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Effects of aging treatment on strength and
fracture toughness of 2A97 aluminum-lithium alloy

ZHONG Shen, ZHENG Zi-qiao, LIAO Zhong-quan, CAI Biao

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effect of ageing treatment on the strength and fracture toughness of 2A97 alloy was investigated by tensile
test and plane-strain fracture toughness experiments. The microstructures and fracture morphologies were observed and
analyzed by TEM and SEM. The results indicate that the 2A97 alloy obtains a preferable fracture toughness of in single
aging at 135 ‘C, but its strength is relatively low. The duplex aging enhances the strength, while the fracture toughness
deteriorates at an excessive temperature as 175 “C. The 2A97 alloy can obtain the superior combination of the strength
and toughness after (135 °‘C, 36 h)+(150 C, 18 h) aging treatment, with the gy, og-and Kic of 547 MPa, 489 MPa and
28.9 MPa'm'?, respectively. The &' and T phases are the major precipitates in the 2A97 alloy. The ¢’ phase may induce
the stress localization and thus deteriorate the toughness, while the 7' phase can resist the slip of dislocation effectively
and significantly enhance the strength. At the early stage, it primarily presents a hybrid of transgranular and intergranular
fractures with obvious delamination crackings at the fracture surfaces, which indicates a high level of toughness. The
volume fraction, size and critical resolved shear stress of precipitations increase with prolonging the aging time, and lead
to more severe stress localizations. In additions, the more equilibrium phases at grain boundaries, the wider PFZs together
with the greater proportional of intergranular fractures result in a sharply reduce of fracture toughness.
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Aging treatment Aging time/h
(135 "C,36 h)+135 ‘C (Single aging) 16 18 24 32 40 56 64 96 168
(135 C,36 h)+150 ‘C (Duplex aging) 8 18 28 32 48 64 72 108 144
(135 C,36 h)+175 ‘C (Duplex aging) 6 12 16 18 20 24 40 56 120
F2 AR T 2497 & SR

Table 2 Fracture toughness of 2A97 alloy under different aging conditions

Aging treatment 135C (135 °C, 36 h)+135 C (135 °C, 36 h)+150 'C (135 °C, 36 h)+175 C
Aging time/h 36 32 64 96 18 48 64 6 12 18
Fracture toughness/(MPa-m'?)  33.1 30.9 30.1 24.2 28.9 21.2 16.1 26.0 20.3 15.1
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Fig.1 Tensile properties of 2A97 alloy vs. ageing time curves
under different conditions: (a) (135 ‘C, 36 h)+135 C; (b) (135
C,36 h)+150 ‘C; (c) (135 C, 36 h)+175 C
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Fig.2 Fractographs of 2A97 alloy under different aging conditions: (a) (135 “C, 32 h); (b) (135 C, 36 h)+(150 ‘C, 18 h); (c) (135
C, 36 h)+(175 C, 6 h); (d) (135 C, 96 h); (e) (135 'C, 36 h)H(150 C, 64 h); (f) (135 °C, 36 h)+(175 C, 18 h)
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Fig.3 TEM images of 2A97 alloy from (001), under different conditions: (a) (135 ‘C, 36 h); (b) (135 C, 36 h)+(135 C, 96 h);
(¢) (135 °C, 36 hy+H(150 °C, 64 h); (d) (135 ‘C36, h)+(175 °C, 18 h)
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Fig.4 TEM images and corresponding SAD patterns of 7} phase of 2A97 alloy from (112), under different aging conditions: (a) (135
C, 36 h)+(135 "C, 32 h); (b) (135 C, 36 h)+(150 C, 18 h); (c) (135 C, 36 h)+(175 C, 6 h); (d) (135 C, 36 h)+(135 C, 96 h); (e)
(135 C, 36 h)+(150 C, 64 h); () (135 °C, 36 h)+(175 C, 18 h)
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Fig.5 Morphologies of precipitations at grain boundary in 2A97 alloy at pre-aged and further aged stages: (a) 135 °C, 36 h; (b) (135
C, 36 h)+(135 °C, 96 h); (c) (135 C, 36 h)+(150 C, 64 h); (d) (135 C, 36 h)+(175 C, 18 h)
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