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Effect of Solution and Aging Treatments on Microstructure and Mechanical Properties of

Powder Forming TC4 Titanium Alloy

Liu Yingying, Huang Zhitao
(AVIC Manufacturing Technology Institute, Beijing 100024, China )

Abstract; Effects of solution temperature, cooling method and aging temperature on the phase composition, micro-

structure and mechanical properties of powder forming TC4 titanium alloy were studied. The change of microstructure

and precipitation strengthening mechanism during the solution and aging heat treatment were analyzed. The results

show that the content of primary o phase decreases with the increase of solution temperature in two phase region, the

primary « phase is completely dissolved after solution in 8 phase region, and the precipitated phase is lamellar. The «

+ o’ phase can be obtained by water quenching and the secondary dispersion phase formed by martensite decomposi-
tion during aging process realizes alloy strengthening. After heat treated by 950 “C/1 h/WQ +500 C/4 h/AC, the
comprehensive properties of powder forming TC4 titanium alloy match well, with tensile strength of 1231 MPa, yield

strength of 1126 MPa and elongation of 10. 75% .
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Table 1

Heat treatment processes of powder formed

TC4 titanium alloy

Process number Heat treatment processes

HT1 920 C/1 h/WQ +500 C/4 h/AC
HT2 950 C/1 h/WQ +500 C/4 h/AC
HT3 950 “C/1 h/AC +500 °C/4 h/AC
HT4 950 C/1 h/FC +500 °C/4 h/AC
HT5 980 °C/1 h/WQ +500 C/4 h/AC
HT6 1020 C/1 h/WQ +500 °C/4 h/AC
HT7 1040 C/1 h/WQ +500 C/4 h/AC
HTS8 950 C/1 h/WQ +450 C/4 h/AC
HT9 950 C/1 h/WQ +550 C/4 h/AC
HT10 950 C/1 h/WQ +600 C/4 h/AC
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Fig. 1  Microstructure of sintered TC4 titanium alloy
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Fig. 2 Microstructures of powder formed TC4 titanium alloy after solution treated at different temperatures: (a) 920 C/1 h/WQ;
(b) 950 C/1 h/WQ; (c) 980 C/1 h/WQ; (d) 1020 C/1 h/WQ; (e) 1040 °C/1 h/WQ
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Fig. 3 Volume fraction of primary a phase of powder formed TC4

titanium alloy after solution treated at different temperatures
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Fig. 4 XRD patterns of powder formed TC4 titanium alloy

after solution treated at different temperatures
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Fig. 5 Microstructures of powder formed TC4 titanium alloy after solution treated by different cooling methods
(a) 950 C/1 h/WQ; (b) 950 C/1 h/AC; (¢) 950 C/1 h/FC
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Fig. 6 XRD patterns of powder formed TC4 titanium alloy

after solution treated by different cooling methods
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Fig. 7 Microstructures of powder formed TC4 titanium alloy
after solution treated by 950 C/1 h/WQ and aging at
different temperatures: (a)450 “C/4h/AC; (b) 500 °C/
4 h/AC; (¢) 550 C/4 h/AC; (d) 600 C/4 h/AC
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Fig. 8 Microhardness of powder formed TC4 titanium alloy
after solution treated at different temperatures and

aging by 500 C/4 h/AC
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Table 2 Room temperature tensile properties of powder formed
TC4 titanium alloys after solution treated at different

temperatures and aging by 500 °C/4 h/AC

R,/MPa R, ,/MPa A/%

Processing condition

Sintered state 948 831 14. 63
920 °C/1 h/WQ +500 °C/4 h/AC 1078 980 12.23
950 °C/1 h/WQ +500 C/4 h/AC 1231 1126  10.75

980 C/1 h/WQ +500 C/4 h/AC 1182 1090  6.53
1040 °C/1 h/WQ +500 C/4 h/AC 1226 1133 8.38
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Fig. 9 Microhardness of powder formed TC4 titanium alloy
after solution treated by different cooling methods

and aging by 500 C/4 h/AC
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Table 3 Room temperature tensile properties of powder formed
TC4 titanium alloy after solution treated by different
cooling methods and aging by 500 “C/4 h/AC
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Table 4 Room temperature tensile properties of powder formed
TC4 titanium alloy after solution treated by 950 °C/
1 h/WQ and aging at different temperatures

Processing condition

R,/MPa R, ,/MPa A/%

Processing condition

R,/MPa R, ,/MPa A/%

950 °C/1 h/WQ +500 C/4 h/AC 1231 1126 10.75 950 °C/1 h/WQ +500 C/4 h/AC 1231 1126 10. 75
950 °C/1 h/AC +500 C/4 h/AC 1042 923 15. 60 950 °C/1 h/WQ +600 °C/4 h/AC 1028 931 11.62
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Fig. 10 Microhardness of powder formed TC4 titanium alloy

after solution treated by 950 C/1 h/WQ and aging

at different temperatures
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