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Effect of Cryogenic Laser Peening on Microstructure of
2024-T351 Aluminum Alloy

Tian Xuliang ™, Zhou Jianzhong”, Li Jing, Meng Xiankai, Sun Yunjie,

Huang Yu, Huang Shu
School of Mechanical Engineering, Jiangsu University, Zhenjiang , Jiangsu 212013, China

Abstract The effect of cryogenic laser peening (CLP) on the microstructure of 2024-T351 aluminum alloy and its
strengthening mechanism are investigated. The scanning electron microscopy (SEM) and transmission electron
microscopy (TEM) are used to characterize the microstructure evolution of 2024-T351 aluminum alloys. Results
show that when compared with room-temperature laser peening (RT-LP), CLP has a more remarkable grain
refinement effect and produces high-density dislocation. Additionally, CLP results in more and finer black spherical
second phases, which are uniformly distributed throughout the samples and can be analyzed using EDS as the S
phase ( Al,CuMg). The in-depth microstructures of the samples treated by CLP are shown to have gradient
distributions with different morphologies, and the microstructures of the matrix layer of these samples are superior
to those obtained from samples subjected to RT-LP. There are two main strengthening mechanisms associated with
CLP: one is that the cryogenic environment restrains the dynamic recovery of dislocations, reducing the thermal
activation energy needed to promote the inhibitory effect of refined grains and second phases on dislocations; the
other mechanism is related to the fact that the plastic deformation and internal stress caused by the volume shrinkage
of samples under cryogenic environment can significantly produce structural strengthening effects.
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Table 1  Chemical compositions of 2024-T351 aluminum alloy

Element Cu Mg Si Fe Mn Zn Cr Ti Al

Mass fraction /%  3.8-4.9 1.2-1.8 0.5 0.5 0.3-0.9 0.25 0.1 0.15 Bal.
F 2 2024-T351 $R A &M 1B
Table 2 Mechanical properties of 2024-T351 aluminum alloy
Mechanical Tensile Yield Elasticity
) Elongation /% Poisson ratio
properties strength /MPa strength /MPa modulus /GPa
Value 419 324 17.6 72.4 0.33
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Fig. 1 Square specimen. (a) Specimen size and schematic of laser peening; (b) morphology after laser peening
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Fig. 3 Dimension and laser peening area of specimen used for tensile test at room temperature
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Fig. 4 SEM images and metallographic diagrams on top surface of 2024-T351 aluminum alloy specimen at different stages.

(a) Untreated SEM image; (b) SEM image after RT-LP; (¢) SEM image after CLP; (d) untreated metallographic

diagram; (e) metallographic diagram after RT-LP; (f) metallographic diagram after CLLP
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Fig. 5 EDS analysis results of second phase
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Fig. 6 TEM images on top surface of 2024-T351 aluminum alloy specimen at different stages.
(a)(d) Untreated; (b)(e) after RT-LP; (¢)(f) after CLP
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Fig. 7 TEM images of different layers of 2024-T351 aluminum alloy specimen after CLP. (a) Sub-grain;

(b) sub-structure; (c) dislocation cell; (d) dislocation wall; (e) high-density dislocation
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Table 3 Yield strength of 2024-T351 aluminum alloy

specimen subjected to untreated, RT-LP, and CLP

Treatment Yield strength /MPa
Untreated 306.3
RT-LP 354.2
CLP 412.7
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