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bstract

La1.5Mg0.5Ni7−xCox (x = 0–1.8) hydrogen storage alloys have been prepared by induction melting followed by an annealing treatment. X-ray
iffraction (XRD) and electron probe microanalysis (EPMA) show that all of the alloys consist of a main phase with Ce2Ni7-type structure with
mall impurities, such as LaNi5-type and PuNi3-type phases. The combination of X-ray and neutron diffraction data shows that Mg atoms are
ocated only at the Laves unit and that Co atoms are located only at the CaCu5 unit of the Ce2Ni7-type unit cell. As Co content increased, the lattice
arameters and cell volume increase and the hydrides become more stable. Electrochemical analyses show that all the alloys have a large discharge
apacity (above 390 mAh/g) and can be easily activated by three cycles. However, the cyclic stability of the alloy electrodes becomes worse as Co

ontent increased, which could be mainly attributed to the distribution of Co atoms in the Ce2Ni7-type unit cell. The La1.5Mg0.5Ni7.0 alloy exhibits
etter cyclic stability (S70% = 84.7) and a higher rate dischargeability (HRD900% = 92.32). Electrochemical analyses show that the control process
f alloy electrode reaction is hydrogen diffusion in bulk of alloy.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Hydrogen storage alloys have been the focus of a great
eal of research in the last decades because of their excel-
ent hydrogen storage performance and environment compat-
bility [1,2]. Depending on the differences of crystal structure,
ydrogen storage alloys ABn (A, rare earth element or alkaline
lement; B, transition metal) can be mainly classified into six
ypes: AB5 (CaCu5 type), A2B7 (Ce2Ni7 type), AB3 (PuNi3
ype), AB2 (Laves phase), AB (CsCl type) and A2B (Mg2Ni
ype) [3]. Among these, extensive research in AB5-type and
B2-type alloys has led to the commercialization of the nickel-

etal hydride (Ni-MH) battery [4,5]. However, AB5-type alloy

lectrodes exhibit low discharging capacity (about 300 mAh/g),
hile AB2-type alloy electrodes are activated slowly and contain
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es; Rietveld refinement

oisonous vanadium element, which limit the extensive appli-
ation of both kinds of alloys.

Recently, La–Mg–Ni based alloys with PuNi3-type structure
ave attracted considerable attention as negative materials of Ni-
H battery systems in view of their higher discharge capacity
hen compared to that of AB5-type alloy electrodes [6]. It is well
nown that the crystal structure of PuNi3-type alloy is obtained
y combining the AB5 and AB2 unit [AB5 + 2(AB2) = 3(AB3)]
long c axis [7], and the magnesium is located only at AB2
nit [8]. Liao et al. [9] reported the electrochemical properties
f LaxMg3−xNi9 alloy electrodes with a PuNi3-type structure
n which the La2MgNi9 alloy electrode exhibited the high-
st discharge capacity (397.5 mAh/g). For the La2MgNi9 alloy
LaNi5 + 2(La0.5Mg0.5)Ni2 = La2MgNi9], about half of the lan-
hanum atoms in the Laves unit were substituted with mag-

esium atoms. However, this kind of alloy electrode exhibits
oor cyclic stability; furthermore, substitution of lanthanum or
ickel with other rare earth elements or other transition metals
ad not obviously improved the cyclic stability [10–14]. On the
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current density and (2) a rest period (about 20 min) long enough for the potential
to become constant.

To investigate the electrocatalytic activity and kinetics properties of alloy
electrodes, analyses of linear polarization, anodic polarization and coefficient
of hydrogen diffusion in alloy bulk were performed using a CHI600A elec-
F. Zhang et al. / Journal of Alloys

ther hand, Kohno et al. [15] studied hydrogen storage proper-
ies of new ternary system alloys: La2MgNi9, La5Mg2Ni23 and
a3MgNi14. As a result, the La5Mg2Ni23 alloy electrode showed
large discharge capacity (410 mAh/g) and perfect cyclic stabil-

ty within 30 cycles. However, the details of the phase structure
nd the crystal structure about La5Mg2Ni23 alloy have not been
eported until now. To my knowledge, there is little informa-
ion available in literature about La5Mg2Ni23-type structure,
ut it is sure that the La2Ni7 alloy with Ce2Ni7-type struc-
ure exists in La–Ni phase diagram [16]. In addition, Dunlap
t al. [7] and Parthe and Lemaire [17] reported that Ce2Ni7-
ype structure is very similar to PuNi3-type structure, and that
he crystal structure of Ce2Ni7-type alloy can be also obtained
y combining AB5 and AB2 units [AB5 + AB2 = A2B7],
ut the ratio between AB5 and AB2 unit in Ce2Ni7-type
lloy is different from that in PuNi3-type alloy. Therefore,
t is necessary to study the properties of La1.5Mg0.5Ni7
lloy with Ce2Ni7-type structure assuming that La1.5Mg0.5Ni7
an be formed with a LaNi5 + La0.5Mg0.5Ni2 = La1.5Mg0.5Ni7
ormula.

It is well known that the cyclic stability of AB5-type alloy
lectrodes can be improved remarkably by replacing nickel in
art with cobalt, which is mainly due to the noticeable depression
f the lattice expansion [18,19]. Therefore, it can be expected
hat the overall electrochemical properties of the La1.5Mg0.5Ni7
lloy electrode with Ce2Ni7-type structure would be improved
y cobalt substitution in part for nickel. Therefore, we designed
he La1.5Mg0.5Ni7−xCox (x = 0, 1.2, 1.8) alloys and examined
he structure and electrochemical properties.

. Experimental

Hydrogen storage alloys with nominal composition La1.5Mg0.5Ni7−xCox

x = 0, 1.2, 1.8) were prepared by induction melting at a 0.4 MPa Ar atmo-
phere followed by annealing treatment between 1123 and 1223 K at a 0.2 MPa
r atmosphere. The purity of all elements was above 99 wt%. Due to the
igh vapor pressure of magnesium, an appropriate excess of magnesium was
ecessary.

The annealed alloys were ground mechanically into powder below 400 mesh
or X-ray diffraction (XRD) measurements, below 200 mesh for neutron diffrac-
ion (ND) and between 250 and 300 mesh for electrode test. The crystal structure
haracterization of alloys was examined by XRD measurements on a Rigaku
/max-2400 diffractometer with Cu radiation and a power of 40 kV × 100 mA.
he XRD patterns were recorded over the range 15–110◦ in 2θ by step of 0.02◦.
easurement of ND was performed on a two-axis diffractometer at China Insti-

ute of Atomic Energy in Beijing. The wavelength was set to 1.159 Å. The ND
attern was collected with 0.1◦ step from 10◦ to 100◦ in 2θ. Then the collected
ata were analyzed by the Rietveld method [20] using Fullprof 2K software
21].

The microscopic structure and the composition of La1.5Mg0.5Ni5.8Co1.2

nd La1.5Mg0.5Ni5.2Co1.8 alloys were observed and analyzed by electron probe
icroanalysis (EPMA) using a JXA-8800R electron probe microanalyzer.

Alloy electrodes were prepared by cold pressing the mixture of alloy powder
nd carbonyl nickel powder at the weight ratio of 1:2 under 800 MPa pres-
ure to form a pellet of 10 mm in diameter. Electrochemical measurements
ere performed at 298 K in a standard open tri-electrode electrolysis cell con-

isting of alloy electrode, a sintered Ni(OH)2/NiOOH counter electrode and

Hg/HgO reference electrode immersed in 6 M KOH electrolyte. Each elec-

rode was charged at 100 mA/g for 5 h and discharged at 100 mA/g until the
ut-off potential of −0.6 V versus Hg/HgO reference electrode was reached.
he high rate dischargeability (HRD) was determined by examining the dis-
harge capacity at various discharge current densities. Because of low hydrogen
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bsorption/desorption plateau for La–Mg–Ni alloy system [22], a self-discharge
roblem can be ignored if the time for testing of electrodes is not very long
23]. Therefore, P–C isotherms could be determined by electrochemical method
ccording to the Nernst equation [24]:

eq (versus Hg/HgO) = −0.9305 − 0.02955 log(Peq) at 298 K (1)

here the equilibrium potential (Eeq) was determined by alternately performing
he following operation: (1) a pulse charge/discharge of 10 mAh/g with 50 mA/g
ig. 1. Diffraction patterns of La1.5Mg0.5Ni7−xCox (x = 0–1.8) alloys: (a) XRD
atterns for La1.5Mg0.5Ni7−xCox (x = 0–1.8) alloys, (b) Rietveld refinement pat-
ern with XRD data for La1.5Mg0.5Ni5.8Co1.2 alloy and (c) Rietveld refinement
attern with ND data for La1.5Mg0.5Ni5.8Co1.2 alloy.



220 F. Zhang et al. / Journal of Alloys and Compounds 424 (2006) 218–224

.5Ni5

t
p
p
a
d
b
f
2

3

3

(
i
s
P
t
E
s
T
d
s
t
r
g
f
t
w
P
m
d
p
T
g

b
m
s
d
X
x
T
i
o
l
c
a
t
m
d
a
b
c
p
t
m
r
i
c
r
t
R
b
a
s
r

T
L

A

x
x
x

Fig. 2. Back scattering electron images for La1.5Mg0

rochemical work station after the alloy electrodes were activated. The linear
olarization and anodic polarization were measured by scanning the electrode
otential at a rate of 0.1 mV/s from −6 to 6 mV (versus open circuit potential)
nd 5 mV/s from 0 to 450 mV (versus open circuit potential), respectively, at 50%
epth of discharge (DOD). The hydrogen diffusion coefficients were measured
y using the constant potential-step discharge technique. The test electrodes in
ully charged state were discharged at a constant potential-step of +0.6 V for
500 s.

. Results and discussion

.1. Crystal structure

Fig. 1(a) shows the XRD patterns of the La1.5Mg0.5Ni7−xCox

x = 0–1.8) alloys, and Fig. 2 shows the back scattering electron
mages of x = 1.2 and 1.8 alloys. It can be seen that all alloys con-
isted of main phase with Ce2Ni7-type structure (space group
63/mmc) with small impurities, such as LaNi5-type phase in

he x = 1.2 alloy and PuNi3-type phase in the x = 1.8 alloy. Both
PMA analysis and Rietveld refinement verified the result as
hown in Fig. 1(b and c) and Table 1. From Fig. 2(a) and
able 1, it can be found that the alloy for x = 1.2 contained two
ifferent regions, region A and region B. Analysis of EPMA
howed that the lanthanum content in region B was more than
hat in region A, while stoichiometry (Ni/(La + Mg)) for both
egions was very similar. This result indicates that the homo-
eneity of x = 1.2 alloy was not good, which may have resulted
rom insufficient annealing treatment. In Fig. 2(b), a little PuNi3-
ype phase, region B, was observed, the composition of which
as La0.69Mg0.23Ni2.28Co0.72. However, the diffraction peaks of
uNi3-type phase were not found as shown in Fig. 1(a), which
ay be attributed to two factors: one is the serious overlap of
iffraction peaks between PuNi3-type phase and Ce2Ni7-type
hase [25], the other is a little abundance of PuNi3-type phase.
o clarify the distribution of Mg and Co atoms in the crystallo-
raphic cell, both X-ray and neutron diffraction data were used

e

a
c

able 1
attice parameters and composition analysis for La1.5Mg0.5Ni7−xCox (x = 0–1.8) allo

lloy Unit cell parameters Rietveld ana

a (Å) C (Å) C/a V (Å3)

= 0 5.036 24.206 4.81 530.10 La1.57Mg43N
= 1.2 5.051 24.292 4.81 537.91 La1.59Mg0.41

= 1.8 5.057 24.299 4.81 538.18 La1.58Mg0.42
.8Co1.2 alloy (a) and La1.5Mg0.5Ni5.2Co1.8 alloy (b).

ecause the contrast of scattering factor between lanthanum and
agnesium is large for X-ray diffraction, and the contrast of

cattering factor between cobalt and nickel is large for neutron
iffraction [26]. Fig. 1(b and c) shows the refinement patterns of
-ray diffraction and neutron diffraction, respectively, for the
= 1.2 alloy. The crystallographic parameters are tabulated in
able 2. It can be seen that Mg atoms are located only at 4f1 site

n the Laves unit, and not found at 4f2 site in AB5 unit. This kind
f distribution of magnesium in Ce2Ni7-type alloys is very simi-
ar to that in PuNi3-type alloys. It should be noted that the actual
ontent of magnesium in x = 1.2 alloy, depending on the Rietveld
nd EPMA analyses, was less than the nominal expected con-
ent of magnesium, which may be related to the volatilization of

agnesium during preparation process. From Table 2, it is also
istinct that a part of cobalt atoms is located at the AB5 unit, such
s 6h, 4e and 4f sites, and the other part is located at the boundary
etween AB5 unit and Laves unit such as the 12k site. However,
obalt atoms are not found in Laves unit such as the 2a site. The
reference of cobalt for AB5 unit may be related to the forma-
ion condition of the Laves phase. Fig. 3 gives the distribution of
agnesium and cobalt in Ce2Ni7-type unit cell, according to the

esult of Rietveld analysis. As shown in Table 1, cobalt content
n the x = 1.2 alloy, calculated from the Rietveld refinement, was
onsistent with the result of EPMA analysis, which indicates the
eliability of the Rietveld analysis. However, we also noted that
he error of occupancy factor, ζ, in Table 2 was not small and the

factor for the refinement of X-ray data was big, which may
e attributed to the no-homogeneity of x = 1.2 alloy. Besides,
ccording to the result of EPMA analysis as shown in Table 1,
toichiometry of every phase in alloy was a little larger than the
eal stoichiometry, which may be due to the existence of light

lement Mg and actual instrument performance.

Fig. 4 shows the variations of lattice parameters and volume
s a function of x for La1.5Mg0.5Ni7−xCox (x = 0–1.8) alloys. As
obalt content increased, the lattice parameters and cell volume

ys

lysis EPMA analysis

Main phase (region A) Second phase (region B)

i7.0 – –
Ni5.7Co1.3 La1.59Mg0.32Ni5.8Co1.2 La1.61Mg0.28Ni5.80Co1.20

(NiCo)7.0 La1.56Mg0.37Ni5.19Co1.81 La0.69Mg0.23Ni2.28Co0.72
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Table 2
Crystallographic parameters for La1.5Mg0.5Ni5.8Co1.2 alloy with a space group P63/mmc

Atom Symmetry x y z ζ(Mg) ζ(Co)

(La, Mg) 4f1 0.3333 0.6667 0.0258(2) 0.41(1) –
La 4f2 0.3333 0.6667 0.1708(2) 0 –
Ni 2a 0 0 0 – 0
(Ni, Co) 4e 0 0 0.1676(5) – 0.23(5)
(Ni, Co) 4f 0.3333 0.6667 0.8329(4) – 0.08(4)
(Ni, Co) 6h 0.8332(26) 1.6665(26) 0.25 – 0.24(4)
(Ni, Co) 12k 0.8313(17) 1.6625

Rp = 3.76 and s = 1.08 for ND data. Rp = 14.7 and s = 1.8 for XRD data. ζ(Mg) repre
represents the atomic ratio of cobalt replacing nickel at each site.

Fig. 3. Distribution pattern of Mg and Co atoms in Ce2Ni7-type unit cell.

Fig. 4. Variations of lattice parameters and volume as the function of x for
La1.5Mg0.5Ni7−xCox (x = 0–1.8) alloys.
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(17) 0.0844(2) – 0.21(3)

sents the atomic ratio of magnesium replacing lanthanum at each site. ζ(Co)

ncreased gradually. This may be attributed to the larger atomic
adius of Co (1.67 Å) than that of Ni (1.62 Å). However, the
ariations of Lattice parameters and volume as the function of
did not obey the linear relationship completely, which may be
ue to the small difference of actual magnesium content in the
lloys as shown in Table 1.

.2. Thermodynamic characteristics

Fig. 5 shows the electrochemical P–C isotherms for
a1.5Mg0.5Ni7−xCox (x = 0–1.8) alloys at 298 K. It can be seen

hat the plateau pressure of x = 0 alloy was obviously higher than
hat of the x = 1.2 and 1.8 alloys, while the difference in plateau
ressure between x = 1.2 and 1.8 alloys was small. This phe-
omenon may result from the unit cell volume [27], obviously
he volumes of x = 1.2 and 1.8 alloys were larger than that of
= 0 alloy, while the volume difference between x = 1.2 and 1.8
lloys was small. All of these facts indicate that the hydrides of
lloys, which contain cobalt, are more stable than the hydrides
f Co-free alloys.

From Fig. 5, it can be seen that the hysteresis factor of all the
lloys was not big; the hysteresis factor can be defined as:
f = Lg

(
Pabs

Pdes

)
(2)

ig. 5. Electrochemical P–C isotherms for La1.5Mg0.5Ni7−xCox (x = 0–1.8)
lloy electrodes at 298 K.
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Table 3
Summary of electrochemical properties for La1.5Mg0.5Ni7−xCox (x = 0–1.8) alloy electrodes

Alloy Na Cmax (mAh/g) HRD900% S70% I0 (mA/g) IL (mA/g) D (×10−10 cm2/s)

x = 0 3 394.51 92.32 84.7 251.0 3900 7.8
x = 1.2 2 391.49 79.58 81.1 245.4 2200 3.3
x 68
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where C is the discharge capacity at the discharge current den-
= 1.8 2 405.69 90.64

a presents the cycle numbers needed to activate the electrode. S70% is defined a
urrent density.

here Pabs and Pdes are the plateau pressure for absorption
ydrogen and desorption hydrogen, respectively. Both pressures
orrespond to the mid point of plateaux. The Hf values for x = 0,
.2 and 1.8 alloys were 0.347, 0.355 and 0.306, respectively.

.3. Electrochemical characteristics

Table 3 summarizes the electrochemical properties of
a1.5Mg0.5Ni7−xCox (x = 0–1.8) alloy electrodes. It can be seen

hat all of alloy electrodes could be easily activated by three
ycles. What is more, the discharge capacities of all alloy
lectrodes ranged from 390 to 406 mAh/g, which is higher
han 300 mAh/g of commercialized AB5-type alloy electrodes
28].

Fig. 6 shows the cyclic stability curves of
a1.5Mg0.5Ni7−xCox (x = 0–1.8) alloy electrodes. It can
e seen that, on the one hand, an approximate linear rela-
ionship between discharge capacity and cycle number
as found, which was different from cyclic stability of
a0.7Mg0.3Ni3.4−xMn0.1Cox alloy electrodes reported by Liu
t al. [12]. On the other hand, as cobalt content increased, the
yclic stability of alloy electrodes became worse and the capac-
ty retention rates of the x = 0, 1.2 and 1.8 alloy electrodes after
0 cycles were 84.7, 81.1 and 68.9%, respectively. It is worth
oting, however, that the cyclic stability of La1.5Mg0.5Ni7 alloy
lectrode with Ce2Ni7-type structure is much better than that of
he La2MgNi9 alloy electrode with PuNi3-type structure since

he discharge capacity retention rate of the La2MgNi9 alloy
lectrode was only 60.6% after 100 cycles [22]. The difference
f cyclic stability between La1.5Mg0.5Ni7 and La2MgNi9 alloy
lectrodes is interesting for further study. It is well known that

ig. 6. Discharge capacity vs. cycle numbers for La1.5Mg0.5Ni7−xCox

x = 0–1.8) alloy electrodes at 298 K.

s
e
c

F
a

.9 295.8 3210 5.7

0/Cmax) × 100. I0 presents the exchange current density. IL presents the limiting

or AB5-type alloys, cobalt is very effective to improve the
yclic stability of alloy electrodes owning to the depression of
ell volume’s expansion [19]. However, from Fig. 6, it indicates
hat the influence of cobalt on the cyclic stability for Ce2Ni7-
ype alloy electrodes and AB5-type alloy electrodes is different,
hich may be due to the distribution of Co atoms in unit cell
f Ce2Ni7-type alloy. For example, Co atoms are located only
t AB5 unit. Thus, we assume that cobalt could only depress
he expansion of AB5 unit in Ce2Ni7-type alloy, but not for
aves unit, it will be sure to cause more serious pulverization
f alloy electrode due to their disagree expansion between
B5 unit and Laves unit. It is also known that the discharge

apacity degradation of alloy electrodes is mainly attributed to
wo factors: surface passivation due to the oxidation of active
omposition to form oxides or hydroxides and expansion of
ell volume during the process of hydrogenation which leads
o the pulverization of alloy particles. Pulverization accelerates
he surface passivation in turn [27]. Therefore, if pulverization
or Co-rich alloy electrodes is more serious, it may be the key
actor leading to poor cyclic stability.

Fig. 7 shows the high rate dischargeability (HRD) of
a1.5Mg0.5Ni7−xCox (x = 0–1.8) alloy electrodes. HRD can be
efined as the following formula:

RD = Cd

Cd + C100
× 100% (3)
d
ity Id with the cut-off of −0.6 V versus Hg/HgO reference
lectrode; C100 is the residual discharge capacity when it is dis-
harged at I100 current density after the electrode is discharged

ig. 7. High rate dischargeability (HRD) for La1.5Mg0.5Ni7−xCOx (x = 0–1.8)
lloy electrodes at 298 K.
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Fig. 9. Semi-logarithmic curves of anodic current vs. time responses of
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content of magnesium can lead to the larger cell volume, and
form a more stable hydride.
ig. 8. Linear polarization curves for La1.5Mg0.5Ni7−xCox (x = 0–1.8) alloy
lectrodes at 50% DOD and 298 K.

t the current density Id. HRD can be mainly determined by two
actors: charge-transfer on the electrode surface and hydrogen
iffusion in the bulk of alloy [29]. Then HRD reflects over-
ll behavior of the electrochemical kinetics of alloy electrodes.
rom Fig. 7 and Table 3, it can be seen that, with increas-

ng cobalt content, HRD decreased firstly, and then increased,
he Co-free alloy electrode exhibited the best HRD property
HRD900% = 92.32). In order to investigate the details of elec-
rochemical kinetic properties, exchange current density (I0),
imiting current density (IL) and hydrogen diffusion coefficient
D) were examined.

Fig. 8 shows the linear polarization curves of alloy electrodes.
ccording to the slope, the exchange current density (I0) can be

alculated by the following formula [30]:

0 = RTId

Fη
(4)

here R is the gas constant, T the absolute temperature, Id
he applied current density, F the Faraday constant and η is
he total overpotential. It is known that I0 is used to indicate
he electrocatalytic activity of charge-transfer reaction on the
urface of alloy electrodes. The I0 values of the alloy elec-
rodes are summarized in Table 3. The results show that the
0 value of x = 1.8 alloy electrode was larger than that of x = 0
nd 1.2 alloy electrodes, but the high rate dischargeability of
= 1.8 alloy electrode was not the best. In contrast, I0 value
f the x = 0 alloy electrode was smaller than that of x = 1.8
lloy electrode, but the high rate dischargeability of x = 0 alloy
lectrode was the best. All of these experimental data indicate
hat electrode reaction was not controlled by the charge-transfer
eaction.

The coefficient of hydrogen diffusion in alloy bulk can be
etermined by the following equation [31]:

ogi = log

(
6FD(C0 − Cs)

2

)
−

(
π2 ) (

D

2

)
t (5)
da 2.303 a

here D is the hydrogen diffusion coefficient (cm2/s), a the
adius of the alloy electrode particles (cm), I the diffusion cur-
ent density (A/g) and t is the discharge time (s). Assuming

F
e

a1.5Mg0.5Ni7−xCox (x = 0–1.8) alloy electrodes at fully charged state and
98 K.

hat all of the alloy electrodes have the similar particle distri-
ution with average particle radius of 14.5 �m, so according
o the slope of log(i) versus t, D can be calculated. The coef-
cients of hydrogen diffusion (D) are listed in Table 3. Fig. 9
resents the semi-logarithmic curves of anodic current versus
ischarge time responses of the La1.5Mg0.5Ni7−xCox (x = 0–1.8)
lloy electrodes. It is clear that the order of D value for different
lloys was x = 0 > x = 1.8 > x = 1.2, which is in good agreement
ith the result of limiting current density (IL) analysis as shown

n Fig. 10. These experimental results indicate that Co-free alloy
xhibits a bigger hydrogen diffusion than alloys which contain
obalt. It is worth noting that the order of hydrogen diffusion
oefficient was consistent with that of HRD. Therefore, we can
onfirm that hydrogen diffusion in alloy bulk was the control step
n the electrode reaction process. Besides, the smaller hydrogen
iffusion coefficient of x = 1.2 alloy may be attributed to the
ower magnesium content as shown in Table 1 because lower
ig. 10. Anodic polarization curves for La1.5Mg0.5Ni7−xCox (x = 0–1.8) alloy
lectrodes at 50% DOD and 298 K.
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. Conclusions

La1.5Mg0.5Ni7−xCox (x = 0–1.8) alloys with Ce2Ni7-type
tructure have been prepared successfully by induction melting
ollowed by an annealing treatment. In the Ce2Ni7-type crys-
allographic cell, Mg atoms are located only at the Laves unit,
hile Co atoms only at the AB5 unit. As cobalt content increased,

he lattice parameters and cell volume become larger. The dis-
harge capacities of all alloy electrodes surpass 390 mAh/g, and
he discharge capacity of the La1.5Mg0.5Ni5.2Co1.8 alloy elec-
rode reached 405.69 mAh/g. What is more, all of the alloy
lectrodes can be easily activated by three cycles. As cobalt
ontent increased, the cyclic stability becomes worse, which
ould be mainly attributed to the distribution of Co atoms in the
nit cell. The La1.5Mg0.5Ni7.0 alloy electrode exhibited better
yclic stability (S70% = 84.7), and higher rate dischargeability
HRD900% = 92.32) which is due to larger hydrogen diffusion
n alloy bulk. Electrochemical analysis shows that the control
rocess of alloy electrode reaction is hydrogen diffusion in bulk
f alloys.
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