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Fig.1  OM microstructures of the ZrTiAlV alloy after solution treatment (a), after deformation at room temperature (b, d) and liquid 

nitrogen temperature (c, e) with the rolling reduction of 5% (b, c) and 10% (d, e) 
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Fig.2  XRD patterns of the ZrTiAlV alloy after solution treatment 

and different deformation at room temperature and liquid 

nitrogen temperature 
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Fig.3  EBSD maps (a, c, e, g, i) and corresponding band contrast 

figures with (1012)< 2110> twin boundaries represented 

with green lines (b, d, f, h, j) of the ZrTiAlV alloy after 

solution treatment (a, b) and deformation at room tempera- 

ture (c~f) and liquid nitrogen temperature (g~j) with the 

rolling reduction of 5% (c, d, g, h) and 10% (e, f, i, j) 
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Fig.4  Volume fraction of α′ phase (f

rα

) and (1012)< 2110> twin 

boundary proportion in the interior of α′ phase rolled at 

room temperature (f

rt

); volume fraction of the α′ phase (f

lα

) 

and (10 1 2)< 2 110> twin boundary proportion in the 

interior of the α′ phase rolled at liquid nitrogen 

temperature (f

lt
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Fig.5  Angle/axis (θ/n) pair relationship for (10 1 2)< 2 110>α′ 

twinning corresponding to the white line in Fig.3j 

 

��í�ô�«�ì�ïðÊÈ����JKå�]

vÎÒ¢gÑ��âNýþ���	ü�Ú*���

«�	�ü9 

Zhao

[31]

3�ðKVåvwæ β-Zr30TixMo��ö

ïå�Nâ�&� Mo1ó, 5%	�ü�âNýþ

��� α′¤� ÊÈ Mo 1ó�âNýþ α′¤1óï

ðó�9��,�]	3øm β ¤ÍÎ�� Mo 	

1ó�c�ñSÐ Mo 1ó	ÊÈ�β ¤	ÍÎlÊ

0 2 4 6 8 10 12 14

0

40

80

�

��

��

��

��

��

��

��

��

��

�

<2110> <2110>

 

M
i
s
o
r
i
e
n
t
a
t
i
o
n
/
(
°
)

Distance/µm

<2110> <2110>

�

��

�

0

10

20

30

40

50

60

 

V
o

l
u
m

e
 
F

r
a
c
t
i
o
n

,
 
f
/
%

r

5

        r

10

       l

5

        l

10 

Sample 

F

r/lα

 

F

r/lt

 

200 µm�

β�

α′�

a�

200 µm�

b�

50 µm�

c�

50 µm�

e�

50 µm�

d�

50 µm�

f�

50 µm�

g�

50 µm�

i�

50 µm�

h�

50 µm�

j�



� 8�                          ����/�<0 β-ZrTiAlV1?>STUVWX>abc                        �2499� 

¡���Ä�&üâNýþ���¤N9Marteleur

[28]

æ β-Ti12Mo ��öï ü÷Z� ü�N, 0.05 	

½&ü�âNýþ��� α′¤N���,]�N�

�	Nâý���!þ��&ü β→α′âNýþ��

�¤N��SÐ�NóÊÈ�·N, β→α″âNýþ

���·N�"��µ®¤Nq�	N�êë��É

Û�ÂH¯�	��9}~!÷ZÏÐ^�� β- 

ZrTiAlV��]å�Nâó�� 10%	�&ü� β→α′

���·N�" Shi

[20]

æ¤® β �úÄ	-��öï

å�Nâ 35%	&ü� β→α″���·N��!��

��èxH³±�û�SÐNâóöv�Ê�g\½

&ü β→α″���·NÉ±&�	�+Z^9 

�+�c¸¹

[32-34]

ºb� β¤·N� αÞ α′¤

	�(¤ αÞ α′"mØ¤ β>��Î	��c´�ñ

Burgers c´ñBORõ� {110}

β  

//{0002}

α

<111>

β  

// 

<0211>

α

���vë�v	 bcc31Ø¤ β��ÏÐ·

N� 12ë hcp31 α¤N�9� 6�#��ÀQ1�

ðKå�Nâ 5%ñ� 6aõðKå�Nâ 10%ñ�

6cõ]_	AD��è���ä��À�#��µ®

��!	¼é ALBLCLD �#�� α′¤m β ¤	

OR ��3ø��âNýþ���¤N~Ò! α′m β

Ø¤��O��PÉ	 Burgers OR: (0001)

α′ 

//{011}

β

�

<1120>

α′

//<111>

β

9 

��3ø��ðKå�Nâ 5%	��]!®vN

â β ��Ï[�� 1� α′N�ñ=¼é AõÞ 2�N

�ñ=¼é Bõ�" ðKå�Nâó�H 10%	�®

vNâ��!|®	1� 2 � α′N�9��JKå�

]_!½��³±�	���ÏÐ
�]Nâ~Ò!

®v β �����ü�� α′N�mâNó�Z¤c�

ñNâó	ÊÈ"¨ö α′N�	ôó	ÊÈSq�

�9=øÏÊ�Nâó�g\��ü*�	 α′N��

Ð�N�ôóg\ÏÐ®	��³)g	 12 �X¤

c�+É���Ï&���9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  0 �� 3c8 3ea®¯�°¨±²{³�8´µ βXn α′X®¯�°¨±²{³��Y AEBEC8 D¶·a(0001)α′-(x)�

(11 2 0)

α′

-(y)8(110)

β

-(m)�(111)

β

-(n)¯� 

Fig.6  EBSD orientation imaging maps (a, c) and orientation imaging maps of only α′ phase (b, d) corresponding to Fig.3c (a, b) and 

Fig.3e (c, d); pole figures of (0001)

α′

-(x), (11 2 0)

α′

-(y) and (110)

β

-(m), (111)

β

-(n) corresponding to area A, B, C, D in Fig.6a and 

Fig.6c 

 

��������

1) ]ðKÞ��JKî2Äæ β-ZrTiAlV��ö

ïå�Nâ�P&ü���t31 β ¤��� t3

1 α′¤ñβ→α′õ	âNýþ���¤N�å�Nâó

	ÊÈ¨öâNýþ���	â���¤��ðKV

A�

B�

50 µm�

111 

101�

001�

β phase�

// RD�

001�

010�

α phase 

// RD 

020�

A 

V1 

m 

n 

x�

y 

x�

y 

m 

n 

B 

V1 

V2 

C�

D�

50 µm�

a�

b�

c�

d�

x�

y 

m 

n 

V1 

C 

V2 

x�

y 

V1 

V2 

D 



�2500�                                          ���'()*+                                           � 48� 

å���JKÑ�âNýþ���	ü�9 

2) å�Nâ�&� α′¼é!(10 12)< 2110>«�

	�ü�¸SÐNâó	ÊÈ«��ôjk�¤��

ðK���JKå�Nâ¨ö(10 12)< 2 110>«�	  

�ü9 

3) SÐå�Nâó	ÊÈ�β→α′���·N	N

�Ê����J�³)ôó9 

 

����    References 

[1] Goel S, Jayaganthan R, Singh I V et al. Materials & Design[J], 

2014, 55: 612  

[2] Liang S X, Yin L X, Jiang R J et al. Journal of Alloys and 

Compounds[J], 2014, 603: 42  

[3] Tan Y B, Ji L Y, Duan J L et al. Metallurgical and Materials 

Transactions A[J], 2016, 47(12): 5974  

[4] Shi Y D, Wang L N, Wu C X. Journal of Materials 

Engineering and Performance[J], 2015, 24(12): 5054  

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

Engineering A[J], 2012, 541: 67  

[6] Hsu H C, Wu S C, Sung Y C et al. Journal of Alloys and 

Compounds[J], 2009, 488(1): 279  

[7] Fecht H J, Han G, Fu Z et al. Journal of Applied Physics[J], 

1990, 67(4): 1744  

[8] Hsu H C, Wu S C, Hsu S K et al. Materials Characteri- 

zation[J], 2011, 62(2): 157  

[9] Jiang X J, Wang X Y, Feng Z H et al. Materials Science and 

Engineering A[J], 2015, 635: 36  

[10] Zhang Z G, Feng Z H, Jiang X J et al. Materials Science and 

Engineering A[J], 2016, 652: 77  

[11] Xia C Q, Jiang X J, Wang X Y et al. Materials Science and 

Engineering A[J], 2015, 628: 168  

[12] Liang S X, Yin L X, Liu X Y et al. Materials Science and 

Engineering A[J], 2014, 619: 87  

[13] Feng Z H, Xia C Q, Jing R et al. Materials Science and 

Engineering A[J], 2016, 667: 286  

[14] Liang S X, Yin L X, Jing R et al. Materials & Design[J], 

2014, 58: 368  

[15] Shi Y D, Zhang G S, Li M et al. Journal of Alloys and 

Compounds[J], 2016, 665: 1  

[16] Qu L, Yang Z N, Zhang F C et al. Journal of Alloys and 

Compounds[J], 2014, 612: 80  

[17] Jing R, Liang S X, Liu C Y et al. Materials Science and 

Engineering A[J], 2013, 559: 474  

[18] Zhang Y, Liu Z Y, Zhao Z S et al. Journal of Alloys and 

Compounds[J], 2017, 695: 45  

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

Engineering A[J], 2012, 539: 42  

[20] Shi Y D, Wang L N, Liang S X et al. Materials Science and 

Engineering A[J], 2016, 674: 696  

[21] Yin L X, Liang S X, Zheng L Y et al. Journal of Alloys and 

Compounds[J], 2015, 649: 726  

[22] Zhang Z B, Li M, Guo D F et al. Materials Science and 

Engineering A[J], 2013, 588: 416  

[23] Tan Y B, Liu W C, Yuan H et al. Metallurgical and Materials 

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

[24] Tan Z B, Yang L H, Tian C et al. Materials Science and 

Engineering A[J], 2013, 577: 218  

[25] Liang S X, Yin L X, Liu X Y et al. Materials Science and 

Engineering A[J], 2013, 582: 374  

[26] Ahmed M, Gazder A A, Saleh A A et al. Metallurgical and 

Materials Transactions A[J], 2017, 48(6): 2791  

[27] Tahara M, Kim H Y, Hosoda H et al. Acta Materialia[J], 2009, 

57(8): 2461  

[28] Marteleur M, Sun F, Gloriant T et al. Scripta Materialia[J], 

2012, 66(10): 749  

[29] Xu S, Schuman C, Lecomte J S. Scripta Materialia[J], 2016, 

116: 152  

[30] Xu S, Toth L S, Schuman C et al. Acta Materialia[J], 2017, 

124: 59  

[31] Zhao X L, Niinomi M, Nakai M. Journal of the Mechanical 

Behavior of Biomedical Materials[J], 2011, 4(8): 2009  

[32] Chai L J, Luan B F, Zhang M et al. Journal of Nuclear 

Materials[J], 2013, 440(1-3): 377  

[33] Klimova M, Zherebtsov S, Salishchev G et al. Materials 

Science and Engineering A[J], 2015, 645: 292  

[34] Luan B F, Chai L J, Wu G L et al. Scripta Materialia[J], 2012, 

67(7-8): 716  

 

 

 

 

 

 

 



� 8�                           ����/�<0 β-ZrTiAlV1?>STUVWX>abc                       �2501� 

 

 

Effect of Rolling on Deformation-Induced Martensite 

Transformation in a Metastable β-ZrTiAlV Alloy 

 

Luan Baifeng, Xie Hui, Liao Zhongni, Li Feitao, Mao Min 

(Chongqing University, Chongqing 400044, China) 

 

Abstract: The influence of rolling reduction and temperatures at room and liquid nitrogen on the formation of deformation-induced 

martensite and microstructural evolution in a β-ZrTiAlV alloy was investigated by X-ray diffraction (XRD), optical microscopy (OM) and 

electron backscatter diffraction (EBSD) technique. The results indicate that a deformation-induced martensite phase transformation process 

from body-centered cubic β to closed-packed hexagonal α′ accompanying with (10 12)< 2110> twinning in the α′ phase simultaneously 

occurs. With the increase of rolling reduction, the deformation-induced phase transformation and the volume fraction of martensite variant 

increase. Nevertheless, lower temperature (liquid nitrogen) results in the inhibition of α′ martensite transformation and the promotion of the 

(10 12)< 2110> twinning. When the specimen is subjected to the rolling reduction of 5%, plate-like deformation-induced martensite starts 

appearing in the equiaxed parent β grains. However, when the rolling reduction increases to 10%, the deformation-induced martensite 

would be generated fully within some β grains. 

Key words: β-ZrTiAlV alloy; rolling deformation; liquid nitrogen low temperature; deformation-induced martensite transformation; twin 
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