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Table 1 Nominal chemical composition of TC25 alloy and TC25G

alloy (wt%)
Alloy Al Mo Zr Sn w Si Ti
TC25 6.6 2 1.7 2 1 0.2 Bal.
TC25G 6.5 4 4 2 1 0.2 Bal.

El1 TC25 &4 TC25G &4 i R
Fig.1 Microstructures of TC25 alloy bar (a) and TC25G alloy
bar (b)
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Table 2 Heat treatment process of TC25 alloy and TC25G alloy

Alloy T/°C Heat treatment process
TC25 1020 960 °C/2 h, AC+550 °C/6 h, AC
TC25G 965 945 °C/2 h, AC+560 °C/8 h, AC
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Table 3 Mechanical property of TC25 alloy and TC25G alloy after heat treatment

Room temperature 550 °C 550 °C/100 h, AC
Alloy Sample
R/MPa R /MPa A%  Z% KU/ R /MPa R/MPa R /MPa A%  ZI%
TC25 1 1023 871 16 46 433 719 1060 948 14 34
2 1038 889 13 43 47.4 734 1053 944 13 31
1 1142 1007 16 38 27.6 805 1159 1048 14 35
TC25G
2 1138 997 17 37 30.7 815 1155 1042 15 32
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Fig.2 Comparisons of tensile strength and impact toughness of TC25 alloy and TC25G alloy: (a) room-temperature tensile strength, (b) tensile

strength at 550 °C, and (c) room-temperature impact toughness
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Fig.3 Microstructures of TC25 alloy (a) and TC25G alloy (b) after thermal exposure

P4 TC25 454 M TC25G 5 4 #2852 J5 B i it LB S
Fig.4 Tensile fracture morphologies of TC25 alloy (a) and TC25G alloy (b) after thermal exposure
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Fig.5 Macroscopic fracture morphologies of room-temperature impact samples of TC25 alloy (a) and TC25G alloy (b)
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Fig.6 Fracture morphologies of room-temperature impact samples of TC25 alloy (a—b) and TC25G alloy (c—d)
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Fig.7 SEM morphologies of fracture sections of room-temperature impact samples of TC25 alloy (a-b) and TC25G alloy (c—d)
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Fig.8 EDS analysis results of selected points of tensile samples (a—b) and impact sample (c) of TC25G alloy
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Table 4 EDS analysis results of marked points in Fig.8

Element content/wt%
Al Mo Zr Si Sn w

Test point

1 2.11 4.19 9.28 2.16 1.65 1.88
2 3.80 3.71 4.22 0.40 1.70 0.24
3 0.86 0.58 0.83 0.08 1.58 0.76
4 3.79 5.34 3.91 0.19 1.83 1.32
5 4.89 4.16 3.94 0.27 1.84 0.21
6 2.30 2.07 23.82 6.99 0.92 0.21
7 2.68 1.99 20.34 5.95 1.35 0.64
8 3.19 2.13 11.93 3.02 1.67 0.79
9 2.83 431 16.23 4.41 1.49 1.54
10 4.11 0.75 11.10 2.95 1.39 0

11 2.92 1.97 6.61 1.29 1.42 0.69
12 4.42 4.60 4.75 0.62 1.93 1.42
13 4.08 1.90 4.22 0.57 1.94 0

Intensity/cps
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;M"‘“\W'?"MWMMM“MT,“” A N

9 TC25G %4 SEM [ 1 J2 EDS JT 2= k4141
Fig.9 SEM image (a) and EDS element line scanning results (b—c) of
TC25G alloy
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Fig.10 TEM morphologies of dislocations of TC25 alloy: (a—b) f phase and (c—d) primary a phase
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Fig.11 TEM morphologies of dislocations of TC25G alloy: (a-b) f§ phase and (c—d) primary « phase
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Precipitation Phases and Their Effects on Strength and Toughness of Ti-Al-Zr-Sn-Mo-W-Si
Series Thermal-Strength Titanium Alloy

Zhang Xiaoyuan'?, Li Fuguo', Du Yuxuan®, Liu Xianghong’, Wang Kaixuan’, Li Jieyao’, Song Minglong’
(1. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)

Abstract: Comparative analysis of the differences in tensile strength and impact toughness between the TC25 alloy and TC25G alloy of Ti-Al-Zr-
Sn-Mo-W-Si series titanium alloys was carried out, and the root causes of the differences in impact toughness between the two alloys and the alloy
strengthening mechanism were elucidated through the observation of the SEM fracture morphology and the analysis of the TEM microscopic
deformation mechanism. The results show that the precipitated phase in the impact fracture of TC25G alloy is ZrSi or TiZrSi compounds, which
plays the role of second-phase reinforcement and is conducive to the enhancement of the alloy strength, and the precipitates are conducive to the
extension of impact cracks, thus reducing the impact toughness of the alloy. In the microstructure of the impact fracture of TC25 alloy, the cracks
generally extend along the primary o phase boundary, so the TC25 alloy crack extension path longer. While TC25G alloy cracks cross through the
primary o phase. Thus, the TC25 alloy has higher impact toughness. TEM observations show that the number of dislocation slip traces and
dislocation plugging in TC25G alloy is significantly higher than that in TC25 alloy. The presence of a large number of plugged dislocations in the
vicinity of the precipitates in TC25G alloy results in significant strengthening, leading to a higher strength of the alloy.

Key words: TC25 alloy; TC25G alloy; tensile strength; impact toughness; precipitated phase
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