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Effect of heat treatment before aging on
tensile properties and microstructures of new Al-Cu-Li-X alloy

ZHANG Jian', ZHU Rui-hua', LI Jin-feng', MA Yun-long?, LIU De-bo?, ZHENG Zi-qiao'

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Beijing Institute of Aerospace Systems Engineering, Beijing 100076, China)

Abstract: Effect of solution treatment and pre-deformation before aging on tensile properties and microstructures of a
new ultra-high strength Al-Cu-Li-X alloy were investigated. The result shows that, as solution-treated for 40 min at
500-540 °C, the strength of the aged alloy increases firstly then keeps a relatively same strength with increasing the
solution temperature except at 520 C. As solution-treated at 510 ‘C for 20—180 min, the strength of the aged alloy
increases firstly then decreases. The aged alloy with solution treatment of (510 ‘C, 40 min) possesses the highest strength.
The strength variation corresponding to various solution treatment is comprehensively affected by the secondary particle
dissolution, grain structure, grain growth and overburning. The strengthening precipitates of the aged alloy consist of a
large number of T phase (Al,CuLi), some &' phase (Al,Cu) and a small amount of S" phase (Al,CuMg). Pre-deformation
can promote the precipitation of 7 phase, but restrain the precipitation of ' and S’ phases. When the pre-deformation is
lower than 6%, the strength increases substantially with increasing pre-deformation. But when the pre-deformation is
larger than 6%, the strength increment caused by pre-deformation is reduced.
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Table 2 Heat treatment process and parameters
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Table 1 Chemical composition of new ultra-high strength

Al-Cu-Li-X alloy (mass fraction, %)

Cu Li Mg Ag Zn Mn Zr Ti Al
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Experiment No.  Solution temperature/C

Solution time/min

Quenching manner  Pre-deformation/% Aging

A 500, 510, 520, 530, 540 40
B 510 20, 60, 90, 180
C 510 40
D 510 40

In water 0 T6 (175 C, 24 h)
In water 0 T6 (175 C, 24 h)
In water 0,3,6,9,15 T8 (160 C, 24 h)

In air 0,3,6,9, 15 T8 (160 ‘C, 24 h)
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Fig. 1 Tensile properties of T6(175 C, 24 h)-aged samples
after solution treatment at different temperatures for 40 min
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Fig. 2 Back scattering SEM images of quenched samples after solution treatment at different temperatures: (a) Rolled sheet;

(b) 500 C; (c) 510 C; (d) 520 C; (e) 530 C; (f) 540 'C
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Table 3 Area fraction of residual particles after solution

treatment at different temperatures

Solution treatment Area fraction/%
Rolled 39.2
500 C 4.1
510 'C 2.7
520 C 2.1
530 C 1.9
540 °C 1.7
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Fig. 3

Optical micrographs of To6-aged
samples after solution treatment at different
temperatures: (a) 500 C; (b) 510 C; (c)
520 C; (d) 530 C; (e) 540 'C
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Fig. 4 Tensile properties of T6-aged samples after solution

treatment at 510 ‘C for different time
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Fig. 5 Back scattering SEM images of quenched samples after solution treatment at 510 °C for different time: (a) 20 min; (b) 60
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Fig. 6 Optical micrographs of T6-aged samples after solution treatment at 510 ‘C for different time: (a) 20 min; (b) 60 min; (c) 90
min; (d) 180 min
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Table 4 Areca fractions of residual particles after solution

treatment at 510 ‘C for different time

Solution time Area fraction/%
Rolled 39.2
20 min 16.3
40 min 2.7
60 min 2.5
90 min 23
180 min 2.2
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Table 5 Tensile properties of T8-aged samples with various

pre-deformation and different quenching manners

Quenching in water Quenching in air

Pre-deformation/
% 0'0_2/ O'b/ o/ 0'0_2/ O'b/ o/

MPa MPa % MPa MPa %

0 511 555 114 454 503 113
3 534 587 102 492 533 104
6 546 613 95 518 560 9.7
9 557 620 6.2 519 563 84
15 572 625 5.0 523 567 1.7
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Fig. 7 DSC curve of rolled sample
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Fig. 8 Dark field TEM images of T8-aged alloy with various pre-deformations: (a) Pre-deformation of 0, T} precipitate, b=(112),;
(b) Pre-deformation of 0, 6 precipitate, 5=(100),; (c) Pre-deformation of 0, S’ precipitate, b=(112),; (d) Pre-deformation of 6%, T}
precipitate, b=(112),; (e) Pre-deformation of 6%, &' precipitate, b=(100),; (f) Pre-deformation of 15%, T; precipitate, b=(112),,
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