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Abstract: La was partially substituted by Ce with the aim of improving the electrochemical hydrogen storage performances of
La, ,CeMgNi;sMngs (x=0, 0.1, 0.2, 0.3, 0.4) alloys, and melt spinning technology was adopted to fabricate the alloys. The
identification of XRD and SEM reveals that the experimental alloys consist of a major phase LaMgNi, and a secondary phase LaNis.
The growth of spinning rate results in that the lattice constants and cell volume increase and the grains are markedly refined. The
electrochemical measurement shows that the as-cast and spun alloys can obtain the maximum discharge capacities just at the first
cycle without any activation needed. With the increase of spinning rate, the discharge capacities of the alloys first increase and then
decline, whereas their cycle stabilities always grow. Moreover, the electrochemical kinetic performances of the alloys first increase

and then decrease with spinning rate growing.
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1 Introduction

Recently, an authoritative survey report from the
Ministry of Environmental Protection of China declared
that automobile exhaust is the main culprit giving rise to
the severe haze in Beijing. Also, it was reported that a
quarter of the world total energy was consumed by
transport [1] and globally about 23% CO, emission
originates from vehicular waste gases through the
combustion of fossil fuels [2]. Hence, to vigorously
develop electric vehicle (EV) and the hybrid electric
vehicle (HEV) is deemed to be an attractive strategy to
reduce both fossil energy consumption and carbon
dioxide emission. To develop new electrode materials
with high capacity, long life and low cost is a key
technical obstacle for the widespread application of the
EV and HEV. Several hydrogen storage materials are
thought to be candidates as the negative electrode of
Ni—MH batteries, especially rare earth-based ABs and
AB,-type alloys have been large-scale commercialized,
but none of them is satisfactory due to their relatively

low specific capacity. As for comprehensive
electrochemical properties, RE-Mg—Ni-based A,B;-type
and AB,-type alloys have been considered to be the most
promising candidates as the negative electrode materials
of Ni-MH battery on account of their higher discharge
capacities (380—410 mA-h/g) and lower production cost,
as reported by KADIR et al [3] and KOHNO et al [4].
GUENEE et al [5] studied the structures of LaMgNi, and
NdMgNi, alloys and found that the alloys have a cubic
MgCusSn (AuBes-type) structure. WANG et al [6]
synthesized a LaMgNi, alloy by mechanical milling and
found the maximum discharge capacity of the alloy
being about 400 mA-h/g. Although extensive research
has recently been performed to achieve the goal of
application as summarized by LIU et al [7] and ZHANG
et al [8], the attempt was still frustrated by the poor cycle
stability of the new alloy. Consequently, the production
of the new type alloys as the negative electrode of
Ni—MH battery has not been found in China.

Alloying and microstructure modification are
acknowledged to be effective approaches for improving
the hydrogen storage properties of La—Mg—Ni-based
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alloy [9,10]. Particularly, the partial substitution of rare
earth elements (Ce, Pr, Nd and Sm) for La and Co, Mn,
Cu and Al for Ni can markedly ameliorate the
electrochemical cycle stability of the alloys [11—-13]. In
addition, it is evidenced that the electrochemical
performances of the alloys are very sensitive to their
structures [14]. Our previous research results indicated
that melt-spinning could dramatically refine the structure
of the La—Mg—Ni system A,B;-type alloys and
considerably improve their cycle stability [15]. Hence,
we expect that the combination of an optimized Ce
substitution amount with a proper melt spinning
technique may obtain an alloy with high discharge
capacity and good cycling stability.

It is documented that adding rare earth elements can
significantly improve the corrosion resistance of an
electrode material, so as to improve its electrochemical
properties, especially the cycle stability [16]. However,
the full effect of elemental substitution on the hydrogen
storage properties of La—Mg—Ni-based AB,-type alloy
remains unknown. In the present work, Ce was adopted
to partially substitute La because Ce is cheaper and more
abundant in reserve than Y or other rare earth elements,
and melt spinning technology was used to fabricate the
La, ,Ce,MgNi;sMnys (x=0—0.4) alloys. Subsequently,
the effects of spinning rate on the structure and
electrochemical hydrogen storage characteristics of the
alloys were investigated in detail. Our findings provide
new insights into the capacity degradation mechanism of
La—Mg—Ni system AB,-type hydrogen storage alloys
that may improve their cycling stability.

2 Experimental

The compositions of the experimental alloys were
La; .Ce,MgNi;sMnys (x=0, 0.1, 0.2, 0.3, 0.4). For
convenience, the alloys were denoted with Ce content as
Cey, Cey.1, Cego, Ceg3 and Cey 4, respectively. The as-cast
alloys were prepared by vacuum induction melting with
the protection of helium atmosphere under a pressure of
0.04 MPa. Then, the as-cast alloys were spun with a
water-cooled rotating copper roller. The spinning rate
was expressed by the linear velocity of the copper roller.
In the present experiment, the spinning rates were 2, 6,
10 and 15 m/s, respectively.

The phase compositions and structures of the as-cast
and spun alloys were evaluated by X-ray diffraction
(XRD) (D/max/2400) with a scan rate of 4 (°)/min.
Before the XRD testing, the alloys were mechanically
ground into powders with size less than 300 um. The
morphologies of the alloys were examined by a scanning
electron microscopy (SEM) (QUANTA 400) attached
with an energy disperse spectroscopy (EDS).

The electrochemical performances were evaluated

by using a tri-electrode open cell at 303 K. Metal hydride
electrodes were prepared by pressing the alloy powders
and carbonyl nickel powders at a mass ratio of 1:4. The
total mass was about 1 g, and the diameter was 15 mm. A
sintered Ni(OH),/NiOOH counter electrode, a Hg/HgO
reference electrode and the prepared metal hydride
electrode were immersed in 6 mol/L KOH electrolyte.
The charge/discharge cycles were carried out with a
LAND (CT2001A) battery test instrument. In every
cycle, the experimental cells were charged at the current
density followed by a rest for 10 min, and then were
discharged at the same current density to cut off voltage
of —0.5V.

The electrochemical impedance spectra (EIS) and
the Tafel polarization curves of the alloys were measured
using an electrochemical workstation (PARSTAT 2273).
The fresh electrodes were fully charged and then rested
for 2 h up to the stabilization of the open circuit
potential. The EIS values of the alloy electrodes were
measured at 50% depth of discharge (DOD), in
frequency range from 10 kHz to 5 mHz, at amplitude of
signal potentiostatic or galvanostatic measurements
being 5 mV and the number of points per decade of
frequencies being 60. The Tafel polarization curves were
measured in the potential range from —1.2 to 1.0 V
(vs Hg/HgO) with a scan rate of 5 mV/s. For the
potentiostatic discharge, the test electrodes in the fully
charged state were discharged at potential steps of
500 mV for 5000 s on electrochemical workstation, using
an electrochemistry corrosion software (CorrWare).

3 Results and discussion

3.1 Microstructure characteristics

Figure 1 shows the XRD profiles of the as-cast and
spun La; ,Ce,MgNi;sMngs (x=0—0.4) alloys. It reveals
that the as-cast and spun alloys have biphasic structures
with a major phase LaMgNi, corresponding to cubic
SnMgCuy (AuBes)-type structure with F 43m (216)
space group and the secondary phase LaNis
corresponding to hexagonal CaCus-type structure with
P6/mmm (191) space group. Also, it is noted that the
diffraction profiles are similar and exhibit sharp peaks,
indicating excellent crystallinities and long-range
crystallographic orders of the alloys [17]. The melt
spinning brings on an obvious variation in the phase
abundances of the alloys without altering the phase
composition. Table 1 shows the lattice parameters of the
LaMgNi, and LaNis phases in the as-cast and spun Ce,
and Ce,, alloys, which were calculated from the XRD
data by Jade 6.0 software. It is evident that melt spinning
makes the lattice constants and cell volumes of the
LaMgNi, and LaNis phases obviously increase, which is
most likely associated with the lattice stress and crystal
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lattice  distortion resulting from melt spinning.
Meanwhile, melt spinning gives rise to the increase of
LaMgNi, phase and the decrease of LaNis phase. A
careful observation will find that, for each spinning rate,
the lattice constants and cell volumes of the Ce, alloy
are visibly smaller than those of the Ce, alloy, which is
ascribed to the fact that the atom radius of Ce is smaller
than that of La.
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Fig. 1 XRD patterns of as-cast and spun La;_Ce MgNi; sMn s
(x=0—0.4) alloys: (a) As-cast alloys; (b) As-spun Ce, alloy;
(c) As-spun Cey, alloy

The SEM images and EDS patterns of the as-cast
Cey and Cey, alloys are demonstrated in Fig. 2. Clearly,
the morphologies of the as-cast alloys display typical
dendritic structures. Two regions with different colors,
bright and grey regions are found in the images. The
analysis of EDS identifies that the grey region is
LaMgNi, phase and the bright region is LaNis phase,
which conforms well to the XRD detection. Moreover, it
is also observed that the substitution of Ce for La makes
the alloy grains obviously refined.

The morphologies of the as-spun Cey, and Cey,
alloys are presented in Fig. 3. Apparently, the grain sizes
of the as-spun alloys markedly decrease with the increase
of spinning rate. A particularly obvious characteristic can
be found by comparing Figs. 2 and 3 that the melt
spinning results in dramatic refinement of alloy grains.
Moreover, it is noted that the as-spun Ce, and Ce,, alloys
exhibit different morphologies. The as-spun Ce, alloy
shows a lath-like morphology. For Ce, alloy, by contrast,
shows a feather-like morphology, and the grain sizes of
the alloys at the same spinning rate also decrease with
the Ce substitution.

3.2 Electrochemical performances
3.2.1 Activation capability, discharge capacity and
potential characteristic

Figure 4 shows the variation of the discharge
capacities of the as-cast and spun Ce, and Cey, alloys
with cycle number at a current density of 60 mA/g.
Obviously, the experimental alloys exhibit excellent
activation performance, yielding their
discharge capacities just at the first charging—discharging
cycle without any activation needed. The variation of
spinning rate has no effect on the activation capability of
the alloys. The activation capability of an alloy electrode
directly depends on the change of the internal energy of
the hydride system before and after absorbing hydrogen.
The larger the added internal energy is, involving the
surface energy originating from oxidation film formed on
the surface of the electrode alloy and the strain energy
resulting from hydrogen atom entering the interstitial
sites of the tetrahedron or octahedron of the alloy lattice,
the poorer the activation performance of the alloy will
be [18]. The superior activation performance of the
as-cast and spun alloys is principally attributed to their
multiphase structures owing to the fact that the phase
boundary can be viewed as the buffer zone to relieve the
lattice distortion and strain energy formed in the process
of hydrogen absorption. The refinement of the alloy
grains caused by melt spinning is doubtlessly beneficial
to improve the activation performance of the alloy.

Figure 5 describes the relationship between the
discharge capacity of the La;_,Ce,MgNi; sMng s (x=0—0.4)
alloys and spinning rate. It is obvious that the discharge

maximum
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Table 1 Lattice constants and abundances of LaMgNi, and LaNis phases

Lattice constant

Alloy State Phase Cell volume, V/nm’ Phase abundance/%
a/nm c/nm
LaMgNi, 0.7189 - 0.3715 76.5
As-cast .
LaNis 0.5084 0.4021 0.0900 235
LaMgNiy 0.7191 - 0.3719 77.3
As-spun at 2 m/s
LaNis 0.5086 0.4022 0.0901 22.7
LaMgNiy 0.7192 - 0.3720 77.9
Ceg As-spun at 6 m/s )
LaNis 0.5087 0.4024 0.0902 22.1
LaMgNiy 0.7194 - 0.3723 78.3
As-spun at 10 m/s
LaNis 0.5088 0.4026 0.0903 21.7
LaMgNiy 0.7194 - 0.3723 78.5
As-spun at 15 m/s
LaNis 0.5090 0.4028 0.0904 21.5
LaMgNiy 0.7184 - 0.3708 78.2
As-cast .
LaNis 0.5079 0.4016 0.0898 21.8
LaMgNiy 0.7185 - 0.3709 78.9
As-spun at 2 m/s )
LaNis 0.5081 0.4019 0.0899 21.1
LaMgNiy 0.7186 - 0.3711 79.5
Cep As-spun at 6 m/s ]
LaNis 0.5082 0.4021 0.0899 20.5
LaMgNiy 0.7187 - 0.3712 79.6
As-spun at 10 m/s )
LaNis 0.5083 0.4023 0.0900 20.4
LaMgNiy 0.7189 - 0.3715 79.9
As-spun at 15 m/s )
LaNis 0.5084 0.4024 0.0901 20.1

(© LaNi; Ni (d) LaMgNi, Ni
Ni Ni La
La La
La
La
a Mg
La Ni a Ni
M H
L Ce i LA/NJ Ce e J ‘
0 2 4 6 8 10 0 2 4 6 8 10
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Fig. 2 SEM images together with typical EDS spectra of as-cast alloys: (a) Ce, alloy; (b) Cey, alloy; (c) EDS spectrum of LaNis
phase in Cey alloy; (d) EDS spectrum of LaMgNi, phase in Cey, alloy



Yang-huan ZHANG, et al/Trans. Nonferrous Met. Soc. China 26(2016) 3219-3231 3223

g

Fig. 3 SEM images of as-spun Ce, and Ce,, alloys: (a—d) Ce, alloy spun at 2, 6, 10 and 15 m/s, respectively; (e—h) Cey, alloy spun

at 2, 6, 10 and 15 m/s, respectively
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Fig. 4 Evolution of discharge capacity of as-cast and spun alloys with cycle number: (a) Ce, alloy; (b) Cey, alloy
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Fig. 5 Evolution of discharge capacity of as-cast and spun
La;_,CeMgNi; sMny 5 (x=0—0.4) alloys with spinning rate

capacities of the alloys first increase and then decrease
with spinning rate growing. When the spinning rate is
10 m/s, the alloys yield the maximum discharge
capacities, which are 342.3, 347.4, 358.9, 345.3 and
328.4 mA-h/g for the Cej, Ceyy, Cepp, Cegs and Cepy
alloys, respectively. The above results suggest that the
melt spinning makes positive and negative actions on the
discharge capacity of the alloys. The positive action is
ascribed to the grains refined by melt spinning owing to
the fact that the grain boundary exhibits the distribution
of the maximum hydrogen concentrations [19]. As to the
negative action, it is considered to be associated with the
lattice stress generated by melt spinning. It can be
inferred that the lattice stress is harmful to the discharge
capacity of the alloys.
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Figure 6 shows the discharge potential curves of the
as-cast and spun Ce, and Cey, alloys at a current density
of 60 mA/g. The discharge potential characteristic of an
alloy is characterized by the potential plateau of the
discharge curves. The longer and more horizontal the
discharge potential plateau is, the better the discharge
potential characteristic will be. Obviously, the
experimental alloys show good potential characteristics,
and the melt spinning notably ameliorates discharge
potential characteristics of the alloys, enhancing
discharge potential and lengthening discharge plateau. It
is documented that the potential characteristic of an alloy
is closely relevant to internal resistance of a battery,
including ohmic internal resistance and polarization
resistance, which basically depends on the diffusion of
hydrogen atoms in the alloy and reduces with increasing
diffusion coefficient [20]. The potential characteristic
improved by melt spinning is most probably ascribed to
the dramatic grain refinement due to the fact that grain
boundaries may act as the fast diffusion paths for
hydrogen atoms [21].
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Fig. 6 Discharge potential curves of as-cast and spun
La;_.Ce,MgNi; sMng 5 (x=0—0.4) alloys: (a) Cey alloy; (b) Ceqg,
alloy

3.2.2 Electrochemical cycle stability

The electrochemical cycle stability of the
experimental alloy electrodes is evaluated by capacity
retaining rate (S,), which is defined as S,=C,/Cy,x*100%,
where Cy.x is the maximum discharge capacity and C, is
the discharge capacity of the nth charge—discharge cycle
at a current density of 300 mA/g, respectively. The cycle
stability of an alloy electrode is one of the major
performance indicators that evaluate whether a kind of
alloy can be applied as a negative electrode material of
Ni—MH battery. Figure 7 illustrates the variation of the
S, values of the as-cast and spun Cey, and Cey, alloys
with cycle number, which clearly displays the
degradation process of the discharge capacity of the
alloys. It is noted that the degradation rate of the
discharge capacities of the as-cast and spun Ce, and Cey,
alloys conspicuously decreases with spinning rate
growing, meaning that the melt spinning generates a
positive contribution to the cycle stability of the alloys.
To directly reveal the effect of spinning rate on the cycle
stability of the alloys, the relationship between the S50
(n=150) values and spinning rate is also inserted in Fig. 7.
It is observed that the S5, values significantly increase
with spinning rate growing. To be specific, the ;5o value
can be enhanced from 40.2% to 63.2% for the Ce, alloy
and from 59.2% to 80.2% for the Cey, alloy by
increasing spinning rate from 0 (as-cast is defined as the
spinning rate of 0) to 15 m/s. A comparison shows that,
for the same spinning rate, the Cey, alloy exhibits a
much higher S;so value than the Ce, alloy, indicating that
Ce substitution for La facilitates the improvement of the
cycle stability of the alloy. It is well known that the
primary causes leading to the capacity degradation of
RE—Mg—Ni-based AB,-type alloy are the pulverization
and oxidation [22]. The hydrogen storage material
suffers an inevitable volume expansion and contraction
during the charge—discharge process, which aggravates
the alloy’s cracking and pulverizing. The fresh alloy
surface contacting with the electrolyte will be oxidized,
forming La(OH), and Mg(OH), surface layer, which is
also evidenced by our experimental results, as
demonstrated in Fig. 8. It is clear that there are many
cracks on the surfaces of the alloy particles after
electrochemical cycle. Meanwhile, it can be also seen
that the alloy particles after cycling are covered by a
rough and gossypine layer, which is identified to be
La(OH), and Mg(OH), by XRD, as shown in Fig. 8(c).
The positive contribution of melt spinning to the cycle
stability of the alloys is ascribed to the grain refinement
due to a well-known fact that the strength and toughness
of an alloy increase with decreasing grain size. In other
words, the smaller the size of alloy grain is, the better its
strength and toughness are, and the higher the anti-
pulverization capability is. With respect to the positive
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contribution of Ce substitution for La to cycle stability, it
is considered to be affiliated with the enhancement of the
anti-corrosion and anti-oxidation ability [23].
3.2.3 Electrochemical kinetics

The electrochemical kinetics of an alloy electrode is
symbolized by high rate discharge ability (#grp), Which
is defined as: #grp=C,/Cs0*100%, where C; and Cy are

() .
A —Ni

A ¢ —La(OH),

¢+ —Mg(OH),

Fig. 8 SEM images (a, b) together with typical XRD pattern (c) of as-spun (10 m/s) Ce,, alloy before (a) and after (b)
electrochemical cycle

BrY
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20/(°)

the maximum discharge capacities of the alloy electrode
charged—discharged at the current densities of J and
60 mA/g, respectively. The current density dependence
of the nyrp values of the as-cast and spun Cey and Cey,
alloys is depicted in Fig. 9, from which it can be clearly
seen that the nurp values of the as-cast and spun alloys
markedly decline with current density growing. For
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comparison, we take the current density of 300 mA/g as
a criterion to set up the relationship between the #yrp and
spinning rate, as shown in Figs. 9(a;) and (b,),
respectively. It is evident that the #yrp values of the Ceg
and Ce, alloys first increase and then decrease with
spinning rate growing, and the maximum #ygrp is 92.9%
for the Ce, alloy and 93.8% for the Ce(, alloy,
respectively, which are almost equal to the
electrochemical kinetics of the rare earth-based ABs-type
alloy electrode.

It is well known that the nurp of an alloy electrode
is basically dominated by hydrogen diffusion ability in
the alloy bulk and charge-transfer rate on the alloy
electrode surface [24]. To investigate the kinetic
mechanism of the experimental alloys, the effects of
spinning rate on the hydrogen diffusion ability and
charge-transfer rate were studied. The semilogarithmic
curves of anodic current versus the working duration of
an alloy electrode were measured, as demonstrated in
Fig. 10. Based on Ref. [25], the diffusion coefficient of
hydrogen atoms in the bulk of an alloy could be easily
calculated from the slope of the linear region of the
corresponding plots according to the following formulae:
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23034 digJ

D =
71:2 ds

2
where J is the diffusion current density (A/g), D is the
hydrogen diffusion coefficient (cm¥/s), Cy is the initial
hydrogen concentration in the bulk of the alloy
(mol/cm®), Cy is the hydrogen concentration on the
surface of the alloy particles (mol/cm®), a is the alloy
particle radius (cm), d is the density of the hydrogen
storage alloy (g/cm?), ¢ is the discharge time (s). The D
values calculated from Eq. (2) as a function of spinning
rate are inserted in Figs. 10(a;) and (b,), respectively.
Evidently, the D values of the alloys first augment and
then decline with spinning rate increasing.

Limiting current density (Jp), another important
parameter related to the diffusion ability of hydrogen
atoms, can be derived by measuring the potentiodynamic
polarization curve of an alloy electrode, as illustrated in
Fig. 11. A clear inflection point can be found on each
anodic polarization curve. The current density value
corresponding to inflection point is termed as the
limiting current density, which is viewed as an oxidation
reaction taking place on the alloy electrode surface, and
consequently the oxidation layer hindering hydrogen
atoms from further penetrating [22]. Thus, the limiting
current density (J.) can be thought to be a critical current
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density for passivating. Based on the data in Fig. 11, the
relationships between the J; values and spinning rate can
be established, just as shown in Figs. 11(a;) and (b,),
respectively. A comparison of Figs. 10 and 11 indicates
that the variation tendencies of the D and J; values with
spinning rate are very similar, suggesting that two
parameters factually reflect the diffusion ability of
hydrogen atoms. In addition, it is also found that the
variation trends of the D and Ji values of the alloys with
spinning rate are very similar to that of the #ygrp,
meaning that the diffusion ability of hydrogen atoms is a
very important factor affecting the electrochemical
kinetics of the alloy. The grain refined by Ce substitution
for La evidently is facilitated. The positive action of melt
spinning on the diffusion ability of hydrogen atoms is
ascribed to the refinement of the alloy grains which was
mentioned previously. The negative impact on hydrogen
diffusion caused by melt spinning is most probably
associated with lattice distortion, which will increase the
diffusion activation energy of hydrogen
consequently impairing hydrogen diffusion.

As for the charge-transfer rate on the alloy electrode
surface, it can be determined from its electrochemical

atoms,

impedance spectrum (EIS) according to the Kuriyama
model [26]. As a typical representative, the EIS curves of
the as-cast and spun Ce,, alloys are depicted in Fig. 12.
It is evident that there are two distorted capacitive loops
in the high and middle frequency regions separately as
well as a line in the low frequency region in each EIS,
which correctly reflects the electrochemical process of an
alloy electrode. Among them, the smaller semicircle in
the high frequency region represents the contact
resistance between the alloy powder and the conductive
material, and the larger one in the middle frequency
region corresponds to the charge-transfer resistance (R.)
on the alloy surface while the straight line in the low
frequency region symbolizes Warburg impendence.
By means of the equivalent circuit in Fig. 12, the Ry
values can be obtained with the fitting program
Z-View. KURIYAMA et al [26] considered that the
R value principally depends on both the reactivity of
the alloy surface and that of the reaction area. And
the electrochemical reactivity of the alloy surface can
be determined with apparent activation enthalpy
AH®, which can be obtained by the following
equation:

T A H®
In [R—j =Cy——L 3)

RT

ct

where R is the charge-transfer resistance for the metal
hydride electrodes, R is the gas constant, 7 is the
temperature of the sample and C is a constant of which
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Fig. 12 Electrochemical impedance spectrum (EIS) of as-cast

and spun Ce, alloy (a) and equivalent circuit (b)

the surface area is included. In view of the calculation
conditions of Eq. (3), the EIS curves of the as-cast and
spun La; ,Ce,MgNi;sMnys (x=0—0.4) alloys are
measured at different temperatures (303, 318 and 333 K),
and as a representative, the EIS curves of the as-cast and
spun Ce, and Cey, alloys are shown in Fig. 13. Based on
the data in Fig. 13, the Kuriyama graphs of In(7/R.) vs
I/T can be plotted by using logarithmic transform of
Eq. (3), as shown in Figs. 13(a;) and (b,), respectively.
From the slopes of the Kuriyama plots, the AH® values
can be easily calculated. Thus, the relationship between
the AH® values and spinning rate is established, as
described in Fig. 14. The A,H® values of the alloys first
decrease and then increase with spinning rate growing,
namely there exists an optimal spinning rate at which the
alloys possess the highest charge transfer rate. Thus, it
can be inferred that the melt spinning plays beneficial
and harmful roles in the charge transfer rate of the alloys.
KLEPERIS et al [27] considered that the charge-transfer
rate of an alloy electrode surface mainly depends on its
crystallographic and electronic structure. The positive
impact of the melt spinning on the charge transfer is
most likely related to the crystallographic characteristics
generated by melt spinning. As to the negative impact, it
is considered to the ultra-refined grains by melt spinning
because the refinement of the alloy grains greatly
enhances the anti-pulverization ability of the alloy during
electrochemical cycling, which means forming fewer
fresh surface of the alloy, so as to inevitably impair the
charge-transfer ability.
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4 Conclusions

1) Melt spinning makes the dramatic refinement of
the alloy grains. Meanwhile, it gives rise to increasing
LaMgNi, phase and decreasing LaNis phase without

altering the phase compositions of the alloys. The lattice
parameters and cell volumes of the experimental alloys
visibly increase with spinning rate growing.

2) The as-cast and spun alloys exhibit excellent
activation capability. The melt spinning can significantly
improve the potential characteristics of the alloys. The
discharge capacities of the alloys first increase and then
decline with spinning rate rising. In addition, melt
spinning can dramatically improve the electrochemical
cycle stability of the alloys.

3) Electrochemical kinetics of the as-cast and spun
alloys first increase and then decrease with spinning rate
growing, for which the structure modified by melt
spinning is principally responsible. The hydrogen
diffusion coefficient (D) and the activation enthalpy
(AH®) of the alloys are thought to be the main
controlling factors of the high rate discharge abilities
(HRD) of the alloys.
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