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1 SEIg

Nbss_V,TiosCox(x=0, ***, 25, %) & & a1
J7EE Nby V. Ti #1 Co HIALEEYIA 99.9%(BE /R4
5, %) HRKERICE AR, Hh S IRE
SR BR Y R I & i BE S S5, FRKRIOM
AT, SAENE S 1~6, WK 1R, A

F 1 Nbss V,TisCoz (x=0, -+, 25, %) T & HIELSr FHALRANEEANMERE(H)
Table 1 Component, phase composition and hydrogen permeabilities (¢ ) of Nbss_,V,TipsCoy (x=0, -+, 25, %) alloys

. Phase volume ¢
Alloy No. X Alloy component Phase composition fraction/% (mol-m s -Pa'?)
) o-Nb 45 "
1 0 Nb55T125C020 . 3.54X10
(a-Nb+TiCo) 55
) a-Nb 51 -
2 5 Nb50V5T125C020 . 3.63X10
(a-Nb+TiCo) 49
) o-Nb 56 <
3 10 Nb45V10T125C020 X 3.76 X10
(a-Nb+TiCo) 44
a-Nb 43
. (a-Nb+TiCo) -
4 15 Nb40V15T125C020 . -
(Nb, V, Ti),Co 25
V3C0 -
a-Nb 38
, (a-Nb+TiCo) -
5 20 Nb35V20T125C020 . -
(Nb, V, Ti),Co 40
V3C0 -
a-Nb 31
] (a-Nb+TiCo) -
6 25 Nb30V25T125C020 . -
(Nb, V, Ti),Co 57

V3CO

1) 637 K.
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F X G AT S AU(XRD) S A G5 A3 AT 40T, FFid
I A AE 14 M A (EDS) () 314 FL T 2 155 (SEM)
X RE it A SRR A EAT 0 A, A 2 b & A
FIAR AR > HiE 1T Image-Pro Plus B4R & .

M ERATRE S BB RENR . & 2 AT,
5 R P T4 S 8 A% E A T R T — R AT
Pd fE(JEEEZ) 150 nm), H 192 T HFHRE S 13T
WRE DA SR/ EAGE S WG, BiEE
e R EESBIE NIRRT, S 2S e
R, I 0 F 3 F05E 1 55 56 15 B (523~673
K), T J& 43 B R T/ s N gl &S (Al
99.999%), FIHAMA B E Tl RIBIEET A4
BRI E . R, B IR S (po) 4ERR1E
5B 0.1 MPa, IS T (p)HT 0.20 MPa iZHi Tt 5
% 0.4 MPa, JEJJi#380K N 0.05 MPa. AL
LT R, SRPIMEGT, AT IS ISR AR BRI E AL,
RGN PUANERE ST, VRS0 D IR WL SOk
[20].
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T 5 U 1) A MR B (O R R B ), 3B L
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SR RE T I 0, BRI S S BE VR T 2
. EARERAE, (Nb,V,Ti),Co Al ViCo AN
PEM, TEBAEERR S KESN, FBUEEALE
R AT WA RO A SRR A4
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Fig. 1 Schematic illustration of measuring hydrogen diffusion coefficient by Devanathan-Stachurski electrochemical method
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Fig. 2 XRD patterns of Nbss_ V. TisCoyy (x=0, ***, 25, %)
alloys
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AHF {a-(Nb, V, Ti)+TiCo} £ i H(ILE 4(a)~(c)). Lt
4b, B VLRI, WIE a-(Nb, V, TiAH AR
SPHCEEIE M, LMD, MV SERT
10%)5, &aH 20t K G HBETAH(ND, V, Ti),Co,
EMIREGE L A B (LB 4(d)). Fi5h, 1%
HEEME V SRR, b bE
a-(Nb, V, Ti)FHF1 3L A0 {a-(Nb, V, Ti)+TiCo} & &= [
LA 4(e)M(D), XA & a2 & AH AR

(2) (b)
Nb Element w/% x,/%

Nb 7544 66.54

\Y 10.82 16.89

Ti 10.00 15.07

Co 375 1.50

[ .
Ti
[ ] Iy Nb i AN . ) !
0 2 4 6 8 10
Energy/keV
© (d)

Element w,/% x,/% Element w/% x;/%

Nb 4075 28.27 Nb 3294 23.18

A% 16.42 20.78 v 7.40 8.83

Ti 16.34 21.99 Ti 29.26 35.01

Co 26.49 28.97 Co 31.40 32.98

Co Nb Co Nb
\Y Ti \ Ti
. Ti
B No ARV, Coco | ) S
0 2 4 6 8 10 0 2 4 6 8 10
Energy/keV Energy/keV

Fig. 3 SEM image and EDS spectra of each phase in NbyVsTi,sCoy alloy: (a) SEM image; (b) a-Nb phase; (c)

(Nb,V,Ti),Co phase; (d) Eutectic phase
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(a-Nb+TiCo)

Bl 4 Nbss V. TisCoy (x=0, -+, 25, %)& 4 BHH L

(Nb,V,Ti),Co o

/]
(a-Nb+TiCo)

Fig. 4 Microstructures of Nbss_, V, TipsCoso (x=0, ***, 25, %) alloys: (a) Alloy 1 (NbssTiysCoa0); (b) Alloy 2 (NbsgVs5TiysCoa);
(C) AHOy 3 (Nb45V|0Ti25C020); (d) AllOy 4 (Nb40V15Ti25C020); (e) AllOy 5 (Nb35V20Ti25C020); (f) AllOy 6 (Nb30V25Ti25C02())
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Fig. 5 Hydrogen permeabilities of Nbss_ V., Ti,sCo, alloys:
(a) Arrhenius curve between ¢ and T~'; (b) Relationship
between alloy composition, volume fraction of primary Nb

phase and hydrogen permeabilities
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Fig. 6 Hydrogen diffusion properties of Nbss_,V,TiysCoy
alloys: (a) Calculation of hydrogen diffusion coefficient of
NbssTipsCosp (x=0); (b) Polarization current curves of
hydrogen permeation through Nbss_ V,TiysCoyy (x=0, *-,
25, %) alloys
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2 NbssV,TiCoy (=0, =, 25, %) & & (M AF B R BORZ I 1
Table 2 Hydrogen diffusion coefficient and hydrogen solubility coefficient of Nbss_, V. Ti,sCoyy (x=0, ***, 25, %) alloys

Allo Allov component T T 063) D/ Prr/ K/
No. y p (mA'cmfz) (mA~cm72) (m2~s71) (mol-mfl-sfl-Pafm) (mol-mﬂ-Pa*m)

1 NbssTirsC0s0 3.44 2.16 148  4.05X10° 531%x107" 1.31X107°
2 NbsoV5TizsCoao 436 2.75 142  423X10° 5.47X107" 1.29%X107?
3 NbysV 0TizsC020 3.15 1.98 134  4.48X10° 5.72%X107" 1.27X107°
4 NbaoV5TizsCog 4.14 2.61 73 822X107° - -
5 Nb35V,0Tiz5sC0g0 4.24 2.67 87  6.90x107° - -
6 Nb3oV,5TissC0g 3.18 2.01 1.5 522%X107° - -
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Fig. 7 Change curves of hydrogen diffusion coefficient (or

a0

hydrogen solubility coefficient) of Nbss_,V,Ti»sCo,, alloys

with x values (V content)
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B, JFHBRC T REME, SERCRERTT T 58
TS ANERE, XX TBEAA SN R IE
WA (R, TEERENV LREEEhATT
WG AT HR M PEAR . AI(ND, V, Ti),Co A, BK T &
S SRR, A SRS S0 R b I B
MRS, MOXTTTHRE, V BIEINE 2R ]
G, BAET 10%. B4, N5
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AELLiR

Fig. 8 Comparison of hydrogen embrittlement resistance
of Nbss_ V,Ti)sCoy (x=0, -+, 25, %) and NbsgTix;Niy
alloys

FRAR, VI A S 7E R AR IR FE VG R P &N it
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(214 ‘C) NbsgVsTipsCog (197 °C)« NbysVoTizsCoso
(181 °C), WA 4 3 (NbyasVTipsCono) o & HIHIA
MetEREAL TR M 2, E—PIESE TiE = V o R MR
IR LA R AR (3R Nb-Ti-Co & & MIHLENETE
B. 4h, ARG 4 1~3 BRim i RE R A m
T W7 22 1R 3R P 21K T NbseTisNiy, & 4 i &7
(219 °C), #1115 Nb-Ti-Ni &4 A EL, Nb-V-Ti-Co
BAGSTARMRE.

T & 2 ANSCTAE B IKIESE TidE = V RN
A LATE— R L 23% Nb-Ti-Co &ML 4tk
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BEMERE, B 3.76 X107 mol/(ms-Pa'?), & [F454%
PR Pd REEIE 2B 2.4 15, I Hamm T AU
2F 7 17 UV 1 (4 NbssTinsCory 2 42 (3.58X 1078
mol/(m's-Pa'?)), HAh, %E S EA MR A
P HRECRBAC I SRS, BORFEREE HLEGE T 91
SUNETERE, AR ETFR AT SRR AE . W RAE
B Nb &8 Nb-Ti-Co &4 (W NbgTizgCox0)
AV, AR B E N S ML R, X HERA
UL B AT IEERF R T 22—

3 Zig

1) Nbss_V,TirsCoz (x=0, -+, 25, %) &4+, 4
V B EUR Nb J5, A& B SR ok A2 B
. 2V EERKT 10%K, BT H BT AHND,V,Ti),Co
F V3Co, 4 AH N Hb H 99 AH 2H 205 7 54 7% DU AH
HY, BIWIAE a-Nb [EEAAH, (a-Nb+TiCo)tk fhiAH,
(Nb,V,Ti),Co 1 V3Co #. TEFIAH G S+, fEHEE V
FRMIZEIN, &4 RMAL YA Nb AR
S N, S AHBE Z 82D, NbasVieTizsCos
HEEH o B, N 56%. BLAL, TUAHA &
(Nb,V,Ti),Co HHFEE V & 25 i 4 hn .

2) V KGN A B AR e R, ¥V E
BT 10%, B 2IEHFIC RGN, ¥V E5E
KTF 10%Hf, BT it AH(Nb,V, Ti),Co Fil V3Co FHH
Mrih, A& KE™ESNM. NbysVieTisCoyn &E1E
673 K WEARFEKBAMRE, N 3.76X10°
mol/(m-s-Pa'?), M FME T4l Pd 1) 2.4 1.

3) BEMNET RS V &Ry
m, MR, SEMEHZEK, FRRXRRAES
AV AL FBHB BT EZEER . 5
G, MV EEET 10%0, RE G SRR,
B T R A (ND, V, Ti),Co Al V3Co AHIIMT H, 4843
ZRAGEREAN, 4 HIEMBEAMEE,
NbusV1TipsCorg 4 B A AR R 0 2y R 20r
AR AR, ZiZRBEMEIEE.
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Microstructure and hydrogen transport properties of
Nb55_ VxTi25C020 alloys

CHEN Yun-can', YAN Er-hu"?, WANG Jin-hua', DI Chong-bo', HUANG Hao-ran"*, XU Fen', SUN Li-xian'

(1.Guangxi Key Laboratory of Information Laboratory,
Guilin University of Electronic Technology, Guilin 541004, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
3. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: At present, group 5B metals (i.e. Nb, V and Ta) and their alloys have become one of the most promising
hydrogen separation membrane materials to replace the traditional Pd membrane in the future. However, they are
far from the standards proposed by the international department of energy. Hence, it is urgent to develop new
hydrogen permeation membrane materials. With these considerations in mind, Nbss_V,Ti,sCoy hydrogen
separation alloys (x=0, -, 25, %) were investigated systematically. Firstly, the microstructure characteristics were
analyzed by SEM and XRD, and their variation rule with V content was also obtained. After that, to clarify the
relationships among alloy composition, microstructure and performance parameters, the hydrogen permeability and
diffusion properties of these alloys were measured by hydrogen permeability tester and Devana than-Stachurski
electrolytic cell. The results show that, with the gradual increase of V content, the volume fraction of primary Nb
phase increases but the two-phase eutectic decreases in these alloys. When the V content is more than 10% (mole
fraction), a large amount of (Nb,V,Ti),Co phase and a small amount of V;Co phase precipitates in the alloys. As a
results, it is transformed into a four-phase structure. With these changes, the hydrogen permeability and hydrogen
embrittlement resistance increases first, and then decreases sharply. When x is 10, Nb,sV(TiysCo, alloy exhibits
the highest hydrogen permeability at 673 K, i.e. 3.76 X 10~* mol/(m's-Pa'?), which is 2.4 times than that of pure Pd.
In addition, with the increase of x value (V content), the hydrogen diffusion coefficient (D) of the alloys increase
whereas the hydrogen dissolution coefficient decrease (K), which demonstrates that the variation of ¢ for these
membranes is due to the change in D rather than K.

Key words: Nbss_ V. Ti,sCo, hydrogen separation alloy; microstructure; hydrogen permeability
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