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Microstructure and electrochemical properties of
V3TiNigs56Alp,Cry(x=0—0.3) hydrogen storage alloys
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Abstract: The V;TiNips6Alg,Cr(x=0—0.3) hydrogen storage materials were prepared by self-propagating
high-temperature synthesis. The influences of Cr content on the microstructure and electrochemical properties of these
alloys were studied by X-ray diffraction and electrochemical measurement. The results show that when x are 0, 0.1 and
0.2, the alloys are composed of V-based solid solution as main phase and TiNi phase. When x=0.3, the alloys are
composed of V-based solid solution as main phase and laves phase of C4 with hexagonal structure. The unit cell constant
and the quantity of unit cell both reduce gradually with increasing Cr addition. The maximum discharge capacity of the
alloy electrode is decreased by introduction of Cr, whereas the activation behavior is almost not affected. The cycling
capability of the alloys are improved obviously, the capacity of V;TiNijssAly,Cro3 alloy keeps 99% after ten times of
charge, and discharge, and good discharge properties can be got under heavy current. The diffusion coefficient of
hydrogen in the alloys increases with increasing Cr addition.
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Table 1 Crystal cell parameters of BCC phase of
V;TiNij s6Alg,Cr, alloys
x a/nm Vinm?
0 0.302 0 0.027 54
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2.2 V;TiNig 56Al2,Cry(x=0~0.3) Cr
3 60 mA/g V;TiNig s¢- V;TiNig s¢Alp 2 Cr V;3TiNi s¢-
Aly»Cr,(x=0~0.3) 298 K Al Cr(x=0.1 0.2 0.3)
3 V3TiNig seAly (]
2 (320 mA-h/g) V;TiNig s¢Alo 2 Cr
V;TiNig s¢Alo 2 Cr
V;TiNig s6Aly 2 Cr, 4 3 V;3TiNig 56Alg ,Cr(x=0.1
280(x=0.1) 0.2 0.3) V;TiNig s¢Alg 2
242 (x=0.2) 195 mA-h/g(x=0.3) Cr 10
C10/Crax 14%(x=0) 92%(x=0.1)
8y 98%(x=0.2)  99%(x=0.3) V;TiNigsAly2 2
( TiNi Lavse )
\4 V;3TiNig s6Alo.2 V;3TiNig s¢Alo.
Cr x Cr
Cr Cr
Cr
v Ti V



20 4 V3TiNi0_5()A10_2Cl}(F0~O.3) 709
130 mAh/g V3T1N1056A102
400 40 mA‘h/g Cr
7?,, 3501
= [20]
< 300
£
Z 250
é 23 V3TiNi0'56Alo'2CrX(X=0~0.3)
200+
S 60 mA/g V3 TiNig s6Aly ,Cr,
=0
s 150f (x=0~0.3)
(=]
2 100F 10 20 30 40 50 60
50 80 mV/s
0 o
Cycle number 5 5 V3TiNigseAlo2
- -03 V
3 V3T1N10,56A10'2Crx(x=0~0,3)
Fig3 Activation energies of ViTiNigseAl,Cr, (=0-0.3) ('S H&/HEO)
alloys
( VT V;TiNig 56 Cr
—0.55~
—0.60 V(vs Hg/HgO)
[20] 5
4 V5 TiNi s6Alp 2Cr(x=0~0.3) 6 6
4
[21]
Cr 1,=2.98>10°Scoa' *v'*D'"? (1
100 mA/g ¢ N V/s
V3TiNioA56A10A2 350 HlAh/g Ip a S
VTiNio s6Alo2Cros 210 mA-h/g om? V;TiNig sAlp 2Cr,(x=0~0.3)
800 mA/g V3TiNi0'56A10'2CI‘0_3 D 2
2 Cr
T, 3001
<
-,
£
} 200 V3TiNi0'56A10'2CI'X Cr
2
&
[=]
EJ
2 100 .
5 2 V;3TiNi s6Alg2Cry
a Table 2 Diffusion coefficients of hydrogen in V;TiNig s¢Alg -
0 200 200 600 800 Cr, alloys
Discharge current/(mA-g™") X Dh/(cm2~sfl)
—12
4 V3TiNig s6Aly,Cr,(x=0~0.3) 0 1.4>10
0.1 1.6><107°
-9
Fig.4 Discharging capacities of V;TiNigs¢Alg,Cr (x=0-0.3) 0.2 3.6>10
0.3 49107

alloys discharged at different discharge current




710

2010 4

(a)
0.2+
0.1+
<
E of
-
1—10mV/s
0.1k 2—20 mV/s
’ 3—=30mV/s
4—40mV/s
0.2+ 5—=50mV/s
6—60 mV/s
— e
~03L . . ) . , 1 80mVis
-1.2 -1.0 -0.8 -06 -04 -0.2 ]
@(vs Hg/HgO)'V
150
100+
50F
E
= ofF I—10mV/s
2—20mV/s
50t 3—30mV/s
4—40 mV/s
5=50mV/s
=100 F 6—060 mV/s
7—80 mV/s
150 — 1

-1.2 —II.O —0I,8 —OI,G —Ol.ﬁi —'DI.Z 0
@(vs Hg/HgOYV
5 V3TiNi0,56A10'2Crx(x=0~0,3)

I/mA

I'mA

40
(b)
30+
20
10+
or =10 mV/s
34 2—20 mV/s
-10r 3—30mV/s
4—40mV/s
201 5—50mV/s
6—60 mV/s
=30+ 7—80 mV/s
-1.2 -1.0 -0.8 -0.6 -04 -02 0
@(vs Hg/HgO)'V
(d) 4 5
60} 67
T/
20+
I—=10mV/s
20 2—20 mV/s
3—30mV/s
4—40mV/s
=60+ 5—50mV/s
6—60 mV/s
7—80 mV/s
=100 : L

-12 -1.0 -08 -06 -04 -02 0
o(vs Hg/HgO)/V

Fig.5 Cyclic voltammograms of V;TiNiy s¢Aly,Cr, (x=0—0.3) at different scanning rates: (a) x=0; (b) x=0.1; (c) x=0.2; (d) x=0.3
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