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Table 1  Chemical composition of Ti14 alloy (ω/%) 

Al Cu Si Fe C O Ti 

1.06 13.50 0.02 0.02 0.02 0.05 Bal. 
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Fig.1  OM microstructures of Ti14 alloy after thermal exposure at 500 � for different time: (a) 0 h, (b) 150 h, (c) 200 h, and (d) 500 h 
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Fig.2  Dilatometry curve (a) and XRD patterns (b) of Ti14 alloy 

under different thermal exposure conditions 
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Fig.4   SEM morphology of Ti14 alloy after thermal exposure at 

500 � for 50 h (a) and model of termination migration 

mechanism (b) 
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Fig.6  SEM morphologies of Ti
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Cu phase in the microstructure 

after thermal exposure for 100 h (a) and 400 h (b) at 500 � 

and model of Oswald ripening mechanism (c)  
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Fig.7  Fracture SEM morphologies (a~c) and tensile properties at room temperature (d) of Ti14 alloys after thermal exposure at 500 � 

for 50 h (a), 150 h (b), and 500 h (c) 

a 

10 µm 

10 µm 

c 

b 

10 µm 

0 100 200 300 400 500

630

700

770

840

910

980

1050

1120

1190

E
l
o
n
g
a
t
i
o
n
/
%

 UTS

 YS

���

 EL

d

0

2

4

6

8

10

12

14

16

18

20

22

24

Thermal Exposure Time/h

S
t
r
e
n
g
t
h
/
M
P
a

b/

5 µm 

a�

5 µm 

α envelope 

α-Ti matrix 

α-Ti matrix 

c/

Interface 



�2080�                                          �������	
                                           � 50� 

 

200 h0�HI�234,þ�:;�ñ5[J*+�

[�5#"��/�u�	+���V������

�(0~150 h)�Ti14HI��1Õ9��:}�;�Y

®B<=	��Z>,tÒäåÕ9�G�)ÖHI

�234,��

[32]

/����0�(200~500 h)�*+

0� α/Ti

2

Cu ��-æç��	����?/äå:

}S��,»XZ�234,/��HI%&�¹,

º,EB6{|}�pâ�Ti

2

Cu ?/��� Oswald

�+�gôõ*+)ÖHI234,þ�:;/*+

��) Ti

2

Cu ?F8�8@	A�!"pâ$çN6

,�çN6,�pq\]ñ5[���/z<�500 B

LCk��234,©³�*+V��Ck234,

	+�½Dz&/ 

�� Ti

2

Cu ?�*+�Õ�8@5`�»DçN

6,5`�\] Ti

2

Cu ?�*+����Õ��®B

E���	����äå:}S��!"��$ Ti14

HI�F�/�� 100 h �Ck»³·�GH�©³

G�IJ����� 500 h �Ck©¯�GHEKJ

L�MHIJ�ý�uNOVG�PQY��RS/

� 500 h ���Ck�IT�U�®¯$VWP��

���¸35G�1� 1.7%/z<�VWP���V

Ti14HIIT�½DXY�)¸�Íë35Z[;�

Y,»\�IJ��/ 

��������

1"Ti14 HI�]^?�*+���.�*+=

>E:;*+=>Mh��.�*+=>�Ti

2

Cu ?

�12345#$ 9.27%�"�:;*+=>

!200~400 h"Ti

2

Cu ?�123415#$ 3.15%/

u 2°=>3¬¦7×ØÙN�gEOswaldh��g

��g/z<�� Ti

2

Cu ?�*+���×ØÙN�

g¼½\¾t/ 

2"���L8� 150 hL��� Ti

2

Cu?�*+

��"»D¾-Z$HIF�/��� 500 h L��

��xõ�:};�Y Ti

2

Cu ?�*+[�!"pq

Õ9�	EtÒ>,/z<�Ti

2

Cu ?�*+��V

��HI�:;�	+�½Dz&/ 

 

����    References 

[1] Alshammari Y, Alqattan F, Yang F et al. International Journal of 

Refractory Metals and Hard Materials[J], 2020, 91: 105 267 

[2] Cai Chao, Wu Xu, Liu Wan et al. Journal of Materials Science 

& Technology[J], 2020, 57: 51  

[3] Sheng Jinwen. Rare Metal Materials and Engineering[J], 2020, 

49(3): 825  

[4] Cai Chao, Song Bo, Xue Pengju et al. Materials & Design[J], 

2016, 106: 371  

[5] Cai Chao, He Shan, Li Lifan et al. Composites Part B: 

Engineering[J], 2019, 164: 546  

[6] Cai Chao, Radoslaw Chrupcala, Zhang Jinliang et al. Powder 

Technology[J], 2019, 342: 73  

[7] Sharma G, Ramanujan R V, Tiwari G P. Acta Materialia[J], 

2000, 48(4): 875  

[8] Zhang L J, Chen Z Y, Hu Q M et al. Journal of Alloys and 

Compounds[J], 2018, 740:156  

[9] Chen Fuwen(FGH ), Xu Guanglong(IJK ), Zhou 

Kechao( L M N ) et al. Rare Metal Materials and 

Engineering(�������	
)[J], 2020, 49(4): 1220  

[10] Ouyang Delai, Du Haiming, Cui Xia et al. Rare Metals[J], 

2019, 38(3): 233  

[11] Wang Wenting(OHP), Li Pei(Q R), Sun Qiaoyan(STU) 

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

�	
)[J], 2020, 49(5): 1707  

[12] Qu Kepeng(V W X ), Chen Yongnan(F Y Z ), Wei 

Jianfeng( [ \ ] ) et al. Rare Metal Materials and 

Engineering(�������	
)[J], 2009, 38(7): 1301  

[13] Zherebtsov S, Murzinova M, Salishchev G et al. Acta 

Materialia[J], 2011, 59(10): 4138  

[14] Stefansson N, Semiatin S, Eylon D. Metallurgical and 

Materials Transactions A[J], 2002, 33(11): 3527  

[15] Xu Jianwei, Zeng Weidong, Jia Zhiqiang et al. Journal of 

Alloys and Compounds[J], 2015, 618: 343  

[16] Xu Jianwei, Zeng Weidong, Jia Zhiqiang et al. Journal of 

Alloys and Compounds[J], 2015, 631: 248  

[17] Park C H, Won J W, Park J W et al. Metallurgical and 

Materials Transactions A[J], 2012, 43(3): 977  

[18] Sun Weian. Acta Materialia[J], 2007, 55(1): 313  

[19] Di Nunzio P E. Philosophical Magazine Letters[J], 2019, 

99(12): 453  

[20] Semiatin S, Corbett M, Fagin P et al. Metallurgical and 

Materials Transactions A[J], 2006, 37(4): 1125   

[21] Fan Xiaoguang, Yang He, Yan Silian et al. Journal of Alloys 

and Compounds[J], 2012, 533: 1  

[22] Philippe T, Voorhees P W. Acta Materialia[J], 2013, 61(11): 

4237  

[23] Zhang Hongyu, Li Chong, Ma Zongqing et al. Vacuum[J], 

2019, 169: 108 934  

[24] Kampe J C M, Courtney T H, Leng Y. Acta Metallurgica[J], 

1989, 37(7): 1735  

[25] Shams S A A, Mirdamadi S, Abbasi S M et al. Journal of 



� 60                          12345Ti14���46���78� Ti

2

Cu'�9:;<                         �2081� 

 

Alloys and Compounds[J], 2018, 735: 1769  

[26] Weiss I, Froes F H, Eylon D et al. Metallurgical Transactions 

A[J], 1986, 17(11): 1935  

[27] Salishchev G, Zerebtsov S V, Mironov S Y et al. Mater Sci 

Forum[J], 2004, 467: 501  

[28] Zhang Haoyu, Li Xiaohui, Lin Li et al. Rare Metal Materials 

and Engineering[J], 2019, 48(12): 3812  

[29] Semiatin S L, Kirby B C, Salishchev G A. Metallurgical and 

Materials Transactions A[J], 2004, 35(9): 2809  

[30] Xue Chen, Zeng Weidong, Wang Wei et al. Materials Science 

and Engineering A[J], 2014, 611: 320  

[31] Lu Ying(^ _), Qiao Hongchao(`a2), Qu Nan(b Z) et 

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

	
)[J], 2019, 48(1): 254  

[32] Guan Shaoxuan, Kang Qiang, Wang Qingjiang et al. Materials 

Science and Engineering A[J], 1998, 243(1-2): 182  

 

 

Coarsening Behavior of Ti

2

Cu Phase of Ti14 Alloy During Isothermal  

Thermal Exposure 

 

Jiang Chaoping

1

, Zhang Lixiang

1

, Chen Yongnan

1

, Zhao Qinyang

1

, Xu Yiku

1

, Yang Xiaokang

2

,  

Luo Binli

2

, Zhao Yongqing

3

 

(1. School of Materials Science and Engineering, Chang’an University, 710064, China) 

(2. Xi’an Saite Simai Titanium Industry Co., Ltd, Xi’an 710201, China) 

(3. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China) 

 

Abstract: The static coarsening behavior of Ti

2

Cu phase in Ti14 alloy during long term exposure at 500 ºC was investigated. The results 

show that the growth of precipitated phase is controlled by the diffusion mechanism revealed by the morphology variation during thermal 

exposure. The static coarsening processes are composed of rapid coarsening stage and stable coarsening stage, which are controlled by 

volume diffusion with LSW model. The rapid coarsening stage is mainly dominated by the terminal migration mechanism, and the stable 

coarsening stage is proceeded mainly by Oswald ripening mechanism. The rapid coarsening of the Ti

2

Cu phase initiates the strengthening 

of the second phase and effectively improves the plasticity in the rapid coarsening stage. But in the stage of stable coarsening, the growth 

of Ti

2

Cu phase increases the effective slip length and further affects the crack nucleation resistance, thereby reducing the tensile plasticity 

of the Ti14 alloy. 

Key words: Ti14 alloy; thermal stability; microstructure evolution; coarsening kinetics; LSW model 
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