20 h.
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Fig.1 Dimension of tensile specimen
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Fig.2 Calculation results based on Pandat phase diagram software
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Tab.l Chemical composition and JMat-Pro calculated results of

Al-Mg-Si-Mn-Cu-Zr die-cast aluminum alloys
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Tab.2 Range analysis of effects of Mg, Si, Mn and Cu elements

on mechanical properties of A1-Mg-Si-Mn-Cu-Zr alloys
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1 6 1 0.4 0.5 0.15 0.47 135.87 228.61
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3 6 3 1.2 1.5 0.15 0.29 94.98 176.77
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Fig.3 Thermodynamic calculations results
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Fig.5 Mass fraction of componet phase in Al-Mg-Si-Mn-Cu-Zr

die-cast aluminum alloys with different compositions
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Fig.7 EDS results of as-cast Al-6Mg-1Si-0.4Mn-0.5Cu-0.15Zr alloy
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Fig.12 Microstructures and EDS results of AI-6Mg-1Si-0.4Mn-0.5Cu-0.15Zr alloy under different treatment conditions
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Tab.5 Mechanical propertiess of as-cast and as-annealed Al-Mg-

Si-Mn-Cu-Zr die-casting aluminum alloys

4k TN Ji 58 B /MPa - HLisi B /MPa iK%/ %
G4l A 170.8 269.2 5.8
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