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Abstract: The effects of different cold rolling deformation and annealing processes on microstructures and mechanical
properties of Gr.39 titanium alloy were studied. The results show that when the cold rolling deformation of annealed
hot rolling Gr.39 titanium alloy coil increases from 0 to 59.4%, the uniform equiaxial microstructures change to
elongated fibrous microstructures gradually. The working hardening of Gr.39 titanium alloy coil increases with the
increasing of cold rolling deformation. Considering the stability of cold rolling, the suggested single rolling
deformation is not more than 60%. The Gr.39 titanium alloy coil is completely recrystallized after annealing at 700 °C,
when the annealing temperature increases to the phase transition point, the microstructures turn to coarse
widmanstatten organization. With the annealing temperature increasing, the tensile strength and yield strength decrease
gradually, while the elongation increases gradually. The recommended annealing process of cold-rolled Gr.39 titanium
alloy coil is 700 °C/8 h/AC.
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Table 1 Chemical composition of Gr.39 titanium alloy coil

Ti Si Fe C N H 0
Bal. 0.33 0.24 0.004 0.005 0.003 0.11
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Fig.1 Microstructure of Gr.39 titanium alloy coil as hot rolled
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Table 2 Thickness and cold rolling deformation of

Gr.39 titanium alloy coil

No. Thickness/mm Cold rolling deformation/%
1 3.994 11.2

2 3.300 26.7

3 3.001 333

4 2.736 39.2

5 2.464 45.2

6 2.168 51.8

7 1.990 55.8

8 1.825 59.4
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Table 3 Annealing processes of cold rolled Gr.39 titanium alloy coil

No. Annealing process No. Annealing process
1 650 °C/0.5 h/AC 6 700 °C/8 h/AC
2 650 °C/8 h/AC 7 750 °C/0.5 h/AC
3 680 °C/8 h/AC 8 850 °C/0.5 h/AC
4 700 °C/0.5 h/AC 9 920 °C/0.5 h/AC
5 700 °C/4 h/AC
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Fig.2 Microstructures in cross section of Gr.39 titanium alloy coil under different cold rolling deformation conditions:

(a) 11.2%; (b) 33.3%; (c) 59.4%
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Fig.3 Room temperature mechanical properties of Gr.39 titanium
alloy coil wunder different cold rolling deformation

conditions: (a) strength; (b) elongation
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Table 4 Yield ratio of Gr.39 titanium alloy coil under different

cold rolling deformations

Deformation 0 11.2% 33.3% 59.4%

Yield ratio 0.713 0.84 0.863 0.869
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Fig.4 Surface hardness of Gr.39 titanium alloy coil under

different cold rolling deformations
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Fig.5 Microstructures of Gr.39 titanium alloy coil under different annealing processes: (a) 650 °C/0.5 h; (b) 700 °C/0.5 h;
(c) 750 °C/0.5 h; (d) 850 °C/0.5 h; (e) 700 °C/4 h; (f) 700 °C/8 h; (g) 920 °C/0.5 h
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Room temperature tension properties of Gr.39 titanium alloy coil under different annealing processes:

(a) annealing time is 0.5 h; (b) annealing time is 8 h
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