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Abstract

In this paper, the electrochemical performances of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy electrodes were studied. The
results show that, with increasing amount of Co addition, the maximum discharge capacities of the alloys decrease monotonously due to
the relative change of the phase abundance of the (La, Mg)Ni3 phase and the LaNi5 phase coexisting in the alloys and the increase of the
e ncreasing
C ility of
t e
b t the surfa
R in
t
©

K

1

a
0
i
c
c
t
o
d
a
B
=
i

f

lattice
rs
d al-
o the
sub-
ex-

ore-
ed
l for

harge
ence
he
is ex-
Co
e to
on-
rth-
rtial

0
d

quilibrium pressure for hydrogen desorption. Moreover, the cycling stability of the alloy electrodes was noticeably improved with i
o addition because of the relatively lower value ofVH and the formation of protective oxides (hydroxides). The high rate dischargeab

he alloy electrodes increases first and then decreases with increasing amount of Co addition, and the alloy electrode withx= 0.30 exhibits th
est electrochemical kinetics. In addition, the electrochemical kinetic parameters study, including the charge-transfer resistance ace
ct, the polarization resistanceRp, the exchange current densityI0, the limiting current densityIL and the diffusion coefficient of hydrogen

he alloysD, also confirm this result.
2004 Elsevier B.V. All rights reserved.
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. Introduction

In part I [1], the phase structures and hydrogen stor-
ge properties of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x =
.00–0.85) hydrogen storage alloys have been systematically

nvestigated and reported. In this paper (part II), the electro-
hemical performances were studied systematically and the
orrelation between the electrochemical performances and
he phase structures were discussed. Previously, the functions
f partial substitution of Co for Ni in the rare earth-based hy-
rogen storage alloys were extensively studied and attracted
ttention in practical and scientific meanings. Willems and
uschow[2] reported that the stability of LaNi5−xCox (x
1–5) hydrogen storage alloys was markedly improved by

ncreasing the Co content in the alloys with less discharge
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capacity loss, because the molar volume of hydrogen (VH) in
the hydride phase was depressed, which reduces the
expansion and the stress cracking. Adzic and co-worke[3]
indicated that another role of Co in the rare earth-base
loys was an increase of the surface passivation owing t
increase of the oxide coverage on the cycled alloy and a
sequent increase of stability due to the diminution of the
posure of the active material to the alkaline electrolyte. M
over, Chartouni et al.[4] revealed the alloys with Co exhibit
lower the Vickers hardness, which also may be beneficia
the enhancement of stability over repeated charge/disc
cycles. All the above phenomena indicate that the pres
of Co is very efficient for increasing the cyclic stability of t
rare earth-based hydrogen storage alloys. Therefore, it
pected that the cyclic stability of the new type La–Mg–Ni–
alloys can be also obviously improved and is finally clos
the level of the practical application by increasing the c
tent of Co. Moreover, in the previous study of the rare ea
based hydrogen storage alloys, only the effects of pa
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substitution of Co for Ni were reported, however, the inves-
tigations of the nonstoichiometric addition of Co in B-site of
the alloys have not yet been carried out.

In the present study, the content of Co was increased
by adding more Co to the B-site of the La0.7Mg0.3Ni2.65
Mn0.1Co0.75 alloys, and then the electrochemical perfor-
mances of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00,
0.15, 0.30, 0.40, 0.55, 0.70, and 0.85) alloys, including acti-
vation, the discharge capacity, the cyclic behavior, the high
rate dischargeability (HRD), the electrochemical impedance
spectroscopy (EIS), the exchange current densityI0, the lim-
iting current densityIL and the hydrogen diffusion coefficient
D were systematically studied and reported.

2. Experimental details

The La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x= 0.00, 0.15, 0.30,
0.40, 0.55, 0.70, and 0.85) alloys were prepared as described
in part I [1]. For electrochemical measurements, part of the
alloy samples were mechanically crushed and ground to pow-
der below 300 mesh. The average particle diameter of the
resulting powder as measured by a Malvern particle analyzer
Mastersizer2000 is 26.24�m.

Each test electrode was prepared by mixing 100 mg spe-
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out on a Solartron SI1287 potentiostat (using the CorrWare
electrochemistry/corrosion software) at 100% charge state.
An overpotential of +600 mV was applied and the discharge
time is 5000 s.

3. Results and discussion

3.1. Discharge capacities and cyclic behavior

Fig. 1 shows the maximum discharge capacities of the
La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy elec-
trodes with various Co additions at a discharge current den-
sity of 60 mA/g, which are also listed inTable 1. As shown
in Fig. 1andTable 1, it is very obvious that, with increasing
amount of Co addition, the maximum discharge capacities
of the alloys decrease monotonously from 403.0 mAh/g (x =
0.00) to 261.7 mAh/g (x= 0.85). This result can be attributed
to the relative change of the phase abundance of the (La,
Mg)Ni3 phase and the LaNi5 phase coexisting in the alloys
studied. In part I[1], it was found that the phase content of
the (La, Mg)Ni3 phase was decreased and that of the LaNi5
was increased progressively with an increase in the amount of
Co addition. Moreover, Oesterreicher et al.[5] and Takeshita
et al. [6] have reported that the hydrogen storage capacity
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ific alloy powders with carbonyl nickel powder in a weig
atio of 1:4 and then the mixture was cold-pressed into a
et under a pressure of 16 MPa. The electrochemical p
rties of each alloy sample (used as the negative elec
ere measured in a tri-electrode open system with a sin
i(OH)2/NiOOH positive counter electrode and a Hg/H

eference electrode. The electrolyte is 6 M KOH solut
or activation and charge/discharge cycling, each elec
as charged at 100 mA/g for 5 h followed by a 10 min
nd then discharged at 60 mA/g to the cut-off potentia
0.6 V versus the Hg/HgO reference electrode. To c
are the high rate dischargeability of the alloy electro

he discharge capacities at several specific discharge c
ensities were measured. Electrochemical impedance

roscopy (EIS) studies were conducted at 50% depth o
harge (DOD) using a Solartron SI1287 Electrochemica
erface with 1255B Frequency Response Analyzer, usin
PLOT electrochemical impedance software. Before the
easurements, the electrodes were first completely act
y charging/discharging for 5 cycles. The EIS spectra o
lectrodes were obtained in the frequency range from 10

o 5 mHz with an ac amplitude of 5 mV under the op
ircuit condition. The micro-polarization curves and Ta
olarization curves of the electrodes were measured o

artron SI1287 potentiostat (using the CorrWare electroch
stry/corrosion software) by scanning the electrode pote
t a rate of 0.1 mV/s from−5 to 5 mV (versus open circu
otential) and 5 mV/s from−500 to 1500 mV (versus ope
ircuit potential) at 50% depth of discharge (DOD), resp
ively. The hydrogen diffusion coefficient was estimated
he potential-step method, and the experiments were ca
t
-

f LaNi3 with PuNi3-type structure is larger than that of t
aNi5 alloys. So the decrease of the (La, Mg)Ni3 phase an

he increase of the LaNi5 phase here are believed to be
f reasons for the decrease in discharge capacities of t

oys studied. Another reason for the decrease in the disc
apacity is thought to be associated with the increase i
quilibrium pressure for hydrogen desorption. As obse

n part I [1], the cell volumes of both the (La, Mg)Ni3 phase
nd the LaNi5 phase were compressed due to Co addi
hich induces an increase in the equilibrium pressure fo
rogen absorption/desorption and a subsequent reduct

he available hydrogen storage capacity. This phenom
lso contributed to the decrease in the discharge capaci

he alloys with higher Co addition.
Fig. 2 illustrates the cyclic life curves of th

a0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy elec
rodes at 303 K.Table 1 also lists the number of activ

able 1
lectrochemical characteristics of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x =
.00–0.85) alloy electrodes

Cmax (mAh/g) Na
a C110/Cmax (%) HRD1750

b (%)

.00 403.0 2 30.5 56.3

.15 390.0 2 36.6 58.1

.30 354.4 1 38.5 61.4

.40 323.2 2 42.3 50.2

.55 284.8 2 51.4 44.9

.70 264.2 2 60.4 38.7

.85 261.7 2 62.4 32.3
a The cycle numbers needed to activate the electrodes.
b The high rate dischargeability with discharge current densityId =

750 mA/g.
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Fig. 1. The maximum discharge capacities of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy electrodes at 303 K.

tion cycles for fully activating the alloy electrodes. It can
be seen that these alloys can be easily activated to their
maximum discharge capacities within two cycles, which
is very beneficial to their practical application. Moreover,
it is interesting to note that the cyclic stability of the al-
loy electrodes was noticeably improved with increasing the
amount of Co addition.Fig. 3 shows the discharge capacity
retention of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x =
0.00–0.85) alloy electrodes after different charge/discharge
cycles at 303 K, whereCmax, C30, C60, C90, C110 are the
maximum discharge capacity, the discharge capacity of the
30th, 60th, 90th, and 110th cycle, respectively. It is very ob-
vious that, after 110 charge/discharge cycles, the discharge

2.65Mn

capacity retention of the alloy electrodes was increased from
30.5 (x = 0.00) to 62.4% (x = 0.85). It is well known that
the capacity decay of metal-hydride electrodes is primarily
determined by two factors, surface passivation owing to sur-
face oxides and/or hydroxides and the molar volume of hy-
drogen,VH, in the hydride phase[2,7]. Thus, in this study,
the effective improvement of the cyclic stability of the al-
loy electrodes with higher Co addition can be mainly at-
tributed to the relatively lower value ofVH as reported by
Willems and Buschow[2]. On the other hand, the forma-
tion of protective oxides (hydroxides) may also contribute to
their lower capacity decay[3]. Moreover, for the alloy with a
given composition, the value ofC30/Cmax is lower than that
Fig. 2. The cyclic stability curves of the La0.7Mg0.3Ni
 0.1Co0.75+x (x = 0.00–0.85) alloy electrodes at 303 K.
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Fig. 3. The discharge capacity retention of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x= 0.00–0.85) alloy electrodes after different charge/discharge cycles at 303 K.

of C60/C30 andC90/C60. For example, theC30/Cmax value
for the alloy electrode withx = 0.55 is 80.2%, whereas the
values ofC60/C30 andC90/C60 increase to 84.6 and 84.0%,
respectively, which indicates that Co addition can improve
more effectively the latter cyclic durability of the alloy elec-
trodes (after 30–40 charge/discharge cycles) than the for-
mer cyclic durability (before 30–40 charge/discharge cycles).
This result also confirms that the discharge capacity decay
of the La–Mg–Ni–Co type alloy electrodes can be distin-
guished into two progresses[8]. The first one is the starting
30–40 charge/discharge cycles in which the discharge capac-
ity dropped rapidly and it may result from the corrosion of
Mg in alkaline solution and the formation of a permeable
Mg(OH)2 film inducing the electrochemical capacity loss of
the (La, Mg)Ni3 phase and the pulverization of the alloy par-
ticles during charge/discharge cycling, and the electrochemi-
cal capacity loss of the (La, Mg)Ni3 phase is primary reason.
The other is the rest charge/discharge cycles in which the dis-
charge capacity degradation is lower which can be attributed
to the pulverization of the alloy particles and the corrosion of
La in KOH solution.

3.2. High rate dischargeability

Fig. 4 illustrates the high rate dischargeability (HRD) of
t y
e ow-
i

H

w tial
o arge
c ith

a cut-off potential of−0.6 V versus Hg/HgO reference elec-
trode at the discharge current densityI = 60 mA/g also after
the alloy electrode has been fully discharged at the large dis-
charge current density (Id). It can be seen that the HRDs of the
alloy electrodes were increased by adding a proper amount
of Co (x ≤ 0.30) to the La0.7Mg0.3Ni2.65Mn0.1Co0.75 alloy,
but were obviously decreased when the Co addition increases
further, particularly whenx reaches 0.85.Table 1also lists
the HRD of these alloy electrodes at a discharge current den-
sity of 1750 mA/g. With increasing amount of Co addition,
the HRDs of the alloy electrodes increase first from 56.3 (x
= 0.00) to 61.4% (x = 0.30) and then decrease sharply to
32.3% (x= 0.85). The reason for the higher HRD of the alloy
electrodes withx = 0.00–0.30 may be due to the formation
of a Raney Ni–Co film with higher electrocatalytic activity
resulting from the concentration of Ni and Co at the alloy sur-
face during charge/discharge cycling[9,10]. However, when
x increases further, the added Co can form Co(OH)2 at the
alloy surface during charge/discharge cycling and increase
with increasing Co addition, which decreases the rate of hy-
drogen desorption, and a subsequent decrease in the HRDs
of the alloy electrodes with higher Co addition[11,12].

In addition, it is well known that the HRD of the hydrogen
storage alloy electrodes is controlled by the electrochemical
kinetics at the surface of the alloys and the diffusion rate of
h ter-
m
e
o

3

EIS)
o y
he La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) allo
lectrodes at 303K. The HRD is calculated from the foll

ng formula:

RD = Cd

Cd + C60
× 100% (1)

hereinCd is the discharge capacity with a cut-off poten
f−0.6 V versus Hg/HgO reference electrode at the disch
urrent densityId,C60 is the residual discharge capacity w
ydrogen in the bulk of the alloys, which are mainly de
ined by the charge-transfer resistance at the surfaceRct, the

xchange current densityI0, the limiting current densityIL
r the diffusion coefficient of hydrogen in the alloysD.

.3. EIS and polarization

Fig. 5shows the electrochemical impedance spectra (
f the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x= 0.00–0.85) allo
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Fig. 4. High rate dischargeability (HRD) of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy electrodes at 303 K.

electrodes at 50% DOD and 298 K. For all the alloy samples,
it can be seen that the EIS spectra consist of two semicir-
cles and a straight line. With increasing amount of Co ad-
dition, the smaller semicircle in the high-frequency region
(representing the contact resistance between the alloy par-
ticles and the current collector) remains almost unchanged,
but the larger semicircle in the low-frequency region (defined
as a charge-transfer resistance for hydrogenation reaction) is
changed, that is, the radius of the larger semicircle in the
low-frequency region is decreased first and then increased
with increasing amount of Co addition, which indicates that
the charge-transfer resistance of the electrode surface is de-
creased first and then increased. The EIS data were analyzed

2.65Mn0

using an equivalent circuit proposed by Kuriyama et al.[13],
shown in the insert. The capacitive components labeled by
C are modeled as constant-phase elements (CPE) to describe
the depressed nature of the semicircles.Rel is ascribed to the
electrolyte resistance between the MH electrode and the refer-
ence electrode. The semicircle in the high-frequency region,
modeled byRcp andCcp, results from the contact resistance
between the alloy particles and the current collector. The con-
tact resistance and capacitance between the alloy particles
generate the parametersRpp andCpp. Rct andCct, represent-
ing the semicircle in the low-frequency region contribute to
the charge-transfer reaction resistance and the double-layer
capacitance, respectively.Rw is the Warburg impedance. The
Fig. 5. Electrochemical impedance spectra (EIS) of the La0.7Mg0.3Ni
 .1Co0.75+x (x = 0.00–0.85) alloy electrodes at 50% DOD and 298 K.
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Fig. 6. Micro-polarization curves of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy electrodes at 50% DOD and 298 K.

parameters in the equivalent circuit were calculated by a
nonlinear least squares fit using the ZView electrochemical
impedance software, and the charge-transfer reaction resis-
tanceRct of the alloy electrodes is summarized inTable 2. It
is obvious that, with increasing Co addition, theRct values
decrease first form 50.5 m� (x= 0.00) to 35.4 m� (x= 0.30)
and then increase to 63.3 m� (x = 0.85). This result sug-
gests that the reaction of hydrogen at the surface of the alloys
changes first more easily whenx increases from 0.00 to 0.30,
which can be attributed to the presence of a Ni–Co network
with high electrocatalytic activity owing to the concentration
of Co and Ni[9,10]. And then, with further increasing x, the
reaction of hydrogen at the surface tends to become diffi-
cult, which may be the result of the formation and increase
of Co(OH)2 at the alloy surface causing a surface passivation
with increasing Co addition[11,12].

Fig. 6 shows the micro-polarization curves of the
La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy elec-
trodes at 50% DOD and 298 K. It can be noted that, when
the overpotential is changed within a small range (± 5 mV),

Table 2
Electrochemical kinetic parameters of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy electrodes

x Charge-transfer reaction Polarization resistance Exchange current density
A/g)

Limiting current density Hydrogen diffusion

0 .0
0 .4
0 .8
0 .3
0 .1
0 .4
0 .8

there is a good linear dependence between the current and
overpotential. From the slope of the corresponding micro-
polarization curve, the polarization resistanceRp of the al-
loy electrode studied can be obtained and has been listed in
Table 2. When increasing the amount of Co addition, theRp
values of the alloy electrodes decrease first from 97.3 (x =
0.00) to 78.3 m� (x= 0.30) and then increase to 127.8 m� (x
= 0.85), which is consistent with the EIS measurement and
also indicates that the reaction rate of hydrogen at the surface
was accelerated first and then slowed down. Furthermore, it
was found that theRP values obtained from the linear po-
larization measurement are larger than that of theRct values
obtained from the EIS measurement. The result can be ex-
plained easily because the polarization resistanceRP consists
of the electrolyte resistanceRel, the contact resistanceRcp and
Rpp, and the charge-transfer reaction resistanceRct. In addi-
tion, as an important kinetic parameter responsible for the
electrochemical hydrogen reaction at the surface of the alloy
electrode, the exchange current densityI0 can be calculated
by the following formula[14]:
resistanceRct (m�) Rp (m�) I0 (m

.00 50.5 97.3 264

.15 47.2 81.1 316

.30 35.4 78.3 327

.40 44.9 83.8 306

.55 55.3 103.1 249

.70 55.6 115.4 222

.85 63.3 127.8 200
IL (mA/g) coefficientD
( × 10−11cm2/s)

1735.7 0.75
1766.8 0.80
1912.0 0.87
1653.8 0.79
1455.8 0.72
1432.3 0.65
1263.1 0.58
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I0 = RT

FRp
(2)

whereR is the gas constant,T is the absolute temperature,
F is the Faraday constant andRp is the polarization resis-
tance. TheI0 values of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x

(x = 0.00–0.85) alloy electrodes obtained fromEq. (2) are
also tabulated inTable 2. It can be seen that theI0 values of
the alloy electrodes increase first from 264.0 (x = 0.00) to
327.8 mA/g (x = 0.30) and then decrease to 200.8 mA/g (x
= 0.85) with increasing amount of Co addition. Whenx in-
creases from 0.00 to 0.85, theI0 values of the alloy electrodes
increase, which can be attributed to the fact that Co and Ni
became concentrated at the surface of the alloys and formed
a Raney Ni–Co film with higher electrocatalytic activity af-
ter proper Co addition[9,10]. Whilex increases further from
0.40 to 0.85, theI0 values of the alloy electrodes decrease,
which can be ascribed to the fact that the surface electro-
catalytic activity was decreased because of the diminution of
the effective surface area[15] and the surface passivation was
increased due to the increase of the oxide coverage[3,11,12].

Fig. 7 shows the Tafel polarization curves of the
La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy elec-
trodes at 50% DOD and 298 K. The limiting current densities
IL obtained from these curves are listed inTable 2. It can be
s
u ease
W t
v the
I ing
c he
b r
i
t , the

.1Co0.75

variation of theIL values of the alloy electrodes indicates that
the hydrogen diffusion rate in the alloys increases first and
then decreases.

3.4. Hydrogen diffusion behavior

The hydrogen diffusion coefficientD in the bulk of the
alloy was also estimated by the potential-step method re-
ported by Ura et al.[17]. Fig. 8 illustrates the semilog-
arithmic curves of the current–time response of the
La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy elec-
trodes at fully charged state. As shown inFig. 8, it is ob-
vious that the value of logi immediately after the potential
step decreases sharply with a decrease in concentration of
the adsorbed hydrogen on the electrode surface due to the
electro-oxidation. Thereafter, the value of logi decreases lin-
early because the rate-determining step changes from electro-
oxidation to hydrogen diffusion in the alloy. From fitting the
linear section for the current–time response curves as shown
in Fig. 8, the hydrogen diffusion coefficientD of the alloy
electrodes can be calculated by the following equation[18]:

log i = log

(
6FD

da2

)
(C0 − Cs) − π2

2.303

D

a2
t (3)

in which i,D,C ,C , a, dandt are the diffusion current den-
s
t
t arti-
c of
t e
(
t and
l

een that, with increasing amount of Co addition, theIL val-
es of the alloy electrodes increase first and then decr
hen x = 0.30, the alloy electrode exhibits the largesIL

alue (1912.0 mA/g). Thus, the effect of Co addition on
L is consistent with that on the HRD. In general, the limit
urrent densityIL represents the hydrogen diffusivity in t
ulk of the alloys, that is, the larger theIL value, the faste

s the diffusion of the hydrogen atoms in the alloys[16]. In
he present study, with increasing amount of Co addition

Fig. 7. Tafel polarization curves of the La0.7Mg0.3Ni2.65Mn0
.

+x (x = 0.00–0.85) alloy electrodes at 50% DOD and 298 K.

0 s
ity (A/g), the hydrogen diffusion coefficient (cm2/s), the ini-
ial hydrogen concentration in the bulk of the alloy (mol/cm3),
he hydrogen concentration on the surface of the alloy p
les (mol/cm3), the alloy particle radius (cm), the density
he hydrogen storage alloy (g/cm3), and the discharge tim
s), respectively. According toEq. (3)and usinga= 13.12�m,
he D values of the alloy electrodes can be estimated
isted in Table 2. It can be seen that theD values of the
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Fig. 8. Semilogarithmic curves of anodic current vs. time responses of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy electrodes at fully charged
state.

alloy electrodes increase first from 0.75× 10−11 (x = 0.00)
to 0.87× 10−11 cm2/s (x= 0.30) and then decrease to 0.58×
10−11 cm2/s (x = 0.85) with increasing amount of Co addi-
tion. The variation of theD values is in good agreement with
that of theIL values, which also indicates that the diffusion
rate for hydrogen in the bulk of the alloys was accelerated
first and then decreased.

Fig. 9shows the response of discharge capacity vs. time af-
ter fully charged state of the La0.7Mg0.3Ni2.65Mn0.1Co0.75+x

(x= 0.00–0.85) alloy electrodes with an applied + 600 mV po-
tential step at 298 K. It is very obvious that the electrochem-

F tate La0.7Mg0 d +
6

ical capacities increase quickly at first and then slow down
with time. Moreover, the total discharge capacities within
5000 s are reduced with increasing amount of Co addition.
This result is consistent with the maximum discharge capac-
ity measurement as listed inFig. 1andTable 1. It can also be
noted that, within 500 s, the initial discharge rate of the alloy
electrodes is accelerated first and then slowed down with the
increase of Co addition. This fact also confirms the variation
of the electrochemical kinetics of the alloy electrodes with
increasing Co addition, that is, the electrochemical kinetics of
the alloy electrodes increases first and then decreases. When
ig. 9. Response of discharge capacity vs. time after fully charged s
00 mV potential step at 298 K.
.3Ni2.65Mn0.1Co0.75+x (x = 0.00–0.85) alloy electrodes with an applie
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x= 0.30, the alloy electrode exhibits the best electrochemical
kinetics.

4. Conclusions

The overall electrochemical performances were investi-
gated by measuring the activation, the discharge capacity,
the cyclic behavior, the high rate dischargeability (HRD),
the electrochemical impedance spectra (EIS), the exchange
current densityI0, the limiting current densityIL and the hy-
drogen diffusion coefficientD of the hydrogen storage alloys
in the composition range of La0.7Mg0.3Ni2.65Mn0.1Co0.75+x

(x = 0.00–0.85). The following conclusions can be drawn:
Increase in the amount of Co addition decreases the max-

imum discharge capacities of the alloy electrodes due to the
relative change of the phase abundance of the (La, Mg)Ni3
phase and the LaNi5 phase in the alloys studied and the in-
crease of the equilibrium pressure for hydrogen desorption.

The cyclic stability of the alloy electrodes was signifi-
cantly improved with increasing amount of Co addition be-
cause of the relative lower value ofVH and the formation of
protective oxides (hydroxides).

The HRDs of the alloy electrodes were increased by
adding a proper amount of Co (x ≤ 0.30), which can be as-
c er
e of
N as-
i ease
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