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Effect of Heat Treatment Process on Microstructure and Mechanical Properties

of Large Size TC17 Titanium Alloy Bar
Guo Ping, Qiang Fei, Wang Huan, Zhang Lei

(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Effects of solution temperature, cooling method, holding time and sampling direction on the microstructure

and mechanical properties of large size TC17 titanium alloy bar were studied, and the best heat treatment was selected

according to the experimental results. The results show that the optimum heat treatment process of TC17 titanium alloy
is 800 °C/2 h/WQ++630 °C/8 h/AC. Heat treatment in a+f phase zone and the same cooling conditions, the strength of

the alloy increases and the plasticity decreases with the increasing of solution temperature within the two phase region.

The strength of the alloy is higher and the plasticity is lower after solid solution treatment followed by air cooling and

aging than that after solid solution treatment followed by water cooling and aging at the same temperature. The

ductility of the alloy can be improved by shortening solution holding time under the same temperature and water

cooling. The large size TC17 titanium alloy bar after being forged exists anisotropism.
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Fig.1 Original microstructure of TC17 titanium alloy bar
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Table 1 Heat treatment processes of TC17 titanium alloy bar

No. Heat treatment process Sample direction
1* 800 °C/4 h/AC+630 °C/8 h/AC R
2* 820 °C/4 h/AC+630 °C/8 h/AC R
3* 840 °C/4 h/AC+630 °C/8 WAC R
4* 860 °C/4 h/AC+630 °C/8 WAC R
5 800 °C/4 hYWQ+630 °C/8 /AC R
6" 800 °C/2 h/YWQ++630 °C/8 h/AC R
7* 840 °C/4 hY'WQ++630 °C/8 h/AC R
8" 860 °C/4 hY'WQ+630 °C/8 h/AC R
9 910 °C/2 WAC R
10" 910 °C/2 YWQ R
1* 910 °C/2 WAC+630 °C/8 h/AC R
12" 930 °C/2 h/AC+630 °C/8 h/AC R
13* 950 °C/2 h/AC+630 °C/8 h/AC R
14* 910 °C/2 /WQ+630 °C/8 h/AC R
15* 930 °C/2 WYWQ+630 °C/8 WAC R
16 950 °C/2 WQ+630 °C/8 WAC R
17 800 °C/2 YWQ+630 °C/8 /AC L
18" 820 °C/2 h/YWQ++630 °C/8 h/AC L
19* 840 °C/2 h/Y'WQ++630 °C/8 h/AC L

20* 860 °C/2 hY'WQ+630 °C/8 h/AC L

21* 910 °C/2 WWQ+630 °C/8 WAC L
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Fig.2  Microstructures of TC17 titanium alloy bar heat treated

in two phase zone by air cooling and aging treatment:

(a) 1% (b) 2% (¢) 3%; (d) 4"
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Fig.3 Microstructures of TC17 titanium alloy bar heat treated in beta phase zone: (a) 10%; (b) 14"
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Fig.4 Microstructures of TC17 titanium alloy bar heat treated in two phase zone by water quenching
and aging treatment: (a) 5%; (b) 6"; (c) 7%; (d) 8"
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Table 2 Mechanical properties of TC17 titanium alloy bar

heat treated in two phase zone (R)

No.  Ru/MPa  RwoMPa  A/%  ZI%  Ryoo/Rm
1¥ 1195 1138 7.5 21 0.95
2 1252 1166 7 19 0.93
3* 1310 1242 6.5 16 0.95
4 1377 1304 4 10 0.95
5 1174 1132 10 24 0.96
6" 1154 1106 12 31 0.96
7* 1225 1177 6 14 0.96
8" 1268 1203 5 9 0.95
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Fig.5 Effect of heat treatments in f phase zone on mechanical

properties of TC17 titanium alloy bar
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Table 3 Mechanical properties of TC17 titanium alloy bar after

solution treated at different temperatures and aging (L)

No.  Rw/MPa Rw2/MPa A%  ZI%  Rpo/Ra
17 1153 1136 16 52 0.99
18* 1182 1145 15 45 0.97
19* 1258 1199 11 33 0.95
20" 1361 1295 7.5 23 0.95
21" 1376 1349 — — 0.98
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