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Microstructure and properties of
2A12 aluminum alloy under thermocycling
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Abstract: The fatigue damage mechanisms of metal material under the satellite operation condition of low earth orbit
environment were investigated. Optical microscopy, X-ray diffraction (XRD), transmission electron microscopy (TEM)
and microhardness tester were used to investigate the evolution behavior of microstructures and properties of 2A12
aluminum alloy under various thermal cycles. The results indicate that the hardness decreases a little within 200 cycles,
and the cyclic hardening phenomenon appears in the 200—300 cycles. After 300 cycles, the hardness of sample decreases
evidently, the cyclic softening phenomenon turns up. The changes of performances of 2A12 aluminum alloy during the
thermocycling process are closely related to the microstructural evolution. There are a lot of needle-like S’ phases
(Al,CuMg) with small sizes in the samples after 300 thermal cycles. Up to 500 cycles, the S’ phases disappear, and bulky
S phases (Al,CuMg) form. In addition, a large number of the cavities appear near the precipitates. The cavities are likely
to become the favorable positions for the initiation of fatigue cracks.
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Fig. 1 Schematic diagram of thermal fatigue samples (mm)
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Fig. 2 Microhardness curve of 2A12 aluminum alloy at

various thermal cycles
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Fig. 3 XRD patterns of 2A12 aluminum alloy before and

after thermal cycles
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Fig. 4 Optical micrographs of 2A12 aluminum alloy along
rolling direction before and after thermal cycles: (a) Original
sample; (b) 300 cycles; (c) 500 cycles
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Fig. 5 Optical micrographs of 2A12 aluminum alloy along
normal direction before and after thermal cycles: (a) Original
sample; (b) 300 cycles; (c) 500 cycles
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Fig. 6 TEM image of original sample(a) and corresponding
selected area electron diffraction of 7 phase(b)
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Fig. 7 TEM images of thermocycling sample: (a) 300 cycles
(S’ phases precipitate along [010] and [100] directions); (b) 500
cycles
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