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Table 1  Determination of TC4 titanium alloy chemical 

composition (ω/%) 

Al V Fe C N H O Ti 

6.24 4.48 0.11 0.007 <0.01 <0.002 <0.008 Bal. 

 

 

 

 

 

 

 

 

 

 

� 1 �������	 

Fig.1  Microstructures of original welding tissue: (a) welding zone, (b) heat affected zone, and (c) base material 
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� 2  TC4� DTA�� 

Fig.2  DTA curve of TC4 
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� 3  TC4������� 

Fig.3  Microstructures of TC4 alloy at phase transition temperature 
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� 4  $%&'(/01&234���	�23 

Fig.4  Microstructures of the heat affected zone influence by cyclic heat treatment number: (a) 1, (b) 2, (c) 3, (d) 4, (e) 5, (f) 6, (g) 7, 

and (h) 8 
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Fig.5  Relationship between the average length to diameter ratio 

and the number of cyclic heat treatment for welding zone 

and heat affected zone 
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� 6  "�$%&'(> TEM?@ 

Fig.6  TEM images of TC4 alloy after cyclic heat treatment: (a, b) overlapping strips α phase, (c) dislocation configuration of grain,  

(d) diffraction pattern of strips α phase, and (e) diffraction pattern of β transition phase 

 

 

 

 

 

 

 

 

 

 

 

 

� 7  7/$%&'(ABCD�AEF9G 

Fig.7  Crystal orientation (a) and grain boundary angle scale (b) of the seventh cyclic heat treatment 
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� 8  "�$%&'(>�H� 

Fig.8  Pole figure of TC4 alloys after seven times cyclic heat 

treatment  

 

 

 

 

 

 

 

 

 

 

 

� 9  $%&'(/01IJKL-M�23 

Fig.9  Effect of cyclic heat treatment number on the 

microhardness 
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Table 2   Mechanical properties of welding joint after  

different cyclic heat treatments 

No. 

Yield 

strength/ 

MPa  

Tensile 

strength/ 

MPa  

Elongation 

/%  

Strength and 

ductility 

product/ 

MPa·%  

Fracture 

position 

N 693.34 846.98 7.5 6353.55 Base 

T2 792.95 817.14 12.54 10246.94 Base 

T3 738.64 865.01 14.04 12144.74 Welding 

T4 724.50 894.19 16.15 14441.17 Welding 

T5 777.09 929.09 14.23 13220.95 Welding 

T6 772.02 866.69 10.56 9152.25 Welding 

T7 799.94 888.33 10.80 9593.96 Welding 

 

 

 

 

 

 

 

 

 

� 10  TC4"����NOPQRST 

Fig.10  Macro-fracture of TC4 titanium alloy welded joint tensile 

samples: (a) untreated and (b) four times cyclic heat treatment 
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� 11  $%&'( TC4�OPST SEM?@ 

Fig.11  SEM images of tensile fracture for the TC4 alloys after different cyclic heat treatments: (a) the edge of fracture after 2 times, (b) 

the centre of fracture after 2 times, (c) the edge of fracture after 4 times, (d) the centre of fracture after 4 times, (e) the edge of 

fracture after 7 times, and (f) the centre of fracture after 7 times 
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� 12  $%&'(�UAE�VW�X 

Fig.12  Dislocation configuration of subboundary for the TC4 alloys after cyclic heat treatment: (a) the lath α phase, (b) the edge  

of lath α phase dislocation, and (c) the centre of lath α phase dislocation 
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Fig.13  Process diagram of atomic migration  

during spheroidizing

[13]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 14  α�^_� TEM-EDS-. 

Fig.14  TEM-EDS analysis on the edge of α phase: (a) the test 

position and (b) element distributions of Al and V 
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Cyclic Heat Treatment and Spheroidizing Mechanism of Titanium Alloy Welding 

Microstructure 
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Abstract: Considering the issues of coarse microstructure and awful mirco-orientation distribution of TC4 titanium alloy welded-joint 

with high friability and low plasticity, a post welding cyclic heat treatment between α+β and β-transus temperature were designed, and the 

effect of different heat treatment processes on the tissue morphology was discussed. The tri-modal microstructure of equiaxial α phase, 

lamellar α and transformed β phase was obtained. Results show that when the cyclic times increase, more spheroidized α phases appear, 

and the length to diameter ratio decreases significantly, which is generally less than 3. In addition, there are different kinds of small bars of 

α phase around spheroidized α phase. After four times cyclic heat treatment, the product of strength and elongation of the welded joint 

achieves 14441.17 MPa•% and the plasticity of the joint increases. The phenomenon is explained by analyses of EBSD and TEM. Besides, 

the fracture of needle-like α phase and growth of α phase in bar are also explained. In the process of heat treatment, the sub-boundary 

caused by the movement of dislocation and twins and decomposition of β phase promote the formation of thermal etching pits. In 

conclusion, the designed heat treatment can homogenize the welding microstructure and relieve the stress concentration, which is of great 

practical value in aerospace field. 

Key words: TC4 titanium alloy; welding microstructure; cyclic heat treatment; spheroidizing mechanism 
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