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Fig.1  As-cast microstructures of unhydrogenated 0H (a) and hy- 

drogenated 20H (b) TiZrAlV alloys 
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Fig.2  True stress-strain curves of unhydrogenated (0H) and hydrogenated (20H) TiZrAlV alloys under different deformation conditions: 

(a) 0.001 s
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Fig.3  Relationships between flow stresses and strain rates of unhydrogenated 0H (a, c, e) and hydrogenated 20H (b, d, f) TiZrAlV alloy 
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Fig.4  Relationships between flow stresses and deformation temperatures of unhydrogenated 0H (a) and hydrogenated 20H (b) 

TiZrAlV alloys 
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Fig.5  Relationship between ln[sinh(ασ)] and lnZ of unhydrogenated 0H (a) and hydrogenated 20H (b) TiZrAlV alloys 
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Fig.6  Hot working maps of unhydrogenated 0H (a) and hydrogenated 20H (b) TiZrAlV alloys 
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Fig.7  Peak stress variation of unhydrogenated and hydrogenated 

TiZrAlV alloys at 700  and different st� rain rates 
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Fig.8  Microstructures of unhydrogenated 0H (a, c, e) and hydro- 

genated 20H (b, d, f) TiZrAlV alloys under deformation 

condition of 0.01 s
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, 700 �: (a, b) IPF; (c, d) phase maps; 
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Table 2  Comparison of parameters of unhydrogenated and 

hydrogenated TiZrAlV alloys 

Alloy 
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TiZrAlV-0H 0.65 59.3 41.1 52.5 

TiZrAlV-20H 0.72 72.1 60.5 62.6 
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Fig.9  KAM maps of unhydrogenated 0H (a) and hydrogenated 

20H (b) TiZrAlV alloys deformed at 700  and 0.01 s�

-1

 

 

��'()�*+,-./�01234�560

1�� 9b78�#$%&��' KAM91�01(�

:;<01)=>?@7ABC�564�7ADE�

FGHI#$JKI β L�M��NOPQ β LRJ

S,�TUV��WXY56Z[\[]^_-�`

a7ADE-b�/�c�\564�� 

��������

1) TiZrAlV%&:defg�$��7Ah��

ijkl-k�mnop3�qdrns�tu��"

#$%&�q��vws 339.7 kJ/mol�W#$%&

�q��vwsDE� 286.5 kJ/mol�xy�"#$�

#$%&z{|}~x�V��?� �  

ε

�

=7.26×10

13

[sinh(0.0074σ)]

2.89

exp(–339.7×10

3

/RT) 

ε

�

=5.32×10

11

[sinh(0.0096σ)]

2.76

exp(–286.5×10

3

/RT) 

2) $��7A�C TiZrAlV%&�qdr���

�I"#$%&���0+C�f���ndr0�

 775~900 ��0.01~0.1 s

-1

�W#$%&���0�

��f��qdr0��C 650~900 ��0.01~1 s

-1

� 

3) #$��s���]��-b�p3 β L�

g����XY56Z[\[]^_-�JKIDE

564�\p3dr��sl� 

 

����    References 

[1] Liu Y, Yang D Z, He S Y et al. Materials Characterization[J], 

2003, 50(4): 275 

[2] Yazdanian M M, Edrisy A, Alpas A T et al. Surface and 

Coatings Technology[J], 2007, 202(4): 1182 

DDRX fraction 

Substructure 

Deformed zone 

5 µm 

5 µm 

5 µm 

5 µm 

5 µm 

5 µm 

a 

b 

c 

d 

e f 

α 

β 

b 

5 µm 

a 

5 µm 

0     1      2      3      4      5 



�574�                                           ()�*+,-./                                           � 500 

[3] Eliezer D, Eliaz N, Senkov O N et al. Materials Science and 

Engineering A[J], 2000, 280(1): 220 

[4] Zhang Xuemin, Zhao Yongqing, Zeng Weidong. Materials 

Science and Engineering A[J], 2010, 527(15): 3489 

[5] Han Mingchen(123). Aerospace Materials and Technology 

(45+,.6)[J], 1999, 29(1): 23 

[6] Senkov O N, Froes F H. International Journal of Hydrogen 

Energy[J], 1999, 24(6): 565 

[7] Wen Daosheng(�78), Zong Yingying(9��), Xu Wen- 

chen(:;3) et al. Acta Metallurgica Sinica(�*<=)[J], 

2013, 49(11): 1428 

[8] Wen Daosheng, Zong Yingying, Wang Yaoqi et al. Materials 

Science and Engineering A[J], 2016, 656: 151 

[9] Zong Yingying(9��), Wen Daosheng(�78), Shao Bin(> 

?) et al. Chinese Journal of Materials Research(+,@A<

=)[J], 2014, 28(4): 248 

[10] Hou Hongliang(BCD), Huang Chongguo(EFG), Wang 

Yaoqi(HIJ) et al. Journal of University of Science and 

Technology Beijing(KLMNO<<= )[J], 2008, 30(11): 

1270 

[11] Zhang Yong(P Q). Thesis for Doctor(RST;)[D]. Beijing: 

Beijing Institute of Aerial Materials, 1996  

[12] Liang S X, Yin L X, Che H W et al. Materials and Design[J], 

2013, 52(24): 246 

[13] Liang S X, Ma M Z, Jing R et al. Materials Science and 

Engineering A[J], 2012, 539(2): 42 

[14] Wang Wenqiang(H;U). Thesis for Doctor(RST;)[D]. 

Harbin: Harbin Institute of Technology, 2013 

[15] Su Y Q, Wang L, Luo L S et al. International Journal of 

Hydrogen Energy[J], 2009, 34(21): 8958 

[16] Han Yuanfei, Zeng Weidong, Qi Yunlian et al. Materials 

Science and Engineering A[J], 2011, 529(1): 393 

[17] Zhao Jingwei, Ding Hua, Zhao Wenjuan et al. Computational 

Materials Science[J], 2014, 92(5): 47 

[18] Tan Yuanbiao, Liu Wenchang, Yuan Hui et al. Metallurgical 

and Materials Transactions A[J], 2013, 44(12): 5284 

[19] Guan Delin(VWX), Zhang Junshan(PYZ). High Tempe- 

rature Plastic Deformation of Crystals([\���]^�

�)[M]. Dalian: Dalian University of Technology Press, 1989  

[20] Lu Junqiang(_YU ). Thesis for Doctor(RST; )[D]. 

Shanghai: Shanghai Jiaotong University, 2010  

[21] Hao Aiguo(`aG), Ji Wei(b  c), Hao Hualei(`de)   

et al. Hot Working Technology(fg..6)[J], 2018, 47(17): 

141 

[22] Zhao J W, Ding H, Hou H L et al. Materials Science Forum 

[C]. Zürich: Trans Tech Publication, 2007: 295 

 

 

Effect of Hydrogenated Treatment on High-Temperature Deformation Behavior 

and Microstructure of As-cast TiZrAlV Alloy 

 

Tang Min, Chen Lijun, Wang Xuan, Luan Baifeng, Liu Qing 

(Chongqing Key Laboratory for Light Metals, International Joint Laboratory for Light Alloys, Ministry of Education, 

College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China) 

 

Abstract: In order to study the influence of hydrogenation on the high temperature deformation behavior and microstructure evolution of 

45Ti-47Zr-5Al-3V alloy, a dynamic thermal simulation machine was used to hot compress the as-cast alloy with and without hydrogenation 

under different deformation conditions. The constitutive equation and hot working maps of the TiZrAlV alloy were established. The results 

show that the flow stress and deformation activation energy of TiZrAlV alloy can be significantly reduced by adding proper amount of 

hydrogen. The activation energy of unhydrogenated and hydrogenated alloy is 339.7 and 286.5 kJ/mol, respectively. Meanwhile, the 

optimum thermal processing parameters are 700~900 , 0.01� ~1 s

-1

. The OM and EBSD microstructure observations show that adding 

hydrogen can refine the as-cast structure, increase the β-phase content and promote dynamic recrystallization, thus significantly reducing 

the flow resistance of the alloy, expanding the hot processing window and improving the thermal processing performance.  

Key words: hydrogenation; TiZrAlV alloy; constitutive equation; dynamic recrystallization 
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