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Fig.1  Schematic of the water-cooling Cu-mold (a) in arc-melting 

furnace and samples cutting (b) of V
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¼).�æ�T¼�ó�£�J���«
����

J�JK9£( «T¬))�ü¶��Ã�� FM-800

Â¬¶¶����Ã��£
¥ 4.9 N  !
º¿�

" 15 s)�Ã�#��ß~$%R[8�J)&X�

ü�# 10X¬'�Ð'�£3(ß)) 

Sõùô�*+�óÙõùq,�Ä 30 mm�-

*+üý
.�/(��
�Ï0þ��þ� 10 sô

1Û23C
>456�78C�7 100 s
3V9:)

ÄÒÓ�ü��Ô�
�;Ð�>��º>�ü��

�T<�Y¦
�=�>
^>�ü?X��@ÏA

100 nmú� Pd])> 400 �îB�òóê��R[

]���� Φ)>��ABC
Ð�CÄ 90%H

2

+ 

10%CO

2

QR� 
B�Ä 0.6 MPa
�D³Ã 200 

mL/min)
BC� 200 mL/min Ü�D9�)�>Ü

�DC�9£��JE�^�£
�������»

£ J (mol/(m

2

�s))
nF��V��� Φ)]>��A

BC�G�?��H8IJK
L»A
BC�G�

CO

2

�M>2ÞN) 

������	
�

�����V

55

Ti

30

Ni

15

����	
�� 

æ 2 �R[áâ T O(Ïé)�M O(Cé)! B O 

(êé) Péë���¶�¦§�)PæCL�QV


T�M ! B Oß�RÂ�ST¦§
���£J>S

T¿OU�q
STVc¿�WXY�ZST¿�£

J[\)Pæ 2a L�QV
áâ B O¦§��äS

T!]äST<H
?^b_h­<Ä`¶a±²³�

b�áâÏé
ST�:cz
]äSTVcd
?^

b_h´`¶ (æ 2c))æ 3aÄáâMO� SEMæ�


L��eQí¦§C�¨?J! 2�ST¿�£J) 

Pæ 3� EDSæ�!æ 4 � XRDæ�L�T¼

øífæ 3aC�STJ�ª� Ti�Ni7Ç� V©ª

 IV(Ti, Ni)©ª M
gEJÄ NiTiJIª� V7

ÇM
h�ijEJÄ NiTi

2

JIª� V 7ÇM)6�

qTA±
V

55

Ti

30

Ni

15

R[°©ºk-©l��mSn

ü_k C^z)ho VÊ�` Ti ! Ni�Ê�=


mS+� V(Ti, Ni)p©ª DÕ°©
µºª;7Ç

_qrkJCsV)tkJCu#ª;7Ç�q NiTi

! NiTi

2

�R�º>ST¿éë°©
�qæ 2 8ç

�STv+¦§) 

�����
��������������

Pæ 2 �R[áwST�x`¶QV
±²³�

ñ� BO�]äSTVyÃ!¿zß<Ä{|
ST

�}�b_h<Ä`¶)+±²³�|�áâ TO


]äSTV!¿z< BOß¤z)ho)ø~è��


$ÉÊË� V

55

Ti

30

Ni

15

R[C� V(Ti, Ni)©ª ��

�!�«z|P BOí TO­�´\¤z�) 

.�æ*T¼�ó�£áâ 3 éë¦§�]äS

TVyÃ d�]äSTV¿z λ ! V(Ti, Ni)©ª �

 «T¬(VFVss
�£�«�� «)) 

 

 

 

 

 

 

 

 

 

� 2  V

55

Ti

30

Ni

15

7�XY89:;< 

Fig.2  Microstructures of V

55

Ti

30

Ni

15

 alloy ingot: (a) bottom, (b) middle, and (c) top 
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Fig.3  SEM image (a) and EDS spectra of area 1 (b), area 2 (c), area 3 (d) for V

55

Ti

30

Ni

15

 alloy ingot (middle position) 

 

 

 

 

 

 

 

 

 

 

 

� 4  V

55

Ti

30

Ni

15

7�XY 3 ¡8 XRD�� 

Fig.4  XRD patterns for three positions of V
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Fig.5  Measuring schematic using intercept method for secondary 

dendrite arm spacing λ 
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� 6  7�XY B=M@ T�8 V(Ti, Ni)NOP8P\]^ 

VFVss�defghk? d@ij λ 

Fig.6  Volume fraction of V(Ti, Ni) solid solution and second 

dendrite arm width (d) and spacing (λ) for B, M and T 

parts of alloy ingot 
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Position Cooling rate Hardness, HV/MPa 
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� 7  400 }U B=M@ T 3¥qABC3-Ui¦� 

Fig.7  Curves of the hydrogen permeability as a function of 

time for B, M, and T samples 
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Fig.8  Relation curves between the volume fraction of the V(Ti, Ni) solid solution and hydrogen permeability at 400 } 

using three methods to fit: (a, b) exponential and (c) linear 
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Abstract: Effect of cooling rate on microstructures, hardness and hydrogen permeation properties of V

55

Ti

30

Ni

15

 alloys was investigated. 

The results indicate that the microstructures of the alloy consist of V(Ti, Ni) solid solution and NiTi and NiTi

2

 compounds. The cooling 

rate has significant effects on the microstructures and properties of V

55

Ti

30

Ni

15

 alloys. The volume fraction of V(Ti, Ni) solid solution and 

second dendrite arm width and spacing decrease with increasing in cooling rate. The hardness value increases with increasing cooling rate, 

but hydrogen permeability decreases. The hydrogen permeability of V

55

Ti

30

Ni

15

 alloy at 400 °C presents a linear relationship with the 

volume fraction of V(Ti, Ni) solid solution. The hydrogen permeability is not only related to the volume fraction of V(Ti, Ni) solid 

solution, but also to the content of Ti and Ni and the volume of phase boundaries in V

55

Ti

30

Ni

15

 alloy. 

Key words: multiphase V-Ti-Ni alloy; microstructure; hardness; hydrogen permeability 
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