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Abstract: The effects of a dual annealing process on the microstructure and strength-toughness of Ti90 alloy seamless
tubes were investigated. The microstructures and texture characteristics of the hot-rolled and dual-annealed tubes were
systematically characterized using optical microscopy (OM), scanning electron microscopy (SEM), and electron
backscatter diffraction (EBSD). The room-temperature tensile properties and low-temperature (=20 °C) impact
toughness were evaluated, and the underlying strengthening and toughening mechanisms were analyzed in depth. The
results show that after dual annealing, the lamellar a colonies in the hot-rolled tubes are reduced, and the primary a
phase (a,) undergoes significant spheroidization, forming a microstructure dominated by equiaxed a,. Meanwhile,
secondary o phase (as) precipitates begin to form in the transformed S matrix (f;). As the first-stage annealing
temperature increases, both the spheroidization degree and grain size of a, increase, and the o, phase also coarsens
significantly. The tube treated with a dual annealing schedule of 900 °C/1 h/AC followed by 500 °C/4 h/AC exhibits
excellent comprehensive mechanical properties. Mechanism analysis indicates that deformation twins are readily
activated in Ti90 alloy during impact at —20 °C, with <1120>85° tensile twins being the dominant type. These twins
relieve dislocation pile-ups and stress concentrations, dissipate impact energy, and promote multiple slip systems to
enhance plastic deformation capacity, thereby significantly improving the low-temperature impact toughness.
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Table 1 Heat treatment processes of Ti90 alloy tubes

No. Heat treatment

1" 840 °C/1 W/AC+500 °C/4 h/AC
2f 900 °C/1 h/AC+500 °C/4 h/AC
3 920 °C/1 h/AC+500 °C/4 h/AC
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Table 2 Crystallographic characteristics of six common

deformation twin systems in a-Ti alloy
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Fig.12 Micro-morphologies of impact crack propagation paths in different Ti90 alloy tubes: (a—c) R state; (d—1) 1%; (g—i) 2*; (j-1) 3"
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