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Influence of Cr or Co doping on electrode properties of
V2.1 TiNio.s Hfo.0s hydrogen storage alloy®
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Abstract: The microstructures and electrode properties of Cr or Co-doped V2.1 TiNio.s Hfo.os Mo.ia( M= Cr, Co)
hydrogen storage alloys were investigated. It is found that all alloys consist of a main phase of V-based solid solution
with b. c. c. structure and a secondary phase of Cl4-type Laves phase with a three dimensional network structure.
After the doping of Cr or Co into V21T iNiosHfo 05, the abundance and unit cell volume of the main phase decrease,
and those of the secondary phase increase. The electrochemical measurements show that the discharge capacities of
Cr-doped V2.1 TiNio.sHfo.05s Cro.113 alloy and Co-doped V2.1 TiNio.s Hfo.0s Coo. 115 alloy are less than that of V2.1 TiNio s-
Hfo.05 alloy, but their cycle stability and high-rate dischargeability are improved markedly. The results show that Cr
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or Co doping into V21TiNiosHfo 05 alloy is significantly beneficial for the cycling stability.
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1 INTRODUCTION

Vanadium-based solid solution electrode alloys
have attracted the attention of scientists since the
ViTiNioss alloy with high electrochemical dis-
charge capacity was reported . These alloys char-
acteristically consist of two phases: a vanadium-
based solid solution as main phase and a secondary
phase, which work as a hydrogen storage phase
and a micro-current collector, respectively. How-
ever, the poor cycling stability of these alloys in
KOH electrolyte keeps them from the industriali-
zation for NrM H batteries. The influence of vari
ous additive elements to V3T iNio.s6 alloy was inves-
tigated for improving the electrode properties, es-

1271 The results show

pecially the cycling stability
that multrcomponent alloying is an effective meth-
od for improving the overall properties of the hy-

drogen storage electrode alloys'® .

In our prevr
ous works, Va21TiNiosHfoos was found to have a
high discharge capacity of 444 mA * h/g and a poor
cycling capacity retention of 27. 66% after 30 cy-
cles'™ . In this paper, Cr and Co were chosen as
the added alloying elements into V2.1 T iNio.s Hfo.0s
for improving its cycling stability, and the micro-
structure and electrode properties of V21T iNios-
Hfo.0sMo.113( M= Cr, Co) hydrogen storage alloys

were investigated systematically.

2 EXPERIMENTAL

The alloy samples were prepared by vacuum
induction melting under argon atmosphere and each
batch was remelted three times to ensure high
homogeneity. The metallographic microstructures
were examined by using a scanning electron
microscope( SEM). The chemical compositions of
the overall alloys and the contents of alloy ele
ments in the KOH electrolyte after charging-
discharging cycles were confirmed by using an in-
ductively coupled plasma technique( ICP), and the
chemical compositions of micro-area for each phase
were determined with an energy dispersive X-ray
spectrometer ( EDS). The crystal structures and
lattice parameters were determined by X-ray pow-
der diffraction( XRD) using Cu K. radiation.

The samples were pulverized first by hydri-
ding and then crushed mechanically into particles
below 50 Pm in size after dehydriding. Each test
electrode was prepared by mixing alloy powders
with copper powders in the mass ratio of 1: 2 and
then the mixture was cold-pressed into a pellet.
The electrochemical properties of these negative
electrodes were measured in a trrelectrode open
cell at 298 K with a sintered Ni(OH)2/ NiOOH posi-
tive counter electrode and a Hg/ HgO reference elec
trode. The negative electrodes were charged at 100

mA/ g for 6. 5 h and discharged at 25 = 500 mA/ g to
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the cutoff potential of — 0.70 V vs Hg/HgO. The
electrochemical hydrogen desorption P-C isotherms
at 298 K were plotted by using the pulse charge/
discharge method at 25 mA/g, and the hydrogen
desorption equilibrium pressure(pe«) was calculat-
ed from the measured equilibrium electrode poten-
tial( E«) according to the Nernst equation' " :

E«(V vs Hg/HgO) =

- 0.93045- 0.029 547 log(p«q)

The exchange current density I, of the alloys
was calculated from the slopes of micro-polariza-
tion curves, which were determined by scanning
the electrode potential at 0. 1 mV/s from — 5 mV
to 5 mV (vs open circuit potential) with a Solar-
tron SI 1287 potentiostat.

3 RESULTS AND DISCUSSION

3.1 Microstructure

Fig. 1 shows the XRD patterns of V21T iNio 5
Hfo.osMo.113(M= Cr, Co) alloys. All of three al-
loys consist of a main phase of V-based solid solu-
tion with b. c. c¢. structure and a secondary phase of
Cl4-type Laves phase. The calculated unit cell vol-
umes of each phase are shown in Table 1. It can be
seen that the unit cell volume of the main phase de-
creases from 0.028 73 nm’ to 0.028 66 nm’ or
0.028 47 nm® with adding Cr or Co into the V,.Ti
Nio.sHfoos alloy, and that of the secondary phase
significantly increases from 0. 176 26 nm® to 0. 179
24 nm’ or 0.179 77 nm’.

Fig. 2 shows the SEM micrographs of V21T
Nio.s Hfo.os Mo.113 (M = Cr, Co) alloys. It can be
seen that the secondary phase all precipitates along
the grain boundaries of the main phase in the form
of a three-dimensional network. The phase abun-
dance of the main and secondary phases are calcu-
lated' ™ and shown in Table 1. The amount of the
main phase decreases and the amount of the sec
ondary phase increases after adding Cr or Co into

the V21 TiNiosHfo 05 alloy.
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Fig. 1 XRD patterns of alloy samples
(a) =V2.1TiNio.sHfo.0s; (b) —V2.1TiNio.sH fo.05 Cro. 1135
(¢) —V2.1TiNio s Hfo 05 Coo. 113

3.2 Electrochemical characteristics

The activation cycle numbers and maximum
discharge capacities of V2.1 TiNiosHfo.0sMo 113( M=
Cr, Co) alloys are shown in Table 2. It can be
seen that the activation cycle number increases
from 1 to 2 after the doping of Cr or Co. Va2:Tr
Nio.s Hfo.0s has the highest discharge capacity of 444
mA * h/g, much higher than that of V21TiNio s~
Hfo.0s Cro.113( 392 mA * h/g) and V21T iNiosH fo. 05
Coo.113 (386 mA * h/g). The electrochemical P-C
desorption isotherms of the alloys are shown in
Fig.3. The results indicate that the plateau pres-
sure rises and the width of pressure plateau reduces
after adding Cr or Co into the V2.1 TiNiosHfo.0s al-
loy. The decrease of the discharge capacity due to
the doping of Cr or Co could be ascribed to the de
crease of the phase abundance and the unit cell vol-
umes of the main phase. The later could be mainly
responsible for the decrease, because comparing
with V21 TiNios Hfoos, the equilibrium hydrogen
pressure of Va1 TiNiosHfo.05s Cro.113 or Va1 TiNio. 5~

Hfo.0sCoo.113 is almost the same or distinctly high-

Table 1 Micro-structural characteristics of alloy samples

Composition( mole fraction)/ %

Phase

it cell
Alloy Phase abundance/ lljmt ;P 3
Y Ti Ni Hf Cr Co % volumernm
Ve TN HE Main phase  75.23 19.44  5.28  0.04 - - 0. 69 0.028 73
PUOESTI00 Secondary phase  15.98  44.51  36.01  3.50 - - 0.31 0.176 26
. Main phase 76.67  15.87 3.81 0 3.65 - 0.60 0.028 66
Va1 T iNis. sH 85,556
21 TiNio sHfoosCroas g dary phase  24.80  40.00  30.80  2.80  1.60 = 0.40 0.179 24
. Main phase  76.09 16.84  4.88  0.67 - 1.52 0.58 0.028 47
Va1 TiNio s Hf
21 TiNbosHoosCooms g dary phase  25.32  42.19  25.74  2.53 - 4.22 0.42 0.179 77
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Fig. 2 SEM micrographs of alloy samples
(a) —V21TiNio.sHfoos; (b) —V21TiNiosHfo 0sCro 135 (¢) —Va.1TiNio.sHfo 05 Coo. 113

Table 2 Electrochemical properties of alloy samples

A ctivation Discharge High-rate Exchange current Capacity retention/ %
Alloy cycle capacity’ /  dischargeability” , density(/1,)/
number” (mA *h<g ') HRD400/ % (mA =+ g ") After 30 cycles After 60 cycles
V2.1 TiNio.s Hfo. 05 1 444 26.50 96. 14 27. 66 -
V21 TiNio s Hfo 05 Cro. 113 2 392 58.68 120.5 70. 11 38.07
V2.1 TiNio.s Hfo.0s Coo. 113 2 386 47.60 107. 8 71.42 50.52

Alloy electrodes were charged at 100 mA/ g and discharged at 25 mA/g.

* * High-rate dischargeability at discharge current density of 400 mA/g.
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Fig. 3 Electrochemical P-C desorption
isotherms of alloy samples

er, respectively, while a smaller cell volume gener-
ally leads to a higher equilibrium pressure''®

The relation between discharge capacity and
discharge current density for Va1TiNiosH fo 05~
Mo 1i3(M= Cr, Co) alloys is shown in Fig. 4. At
larger discharge current densities (400 ~ 500 mA/

g), the discharge capacities of V21T iNiosH fo 05~
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Fig.4 Relation between discharge capacity
and discharge current density for alloy samples

Cro.113 and V21T iNio s Hfo.0s Coo. 113 are much higher
than that of Va1 TiNio.sHfoos. The high-rate dis-
chargeability ( HRD400 = C400/ C25 ( 100%) of
these alloys at the discharge current density of
400 mA/ g is shown in Table 2. It can be seen that
V21 TiNiosHfo.05Cro 113 has the best high-rate dis-
chargeability ( HRD400 of 58. 68%) among the



* 1024 -

Trans. Nonferrous Met. Soc. China Oct. 2005

studied alloys. These results are also supported by
the magnitude of the exchange current densities /,
(Table 2) calculated from the slopes of the micro-
polarization curves of these alloys as shown in

Fig. 5.
B 7s
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Fig. 5 Micro-polarization curves of
alloy electrodes

Fig. 6 shows the cycling capacity degradation
curves of the Va1 TiNiosHfo.osMo.113(M= Cr, Co)
alloys. All of the alloys were activated within two
charging-discharging cycles. The discharge capacr
ty of Va1 TiNiosHfoos reduces rapidly and its ca-
pacity retention after 30 cycles is only 27. 66%.
the degradation of V21TiNiosH fo 05

Cro.113 or V2.1 TiNio.s Hfo.0s Coo. 113 is slow compara-

However,

tively. As shown in Table 2, the capacity retention
of V21T iNio.sHfo 0sCro 113 is 70. 11% after 30 cycles
and 38. 07% after 60 cycles, and the capacity re-
tention of V2.1 TiNio.s Hfo.os Coo.113 is 71. 42% after
30 cycles and 50. 52% after 60 cycles, much better
than that of V21TiNiosHfoos. These indicate that

500
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Fig. 6 Cycling capacity degradation curves of

alloy samples charged at 100 mA/g and
discharged at 50 mA/g

the doping of Cr or Co is very helpful in improving

the cycling stability of the V21T iNio.s Hfo.os alloy.
Table 3 shows the content of alloy elements in the
KOH electrolyte after 30 charging-discharging cy-
cles. It can be seen that the dissolution of vanadi-
um in the alloy into KOH electrolyte is faster than
other elements, and the vanadium content in the
electrolyte solution decreases markedly after the
doping of Cr or Co into the V2 1TiNiosHfo o5 alloy.
This result indicates that Cr and Co can restrict the
dissolution of vanadium and improve the corrosion
resistance of this series alloys in KOH electrolyte
solution noticeably''™ '™
Table 3 Content of alloy elements in
KOH electrolyte after 30 charging-discharging
cycles

Content/ (Mg * mL™ ")

Alloy
V Ti Ni Hf Cr Co

V21 TiNio s Hfo os 30.3 2.6 5.3 0.9 - —

V21TiNiosHfo0sCro.ii3 22.8 2.4 5.1 0.9 0.5 -

V21TiNio.sHfo.0s Coo.113 21.9 2.4 5.2 0.8 - 0.4

4 CONCLUSIONS

A1l V2.1 TiNio.s Hfo.osMo. i3( M= Cr, Co) alloys
consist of a main phase of V-based solid solution
with b. c. c¢. structure and a secondary phase of
Cl4-type Laves phase with a three-dimensional
network structure. After the doping of Cr or Co
into V2.1 TiNiosHfo0s, the abundance and unit cell
volume of the main phase decrease, and those of
the secondary phase increase. The maximum dis-
charge capacities of the Cr-doped and Co-doped al-
loys are less than that of the V21 TiNiosHfo.0s al-
loy. However, the doping of Cr or Co into the
V2.1TiNios- Hfo.os alloy is significantly beneficial
for the cycling stability and high-rate discharge
ability.
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