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Abstract: TC18 titanium alloy has the characteristics of high strength and toughness, and it is the backbone alloy for
engineering applications of high-strength titanium alloys. The effects of deformation temperature and heat treatment on
microstructure and mechanical properties of TC18 titanium alloy were systematically studied in this paper. The results
show that the basket-weave structure obtained via single-phase forging and dual-phase heat treatment of TC18 titanium
alloy, exhibiting the best combination properties, including high strength, toughness and good elongation. While the
duplex structure obtained via dual-phase forging and dual-phase heat treatment has relative low strength, poor
toughness and the best plasticity. Whether it is forged in the dual-phase region or the single-phase region,
Widmanstatten structure is obtained after aging in the single-phase region, with a relatively large length-diameter ratio
of a phase. The specimens annealed in the dual-phase region show obvious ductile fracture, while annealed in the
single-phase region show a mixture fracture mode. The equiaxed o phase in the microstructure of TC18 titanium alloy
can activate multiple slip systems, resulting in better ductility, while layered and short rod-shaped o phase can only
activate single slip system, resulting in poor ductility of the alloy.
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Table 1 Chemical composition of TC18 titanium alloy ingot

Al Mo \% Cr Fe O N Ti

5.28 4.90 5.04 1.09 0.98 0.109 0.003 Bal.

K1 TC18 th &t B A A
Fig.1 Microstructures of TC18 titanium alloy ingot:

(a) OM; (b, ¢) SEM; (d) TEM
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Table 2 Specimens numbers corresponding to different deformation temperatures and heat treatment processes

No. Deformation temperature/°C Heat treatment process

1# 830 830 °C/2 h furnace cool to 750 °C/2 h/AC + 610 °C/6 h/AC
2# 830 900 °C/2 h furnace cool to 750 °C/2 h/AC + 610 °C/6 h/AC
3# 900 830 °C/2 h furnace cool to 750 °C/2 h/AC + 610 °C/6 h/AC
4# 900 900 °C/2 h furnace cool to 750 °C/2 h/AC + 610 °C/6 h/AC
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Fig.2 Mechanical properties of TC18 titanium alloy after forging deformation at different temperatures and different heat treatments:

(a) tensile strength; (b) plasticity; (c) impact toughness
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Fig.3 OM photographs of TC18 titanium alloy after forging deformation at different temperatures and different heat treatments:

(a, b) specimen 1#; (c, d) specimen 2#; (e, f) specimen 3#; (g, h) specimen 4#
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K4 TCI18 thi a2 IR Bl 42 % A AL B S 1) SEM A
Fig.4 SEM images of TC18 titanium alloy after forging deformation at different temperatures and different heat treatments:

(a) specimen 1#; (b) specimen 2#; (c) specimen 3#; (d) specimen 4#
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Fig.5 Fracture morphologies of TC18 titanium alloy tensile specimens: (a, b) specimen 1#;

(c, d) specimen 2#; (e, f) specimen 3#; (g, h) specimen 4#
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Fig.6 TEM images of TC18 titanium alloy specimens after tensile deformation: (a) specimen 1#; (b) specimen 3#
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