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Effect of ageing condition on microstructure and properties of
Al-Cu-Mg-Ag-Zr alloy

ZHANG Jian-bo, ZHANG Yong-an, ZHU Bao-hong, WANG Feng, LI Zhi-hui, LI Xi-wu, XIONG Bai-qing

(State Key Laboratory of Nonferrous Metals and Processes,

General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: Hardness, electrical conductivity, tensile, tear test and differential scanning calorimetry (DSC), transmission
electron microscopy were used to investigate the effect of single ageing and multi-step ageing process on the
microstructure and properties of an Al-Cu-Mg-Ag-Zr alloy with high Cu/Mg ratio. The results show that comparing with
the alloy at T6 condition, the hardness, strength and electrical conductivity of the alloy after multi-step ageing keeps
unvaried, while the fracture toughness increases significantly. In the single ageing process, Q and &' phases separate out
simultaneously. At the first and third step of multi-step ageing, the characteristic of precipitates is not different from that

of single ageing. But, ' phase separates out without significant characteristic of £ phase at the second step of low

temperature ageing.
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Fig.1 Schematic diagram of interrupted multi-step ageing

procedure
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Table 1 Chemical composition of experimental alloy (mass fraction, %)

Fe Si Cu Mg

Ag Zr Ti Al

<0.01 <0.01 4.8-4.9

0.43-0.47

0.34-0.39 0.15 <0.1 Bal.

=2 LN AEE TS5

Table 2 Technique parameters of interrupted multi-step ageing

Solution treatment First-step aging

Second-step aging Third-step aging temperature/'C

520 C, 2 h,

quenching

160°C, 1.5 h,

quenching

65°C, 67h 160
65°C,116h 160
65°C,240 h 160
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Fig.2 Effect of single aging on hardness of Al-Cu-Mg-Ag-Zr
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Fig.3 Effect of single aging on electric conductivity of
Al-Cu-Mg-Ag-Zr alloy
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Table 3 Effect of interrupted multi-step aging and T6 temper on mechanical properties of alloy
Second-step aging Third-step aging Tensile strength/MPa Yield strength/MPa Elongation/%
160 'C, 6 h 500 455 14.0
65C,67h 160 C, 24 h 510 480 11.0
160 °C, 96 h 495 450 10.5
160 'C, 6 h 505 455 13.0
65°C,116h 160 C, 24 h 505 470 11.5
160 'C, 96 h 490 450 12.0
160 'C, 6 h 505 460 16.0
65°C,240 h 160 C, 24 h 505 470 14.0
160 'C, 96 h 490 445 13.0
T6 Temper, 160 ‘C, 14 h 510 475 14.5
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Fig.8 TEM bright field images and corresponding selected area electron diffraction patterns of alloy during single aging process:

(a) Schematic diffraction patterns of Al-Cu-Mg-Ag alloy in T6 temper!"*! showing position of diffraction patterns of matrix and

precipitates and angles between streaks; (b), (c) 160 “C, 2 h; (d), (¢) 160 C, 10 h; (), (g) 160 ‘C, 28 h
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Fig.9 TEM images corresponding selected area electron diffraction patterns for alloys after second low temperature aging of
multi-step aging process: (a), (b) (160 °C, 1.5 h)+quenching+(65 C, 67 h); (c), (d) (160 ‘C, 1.5 h)+quenching+(65 ‘C, 240 h)

B 10 TN RO = ZN AR IR 56 5 < A R AT B
Fig.10 TEM bright field images and corresponding selected area electron diffraction patterns for alloy after third aging of
multi-step aging process: (a), (b) (160 C, 1.5 h)+quenching+(65 ‘C, 67 h)+(160 C, 24 h); (c), (d) (160 °C, 1.5 h)+quenching+(65 C,

67 h)+(160 °C, 96 h)
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