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Table 1 Chemical composition of TC21 titanium alloy (@/%0)

Al Mo Nb Sn zr Cr Ti
6.1 0.21 1.02 0.94 1.01 17 89.02
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Fig.1 Original microstructure of TC21 alloy
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Table 2 Triple heat treatment process

No.  Single annealing  Double annealing Triple annealing

1 990 ‘C/1 h, AC 830 'C/1h,AC 590 ‘C/4 h,AC
2 990 ‘C/1 h, AC 850 'C/1h,AC 590 ‘C/4 h,AC
3 990 ‘C/1 h, AC 870 'C/1h,AC 590 ‘C/4 h,AC
4 990 C/1 h, AC 870 C/1h,WQ 590 C/4 h, AC
5 990 C/1 h, AC 870 C/1 h, FC 590 C/4 h, AC
6 990 C/1 h, AC 890 C/1h,AC 590 ‘C/4h,AC
7 990 C/1 h, AC 910 C/1h,AC 590 ‘C/4 h, AC
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Fig.2 Dimension of TC21 alloy tensile specimens (mm)
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Fig.3 Microstructures of TC21 alloy after single, double and triple heat treatment: (a) 990 ‘C/1 h, AC; (b) 990 ‘C/1 h, AC+870 ‘C/1 h, AC;
(c~e) 990 'C/1 h, AC+870 ‘C/1 h, AC+590 ‘C/4 h, AC
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Fig.4 Basket-weave structure morphologies of TC21 alloy at different heat treatment temperatures: (a, a’) 830 C; (b, b’) 850 C; (c, ¢') 870 C;
(d,d’) 890 C; (e, €') 910 C



9 H JHEASE: = EMACPENT TC21 4K & &M T4 4 & hifd P RE A2 i . 3357 -

#3 TREIRAEHET TC21 §EMEHPFHESHBIES R

Table 3 Quantitative characterization of basket-weave microstructure parameters for TC21 alloy under different annealing treatments

Annealing Content of lamellar o Length of lamellar « Thickness of lamellar a Aspect ratio of lamellar
temperature/C phase/% phase/pm phase/pm o phase
830 54.03 6.31 0.98 6.43
850 43.16 6.01 1.04 5.77
870 32.34 5.32 111 4.79
890 23.34 4.76 1.16 4.1
910 18.83 4.32 1.28 3.37
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Fig.5 Basket-weave structures of TC21 alloy at different cooling rates: (a, a') furnace cooling; (b, b’) air cooling; (c, ¢’) water cooling
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Fig.6 XRD patterns of TC21 alloy at different cooling rates
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Fig.7 Effects of heat treatment temperature on strength and ductility
of TC21 alloy
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Fig.8 Effects of cooling rate on strength and ductility of TC21 alloy
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Effect of Triple Heat Treatment on Basket-Weave Structure and Tensile
Properties of TC21 Titanium Alloy

Zhou Jianwei, Sun Qianjiang, Peng Jiahao, Xu Hao
(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The effect of heat treatment temperature and cooling rate on the basket-weave structure and tensile properties of TC21 titanium alloy
was studied by triple heat treatment experiments. The results indicate that the microstructure of TC21 alloy presents a typical basket-weave
structure, which is achieved by high temperature (990 °C) solid solution in the g single-phase region, and then through high temperature
(870~910 °C) aging in the (a+8) phase region and low temperature (590 °C) aging. With the increase of the second heat treatment temperature, the
content and length of the flake a phase decrease significantly, and the thickness of the flake o phase increases slightly, the strength of the alloy
increases, the ductility decreases. After being treated with different cooling rates, the microstructure of TC21 titanium alloy consists of o phase,
phase and o'martensite in both water cooling and air cooling samples, but only « phase and £ phase are identified in furnace cooled sample.
Compared with the tensile properties of the three samples, the water cooling and air cooling samples show better strength and poorer ductility,
While furnace cooling samples show good ductility and poor strength. The better triple heat treatment process for TC21 alloy is 990 °C/1 h,
AC+870 °C/ 1 h, AC+590 °C/4 h, AC.

Key words: TC21 titanium alloy; triple heat treatment; basket-weave structure; tensile properties
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