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Table 1  Chemical composition of TC4 and TC11 alloys (ω/%) 

Alloy Al V Mo Zr Si C O N H Ti 

TC4 5.65 4.02 - - - 0.062 0.15 0.015 0.012 Bal. 

TC11 5.48 - 3.54 1.57 0.32 0.024 0.02 0.012 0.010 Bal. 
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Table 2   Heat treatment process 

No. Heat treatment process 

1# 550 �/1 h, AC 

2# 550 �/2 h, AC 

3# 750 �/1 h, AC 

4# 900 �/1 h, AC 

5# 930 �/1 h, AC 

6# 930 �/1 h, AC+550 �/4 h, AC 

7# 950 �/1 h, AC 

8# 950 �/1 h, AC+550 �/4 h, AC 

9# 970 �/1 h, AC 

10# 970 �/1 h, AC+550 �/4 h, AC 

11# 1020 �/1 h, AC 
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Table 3  Heat treatment processes for tensile samples 

No. 

Forming technique and 

status 

Heat treatment parameters 

0# 

Laser deposition 

manufacturing 

AC 

2# Stress relief annealing 550 �/2 h, AC 

10# Solution-aging treatment 970 �/1 h, AC+550 �/4 h, AC 

�¤C�� α ��·ë¤� βr?�%no?@A"

��p�%Fö�VC���ËÜÝyRý �yR

�#a�¤ α��ByRp���z<(^ 2cE2d)� 

 

 

 

 

 

 

 

 

 

 

 

 

 

Õ 1  ij��Ö�Õ 

Fig.1   Schematic diagram of tensile sample sampling 

Z 

X 

 

Y 



� 6�                             :  ;×K[\]NOPQR TC4/TC11abZgh^ØÙ                        Ð1931Ð 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Õ 2  OPQR./QRY_`ab 

Fig.2  OM images of LDMed TC4/TC11 alloy: (a) macrostructure, (b) microstructure, (c) grain boundary α phase on the TC4 side, 

and (d) grain boundary α phase on the TC11 side 
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Õ 3  ÚÛ[\].oÜ TC4/TC11ST%^%�ab 

Fig.3  OM images of LDMed TC4/TC11 alloy under different heat treatments: (a) 1#, (b) 2#, (c) 3#, (d) 4#, (e) 5#, (f) 6#, 

(g) 7#, (h) 8#, (i) 9#, (j) 10#, and (k) 11# 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Õ 4  ÚÛ[\].oÜ TC4/TC11ST%^��Î3ab 

Fig.4  OM images of grain boundary change of LDM TC4/TC11 alloy under different heat treatment: (a) 1#, (b) 4#, (c) 5#, and (d) 7# 
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 4""5678-9 TC4/TC11#$�%:;01<= 

Table 4  Room temperature tensile properties of TC4/TC11 

alloys by LDM 

Status of materials σ

b

/MPa σ

0.2

/MPa δ/% ψ/% 

As-deposited 1012.5 978.8 10.8 16.2 

Stress relief annealing 1023.9 969.5 12.2 21.4 

Solution-aging treatment 987.4 957.7 26.9 44.8 
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Õ 5  ÚÛ[\].oÜ TC4/TC11ijklab 

Fig.5  Microstructures of tensile fracture sections of TC4/TC11 under different heat treatments : (a) 0#, (b) 2#, and (c) 10# 
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Õ 6  ÚÛ[\].oÜ7ÁijklÝÞ 

Fig.6  Tensile fracture morphologies of TC4/TC11 under different heat treatments : (a) 0#, (b) 2#, and (c) 10# 

 

 

 

 

 

 

 

 

 

 

 

 

Õ 7  TC4cTC11cTC4/TC11ST%ÚÛ[\].oÜ^ 

ß�_`no 

Fig.7  Average micro-hardness of TC4, TC11, TC4/TC11 under 

different heat treatment systems 
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Table 5  Average micro-hardness of samples under different 

heat treatments (×10 MPa) 

No. TC4 TC4/TC11 TC11 

0# 469.5 501.3 534.5 

1# 489.4 515.7 544.5 

2# 491.6 520.4 547.7 

3# 495 522.9 551.8 

4# 526.3 547.7 569.7 

5# 540 559.4 580.4 

6# 529.6 549.6 569 

7# 540.8 561.2 581.5 

8# 529.9 548.8 568.2 

9# 547.8 563.2 579.3 

10# 537.6 552.1 565.7 

11# 469.2 496.2 524.1 
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Effect of Heat Treatment on Microstructure and Properties  
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He Bo

1

, Xing Meng

1

, Sun Changqing

2

, Yang Guang

3

 

(1. Shenyang Aerospace University, Shenyang 110136, China) 

(2. Shenyang Institute of Engineering, Shenyang 110136, China) 

(3. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process, Shenyang 110136, China) 

 

Abstract: By comparing the microstructure, static mechanical properties, tensile fracture and microhardness of laser deposited TC4/TC11 

titanium alloy direct transitional parts in the as-deposited and heat-treated states, the approaches to perfect the microstructure of laser deposition 

TC4/TC11 alloy so as to improve its integrated mechanical properties were explored. Results show that after the as-deposited sample undergoes 

970 °C heat treatment, its length-width ratio of α laths is less than that of as-deposited and annealed samples. The microstructure on the two 

sides is featured by basket-weave structure and more even. In addition, the grain boundary α disappears entirely. There is almost no existence of 

transitive interface, which optimizes the textural parameters of TC4/TC11 titanium alloy. For all the as-deposited, relieved-stress annealed and 

solution aged samples (optimal heat treatment parameters), their tensile fractures are tough fracture and their fracture sections are all on the side 

of TC4 titanium alloys. Among them, the strength of solution aged sample is not reduced greatly. Moreover, its plasticity is remarkably enhanced. 

So it has excellent integrated mechanical properties. When the temperature of the heat treatment rises to 970 °C (optimal heat treatment 

parameters) microhardness of TC4/TC11 titanium alloys is uniform along the whole transitive interface with minimum differences. At the same 

time, microhardness changes most slightly on the matrix and transitive interface. 

Key words: laser deposition manufacturing; titanium alloy; heat treatment; microstructure; property 
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