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Table 1  Chemical composition of TC4-DT alloy (ω/%) 

Ti Al V Fe C N H O 

Bal. 6.36 4.48 0.222 0.016 0.004 0.0016 0.114 
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Table 2  Heat treatment process parameters for exploring  

solid solution 

Solid solution temperature 

for 1.5 h/� 

Aging temperature for 8 h/� 

860, 950, 970 580 

990, 1010, 1050 580 
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Table 3  Heat treatment process parameters for exploring  

cooling method 

Solid solution 

temperature for 1.5 h 

/� 

Aging 

temperature for 

8 h/� 

Cooling method 

WC 

AC 

860 580 

FC 

WC 

AC 

950 580 

FC 

WC 

AC 

1010 580 

FC 
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Table 4  Heat treatment process parameters for exploring 

aging temperature 

Solid solution for 1.5 h/� Aging temperature for 8 h/� 

860 500, 550, 600, 650 

950 500 550, 600, 650 

1010 500, 550, 600, 650 

 

 

 

 

 

 

 

 

 

¬ 1  M[v4wABiX@ TC4-DT-
NOUV 

Fig.1  Microstructures of TC4-DT alloy with solution temperature below the phase transition temperature: (a) 860 ­/1.5 h+580 ­/8 h;      

(b) 950 �/1.5 h+580 �/8 h; (c) 970 �/1.5 h+580 �/8 h 
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20 µm 
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¬ 2  M[v4�ABiX@ TC4-DT-
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Fig.2  Microstructures of TC4-DT alloy with solution temperature above the phase transition temperature: (a) 990 �/1.5 h+580 �/8 h;        

(b) 1010 �/1.5 h+580 �/8 h; (c) 1050 �/1.5 h+580 �/8 h 
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Fig.3  Microstructures of TC4-DT alloy with different cooling modes corresponding to different solution temperatures: (a) 860 �/1.5 h WC+580 

�/8 h; (b) 860 �/1.5 h AC+580 �/8 h; (c) 860 �/1.5 h FC+580 �/8 h; (d) 950 �/1.5 h WC+580 �/8 h; (e) 950 �/1.5 h AC+580 �/8 h;  

(f) 950 �/1.5 h FC+580 �/8 h; (g) 1010 �/1.5 h WC+580 �/8 h; (h) 1010 �/1.5 h AC+580 �/8 h; (i) 1010 �/1.5 h FC+580 �/8 h 

 

 

 

 

 

 

 

¬ 4  860 �wAB=/GHiX@ TC4-DT-
NOUV 

Fig.4  Microstructures of TC4-DT alloy with different aging temperatures at solution temperature of 860 �: (a) 860 �/1.5 h+500 �/8 h;      

(b) 860 �/1.5 h+550 �/8 h,; (c) 860 �/1.5 h+600 �/8 h; (d) 860 �/1.5 h+650 �/8 h 
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¬ 5  950 �w=/GHiX@ TC4-DT-
NOUV 

Fig.5  Microstructures of TC4-DT alloy with different aging temperatures at solution temperature of 950 �: (a) 950 �/1.5 h+500 �/8 h;     

(b) 950 �/1.5 h+550 �/8 h; (c) 950 �/1.5 h+600 �/8 h; (d) 950 �/1.5 h+650 �/8 h 

 

 

 

 

 

 

 

 

¬ 6  1010 �w=/GHiX@ TC4-DT-
NOUV 

Fig.6  Microstructures of TC4-DT alloy with different aging temperatures at solution temperature of 1010 �: (a) 1010 �/1.5 h+500 �/8 h;   

(b) 1010 �/1.5 h+550 �/8 h; (c) 1010 �/1.5 h+ 600 �/8 h; (d)1010 �/1.5 h+650 �/8 h"
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Table 5  Mechanical properties of TC4-DT alloy with different solution temperatures 

Solution temperature/�  Tensile strength/MPa  Yield strength/MPa  Elongation/% 

1050 906 800 8 

1010 931 818 9 

990 976 865 10 

970 987 880 14 

 950 993 892 18 

 860 1021 977 15 
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Table 6  Mechanical properties of TC4-DT alloy with different cooling modes corresponding to different solid solution temperatures  

Solution 

temperature/� 

Cooling mode Tensile strength/MPa Yield strength/MPa Elongation/% 

WC 1066 1020 12 

AC 1003 960 15 

860 

FC 939 906 18 

WC 1169 1019 10 

AC 997 879 19 

950 

FC 886 839 23 

WC 1137 1073 3 

AC 1015 878 9 

1010 

FC 836 788 5 
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Table 7  Mechanical properties of TC4-DT alloy with different aging temperatures corresponding to different solution temperatures  

Solution temperature /  �  Aging temperature/� Tensile strength/MPa Yield strength/MPa Elongation/% 

500 1020 992 15 

550 

1017 987 

22 

600 980 959 18 

860 

650 

958 935 16 

500 1030 942 15 

550 

1015 931 

16 

600 1005 932 15 

950 

650 

988 925 12 

500 967 866 6 

550 

948 857 

15 

600 

930 844 8 

1010 

650  

927 830 7 
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Effects of Solid Solution, Cooling Rates and Aging Treatments on Microstructure 

and Mechanical Properties of TC4-DT Alloy 

 

Ding Can

1

, Wang Changliang 

1,2

, Li Feng 

1

, Chang Hui 

1

, Zhou Lian

1

 

(1. Nanjing Tech University, Nanjing 211816, China) 

(2. Jiangsu Collaborative Innovation Center for Advanced Inorganic Function Composites, Nanjing 211816, China) 

 

Abstract: The changes of microstructure, strength and plasticity of Ti6Al4V-DT (TC4-DT) alloy were studied by metallographic microscope and 

tensile tester under different solid solutions, cooling rates and aging treatments. The results demonstrate that the main influencing factors of tensile 

strength and plasticity are solution temperature and cooling modes. Solid solution and aging treatment at 550 °C for 8 h in the α+β phase and the 

single β phase region can obtain the bimodal structure and the lamellar structure, respectively. When the solid solution temperature rises below the 

phase transition temperature, the amount of primary α phase obviously decreases; meanwhile, the strength and plasticity are better in the two-phase 

region. As the cooling rate decreases, the lamellar α phase becomes coarsened under the solution treatment above the phase transition temperature, 

and the tensile strength and yield strength gradually decrease. Moreover, the size of α phase increases as the aging temperature increases at the α+β 

phase region. Furthermore, the dispersion strengthening of α phase makes the strength of the alloy higher at the lower aging temperature. In 

general, the strength and plasticity of TC4-DT alloy can be well matched, whose tensile strength can reach up to 1017 MPa and whose elongation 

is 22% under solid solution treatment at 860 °C for 1.5 h, aging treatment at 550 °C for 8 h and in the air-cooled state.  

Key words: TC4-DT; metallographic structure; tensile strength; heat treatment; plasticity 
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