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Abstract: Zr(Mng 2V 2Nig ¢) 2.4 alloy was prepared by using both arc melting and melt-spinning processes. The XRD

results indicate that the as cast alloy contains two Laves phases, C14 (15.45%) and C15 (76.48% ), and the norr Laves
phase Zr7M 19(8.07% , M presents Ni, Mn, V). Meanw hile the melt-spun alloy only has the C14 (27.67%) and C15
(69.43%) Laves phases. The electrochemical test indicates that the melt-spun alloy has much better cycling stability
(Ss00=90.8%), higher discharge capacity ( C = 347.5 mAhy~ l) than those of as cast alloy ( Ss00= 80.9%, C,w=

340. 8 mAhy '), although its activation property and higlr rate dischargeability decrease somewhat. The different electro-

chemical properties between the melt-spun and as cast alloys are resulted from the different phase composition, phase

abundance and microstructure.
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1 INTRODUCTION

It is well known that Zr-based AB; Laves phase
alloy electrodes have higher discharge capacity and
much better cycling stability than that of ABs alloys
although it is expensive compared to ABs alloys. How
to further improve the ratio of properties and price of
AB; alloys has been drawing the interest of many in-
vestigators. Some investigations revealed that over
stoichiometric ABs type alloys had better charge dis-
charge cycling stability than stoichiometric alloys' '™,
and some overstoichiometric AB, type alloys showed

7]

higher discharge capacity'® Meanwhile in resent

years, the rapid solidification method has been ap-
plied for ABs and AB, electrode alloys successfully!® "'
Higashiyama s investigation showed that melt-spinning
over-stoichiometric ABs type alloys could improve the
cycling stability obviously without lowering the dis-
charge capacity obviously!'?!, but this kind of work
has not been done for Zrbased Laves phase alloys
yet. In this paper, the effect of rapid solidification
method ( melt-spinning) on the phase compositions
and electrochemical
(Mno.2Vo.2Nig.6) 2.4 alloy is investigated.

properties of Zr

2 EXPERIMENTAL

Zr(Mng 2V 2Nig 6) 2.4 alloy samples, where Zr,

Ni, V and Mn have a purity higher than 99.9%,
were prepared by arc melting on water-cooled copper
hearth under an argon atmosphere, and remelted four
times to ensure good homogeneity. The cooling rate
of the alloy in the copper crucible was about 100 K*
s~ '. Part of the alloy was remelted and prepared by
melt-spinning method, and the cooling rate was 10
m/s.

The samples were crushed and ground into pow-
der of less than 40 Hm and used for electrochemical
measurements and X-ray diffraction (XRD) measure-
ments. The electrode pellets ( 10 mm in diameter)
were prepared by cold pressing the mixtures of milled
alloy powder ( about 100 mg) and powdered elec
trolytic copper (44 Hm) in a mass ratio of 1 2 into
copper holders to form pores. Electrochemical charge
discharge tests were carried out in a trrelectrode elec
trolysis cell. The discharge capacities of hydride elec
trodes were determined by galvanostatic method. In
electrochemical cycling measurements, the electrodes

1
and

were charged at a current density of 100 mAy~
discharged at 50 mAyg™ .
set to — 0.6V vs Hgl HgO, with the same procedure
as reported in Ref. [ 11].

The phase structure of the samples was deter

The cut-off potential was

mined by XRD analysis using a X-ray diffractometer
of Rikagu D/Max-313 with Cu Kq radiation. The
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continuous scanning speed was 4 °/ min, and the 2 0
range was 20°~ 80°. And the results were analyzed
with Rietveld method !

The microstructure of the samples was investi
gated by using scanning electron microscope ( SEM)

Philips- XL30.
3 RESULTS AND DISCUSSION

Fig. 1 shows the activation process and discharge
capacity of as-cast alloys Zr(Mng.2Vo.2Nig.6) « (x =
2, 2.4). It can be seen that the overstoichiometric
alloy Zr (Mno.2 Vo.2 Nig.¢) 2.4 has shorter activation
process and higher charge discharge capacity ( C =
332.8 mAhg™ ' for x= 2 and C = 340. 8 mAhy ™'
for x = 2. 4). Fig. 2 shows the electrochemical cy-
cling stability of the two alloys. After 500 charge dis-
charge cycles, the capacity attenuation rate ( Ssp0) of
x= 2.4 alloy is 80. 9%, and that of x = 2.0 alloy is
75.3% . Because of its relatively better electrochemi
cal properties, we select the alloy Zr ( Mng 2 Vo.2
Nio.6) 2.4 as the mother alloy.

Fig. 3 shows the XRD patterns of the as cast and
melt-spun Zr ( Mng.2 Vo.2 Nige )24 alloys. Fig.3(a)

presents the peaks of the ascast alloy which
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Fig. 1 Activation process of Zr(Mmng 2V 2Nig 6) «
alloy for x= 2.0 and x = 2.4
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Fig. 2 Cycling stability of Zr(Mmng. 2Vo.2Nio.6) »
alloy for x= 2.0 and x = 2.4
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Fig. 3 XRD patterns of two types of

alloys Zr(MnVNi) 5 4
(a) —As cast; (b) —Meltspun

has the C14, C15 Laves phase and Zr;M o phase.
The pattern of melt-spun alloy (shown in Fig. 3(b))
only has the peaks of C14 and C15 Laves phases. The
data of XRD are analyzed with Rietveld method, and
summarized in Table 1. From Table 1 it can be found
that rapid solidification process decreases the C15
phase abundance from 76. 48% of as cast alloy to 69.
43% of melt-spun alloy, meanwhile the as cast alloy
contains 8. 07% Zr;M 19 non-Laves phase, and for the
melt-spun alloy, the non-Laves phase disappears. Af-
ter the melt-spinning process, the lattices constant of
C15 phase is decreased from 0. 704 78 nm to 0. 704
64 nm, and the lattice constants a and ¢ of C14
phase are decreased from 0.499 94, 0.815 65 to
0.497 82, 0. 813 75, respectively. These results re-
veal that rapid solidification process changes the ar
rangement of atoms in the alloys, and hinders the for-
mation of the non-Laves phase.

Fig. 4 shows the SEM morphology of ascast
and melt-spun Zr(Mng 2Vo.2Nig.¢) 2.4 alloys. The as
cast alloy has very coarse dendritic structure ( Fig. 4
(a)) and the melt-spun alloy has a mixed structure of
fine dendrites and columnar grains (Fig. 4 (b)).
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Table 1 Lattice parameter of alloys of melt-spun and arcmelted Zr(Mng 2V 2Nig ¢) 2.4
Phase and composition Lattice constant
Alloy
Phase Phase abundance/ % a/ nm b/ nm ¢/ nm V/nm?
C15 76. 48 0.704 78 - - 0. 496 60
As cast Cl4 15. 45 0.499 94 0.815 65 0.176 55
ZriM o 8.07 1.232 03 0.920 41 0.920 41
C15 69. 43 0.704 64 - - 0.496 52
Melt-spun
Cl4 30. 57 0.497 82 - 0.813 75 0.174 65
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Fig. 4 SEM morphologies of Zr(MnVNi),_ 4 alloys
(a) —As cast; (b) —Meltspun

Fig. 5 shows the discharge curves of the ascast
alloy and melt-spun alloys Zr(Mng 2V 2-Nip.6) 2.4 at a
discharge rate of 50 mAhy™ '. The discharge curve of
the melt-spun alloy is flatter than that of the ascast
alloy, however, the discharge potential of the melt-
spun alloy is lower than that of the arcmelted alloy.
Generally, the discharge potential flat characteristics
are decided by the homogeneity of the alloy composi-
tion. The more homogeneous the alloy , the flatter
the discharge potential plateau. This result indicates
that the melt-spinning process enhances the composi-
tional homogeneity of the alloy.

Fig. 6 shows the activation processes of the two
alloys Zr(Mng 2V 2Nig.¢) 2.4. It can be seen that the
ascast alloy is activated much easier than the melt-
spun alloy. The melt-spun alloy needs 25 charge-dis-

Discharge capacity/(mA+heg!)

Fig. 5 Discharge curves of as cast and
melt-spun Zr( MnVNi) 2 4 alloys
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Fig. 6 Activation process of
Zr(Mngo.2Vo.2Nig 6) 2.4 alloys

charge cycles to get its highest capacity, but the as
cast alloy only needs 13 cycles. The maximum dis-
charge capacity of melt-spun alloy is 347. 5 mAhy™ ',
which is a little higher than that of ascast alloy
whose maximum capacity is 340. 8 mAhg ™~ '.

Fig.7 shows the electrochemical cycling ste
bility of the two alloys Zr(Mno.2Vo.2Nig 6)2.4. The
results indicate that the cycling stability of melt-spun
alloy is much better than that of the as-cast alloy. Af-
ter 500 charge discharge cycles, the capacity attenua
tion rate of the melt-spun alloy is 90. 8%, and that of
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the ascast alloy is 80. 9% . Table 2 shows the total
electrochemical properties of the two alloys. From
Table 2 it can be seen that the high-rate-discharge-
ability of the ascast alloy is better than that of the
melt-spun alloy. The reasons why the two alloys have
different electrochemical properties are are analyzed

below.
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Fig. 7 Cycling stability property curves of
Zro.7Tip.3(MnVNi) 4 alloys

Table 2 Electrochemical properties of
Zr(Mng 2V 2Nig 6) 2.4 alloys

Discharge capacity/ Cycling stability/ %

Alloy

(mA‘hg* l) ( CSOO/ Cmax)
As cast 340. 8 80.9
Melt-spun 347.5 90. 8
Higlr rate dischargeabiblity at different
Alloy discharge current/ % ( ¢,/ (¢, + ¢50))
N= 300 N= 450 N= 600
As cast 77.9 50.2 42.5
Melt-spun 57.6 40.3 36.8

Firstly, the two alloys have two kinds of phase
composition. The as cast alloy has nomrLaves phase
Zr7M 19 besides C14 and C15 Laves phase, meanw hile
the melt-spun alloy only has C14 and C15 Laves
phase. It is well known that nomrLaves phase Zr7M 19
has good electrochemical catalytic property although
its charge-discharge capacity is very low (about 100
mA+h¥). And the phase abundance of C15 phase is
different. The C15 phase abundance increases after
rapid solidification process. The C14 phase and C15
phase have different electrochemical properties.

Secondly. the two alloys have different mi
crostructure. The grain size of the melt-spun alloy is
much smaller than that of the as cast alloy, in charge
discharge cycles, the hydrogen atoms in the bulk of
the electrode can result in lattice strain, and the fine
microstructure makes the bulk flexible and release the
lattice strain much easier, and suppresses the pulver-
ization in the charge discharge cycles, thus the activa

tion process is rationally hindered, and the cycling
stability improved. In addition, the rapid solidifica-
tion process eliminate the segregation of elements ef-
fectively!”), thus improving the oxidation resistance
and the cycling stability of the alloy.
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