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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. 

  

 2  '( 1)*+),-.*+)#&�/& 

Table 2  Percentage composition of each layer (1 layer) (ω/%) 

Layer number  TC4 TC11 

1 50 50 
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Table 3  Percentage composition of each layer (3 layers) 

(ω/%) 

Layer number  TC4 TC11 

1 75 25 

2 50 50 

3 25 75 

 4  01234 

Table 4  Heat treatment process 

No 

Forming technique and 

status 

Heat treatment parameters 

1# 

Laser deposition 

manufacturing 

AC 

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

3# Solution-aging treatment 930 �/1 h, AC+550 �/2 h, AC 

 

�R�½¿1^��Ô	åæçÝÄ�È`êÎÏ

Ø�����H	3Ýåæç�ÏØ���6��	È`

êÎø¡V�Wt�å²³Uñò��ÏØ��N	


:õ������S�� 2fUñò�����&��	

>���
:õ�������!ªW|ëìI�� 

Z 3a*3b*3c ¿@6����� 0*1 9 3 é  



�912�                                          ��� ��¡"#                                            � 48� 

 

 

 

 

 

 

 

 

 

 

 

¢ 1  XYEF£F¢ 

Fig.1  Schematic diagram of tensile sample sampling 
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Table 5  Tensile properties of samples by stress relief 

annealing at room temperature 

Number of layers σ

b

/MPa σ

0.2

/MPa ψ/% 

0 913.900 867.496 15.37 

1 938.630 895.62 27.13 

3 965.317 846.33 33.17 
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Fig.2  Laser deposited microstructures of TC4/TC11 samples: (a) 0 layer, (b) 1 layer, and (c) 3 layers 
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Fig.3  Laser deposited microstructures of TC4/TC11 samples by stress relief annealing: (a) 0 layer, (b) 1 layers, and (c) 3 layers 
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Fig.4 Laser deposited microstructures of TC4/TC11 samples by aging treatment: (a) 0 layer, (b) 1 layer, and (c) 3 layer 
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Fig.5  Tensile fracture morphologies of TC4/TC11 samples after different heat treatments: (a

1
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) 0 layer; (b
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Fig.6  Stress-strain curves of samples with different layers by  

stress relief annealing  
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Fig.7  Micro-hardness distribution of TC4/TC11 interface  

fabricated with different heat treatments 
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Table 6  Average micro-hardness of samples with different  

heat treatments (MPa) 

No. 0 layer 1 layer 3 layer 

1# 5076.33 5272.50 5176.33 

2# 5187.00 5402.70 5387.00 

3# 5508.33 5563.50 5508.33 

3  �  � 

1)� D c ³�Uñò·m�	åæÝÄ�

TC4/TC11¥R�È`êÎ������H	��ÝÄ

�×&è5¿¦)�Âx	TC4/TC11¥R�È`êÎ

��¿�jkáâÂl	��»�����

2)�TC4/TC11 ¥R�IJ�
:õW|ëì[\

�6¥V[¨	��åæÝÄ�×8	TC4/TC11¥R

�[\�¥¦×H&¤	�ëT)²�	�VÑW��

3)� D c ³�Uñò·m�	åæÝÄ�

TC4/TC11 ¥R�È`êÎ�ÏØí)���V��

�H	åæÝÄ¬8	ÏØí)¿�¬����

 

HI��    References 

[1] Nobuki M, Hashimoto K, Tsujimoto K et al. Journal of 

Applied Physics[J], 1986, 50(9): 840 

[2] Huang Yu(§�¨),�Chen Jing�(©�ª)« Zhang Fengying(¬­

®) et al. Rare Metal Materials and Engineering (��� �

�¡"#) [J]«2009, 38(12): 2146 

[3] Huang Xu(§ ¯), Zhu Zhishou(°±²), Wang Honghong(³

´ ´ ). Advanced Aeronautical Titanium Alloys and 

Application(µ����D���¡w¶ )[M]. Beijing: 

National Defense Industry Press, 2012: 47 

[4] Zhu Yanyan, Li Jia, Tian Xiangjun et al. Materials Science and 

Engineering A[J], 2014, 607: 427 

[5] Liu Jiantao (·¸¹)«�Lin Xin (º�»)« Lv Xiaowei (¼½¾) et 

al. Acta Metallurgica Sinica (� �¿)[J], 2008, 44(8): 1006 

[6] Liu Yingying(·ÀÀ), Yao Nuan(Á�Â), He Lei(� Ã) et al. 

Chinese Scientific Papers (Ä-�:ÅÆ)[J], 2014, 9(2): 234 

[7] Schramm B, Richard H A, Kullmer G. Engineering Fracture 

Mechanics[J], 2016, 167: 188 

[8] Yang Mocong (ÇÈÉ)«�Lin Xin (º�»)«�Xu Xiaojing�(ÊËª) 

et al. Acta Metallurgica Sinica (� �¿)[J],�2009, 45(6): 730�

[9] Zhang Shuangyin(¬ÌÍ)«�Lin Xin(º�»)«�Chen Jing(©�ª) 

et al. Rare Metal Materials and Engineering (��� ��

¡"#)[J]«2009, 38(5): 774�

[10] Lin X, Yue T M, Yang H O et al. Acta Materialia[J], 2006, 54: 

1901 

[11] Lin X, Yue T M, Yang H O et al. Materials Science and 

Engineering A[J], 2005, A391: 325 

[12] Qian Tingting, Liu Dong, Tian Xianjun et al. Transactions of 

Nonferrous Metals Society of China[J], 2014, 24(9): 2729 

[13] Liu Yingying (·ÀÀ)«�Lin Xin(º�»)«�Yang Haiou�(ÇÎ

Ï) et al. Rare Metal Materials and Engineering(��� �

�¡"#)[J], 2014, 43(9): 2197 

0.000 0.002 0.004 0.006 0.008

0

200

400

600

800

1000

 

 

S
t
r
e
s
s
/
M
P
a

Strain

 0 layer

 1 layer

 3 layers

3#2#

 

 

M
i
c
r
o
h
a
r
d
n
e
s
s
,
 
H
V

0
.
2

/
 
M
P
a

Heat Treatment Process  

 0 layer

 1 layer

 3 layers

1#

5600

5400

5200

5000



� 3�                      �  ��&5@A*N6789'( TC4/TC11OPQRBUV�Z[B]^                �915� 

 

Effect of Transition Layers on Microstructure and Properties of TC4/TC11 Interface 

Fabricated by Laser Deposition 
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Abstract: TC4/TC11 dual alloy specimens with different component gradients in the transition zone were prepared by laser deposition. 

The effects of transition layer number and different heat treatment on the microstructure, tensile properties and micro-hardness of 

TC4/TC11 dual alloy interface were investigated. The results show that the transition layer number has a great influence on the 

morphology of the microstructure, and the increase of the transition layer in number reduces the interface difference between TC4 and 

TC11 alloys, causing more uniform micro-hardness distribution. The transition basket-weave microstructure of the deposited TC4/TC11 

varies greatly; the microstructure after stress relief annealing is much more uniform; microstructure after solution-aging treatment is much 

coarser and the difference is more obvious. From the room temperature tensile test results on specimens after stress relief annealing, it can 

be concluded that the increase of transition layer in number improves the tensile strength and plasticity of TC4/TC11 dual alloy, and that 

fractures occur on the side of TC4 titanium alloy, which shows that the transition interface performance of TC4/TC11 dual alloy is good. 

Key words: laser deposition manufacturing; titanium alloy; microstructure; properties; gradient materials 
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