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Fig.1  Schematic diagram of hydrogen permeation through metal 

membrane 
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Table 1  Hydrogen permeability Φ or flux J of single-phase 

V-Al alloy membranes 
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Table 2  Hydrogen permeability of single-phase V-Ni alloy 

membrane 

Alloy 

H

 

permeability, 

Φ/mol·m
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-1/2

 

T/K Ref. 

V

85

Ni

15

 2~3×10

-8

 473~673 [25] 

Pd/V

85

Ni

15

Y

0.05

, Ti

0.05

 5.2×10

-8

 423~673 [27] 

Electroless plating 

Pd/V

85

Ni

15

 

3.4×10

-8

 623 [28] 

Pd-30Ag/V

85

Ni

15

 2.53×10

-8

 473 [32] 

Pd

60

Cu

40

/V

85

Ni

15

 3.72×10

-8

 473~673 [34] 

V

85

Ni

10.5

Al

4.5

 5~7

 

×10

-8

 473~673 [39] 

V

85

Ni

10

Mn

5

 4.2~4.8×10

-8

 573~673 [40] 

V

85

Ni

10

Co

5

 ~3.6×10

-8

 573~673 [40] 

V

85

Ni

10

Pd

5

 ~4.8×10

-8

 573~673 [40] 

V

85

Ni

10

Fe

5

 ~1.6×10

-8

 573~673 [40] 



� 6�                                 �  �����	
�� V
�������                               �2185� 

T
Ú¶ HÜP12NP O�üý&Fe2�� O

\]} H ÜP4d��+�\]��

[44]


V-10Fe W

573 K°¦_$óñ�yz+�¶�ÂÁ� 1000 h}

K�
�+lm&SuzukiR�

[45]

ÀÁ`W¸ñNP�

ø·°V-Fe\]LE�Ö�
�_W 623 K°
V-10Fe

� V-8Fe\]D��üý H

2

øþ� 200 kPa
V-11Fe

� V-10Fe\]D��üý H

2

øþ×�� 200 kPa
I

º����¢O§~ V q\]Dn H

2

øþ�Ø!·

4üý Hyz��& 


K:Ù\]��(TixMoxCrxWxCoxY �

Nb)�x�Yý
¹��ÍPË¢Q`§~ V q\]

D�£'�+�&V

90

Ti

10

[46,47]

JK®û��ÚÛÜ�

®/�ÝÃ+
d*�kå��Õ��ÛÜcÊ��

`��ÏHxO � C RÑÞå
�³´+� O&Y

ý Fe ï Co �Yý CrxMo � W ��üý§~ V q

\]D� H

2

fßø·

[48,49]


Ú¶ V-Fe\]D� V-W

� V-Mo \]DK�Q� H yz��&W V-Nb \]

}

[50]


�_$` HÉÊö÷�\]��ÜP��nà

Ä�
VÇÔW Nbq�}�� H�áâ}r
NbÇ

ÔW Vq�}�� H��áâ}r&1 at%YYý" V

}�L V

99

Y

1

\]D�ãd�WÓ\��äå°A�

�óñ+

[51]

&W V-W \]}Yý Mo  O` H ��

P
¢Q`£'�+

[52]

&V-Cr

[53,54]

\]}Yý Alï Y


Al�"` O H��P��@
YJK¢QS¢£+

�QN³´+��ç+&���$
(Z4�¢Q\

]D�Hyz+�n§~Vq\]D�LES�g4

g��æ�&MC¢��§~ Vq\]D Hyz{ï

yz��W¦ 3}�$& 

���������	 V 
��
 H ���

���� 

x&tun\]D� Hyz+�K¸���&	

UÀÁ�§~ Vq\]D
72çèD
;<çèD

�:èjË2é;�êëìç&é;}íé?@5�

îï
d2íé��Íüý`��fð
Î�Õ�ì

ñR&() HÇÔ2��W]wÇÔí)9íòó4

��]wD
��0]wD}«W��fð�
áâ

�HÇÔB�üý

[55]


¡� O\]D�Hyz+�&

�UÈ��ú�íé�L�fð
¡��ã�� Hy

z+�
��é;���UÈ2������ô&Song

R�

[56]

né;�� V-15Ni\]DW 1523 K°ÂÄõ

öUÈ
�_õö�íé�e���Ú	t�
�Ú

�

Ì
ú�`ìñÈP�Ê)
¢Q`\]D�

H yz+�&Fleury R�

[19]

né;� V

85

Al

10

Co

5

\]

D Hyz+ÂÄÀÁ
¬$`��)×Æt��t÷&

ª�>êëø�é��íé
ÚW 1373 K °õö 3 

min �EõÂÄ�í�¿í
�_ÂÄ¿íUÈ�\

]D Hyz{��4"êô� 81.6%
ùùQ)�í

wú
�¿í�wúJK®û��ÚÛÜ&EH¦~


¿íwú��`õöUÈ���	t���Õçû�

5S�Úü«
ýJK���OþP�Õ�®û�~

��Úü«þ&OþP�Õ>JK�O��Õ�
K

�) HÇÔ�ÉÊ
®û�~��Úü«þ��2\

]î³�fð®�
K�) Hyz{�üý& 

�����
������

V]wQ� H��P�����'�ÐÑ
�6

����]wD$_m�
�§n H �ç�éê+


Ú¶PÙm�����D�{|��& 

	U
1� V\]D���ÇI��K�°[	Ò 

Ï1ÑH� V��L 2 	
¥�'��

[9]

Òα~


H ÇÔ1³EÊW]w�h��)}Ûβ ~
H ÇÔ

Â:��î�çñì*&�ø
α ~� β ~I�JK

����h<÷
W~e�Í}��
?·Û*

 

 

� ���V-M-N ��	
 H ��
����� 

Table 3  Hydrogen permeability or flux of single-phase V-M-N alloy membrane 

Alloy H

 

permeability, Φ/mol·m

-1

·s

-1

·Pa

-1/2

 H flux, J/(mL/min)·cm

-2

 T/K Ref. 

V

90

Pd

10

 3.86×10

-8

 - 673 [41] 

Al

2

O

3

/Pd/V

93

Pd

7

 6.3×10

-12

 - 573~673 [43] 

V

90

Fe

10

 -

 

60 623 [44] 

V

92

Fe

8

 - 32 623 [45] 

V

89

Fe

11

 - 71 623 [45] 

V

90

Ti

10

 1.9~2.5×10

-8

 - 723~783 [46] 

V

70

Mo

30

 2.6×10

-8

 - 473~673 [49] 

V

0.5

Nb

0.5

 1.4×10

-8

 - 673 [50] 

V

99

Y

1

 1.48×10

-8

 - 673 [51] 

V

95

W

5

Mo

5

 ~0.9×10

-7

 - 673 [52] 

V

89.8

Cr

10

Y

0.2

 - 6.26 673 [53] 

V

85

Cr

10

Al

5

 ~1.5×10

-7

 / 673 [54] 



�2186�                                          ���������                                           � 49� 

'�����/~� O*�~�ÝÃ+Û	¡
(

)m�
7W β~×�L
?·
7�}Wm���


m���:��2'��}5È��(110)�kÉÃ


�L]wD�lm& 

Ï2ÑH ÇÔ�<�6ß�Í�
WOøD¦k

×
d2Î�]w}ÏK�Êï¡*ªfð�
6ßB

��
WDî

[57]


�
�³?·
��\]D��&

����ñuõö4ú�Õb H �����fð

[58]

ï

xm�

[59]


��ú� HÇÔWDî³6ß���

[60]

& 

Ï3Ñ() H ���üý
]w��h<÷�ü

ý
��n H�Õb���]wÇÔEà

[61]


çõ2

W�í�b&�Î
Ð 2 Jæ� V-15Ni \]D H y

z^q��Þ�m�

[62]

& 

Ï4Ñn)§~ V q\]D
Wçñ�,-äå

°�K:8ÔÕ�HÜPÝP
:�Á�ÔÕHÜP


]wÇM¦_$�Ò+>Ó���+»�

[9]

& 

��çñ�é;�õöUÈ4ú��Õ�H
�

�ú� H��Õ�����

[63]

&]w}����Ë�

ÏK:Ùo]w��Î OxNxC R
�� O` H

�ÉÊ{�yz{
d2¹�;`'���É�
 

O`lm�
���&\]��ã O HW V}��

�P
IºL�	U¢Q'EFD£'�+��
7

FG& 

 

 

 

 

 

 

 

 

 

 

� 2   ! V-15Ni���" H#$%&' 

Fig.2  Hydrogen induced transgranular cracks in the as-cast 

V-15Ni

 

alloy membrane

[62]

 

 

��������

1) §~Vq\]D²K� Pd-Ag\]D�Q�H

yz{x³´µP�®O�LM
¶'�£·®= V

K¸�¢Q
­+L�+�� Hyz{¹��~ Vq

\]DQ
IºL�'EF@\]Dab�ÀÁ�T& 

2) 	U§~ V q\]D�LEß\g4g��

æ�
�¢Q\]D'�£·�'yz+�
Ú¶�

lDE�@8¥@��4d�\]D� Hyz+��

ST+& 

3) 34ÀÁ�6T��2¢Q\]D�ST+


��¢Q§~ Vq\]D�­+L�+���?�l

m;<���& 

 

����    References 

[1] Yan E H, Huang H R, Sun S H et al. Journal of Membrane 

Science[J], 2018, 565: 411 

[2] Lu Y L, Gou M M, Bai R M et al. International Journal of 

Hydrogen Energy[J], 2017, 42(36): 22 925 

[3] Hardian R, Pistidda C, Capurso G et al. International Journal 

of Hydrogen Energy[J], 2018, 43(34 ): 16 738 

[4] Robina A, Bechthold P, Juan A et al. International Journal of 

Hydrogen Energy[J], 2018, 43(33): 16 085 

[5] Phair J W, Donelson R. Industrial & Engineering Chemistry 

Research[J], 2006, 45(16): 5657 

[6] Ockwig N W, Nenoff T M. Chemical Reviews[J], 2007, 

107(10): 4078 

[7] Bredesen R, Jordal K, Bollard O. Chemical Engineering & 

Processing[J], 2004, 43(9): 1129 

[8] Liu L C, Wang J W, He Y H et al. Journal of Membrane 

Science[J], 2017, 542(15): 24 

[9] Dolan M D. Journal of Membrane Science[J], 2010, 362(1-2): 

12 

[10] Dolan M D, Kellam M E, Mclennan K G et al. International 

Journal of Hydrogen Energy[J], 2013, 38(23): 9794 

[11] Jiang P, Liang D, Kellam M et al. Journal of Alloy and 

Compounds[J], 2017, 728: 63 

[12] Dolan M D, Mclennan K G, Douglas W J. The Journal of 

Physical Chemistry C[J], 2011, 116(1): 1512 

[13] Lee Y S, Ouyang C Y, Suh J Y et al. Journal of Membrane 

Science[J], 2012, 423-424: 332 

[14] Zhang Y, Ozaki T, Komaki M et al. Scripta Materialia[J], 

2002, 47(9): 601 

[15] Nishimura C, Ozaki T, Komaki M et al. Journal of Alloys and 

Compounds[J], 2003, 356-357: 295 

[16] Cotterill P. Progress in Materials Science[J], 1961, 9 (4): 205 

[17] Steward S A. Review of Hydrogen Isotope Permeability 

Through Materials, UCRL-53441[R]. Livermore: Lawrence 

Livermore National Laboratory, 1983  

[18] Kim K H, Park H C, Lee J et al. Scripta Materialia[J], 2013, 

68(11): 905 

[19] Fleury E, Suh J Y, Kim D I et al. Current Applied Physics[J], 

2012, 12(4): 1131 

200 µm 



� 6�                                 �  �����	
�� V
�������                               �2187� 

[20] Allard K D, Flanagan T B, Wicke E. The Journal of Physical 

Chemistry[J], 1970, 74(2): 298 

[21] Rundqvist S, Tellgren R, Andersson Y. Journal of Less 

Common Metals[J], 1984, 101: 145 

[22] Magnone E, Jeon S I, Park J H et al. Materials Letters[J], 

2012, 73(15): 47 

[23] Kim C Y, Chin H S, Park K W et al. Materials Science Forum 

[J], 2010, 654-656: 2831 

[24] Paglieri S N, Wermer J R, Ciocco M V et al. Energy Materials 

[J], 2008, 3(3): 169 

[25] Nishimura C, Komaki M, Amano M. Materials Transactions, 

JIM[J], 1991, 32: 501 

[26] Amano M, Komaki M, Nishimura C. Journal of Less Com- 

mon Metals[J], 1991, 172-174: 727 

[27] Nishimura C, Komaki M, Hwang S et al. Journal of Alloys 

and Compounds[J], 2002, 330-332(17): 902 

[28] Ozaki T, Zhang Y, Komaki M et al. International Journal of 

Hydrogen Energy[J], 2003, 28 (3): 297 

[29] Amandusson H, Ekedahl L G, Dannetun H. Journal of 

Membrane Science[J], 2001, 193(1): 35 

[30] Moss T S, Peachey N M, Snow R C et al. International 

Journal of Hydrogen Energy[J], 1998, 23(2): 99 

[31] Zhang Y, Ozaki T, Komaki M et al. Journal of Alloys and 

Compounds[J], 2003, 356-357: 553 

[32] Zhang Y, Ozaki T, Komaki M et al. Journal of Membrane 

Science[J], 2003, 224(1-2): 81 

[33] Hulme J, Komaki M, Nishimura C et al. Current Applied 

Physics[J], 2011, 11(4): 972 

[34] Yang J Y, Nishimura C, Komaki M. Journal of Alloys and 

Compounds[J], 2007, 431(1-2): 180 

[35] Yang J Y, Nishimura C, Komaki M. Journal of Membrane 

Science[J], 2006, 282(1-2): 337 

[36] Yang J Y, Nishimura C, Komaki M. Journal of Membrane 

Science[J], 2008, 309(1-2): 246 

[37] Zhang Y, Maeda R, Komaki M et al. Journal of Membrane 

Science[J], 2006, 269 (1-2): 60 

[38] Ke X Z, Kramer G J, Løvvik O M. Journal of Physics: 

Condensed Matter[J], 2004, 16(34): 6267 

[39] Ozaki T, Zhang Y, Komaki M et al. International Journal of 

Hydrogen Energy[J], 2003, 28(11): 1229 

[40] Dolan M D, Song G, Liang D et al. Journal of Membrane 

Science[J], 2011, 373(1-2): 14 

[41] Paglieri S N, Wermer J R, Buxbaum R E et al. Energy Mater 

[J], 2013(3): 169 

[42] Alimov V N, Bobylev I V, Busnyuk A O et al. Journal of 

Membrane Science[J], 2018, 549(1): 428 

[43] Fasolin S, Barison S, Boldrini S et al. International Journal 

of Hydrogen Energy[J], 2018, 43(6): 3235 

[44] Suzuki A, Yukawa H, Nambu T et al. Materials Transactions 

[J], 2016, 57(10): 1823 

[45] Suzuki A, Yukawa H, Nambu T et al. International Journal of 

Hydrogen Energy[J], 2017, 42(35): 22 325 

[46] Sipatov I, Sidorov N, Pryanichnikov S et al. Physics, Techno- 

logies and Innovation, PTI-2016[C]. New York: American 

Institute of Physics Publishing, 2016: 20031-1 

[47] Sipatov I S, Sidorov N I, Pastukhov E A et al. Petroleum 

Chemistry[J], 2017, 57(6): 483 

[48] Suzuki A, Yukawa H, Nambu T et al. Materials Transactions 

[J], 2015, 56(10): 1688 

[49] Verbetsky V N, Zotov T A, Novlaev E A. Inorganic Materials: 

Applied Research[J], 2014, 5(1): 70 

[50] Yoshinari O, Yamada M, Iwata N. Solid State Phenomena[J], 

2007, 127: 97 

[51] Magnone E, Jeon S I, Park J H et al. Chemical Engineering 

Technology[J], 2011, 35(3): 469 

[52] Yukawa H, Tsukada C, Nambu T et al. Journal of Alloys and 

Compounds[J], 2013, 580(1): 386 

[53] Jeon S I, Park J H. International Journal of Hydrogen Energy 

[J], 2013, 38: 6085 

[54] Bellini S, Liang X, Li X Z et al. Journal of Membrane 

Science[J], 2018, 564(15): 456 

[55] Yan E H, Huang H R, Min R N et al. Materials Chemistry and 

Physics[J], 2018, 212(15): 282 

[56] Song G, Kellam M, Liang D et al. Journal of Membrane 

Science[J], 2010, 363: 309 

[57] Wipf H. Physica Scripta[J], 2001, T94(1): 43 

[58] Lee J L, Lee J Y. Journal of Materials Science[J], 1987, 

22(11): 3939 

[59] Ren X C, Zhou Q J, Chu W Y et al. Chinese Science Bulletin 

[J], 2007, 52(14): 2000 

[60] Song G, Kellam M E, Liang D et al. Journal of Membrane 

Science[J], 2010, 363(1-2): 309 

[61] Schroeder H W, Köster U. Journal of Non-Crystalline Solids 

[J], 1983, 56(1-3): 213 

[62] Song G, Dolan M, Liang D et al. Materials Science Forum[J], 

2010, 654-656: 2422 

[63] Bechtle S, Kumar M, Somerday B P et al. Acta Materialia[J], 

2009, 57(14): 4148 

 



�2188�                                          ���������                                           � 49� 

 

 

Research Progress in Single-phase V-based Alloy Membranes for Hydrogen Separation 

 

Jiang Peng

1,2

, Huang Huanchao

1

, Song Guangsheng

2

, Zhang Yi

1

, Wu Wangping

1

, Wang Zhizhi

1

, Wang Qi

1

 

(1. Changzhou High Technology Research Key Laboratory of Mould Advanced Manufacturing, 

Changzhou University, Changzhou 213164, China) 

(2. Anhui University of Technology, Maanshan 243002, China) 

 

Abstract: The Pd-Ag alloy membrane has been commercially used as a metal membrane for separating high-purity H

2

, but the material 

cost of the Pd-Ag alloy membrane is high, and its large-scale application is limited. The single-phase V-based alloy membranes have higher 

hydrogen permeability and mechanical strength and lower cost than the Pd-Ag alloy membrane, and the hydrogen embrittlement resistance 

is greatly improved compared with the pure V, and the plasticity and hydrogen permeability are also higher than those of multi-phase V-based 

alloy membranes, and thus become one of the potential materials to replace the Pd-Ag alloy membrane. In this paper, the research progress of 

single-phase V-based alloy membranes for hydrogen separation was reviewed, including the types of single-phase V-based alloy membranes 

and hydrogen permeability, the influence of microstructure on hydrogen permeability, and the failure mechanism of alloy membranes, etc. The 

future development trend of single-phase V-based alloy membranes for hydrogen separation was also prospected. 

Key words: single-phase; V-based alloy membrane; hydrogen separation; hydrogen embrittlement 
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