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Fig.1 Schematic illustration of in-situ small punch test apparatus

equipped with gas flow system™”
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Fig.2 Schematic diagram curve of PCT ")
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Nishimura

%1 V-Al. V-Fe. A PdEEEBEEESE
Table 1 Hydrogen flux of V-Al, V-Fe, pure Pd and other alloy

membranes

Hydrogen
Pressure,  Temperature Hydrogen flux, J/

Alloy " p/kPa K X10°molH(msy' R
Inlet Outlet
V-9A1 550 100 773 90 [15]
V-8Fe 187 100 623 24 [19]
V-10Fe 400 100 623 45 [19]
V-11Fe 600 100 623 53 [19]
300 10 773 73 [25]
V-5W
600 10 773 101 [27]
300 10 723 73 [27]
V-5W-5Mo 150 10 673 52 [27]
187 100 623 2.4 [19]
400 100 623 5.6 [19]
Pure Pd
600 100 623 10.6 [19]

Pd-27Ag 550 100 623 20 [15]




+ 1110 -

My @A RS TRE

50 4%

P A H AR, Bl IR R B
HIRF, MWL T HEGEH MY R, A3
B R PR S LA R 1 iR KA, —
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PN

Lul¥1%5 AR 88— PR IR B v, WFoR T &4tk
J5F Al. Ti. Cr. Fe. Ni fl Nb XHUEE P H R 7% fif
L PR . T A ST E IR T RS
VAN [ A I 7 A ik i W AR B2 R P N ) 3 1) AR
1, I R WA SR IR A RE B o S A RE Rl G <65 i
s B 1 384 o v 2 TR (V-ND E SR B0 K
TR B BB NERAN) o A4t E Cr. Fe
Ni IO G i GEART 20 vV T, XBRE T & Vo
AR, e T HuE iR J) . V-AL I T ALY H
RE R HE R AE L AE A& S il B K. HAE V &4
o IO AN DY T A ] B B R 380 A 206 1 DY T A
R, MR TR Y AR RN AR V A4,
H 5 74 B8 2 AR, V-Al. V-Ti. V-Nb BT 54 f#
2% T4l V; 1 V-Cr. V-Fe. V-Ni fif ¥ & m T
af Vo 45 Arrhenius §HUT R, THRAGEAE V-AL
V-Ti Fl V-Nb & <& 3 H0R Bom T2, 1 & e
V-Cr. V-Fe Hll V-Ni 18 HORBUIC T 408 . 1X R W]
TINA 4 0% ALLTi FI Nb il H 72 V F Y R
e, HbmuiiEsr V P IEBIE R . Zhang NS5
KW, BEE Al SREABM, V-Al 5B B8R
FEAC, EBEEFEIK. M5 E58M70%E Ni b, V-20Al
£ 673 K 41 FIBIEHRL ) 3.6x10° mol-(m's) '-Pa®,
5 V-20Mo (13237 % )L A IF HOK T V-15N1 & 4 15
VBB R . It 7R & S T E AT A BURE 22 80
PHCREM, AT T FIR SCERRIE 1A D¢
s, Wk 2 s
322 =AM

V-Ni-Ti & 452 H AT 504 2 1 = oo &5 3 5,
oo 382 v BB B REAZ A 4 NiTi LU D
HERMEEAN NiTiL, . v RS A . NiTi A1, NiTi,
A A A 2 B 3 i o

Hashi'*'!| Garay! % N R I, BEE V & & 180,

V-Ni-Ti & &80 WA (bee-V FERIEEA) A4
DEBEK, BEMRNEBIE R M2 K. Song V%%
NAE 0%~30%01 Ti 2 &y [ N V-NI-Ti & @817 7
WL, WRFURIL Ti MR N4 B M MK Vv OEE [ i
Ni (& &, KM Ti SR A bee-V SEFE A,
BV AR BAIE 96% L 1o Ti & &AE 5% & LA 1
I 4> B0 4B I AL & NiTi A, BUAR NiTi MR 2 3B
SUBIE, AR VRSN . Ti B R = 15%0,
NiTi A JE B3 52 (B HOIR 45 40 N H 4 1L
VssNisTiso & &7E 400 CHSBIE R i ik 1.0x107
mol-(m's)"-Pa . Dolan™*%5 AWF9T &I Ti & & <6%
I 25 I —F 0 A (Ve6.7N127 5 Tis 5) , 3 45 AL T NiTi,
Ao Ti SR, NiTi, HHEHAZZ . FE, Ti 193
DAEAS V(Ti, Ni)EFA R O #iGFr, £ NiTi, 4
1O &, HT O MAFAERE K& 4k,
14 O M V(Ti, Ni)lil s fA b 23 B nl 84 & i 9 i,
DRI T (0 348 o s A1 R g B0
5 VENI-Ti & 2L, V-Cr-Cu &4 it 2 3L T

“ZMILAE, DhRgE” WIS . bee-(VHT
AMBiE, fee-(Cu)fdmRM#IE, DENK Cr fA4ET
VR [ A T A R B A SR B, EH T I P A A 4
RIH R EMepirE. R R mgiEs. &
FLHDE K G330 100 pm JEEEE, HAE 673 K. 700
kPa 45 T (5008 & 735 F) 34 mL-(em*min) '],

R2 6BKTHEALVEREVESEHHYT B LT HALK
Table 2 Diffusion energy barrier (E,) and diffusion coefficient (D)
of Hin V and its alloys at the temperature of 673 KB¥

Metal E./eV DIX10* cm*s™!
Pure V 0.165 1.25

V-Al 0.150 1.54

V-Ti 0.127 2.10

V-Cr 0.192 0.85

V-Fe 0.211 0.65

V-Ni 0.198 0.78
V-Nb 0.146 1.66

B 3 VyTiisNis 1 SEM H A
Fig.3 SEM image of V7Ti;sNijs™
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Ni Bl T — R4 = J0H 4 VesNijoMs. BF5EE B, V-Ni
G4 Ag. Al. Co. Cu. Fe. Mn Al Pd J5 155k
TRFEHAA 4, 5%Fe BIIMAEE— D BRI AR,
HBE R AL, HARITTRBW AR RIE .
WG4, VesNiTis RIH B KFIEBIE R . mik
2, PhEr AR EBEY BIRERE, BT
VigsNijoTis 5 @ EAE 613 K Wisd, HAYE 573 K LR
24, BP0 LR P LA FF AT IR 5T

R, 6 V-10A1 A 400 H 0 R4 2E J
ArSa Vv ARY, TSI IR S, S AR TR
A BRI, I, Kwang™25 A B 5 8% 3 505 e
PGB, T HAITER Fel Al 541V
Gats Vi Fe Al B8 AT, Fe R TS V i
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Research Progress on Hydrogen Separation Vanadium Alloy Membranes with High
Flux and Hydrogen Embrittlement Resistance

Meng Ye', Jiang Peng %, Shi Xiaobin', Zhang Shihong', Song Guangsheng '
(1. Key Laboratory of Green Fabrication and Surface Technology of Advanced Metal Materials, Ministry of Education, School of Materials
Science and Engineering, Anhui University of Technology, Maanshan 243000, China)
(2. School of Mechanical Engineering, Changzhou University, Changzhou 213164, China)

Abstract: The fifth group metal element V with the body-centered cubic (bcc) structure has higher permeability, better mechanical
properties and lower price than Pd metal. Due to these merits, various vanadium alloy membranes have been developed to show greater
resistance to embrittlement than pure V, which are a promising alternative for existing commercial Pd-Ag alloy membranes. In this research,
we presented a review for the hydrogen permeation principle, ductile-to-brittle transition hydrogen concentration and the permeability of
vanadium alloy membranes and gave some perspectives about the future development.
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