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Abstract: According to the maximum solid solubility of Zn, Mg, Cu in aluminum and their precipitation
strengthening phases, Al-127Zn-2Mg-0.5Cu-0.3Sc high strength aluminum alloy is designed. The billet of
this alloy is hot rolled followed by clod rolling and heat treatment to explore the optimal heat treatment
process for aluminum alloy with high solid solubility to obtain good tensile properties. Optical microscopy
(OM), X-ray diffractometry (XRD) , and scanning electron microscopy (SEM) are used to observe and
analyze the microstructure of the alloy under different heat treatment conditions, and universal tensile
testing machine is used to test the tensile properties of the alloy at room temperature. The results show that
after solution treatment of 470 °C/1 h, the microstructure of the cold-rolled alloy is incomplete
recrystallized with elongated grains along the rolling direction. The ultimate tensile strength of the alloy is
599 MPa, and the elongation reaches 15.4%. After aging treatment of 120 ‘C/30 h, fine y (MgZn,) and
T (AlZnMgCu) strengthened phases precipitate in the microstructure,, which further improve the properties
of the alloy. The corresponding tensile strength reaches 736 MPa, and the elongation is 10.6%.
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Table 1 Chemical compositions of Al-12Zn-2Mg-0.5Cu-0.3Sc
alloy (mass fraction/ %)

Zn Mg Cu Sc Ti Mn Zr B Al
11.85 1.98 0.54 0.31 <<0.1 <<0.1 <<0.1 <C0.02 Bal.
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Fig.3 Microstructure of as-cast Al-12Zn-2Mg-0.5Cu-0.3Sc alloy
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Fig.5 DSC curves of as-cast Al-12Zn-2Mg-0.5Cu-0.3Sc alloy
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Fig.6 Low(a) and high(b) magnification microstructures of incomplete recrystallization of Al-12Zn-2Mg-0.5Cu-0.3Sc alloy after rolling
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Fig.7 Microstructures of Al-127Zn-2Mg-0.5Cu-0.3Sc alloy after solid solution treatment
(a)450 °C/1 h;(b)470°C/1h
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Fig.8 Mechanical properties of Al-12Zn-2Mg-0.5Cu-0.3Sc after rolling and solid solution treatment of 470 “C/1 h,470 °C/3 h,490 °C/1 h
(a)stress-strain; (b)UTS-elongation
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Fig.9 XRD patterns of Al-12Zn-2Mg-0.5Cu-0.3Sc alloy after heat
treatment of 470 “C/1 h-120 °C/30 h
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Fig.10 BSE patterns of Al-12Zn-2Mg-0.5Cu-0.3Sc alloy after aging treatment
(a)470 °C/1 h solid solution; (b)470 “C/1 h-120 °C/30 h; (c)partial enlarged view of area a in Fig.(b) ; (d)partial enlarged view of area b in Fig.(c)
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Table 2 EDS results of points A and B in Fig.10(d)
(atom fraction/ %)

Position Al Zn Mg Cu Sc Ti Mn  Zr

A 91.97 4.87 221 039 013 022 0.18 0.03

B 92.52 476 2.08 042 019 — — 0.03
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Fig.11 EDS spectra of Al-12Zn-2Mg-0.5Cu-0.3Sc after heat treatment of 470 ‘C/1 h-120 “C/12 h after heat treatment
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Fig.12 Tensile properties of Al-12Zn-2Mg-0.5Cu-0.3Sc after aging treatment of 100 ‘C/14 h,120 °C/14 h,140 °C/14 h

(a)stress-strain; (b)UTS-elongation
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Fig.13 Tensile properties after 120 ‘C/14 h, 120 °C/22 h, 140 “C/30 h aging treatment

(a)stress-strain; (b)UTS-elongation
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Fig.14 Fracture surfaces of Al-12Zn-2Mg-0.5Cu-0.3Sc alloy after heat treatment of 470 °C/1 h-120 ‘C/30 h

(a)macromorphology ; (b)low magnification; (¢ )high magnification
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