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Fig.1  Gradient heat treatment furnace 
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Fig.2  Morphologies (a, b) and elements distribution (c, d) of the joint of TC11/Ti-22Al-25Nb double alloy 

after heat exposure at 600 � for different time: (a, c) 0 h and (b, d) 500 h 
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Fig.3  Microstructures at welding seam center of TC11/Ti- 

22Al-25Nb joint after thermal exposure 
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Table 1  Room temperature mechanical properties of TC11/Ti-22Al-25Nb dual-alloy disc under 

various thermal exposure conditions 

Sample number Thermal exposure condition R

m

/MPa R

p0.2

/MPa A/% Z/% Fracture position 

0 None 999 956 7.0 18 FZ 

1 550 /300�  h 1006 958 4.5 5 FZ 

2 550 /500�  h 1010 942 8.5 6 FZ 

3 600 /300�  h 663 - - - FZ 

4 600 /500�  h 1051 1018 - - FZ 

Welding bubble 

50 µm 
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Fig.4  Room-temperature tensile fracture surface morphologies of TC11/Ti-22Al-25Nb dual-alloy disc under various thermal 

exposure conditions: (a, b) 550 /300�  h, (c, d) 550 /500�  h, (e, f) 600 /300�  h, and (g, h) 600 /500�  h 
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Fig.5  TC11/Ti-22Al-25Nb weld zone microstructures after ther- 

mal exposure at different temperatures for 300 h: (a) 550 

� and (b) 600 � 

��O ¸DÕ�«�4 B2 fg.�f
�>±�¸

²­«þÖËw×α/α

2

¸¶Ø 14.62%�O ¸¶Ø

22.68%�B2/β¸¶Ø 62.70%ÑÓ 5aÔÕÖ>600 �l

pq 300 h j�V��Z��ÙÚÞøÒ���α/α

2

¸¶Ø 19.72%�O¸¶Ø 37.62%�B2/β¸¶Ø 53.34%

ÑÓ 5bÔÕÖ>8 500 �lpqstÔBC���600 

�lpqstÞø�, 5O��¬�y¸ α

2

�α ¸

eÏ{\¢>ÛªÜe

[16]

CYv\¹­eÏ αLµh

¤ØÝÞ=B, Eß�Rr�hà������¬ α

2 

�L4eÏ α ¸Ûá�+h�â�Ft£���*+

�ã\�Phµh�&:�}��v6m�2>���

äåæebcL
2&�Þø�CY�6�ÐÑÞø

�eÏÞøW 5D�EFÁ2�%8k_ç�Ò 

G�èé���Dêe α W D�èé��§Ft�

�yë�5)� α/β ¸
w�%ìií¤Ft#Ú�

O�ºµ���îx5)�&­

[17,18]

>%ï��ð�

ñ�Ó 4a¯4b � 4e¯4f «æ§22EF¯�2�n

EF�)?> 

Ó 6vm�
���V�Þø� TEMÞøh�>

µhc*��r�êe α¸� β¸�òóôGÍ

[19]

�

G�õö�c�÷Kå�
w����4
wm��

���rG���ø=B�BEíù�A|G�&�

¸øèM�ú¥h�ûü´µ§¸øý��þ%��

£h�G��oG���Ò�Ù�f
m:k@+Ã

�)­�G��ÑÓ 6a ÔÕÖ>G����x���

���
�9:���Î ¹­�W Z�GÚ�G 

a b 

c 

d 

e 

f 

g 

h 

a 

b 

10 µm 



� 8�                         ���*$567% TC11/Ti-22Al-25Nb/0
3��_�.©ª                     �2515� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  5678 TC11/Ti-22Al-25Nb(X| TEM°± 

Fig.6  TEM images of fusion zone after thermal exposure: 

(a) trigeminal grain boundaries and (b) dislocations 

in α phase 
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Fig.7  Stress-rupture fractured location of TC11/Ti-22Al-25Nb 

dual-alloy disc under various thermal exposure conditions: 

(a) 550 /300�  h, (b) 550 /500�  h, (c) 600 /300�  h, and 

(d) 600 /500�  h 
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Table 2  Stress-rupture properties of TC11/Ti-22Al-25Nb dual-alloy disc under various thermal exposure conditions 

Stress rupture/h 

Sample number Thermal exposure condition 

Test value Average value 

Fracture position 

1 550 /300�  h 36/127 81.5 FZ 

2 550 /500�  h 40/125 82.5 FZ 

3 600 /300�  h 2/16.7 9.35 FZ 

4 600 /500�  h 19.7/129 74.35 FZ 

Dislocation 

Dislocation pile-up 

Dislocation 

a 

b 

a 

b 

c 

d 

TC11 

Ti-22Al-25Nb 
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Fig.8  Stress-rupture specimens’ fractured morphologies of TC11/Ti-22Al-25Nb dual-alloy disc under various thermal exposure 

conditions: (a, b) 550 /300�  h and (c, d) 600 /300�  h 
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Effect of Thermal Exposure on Mechanical Properties 

in Welding Seam of TC11/Ti-22Al-25Nb Dual Alloy 

 

Shen Jingyuan, Y ao Zekun, Ning Yongquan, Zou Shuliang 

(Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: Thermal exposure of electron beam welded + near isothermally forged TC11/Ti-22Al-25Nb dual alloy simulation disc was 

conducted at 550 °C and 600 °C for 300 h and 500 h. Then the microstructures and fracture morphologies at the fracture position of the 

samples were investigated through tensile and stress-rupture experiments and observed by SEM and TEM. The results indicate that during 

the tension process at room temperature, the thermally exposed sample always fractures in the weld. After 550 °C thermal exposure, the 

fracture of tensile samples is ductile while the tensile samples are of brittle cleavage fracture when experiencing 600 °C thermal exposure, 

and cracks always originate in surface of the sample. As the thermal exposure temperature rises and the time extends, there is an overall 

improvement in room temperature tensile strength, the ductility decreases, the lasting time shortens, and the elements of the welding 

connection area are distributed more uniformly, and the composition curve becomes smoother. However, much O element has been found 

in the Ti-22Al-25Nb zone, indicating this alloy can be oxidized easily. 

Key words: thermal exposure; TC11/Ti-22Al-25Nb dual alloy; mechanical properties; microstructure 
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