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Effect of Forging Temperature on Primary a Phase Content and Properties of

TA11 Titanium Alloy Bar
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Abstract: The effects of forging temperatures (950-1035 °C) on the primary a phase content and properties of TA1l
titanium alloy bar were investigated. The results show that the content of primary a phase in the TA1l titanium alloy
bar decreases with the increase of forging temperature, while the room-temperature tensile strength of the alloy
exhibits a peak-type characteristic, initially increasing and then decreasing. Microstructural analysis indicates that a
bimodal microstructure with appropriate proportions of equiaxed primary a phase and lamellar secondary o phase can
achieve excellent strength. In contrast, the coarse lamellar secondary a phase precipitated in the p-transformed
microstructure weakens the strengthening effect. A reduction in primary a phase content helps improve the fatigue
performance. When the primary a phase content decreases to 55%, the fatigue life of the alloy can reach up to
107 cycles. Fracture analysis reveals that a high primary a phase content leads to multi-site fatigue crack initiation and
straight crack propagation. In comparison, the lamellar microstructure associated with a low primary o phase content
results in single-source crack initiation and a tortuous crack propagation path, which raises the crack initiation
threshold.
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Table I Chemical composition of TA11 titanium alloy bar billet
Ti Al Mo \% Fe C N (0] Y H
Bal. 7.92 0.96 0.99 0.011 0.006 <0.003 0.093 <0.001 <0.001
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Fig.1 Microstructure of TA11 titanium alloy bar billet
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Fig.2 Microstructures of TA11 titanium alloy bar forged at different temperatures: (a) 950 °C; (b) 970 °C; (c) 1000 °C;
(d) 1020 °C; (e) 1025 °C; (f) 1035 °C
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Fig.3 Primary a phase content of TA11 titanium alloy bar

forged at different temperatures
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Fig.4 Room-temperature tensile strength of TA11 titanium alloy

bar with different primary a phase contents
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Fig.5 Fatigue properties of TA11 titanium alloy bar forged at

different temperatures
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Fig.6 Macroscopic (a, d) and microscopic (b, c, e, f) morphologies of fatigue fracture surfaces of TA11 titanium alloy bar forged at

different temperatures: (a—c) 950 °C; (d—f) 1035 °C
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