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Table 1 Composition of 7A99 aluminum alloy (/%)

Zn Mg Cu Zr Ti Fe Si Be

7.6~8.6 1.7~2.5 1.4~2.0 0.1-0.20 0.05 <0.08 <0.06 0.002

A
4
473 |- <

o

k)

2

2
2

g 1S | <4_> [ 4 14

2, 120 /’ l (

; | >

& >

Time/h

ircle]| Circle 2| Circle 3

-180

K1 BRI AL (T6-DCT) L Z B4k
Fig.1 Schematic diagram of T6-DCT
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Fig.2 Three-dimensional optical micrograph of 7A99 indirect

extrusion plate
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Fig.3 Dimension of tensile test sample
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Fig.4 Strength and toughness of 7A99 indirect extrusion plates

aged by T6 and T6-DCT
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Fig.5 Phases of 7A99 indirect extrusion plates aged by T6 and
T6-DCT
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Fig.6 Micrographs of 7A99 indirect extrusion plates aged by T6 and T6-DCT: (a) TEM, T6, <110>; (b) HRTEM, T6; (c) FFT, #'-T6;
(d) TEM,T6-DCT, <110>; (¢) HRTEM, T6-DCT; (f) FFT, n of T6-DCT
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Fig.7 Qualitative research of the Zn and Mg elements in 7A99
plate aged by T6 and T6-DCT: (a) Zn, T6; (b) Mg, T6;
(¢) Zn, T6-DCT; (d) Mg, T6-DCT
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Fig.8 Quantitative research of the Zn (a) and Mg (b) elements in
7A99 plate aged by T6 and T6-DCT
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Fig.9 Decrease ratio curve of the Zn and Mg elements in 7A99
plate aged by T6 and T6-DCT
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BT A ek b S 1h T Zn R Mg oG 2 [V AR 4D
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Table 2 Radius and density of precipitated phases

Condition R,/ nm N/*x10%* m?
T6 1.20 4.53

T6-DCT 1.14 3.87
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Fig.10 Lattice parameter variation of aluminum matrix in 7A99

alloy aged by T6 and T6-DCT

B 11 7A99 A 4HF A T6-DCT I 20 72 i R 55 A £k,
Fig.11 TEM micrographs of 7A99 indirect extrusion plates during the T6-DCT aging: (a) quenched and —180 C, <110>; (b) quenched,
-180 C and 120 C/2 h, <110>; (¢) quenched, -180 C, 120 ‘C/2h,-180 °C, 120 ‘C/4 h, <110>
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Effect of Deep Cryogenic Treatment of —180 °C on Strength and Toughness Properties
and Precipitation Behavior of 7A99 Aluminium Alloy

Gao Wenlin ""**, Wang Xiangjie', Li Guoai**, Ban Chunyan ' , Lu Zheng **, Cui Jianzhong'
(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)
(2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)
(3. Beijing Engineering Research Center of Advanced Aluminum Alloys and Application, Beijing 100095, China)

Abstract: Indirect extrusion plate of 7A99 ultrahigh-strength aluminium alloy was heat treated by T6 peak aging treatment and peak
cold-heat cycle aging treatment of —180 °C (T6-DCT). XRD, TEM, HRTEM and 3DAP were applied to study the influences of T6-DCT
treatment on the strength and toughness properties and precipitation behavior. The result shows that the lattice constant of Al matrix
increases from 0.40551 nm to 0.40626 nm after T6-DCT, which plays a solid solution strengthening role. A large number of 7 phase occur
in the grains, and the » phases at the grain boundaries are discontinuous; meanwhile the precipitation free zone is formed at the grain
boundaries, which reduces the tensile strength. After T6-DCT treatment, the segregation degree of Zn and Mg increases, the precipitation
ratio and distribution uniformity of precipitated phases decrease. The average equivalent radius of the precipitated phases changes from
1.2 nm to 1.14 nm after T6-DCT treatment, the density of the precipitated phases decreases from 4.53x10*//m’® to 3.87x10**/m’, which
weaken the precipitation-strengthening effect. The match between strength and toughness improve significantly after T6-DCT treatment,
i.e. the strength is slightly reduced and the toughness is increased remarkably.
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