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Table 1  Chemical composition of TA19 alloy (ω/%) 

Al Sn Zr Mo Si Ti 

6.61 1.75 4.12 1.91 0.10 85.3 
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Fig.1  Microstructure of flash welded TA19 alloy: (a) continuous structure, (b) welding seam, (c) heat and stress affected zone, (d) stress 

affected zone, and (e) base metal 
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Fig.2  Flow strain-stress curves of flash welded TA19 alloy at different  

strain rates: (a) 1 s
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, (b) 0.1 s
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, and (c) 0.01 s
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Fig.3  Microstructures of welding seam at deforming rate 0.01 s

-1

, 

deforming temperature 940 4 and deformation of 30% (a)  

and 60% (b)  
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Fig.4  Microstructures of welding seam at deforming rate 0.01 s
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, 

deformation 60% and deforming temperature of 900 4 (a) 

and 980 4 (b) 
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Fig.5  Microstructures of welding seam at deforming temperature 

900 4, deformation 30% and deforming rate of 1 s
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Fig.6  SEM (a) and TEM images (b) of welding seam at deforming rate 

0.01 s

-1

, deformation 60% and deforming temperature 900 4@
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Fig.7  Microstructure of welding seam at deforming rate 0.01 s

-1

, 

deformation 60% and deforming temperature 980 4 C     

(a) grooved α and (b) equiaxed α 

 

B/0¼½j«Ó α}q β}e�
NÔ67�fg

�9
f�¸267Àf���v

[12, 13]

,òH 8J«�

Rfg] 60%:fgc� 0.01 s

-1

�R 900 !940 !980 ú

�fg_
Bb��x67ôõ,H 8a . 900 úfg

_
Bb��x67�C�D��R�9
-���Ghost 

α )æMN¼½¾¿D[Õ��Àf.þÖ67�q α

}«w�α}^���×Ø
­QD�

 

�?�267Õ

�&9^�9��Æu�,ò 940 ú��H 8b�fg_

���j
 Ghost α �]
67�S�9�l�è] α

}^����×Ø
ÙÚ�980 ú��H 8c�v�«

Ghost αÛûÕ�,Ghost α
Õ�BLfg�9���

�¾¿-�ÂÃ
E5N&,^Nfg�9
���¹

º�� }f���Ghost α�KD[Õ��Àf.þÖ

�5
�},����x+67RfgN&J¦��q

�m��67}Ü
ÀfÖ×�¯^N�9:fg]


b 

500 nm 

Dislocations 

α/α interface 

Dynamic recovery in α 

a 

2 µm 

b 

500 nm 

Equiaxed α 

α 

β 

α 

Grooved α 

α 

β 

a 

200 nm 



�1762�                                       &'�()*+,-                                              � 49. 

����� α«�:'= α
~}u���� �x+

q�f]Ýv
J*�
�/�Ow���267'=

�ÁÞ� �mx+�fg_�ý���¡¢o©�


��67«¬, 

2.3.3  	
��
�� β��	 

fgN&£�µfT α }
67gP­Q�2¸]

� β}
Àf§� R���éêëJRij��_`a

Tbc����±��fg_���567��ß¸à}


67­�`a:;,H 9a, 9b.áâRS}x 940 ú:

fgc� 1 s

-1

:fg] 60%�fg_��
�m67,R

fg�\N&J�áÊ�� α }�2��� β }R^_


��N&Jfg:Yâ�gjòH 9a:9bôõ
1+


ã��67,̧ fg_67£§x+
�>«�KÞò

H 9côõ�� 1:2:3�
«�.ã�67:β}�� α 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  ���DEF��G	
( ε

�

=0.01 s

-1

, ε =60%) 

Fig.8  Microstructure of deformed heat and stress affected zone at 

deforming rate 0.01 s

-1

, deformation 60%, and different 

deforming temperatures: (a) 900 4, (b) 940 4, and (c) 980 4 
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Fig.9  Microstructure (a, b) and elements contents (c) of transition 

zone at deforming temperature 940 4, deforming rate 0.01 s

-1 

and deformation 60% 
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Table 2  Element contents of different zones in Fig.9 (ω/%) 

Position Al Mo 

Particle β (Point 1) 5.15 1.63 

β phase (Point 2) 5.3 2.45 

α phase (Point 3) 6.51 0.03 
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Fig.10  Microstructure of transmission zone: (a) particle β and     

(b) interface between particle β and α 
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Fig.11  Mechanism of the occurrence of transition zone 
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Fig.13  Microstructures of as deformed TA19 alloy from welding seam to base metal with following heat treatment: (a) welding seam, (b) heat  

and stress affected zone, (c) stress affected zone, and (d) base metal 

 

3  �  � 

1) TA19>?���|67Rfg�9980 ú:fg

c�0.01 s

-1

:fg]60%�fg_�û930 ú !1 h+   

590 ú !4 h"�\°±�C�ê�å���KL��6

7
'=�Àf�>?���|67¤¥�ù�µ¶, 

2) fgN&J���α}R�9qfg-��D[

E5kKl�]�
��β}R�m-��Yâgjî

Moã�«¬
α}I
V�R^_
�\N&J�Mo

¼½D[¾¿�Ï`Tβ}©��α
¦§�¹α��«

%ê�'=�,��67'=�
N&ú�T��α}


º»:kKl��¼½
¤¥¾¿N&, 

 

����    References  

[1] Saresh N, Pillai M G, Mathew J. Journal of Materials Processing 

Technology[J], 2007, 192: 83 

[2] Wanjara P, Jahazi M. Metallurgical and Materials Transactions 

A[J], 2005, 36(8): 2149 

[3] Metcalfe J C, Quigley M B C. Welding Journal[J], 1975, 54(11): 

401  

[4] Shen J, Wei Z, Zhu X et al. Materials Science and Engineering 

A[J], 2018, 718: 34  

[5] Vairis A, Frost M. Wear[J], 1998, 217(1): 117 

[6] Li W, Wu H, Ma T et al. Advanced Engineering Materials[J], 2012, 

14(5): 312  

[7] Shao H, Shan D, Zhao Y et al. Materials Science and Engineering 

A [J], 2016, 664: 10 

[8] Pilchak A L, Williams J C. Metallurgical and Materials Transactions 

A[J], 2011, 42(3): 773 

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

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

[10] Xu J, Zeng W, Jia Z et al. Computational Materials Science[J], 

2014, 92(5): 224 

[11] Schnabel J E, Bargmann S. Materials[J], 2017, 10(8): 896 

[12] Attallah M M, Preuss M, Boonchareon C et al. Metallurgical and 

Materials Transactions A[J], 2012, 43(9): 3149 

a 

0 µm 

20 µm 

20 µm 

 

b 

200 µm 

20 µm 

 

c 

500 µm 

20 µm 

 

d 

700 µm 



� 5�                                
�������� TA19������	
������                     �1765� 

[13] Wang G, Chen Z, Li J et al. Journal of Materials Science & 

Technology[J], 2018, 34: 570  

[14] Gil F J, Planell J A et al. Materials Science and Engineering A[J], 

2000, 283(1): 17  

[15] Li L, Li M. Materials Science and Engineering A[J], 2017, 

698(20): 302 

[16] Weiss I, Froes F H, Eylon D et al. Metallurgical and Materials 

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

[17] Semiatin S L, Seetharaman V, Weiss I. Materials Science and 

Engineering A[J], 1999, 263(2): 257 

[18] Mandal S, Bhaduri A K , Sarma V S. Metallurgical and Materials 

Transactions A[J], 2012, 43(6): 2056 

[19] Wang Z, Wang X, Zhu Z. Journal of Alloys & Compounds[J], 

2017, 692: 149 

[20] Xu J, Zeng W, Ma H et al. Journal of Alloys & Compounds[J], 

2018, 736: 99 

[21] Stefansson N, Semiatin S L. Metallurgical and Materials 

Transactions A (Physical Metallurgy and, Materials Science) [J], 

2003, 34(3): 691 

[22] Li C, Zhang X Y, Li Z Y et al. Materials Science and 

Engineering A[J], 2013, 573: 75 

 

 

 

Effect of Hot Deformation on Microstructure Homogenization  

of Flash Welded TA19 Alloy 

 

Liang Yunxing

1,2,3

 , Wang Longxiang

4

, Wei Zhijian

4

, Xu Pingwei

1,2,3

, Liang Yilong

1,2,3

, Liang Yu

1,2,3 

(1. Guizhou University, Guiyang 550025, China) 

(2. Guizhou Key Laboratory for Mechanical Behavior and Microstructure of Materials, Guiyang 550025, China) 

(3. The Key Laboratory for Mechanical Behavior and Microstructure of Materials, Guiyang 550025, China) 

(4.

 

Guizhou Anda Aviation Forging Co., Ltd, Anshun 561005, China) 

 

Abstract: In order to eliminate the microstructure inhomogeneity of TA19 flash welding joint and improve its comprehensive properties, an 

isothermal constant rate hot compression test was performed using Gleeble3500 thermal simulation testing machine on TA19 flash welding joint 

under the condition of deformation temperature 900~980 °C, deformation 30%, 60%, and deformation rate 0.01~1 s

- 1

, to research microstructure 

change characteristics of the welding joint under different deformation parameters. The results show that the rheological stress-strain curve of the 

welded specimen indicates a dynamic softening trend during the compression process, and the recovery and recrystallization of the flaked α phase 

are sufficient under the condition of low deformation rate, which promotes the increase of its width and size, and the wedge of β phase results in 

the disconnection of the flaked α phase. With the increase of deformation amount and deformation temperature, under the action of dynamic 

recrystallization and element diffusion, the equiaxial ratio of flaked α increases gradually. In the process of deformation, residual β phases are 

broken and some of them are transformed into Mo-rich particles which are distributed on the α phase matrix. In the subsequent heat treatment 

process, Mo rich particles on the matrix are dissolved back into the β phase, which grows up to complete the segmentation of the α phase, and it is 

further equiaxialized by static recrystallization. Flash welding specimens after 980 °C, 0.01 s

- 1

, 60% deformation followed by air cooling 

annealing treatment of 930 °C, 1 h + 590 °C, 4 h can fully realize equiaxial transition of the weld microstructure. After heat treatment, the welding 

joint is mainly composed of equiaxial microstructure, and the microstructure uniformity is obviously improved. 

Key words: near α titanium alloy; flash welding; hot deformation; homogenization of microstructure 
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