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Mechanical properties of squeeze cast Al-5.0Cu-0.6Mn-1.0Fe-1.0Ni
alloy at elevated temperatures

LOU Zhao-hui, ZHANG Wei-wen, LUO Zhi, ZHENG Cheng-kun, MENG Fan-sheng

(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The microstructures and mechanical properties of the T7 heat-treated Al-5.0Cu-0.6Mn-1.0Fe-1.0Ni alloy
prepared by squeeze casting were studied by tensile test, optical microscopy (OM), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), electron probe micro analysis (EPMA), X-ray diffraction analysis (XRD). The
effect of applied pressure on the elevated temperature mechanical properties of the alloy was investigated mainly. The
results show that the mechanical properties of the alloy at elevated temperatures are improved significantly when the
applied pressure increases from 0 to 75 MPa. However, the increments of the ultimate tensile strength and yield strength
decrease with the increase of the temperature. The applied pressure can eliminate the porosity and suppress the formation
of needle-like Al,Cu,Fe phase. Meanwhile, the block-like Al;Cu,Fe and AlgFeNi phases become smaller and more
dispersive and form the interconnected bone-like structure. Unfortunately, the applied pressure reduces the volume
fraction of the thermo-stable iron-rich phases and it also refines the grain size and secondary dendrite arm space of the
alloy, which leads to the increase of grain boundary.
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Table 1 Chemical composition of alloy (mass fraction, %)

Cu Mn Fe Ni Si Al

5.22 0.55 1.05 0.92 0.02 Bal.
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Fig. 1 Mechanical properties of alloys squeezed at different

pressures and different temperatures
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Fig. 2  Microstructures of as-cast alloys squeezed at different applied pressures: (a) 0 MPa; (b) 75 MPa; (¢) 0
MPa, electrolytic etching; (d) 75 MPa, electrolytic etching
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Fig. 3 Morphologies of T7 heat-treated alloys squeezed at different applied pressures: (a) 0 MPa; (b)75 MPa; (c) 0 MPa, deep
etching; (d)75 MPa, deep etching
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Table 2 Average composition of second phases

Mole fraction/%

Zone
Al Cu Fe Ni Mn Phase
A 7172 17.63  6.99 2.63 1.03  Al;Cu,Fe
73.66 16.61  5.33 3.42 097  Al,CuFe
C 82.04 198 6.98 8.39 0.60 AlgFeNi
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Fig. 4 XRD patterns of alloys in Fig. 3(a)
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Fig. 5 TEM images of alloy matrix squeezed at different applied pressures and temperatures: (a) 0 MPa, room temperature; (b)75

MPa, room temperature; (c) 0 MPa, 300 ‘C; (d) 75 MPa, 300 C
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Fig. 6 Fracture morphologies of alloys squeezed at different applied pressures and temperatures: (a) 0 MPa, room temperature;

(b) 75 MPa, room temperature; (¢) 0 MPa, 300 C; (d) 75 MPa, 300 ‘C
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Table 3 Chemical composition of a(Al) matrix in as-cast

alloys
Applied Mass fraction/%
pressure/
MPa Al Cu Fe Ni Mn
0 9794 1.650 0.047 0.039 0.324
75 97.26  2.126 0.068 0.064  0.482
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Fig. 7 Microhardness of a(Al) matrix in T7 heat-treated

alloys
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