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Influence of vacuum stress relieving annealing on residual stress and
microstructure properties of TC18 titanium alloy
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Abstract: The different temperature and time parameters were adopted in the vacuum stress relieving annealing
processes of TC18 titanium alloy. The evolution of mechanical properties and residual stress was researched, the
microstructures and SEM images of fracture surfaces were also observed. The results show that, after the vacuum stress
relieving annealing, the tensile and yield strengths of TC18 titanium alloy decrease, while the charpy toughness, fracture
toughness, elongation and area reduction increase. The removing effect of residual stress is remarkable. Along with the
increases of the temperature of stress relieving annealing, the microstructure of the alloy changes regularly. When the
temperature exceeds 650 ‘C, a-phase decreases obviously, and the metastable S-phase increases dramatically. Thus, the
strength of the alloy decreases, which coincides with the result of mechanical properties. Meanwhile, the plasticity
increases, which coincides with the fracture appearance. Finally, the vacuum stress relieving annealing schedule is
obtained to be 600—650 ‘C and 1—4 h.

Key words: TC18 titanium alloy; residual stress; vacuum stress relieving annealing; microstructure; mechanical
properties
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Fig.1 Sketch of sample for residual stress (mm)
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Fig.2 Residual stress of TCI8 titanium alloy after stress

relieving annealing in x(a) and y(b) directions
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Fig.3 Effect of stress relieving annealing on mechanical properties of TC18 titanium: (a) Ultimate ensile strength; (b) Yield strength;

(c) Elongation; (d) Area reduction; (e) Charpy toughness; (f) Fracture toughness
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Fig.4 Microstructures of TC18 titanium alloy after stress relieving annealing: (a) Initial state; (b) 550 C, 1 h; (c¢) 600 ‘C, 1 h;

(d) 600 C, 4 h; (e) 650 °C, 1 h; (f) 700 C, 1 h
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Fig.5 SEM images of tensile fracture surface of TC18 titanium alloy after stress relieving annealing: (a) 650 C, 4 h; (b) 550 C,
4 h, edge; (c) 550 C, 4 h, center; (d) 600 C, 4 h, center; (¢) 650 C, 4 h, center; (f) 700 ‘C, 4 h, center
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