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Fig.1 Hydrogen permeation flux (J) at 673 K as a function of the
thickness (d) and thickness reduction of the Nb4oTi30Co3¢
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Tablel Ultimate cold rolling reduction (r,) and Vickers hardness of as-cast hydrogen separation alloys
Alloy /% Vickers hardness. Microstructure Ref.
HV/x9.8 MPa
Nb4oTi30Nis0 64.95 - bee-(Ni, Ti)+{ bee-(Ni, Ti)+B2-TiNi}
NbaoTizsZr2Niszg 53.90 - -
NbaoTiz6Zr4Niszg 56.66 - -
NbyoTi4Z1eNizg 60.65 - -
NbaoTizZrsNiszg 55.74 - -
NboTiz0ZroNis0 71.86 - bee-(Nb, Ti, Zr)+B2-(Ti, Zr)Ni
NbaoTi1sZr15Nis0 70.17 - bee-(Nb, Ti, Zr)+B2-(Ti, Zr)Ni+ZrNi [34]
NbaoTi17Zr13Ni30 36.70 - -
NbaoTi6Zr14Ni30 14.89 - -
NbyTi;sZrsNisg 24.11 - bee-(Nb, Ti, Zr)+B2-(Ti, Zr)Ni+ZrNi
NbaoTi3Zr17Ni30 29.02 - -
NbaoTi2Zr18Ni30 6.45 - -
NbaoTi10Zr20Ni30 13.67 - -
NbaoTizeNiss 44.97 - -
NbyTisNisn 51.99 - bee-(Nb, Ti)+B2-TiNi+rhombohedral-NbNi
Nby4oTi30Nisz 71.99 - bee-(Nb, Ti)+B2-TiNi
NbaoTi3,Niag 82.05 - - [42]
Nb4oTi34Nizg 71.06 - bee-(Nb, Ti)+B2-TiNi
Nb4oTiz6Niz4 64.97 - -
Nby4oTi30Nisz >80 - bee-(Nb, Ti)+B2-TiNi [14]
V-15wt%Ni >83.33 - bee-(V, Ni) [51]
v - 123.72 bee-V
VosAls - 153.25 bee-(V, Al)
VoAl - 167.19 bee-(V, Al)
VosAlysFes s - 212.44 bee-(V, Al Fe) [30]
VooAlsFes - 233.86 bee-(V, Al Fe)
VosFes - 234.24 bee-(V, Fe)
VooFero - 289.94 bee-(V, Fe)
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ZIH, SECSER KL RFR. i, LEHLE
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Bl A BT 2 2 e ik o IR, S B 2 Aokt
RIS O 4, BT AR ] 4 L 4H 44 42105,
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e 7‘,_ = = s
kﬁolling Direction

=
d

BI10 #6735, MBS B FL-1B K A5 H) NbaoTisNiso & 42 ) SEM ZH 41

Fig.10 SEM microstructure of the as-cast (a), cold-rolled (b), and rolled-annealed (c) NbsTi3oNi3p alloys

[14]

BT 8538 KA LR KA NbyoTigNis &4/ SEM 441
Fig.11 SEM microstructure of as-cast (a) and cold-rolled-annealed (b) Nb;9TisNis alloys
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7, ALEEAN TSRO A 2 IS R R BAh, WRALES
3 < B PR SR BB B AR 23 A7 AN UFL 1 T &
TR HEIE o B K AT LAH BRI LS & S B AL s, g
Ao BEAN, 38 IR KT R A LA XU & e
BEMZIERRESEE . Prek, RAELSWM G e adiE

BB, BER TR, JFHEREEAKr. T+ )L
KR S0 45 R AR v LSS SRR IR AT DA I
BB R WA BT, T R S TR FLE i T
i, QIR 2 Fron e ART, BEASJR AR S S BENE )
gt i i) 25 1) 5 < B 2 DRI IR K B0 SR 2 T 1S
P B S DR 59 T A8 0 A0 B 3 PR IROILER 2), FTBAX e

F2 TRMIRSEENEEXRNEESE
Table2 Permeability (@) and hydrogen flux (J) of alloy membranes after different processing

D73 x/*107 J/x1072

Alloy Technology Microstructure A P/MPa Thickness/mm mole-m'1~s’1~Pa'0'5 mole-m'2~s’1 Year
As-cast slice - 2.85 -
Cold rolling bee-(Nb, Ti, - <1.425 -
NbaoTiisZr2Nizg™  Cold rolling  Zr)+{ bee-(Nb, Ti, 0.7 2007
followed by  Zr)+B2-(Ti, Zr)Ni} - 3.23 -
annealing
As-cast slice - 1.9 -
Cold rolling R . - - -
NbyTissNixg®)  Cold rolling bcc'gl;gg;{.kﬁ.c'm“ 2008
followed by y+B2-TiNi} - 5.0 -
annealing
As-cast slice 0.75 1.8 1.3
Cold rolling bee-(Ni, 0.38 057 0.87
NbygTizoNis!"¥ Cold rolling Ti)+{ bee-(Ni, 0.7 2009
followed by Ti)+B2-TiNi} 0.12 1.7 8.0
annealing
bee-(Ni,
As-cast slice Ti)+{ bce-(Ni, 0.78 2.25 1.67
Ti)+B2-TiCo}
Cold rolling bcc'%‘;g;)}{ig?}'a\“’ 0.39 0.72 11
. [19] Cold rolling - 0.13 0.146 0.65
NbsoTizoCoso Cold rolling bee-(Ni, 0.7 2016
followed by Ti)+{ bee-(Ni, 0.39 2.43 3.5
annealing Ti)+B2-TiCo}
Cold rolling
followed by - 0.13 3.19 14.2
annealing
As-cast slice - 9.54 -
Cold rolling - 8.1 -
VssTizNi s Cold rolling  bee-V+TiNi+TiNi, - 2017
followed by - 9.89 -
annealing
As-cast slice 0.6 3.89 3.75
Cold rolling - - -
(VosCrs)70Cuso” Cold rolling bee-(V)+Hcee-(Cu) 0.7 2017
followed by 0.1 3.98 23
annealing
As-cast slice 0.6 6.24 6.01
Cold rolling - - -
(VooFesAls)oCuio!'®”  Cold rolling  bee-(V)+Hce-(Cu) 0.7 2019
followed by 0.12 5.51 27
annealing
As-cast slice 0.6 4.54 4.38
Cold rolling - - -
(VooFesAls)gsCuis'”  Cold rolling  bee-(V)+Hee-(Cu) 0.7 2019
followed by 0.12 3.80 18.3
annealing
As-cast slice Lamellar eutectic - 1.0 -
Cold rolling Str?f)tﬂg;_’%ci;\f“ - 0.62 .
Nb;oTigoNig [ Cold rolling - 2019
followed by  bce-(Ni, Ti)+B2-TiNi - 0.12 -

annealing
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Research Progress on Microstructure Evolution and Hydrogen Permeability of
Cold-Rolled Hydrogen Separation Alloy Membranes

Yang Bo'*?, Chen Xiu'?, Tang Bolin'**, Meng Ye'?, Gu Yicheng'?, Shi Xiaobin'?, Jiang Peng’, Song Guangsheng'>
(1. School of Materials Science and Engineering, Anhui University of Technology, Maanshan 243032, China)
(2. Key Laboratory of Green Fabrication and Surface Technology of Advanced Metal Materials, Ministry of Education, Anhui University of
Technology, Maanshan 243032, China)
(3. School of Mechanical Engineering and Rail Transit, Changzhou University, Changzhou 213164, China)

Abstract: The VB group refractory metals (Nb, V, Ta) have higher hydrogen permeability and lower price than commercial Pd, so they
have become a new generation of preferred hydrogen separation membrane materials to replace palladium. In order to prepare high flux
hydrogen separation alloy membrane on a large scale, the ingot alloy is firstly cold rolled to obtain large size flat membrane, and then the
flux efficiency of alloy membrane is improved by annealing treatment to improve permeability. In this paper, research progress on cold
rolling formability, microstructure evolution and hydrogen permeability of alloys during rolling and subsequent annealing are reviewed, the
composition effect of cold rolling film formation is analyzed, and the relationships between microstructures and permeability of cast, cold
rolled and annealed alloys are described. The problems of developing high flux hydrogen separation alloy membranes by rolling and
subsequent annealing are discussed. Finally, the future of cold rolling and subsequent annealing for realizing the large-scale production of
low thickness and high permeability hydrogen separation alloy membranes at low cost is prospected.

Key words: hydrogen separation alloy membrane; cold rolling; annealing; permeability; high flux
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