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Fig.1 Initial microstructure morphology of TB17 titanium alloy
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Table 1 Heat treatment process

Solution Solution  Cooling

No. . Aging treatment
temperature, 7,/°C  time/h  method

1 30 2 FC
2 30 2 AC
3 30 2 WwQ
4 30 2 FC 500 °C/8 h/AC
5 30 2 AC 500 °C/8 h/AC
6 30 2 wQ 500 °C/8 h/AC
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Fig.2 Size of the tensile specimens
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Fig.3 Microstructures of TB17 titanium alloy at the cooling rate of 0.1 °C/s (a), 0.5 °C/s (b), 5.0 °C/s (c), and 50 °C/s (d)
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Fig.4 Crystal orientation characteristics at the cooling rate of 0.1 °C/s: (a) IPF and (b) pole figure
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Fig.5 Microstructures of TB17 titanium alloy at different cooling rates after solution treatment: (a) FC, (b) AC, (c) WQ, (d) FC+500 °C/8 h/AC,
(e) AC+500 °C/8 h/AC, (f) WQ+500 °C/8 h/AC
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Table 2 Tensile properties of TB17 alloy under different conditions

Solution cooling R /MPa R, /MPa Al% Z/%
FC 984 905 18.2 34.3

AC 1089 1012 8.0 27.8

wQ 908 844 21.1 56.0
FC+500 °C/8 h/AC 1087 974 15.7 50.6
AC+500 °C/8 h/AC 1474 1395 2.3 11.7
WQ+500 °C/8 h/AC 1532 1526 1.6 18.0

PR IAH TR B2 A RS i U5 , Tk
FHIIAT S, S S5O0 B R BELAS R 38 5, DRIk s FE A BTt
o PUHL R A B 1087 MPa, B 2L HT T 1 10.5%, 15
IR BRAR , W7 5 A K 2 R T A0 4 %6 20 3l PR 22 15.7%
1 50.6%. [E 7 7= VA I & 3k B 2GS PR 9ROk #)
1474 MPa, B T TH 1 T 35.4% , {ELIKT J5 K 2 R0 W7 ]
W45 20 B R 22 2.3% AT 11.7%, ¥BVE TR R . 17
KV HPAAEAE I I 24, fihr s E A 2 [ 1532 MPa,
B AT B 5 T 68.7% , (H B 7 T R BRI 2, W7 JE A
SR T VAL 406 6 93 91 B AR 2 1.6% A1 18.0%. 25 Lo 7
AT LUR I, B 35 AL B S 8 B 384 BT T v (R R I A
ANFIFERE R B, Jo e 25V LR OK A I 28U , B8 R %
AR 2, 3R RN BS80S  URAE A I 2 B R R~ 4 B R 4
I, 5 UM SIS OK , FEAR A R v, AR SR AL A7 S
BN BELRAE FH B 58, 5 6 AR = 38 A 5 9 A B AR
3.4 BB ST

Wi RS T SRR R 2 EE, Wi
SRS AN T T LIS, AT DAAS 20 W7 2 1) J5E B8] L 7 QAL



53 ]

ZOMR T4 [V VA N B e SR ER A i TB17 AR ) 2 P RE A * 669 -

Mictovoids

\;‘/

\Secondary crack

500 pur

B

Secondary crack

100 pm :

“Di mples

- [00:pm

6 o AR AR BURE (¥ i R 30

Fig.6 Fracture morphologies of the samples with extreme strength: (a—c) sample with minimum strength, WQ; (d—f) sample with maximum

strength, WQ+500 °C/8 h/AC
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Effect of Solution Cooling Rate on Microstructure and Mechanical Properties of
Ultra-high Strength Titanium Alloy TB17

Ji Xiaoyu', Xu Jianwei', Zhang Yu', Li Mingbing®, Zeng Weidong', Zhu Zhishou
(1. State Key Laboratory of Solidification Processing, School of Materials Science and Engineering, Northwestern Polytechnical University,
Xi’an 710072, China)
(2. Key Laboratory of Advanced Titanium Alloys, Beijing Institute of Aeronautical Materials,
AeroEngine Corporation of China, Beijing 100095, China)

Abstract: The effects of different cooling rates on the microstructure evolution and tensile properties of TB17 titanium alloy were studied. The
results show that the cooling rate has a significant effect on the microstructure. When the cooling rate is low, the alloying elements are diffused
fully, resulting in higher content and larger size of coarse lamellar layers, and a small amount of secondary a phase is precipitated in the matrix.
When the cooling rate is high, a large amount of microstructure at high temperature is preserved, so that the coarse lamellar content is low and the
size is small, and the secondary a phase is hardly observed. Due to the absence of external forces, the lamellar & phase maintains a strict Burgers
orientation correspondence with the f phase. The tensile property is greatly affected by the solution cooling rate. A large amount of secondary o
phase is precipitated during air-cooling (AC), which results in the highest strength. Due to the faster cooling speed, only the coarse layer is
retained during water-quenching (WQ), resulting in the lowest strength. The cooling rate of furnace-cooled (FC) is too slow, so the coarse lamellar
growth is obvious. This inhibits the precipitation of secondary o phase, and leads to the middle intensity. After aging treatment, the tensile
properties change differently. WQ has the highest strength, while FC has the lowest strength.

Key words: TB17 titanium alloy; heat treatment; cooling rate; microstructure evolution; tensile property
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