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Influence of heat treatment processes on
microstructure and mechanical properties of
new fatigue resistance and low cost titanium alloy

FEI Yue, ZHU Zhi-shou, WANG Xin-nan, LI Jing, LI Jun, SHANG Guo-qiang, ZHU Li-wei

(Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The microstructures of a new fatigue resistance and low cost titanium alloy by double annealing and single
annealing were investigated and the mechanical properties such as tensile, fracture toughness and fatigue property were
studied. The results show that double annealing is better than single annealing in favor of the homogeneity of
microstructure. Basket-weave microstructure and lamellar microstructure can be obtained by adjusting the temperature of
the first step annealing. The matching of strength and ductility for basket-weave microstructure is better, in addition, the
strength decreases and the plastic increases with increasing temperature of the first step annealing. The fatigue property
for lamellar microstructure is higher than basket-weave microstructure, but the strength and ductility are a litter lower.
Basket-weave microstructure which can be obtained after single annealing has a better matching of strength, plastic,
fracture toughness and fatigue property, in addition, the strength and fatigue property decrease with increasing annealing
temperature, however, the homogeneity of microstructure should be further improved.
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Fig. 1 Microstructure of forged Ti-Al-Mo-Cr-Zr-Si alloy
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Table 1 Heat treatment processes

No. First annealing treatment Second annealing treatment

1 865 “C, 2 h, wind cooing 550 C, 6 h, air cooling

2 885 “C, 2 h, wind cooing 550 C, 6 h, air cooling
3 905 “C, 2 h, wind cooing 550 C, 6 h, air cooling
4 - 500 C, 6 h, air cooling
550 C, 6 h, air cooling

600 C, 6 h, air cooling
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Fig. 2 Microstructures of Ti-Al-Mo-Cr-Zr-Si alloy processed by different heat treatments: (a) (865 ‘C, 2 h, WC) + (550 C, 6 h,
AC); (b) (885 C, 2 h, WC) + (550 C, 6 h, AC); (c) (905 C, 2 h, WC) + (550 'C, 6 h, AC); (d) 500 C, 6 h, AC; (e) 550 'C, 6 h, AC;

(f) 600 C, 6 h, AC
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Table 2 Room-temperature mechanical properties of Ti-Al-Mo-Cr-Zr-Si alloy by different heat treatment processes

Heat treatment process o,/MPa Op02/MPa 55/% 0% KIC/(MPam” 2) o-o_ll)/MPa
(865 C, 2 h, WC) + (550 C, 6 h, AC) 1089 1026 13.5 33.7 107 761
(885 C, 2 h, WC) + (550 C, 6 h, AC) 1 062 1 004 14.9 42.7 118 (Kq) 755
(905 C, 2h, WC)+(550 C, 6 h, AC) 1 042 965 13.1 354 117 (Kq) 770
500 C, 6 h, AC 1063 991 14.0 38.0 116 (Kq) 821
550 C, 6 h, AC 1033 981 13.8 42.5 118(Kq) 779
600 C, 6 h, AC 992 955 16.1 43.4 95 749

1) K=1, R=0.1, N=10"
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