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Abstract

The corrosion rates of LaNi5 and LaNi3.55Co0.75Mn0.4Al0.3 hydride electrodes, soaked in alkaline electrolyte
and under charge–discharge cycling, were investigated by linear polarization, Tafel polarization and a new
method based on the difference between the charge and discharge capacities. The corrosion–inhibition by Ni in LaNi5
and the influence of zincate ions on the corrosion rate of LaNi5 and LaNi3.55Co0.75Mn0.4Al0.3 were also studied.
The results showed that the hydride electrode exhibits different corrosion behaviour when immersed in alkaline
electrolyte and during charge–discharge cycles. The corrosion rate of LaNi5 was lower than that of
LaNi3.55Co0.75Mn0.4Al0.3 when simply soaked in 6 M KOH solution, but higher during the charge–discharge cycles.
The corrosion–inhibition afforded by ZnðOHÞ2�4 ions on LaNi3.55Co0.75Mn0.4Al0.3 is small under quiescent
conditions, but increases upon charge–discharge operation; such corrosion–inhibition improves the cycle-life of the
hydride electrode.

1. Introduction

It is generally accepted that the corrosion of hydride
electrodes not only decreases the hydrogen absorption
capability of the electrodes but also the kinetics of the
hydriding/dehydriding step [1, 2]. In nickel-metal hy-
dride cells, the Al released by the corroded AB5 alloy
coats the positive electrode and leads to a loss in
charging efficiency [3]. Furthermore, since corrosion
involves water consumption, the separator ultimately
dries out, resulting in an increase in the internal
impedance of the cell [4]. The elucidation of the alloy-
corrosion mechanism is an important factor in the
optimization of the alloy composition of metal-hydride
electrode materials.

The electrochemical corrosion of hydride electrodes
depends on the pulverization rate of alloys. Alloy
decrepitation increases the surface area in contact with
the electrolyte, and this increase leads to an enhance-
ment in the corrosion rates [1, 2]. It has been proposed
[5] that the magnetic saturation of MmNi5 (where Mm is
a Ce-rich rare-earth metal alloy) can be used as an index
of the corrosion of such alloys. In alkaline electrolyte,
the following oxidation reaction occurs at the reversible
hydrogen potential:

LaðNiþ CoÞ3MnAlþ 5 H2Oþ 2 OH� �! LaðOHÞ3
þ 3 ðNiþ CoÞ þHMnO�2 þAlO�2 þ 4H2 ð1Þ

In Equation 1, the stoichiometric numbers have been
rounded off for simplicity. Ni and Co remain in
zerovalent metallic states [5], whereas Al and Mn are
dissolved in the alkaline solution [3]. In contrast to Ni
and Co, which show ferromagnetism at room temper-
ature, the LaNi5-type alloys exhibit paramagnetic pro-
perties [5]. Therefore, the progress of corrosion can be
monitored by the variation in magnetic saturation of the
alkaline-treated alloy powders [5].

The corrosion rate and corrosion potential of hydro-
gen-storage alloys in alkaline solution can also be
measured by other techniques such as linear polariza-
tion, electrochemical impedance spectroscopy and Tafel
polarization [6, 7]. However, the use of electrochemical
methods for corrosion-rate measurements during
charge/discharge cycling is difficult because of interfer-
ences from the hydriding/dehydriding process itself. The
fact that Al is dissolved from the hydride electrode and
becomes completely trapped within the cathode material
has led to a suggestion [3] that the Al content at the
cathode can be used as an indicator of the degree of
alloy corrosion during charge/discharge cycles. Based on
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this method the effect of the corrosion of MmNi3.55-
Co0.75Mn0.4Al0.3 on the cell performance of sealed nickel-
metal hydride batteries was investigated under charge/
discharge operation. However, the Al content of the
positive electrode reflects only the corrosion rate of Al
and not the over-all corrosion rate of the alloy;
moreover, this method is not suitable for Al-free hydride
electrodes.

We previously reported that the addition of ZnO to
the alkaline electrolyte (to form zincate ions) decreases
the corrosion rate of LaNi5-type electrodes. Specifically,
extended X-ray absorption fine structure measurements
were obtained to demonstrate that zincate ions in the
electrolyte inhibit the corrosion of LaNi3.55Co0.75-
Mn0.4Al0.3 electrodes [8,9].

In the present paper, we introduce a new electro-
chemical method to measure the corrosion rate of
hydride electrodes during charge/discharge cycles. This
method, along with conventional linear and Tafel
polarization measurements, was used to investigate the
corrosion of LaNi5 and LaNi3.55Co0.75Mn0.4Al0.3 in 6 M

KOH solution, with and without addition of 0.5 M ZnO,
at a potential range from )0.90 to )0.01 V. At negative
potentials, AB5 alloys are in a hydrided state, whereas,
at more positive potentials, the alloys contain no
hydrogen. It appears that the new electrochemical
method is a versatile and convenient method to evaluate
the corrosion of hydride electrodes.

2. Experimental details

2.1. Preparation of alloy powder and electrode

Alloy ingots of LaNi5 and LaNi3.55Co0.75Mn0.4Al0.3
were prepared by arc-melting a stoichiometrically-pro-
portioned mixture of La, Ni, Co, Mn and Al under a
He atmosphere, followed by thermal annealing (at a
temperature just below 900 �C) for 72 h. X-ray diffrac-
tion (XRD) analysis showed that all the samples
were single-phase alloys with a hexagonal CaCu5-type
structure. The ingots were then pulverized into a powder
(with an average particle-diameter of about 10 lm)
by gas-phase hydrogen absorption/desorption cycles.
The electrodes were prepared by mixing the alloy
powder and binder in a 50:50 weight ratio; the binder
used was carbon (Vulcan-XC-72) with 33% polytetra-
fluoroethylene. This mixture was pressed onto a nickel
mesh at a pressure of 300 kg cm)2. The working
electrode contained 75 mg of the alloy and had a
surface area of about 2 cm2. A Ni mesh with a surface
area 10 times larger than that of the working electrode
was used as the counter-electrode. All electrochemical
experiments were conducted in a flooded, vented cell
that contained 6 M KOH. The potentials were measured
with respect to a Hg/HgO reference electrode. Electro-
chemical measurements made use of an automatic
battery cycler (Arbin Corporation, College Station,
TX).

2.2. Corrosion measurement of alloy soaked in alkaline
solution

The open-circuit potential (o.c.p.) was monitored as a
function of time while the alloy was immersed in
alkaline solution. After the o.c.p. attained a stable value
(nominally corresponding to the corrosion potential),
the corrosion resistance of the metal-hydride electrode
was measured by linear polarization at a sweep rate of
1 mV s)1 within a 10 mV overpotential. Potentiody-
namic measurements were carried out at the same sweep
rate; for the anodic Tafel polarization, the scan was
from the established corrosion potential to þ0.4 V,
whereas, for the cathodic Tafel polarization, the scan
was from the corrosion potential to )1.1 V. These
polarization measurements were performed using a 273
EG&G PAR potentiostat (Princeton, NJ). The corro-
sion rate was obtained from Tafel polarization curves,
or by linear polarization, using the following equation:

Icorr ¼
babc

2:3ðba þ bcÞRc
ð2Þ

where ba and bc are anodic and cathodic Tafel constants
in volts, respectively; Rc is the corrosion resistance of the
metal-hydride electrode, and Icorr is the corrosion rate
expressed as current density in mA g)1. In this study, the
approximation ba ¼ bc ¼ 0.1 V was made when the
actual values of the Tafel constants were not known.
The error introduced by this approximation is within the
experimental scatter of the corrosion measurements [6].

2.3. Corrosion measurement of activated alloy (between
)0.9 V and )0.6 V)

There are two major steps in the mechanism of alloy
corrosion in alkaline solution. At positive corrosion
potentials, the following reaction has been suggested to
occur on the surface of the hydride electrode [6, 7]:

4Mþ xO2 þ 2xH2O �! 4MðOHÞx ð3Þ

Near the reversible hydrogen-evolution potential, the
cathodic corrosion reaction is [4, 6]:

1

x
þ 1

y

� �
MþH2O �!

1

x
MHx þ

1

y
MðOHÞy ð4Þ

Usually, the hydride electrode is charged/discharged in
the potential range between )0.6 V and )1.0 V. There-
fore, the corrosion of the hydride electrode during
charge/discharge cycling is most likely to occur via
Equation 4 [4].

There are two other steps related to the generation
and desorption of hydrogen during the charge/discharge
process. One is the charge/discharge step:

1

x
MþH2Oþ e� ! 1

x
MHx þOH� ð5Þ

326



The other step is the self-discharge of the hydride
electrode:

Had þHad �! H2 ð6aÞ

or

2Had �����������!
dissolved in solution

2½H	 ����!diffusion
H2 ð6bÞ

If the electrode is cycled at potential ranges below
)0.92 V, the self-discharge of the hydride electrode is
slow [9], and the electrolytic production of molecular
hydrogen when the electrode is charged can be neglect-
ed. If hydrogen evolution and alloy oxidation do not
occur, and the electrochemical polarization is small, the
charge and discharge capacities should be the same after
activation. Thus, it is reasonable to estimate the
corrosion rate from the difference between the charge
and discharge capacities of the metal-hydride electrode
at potential ranges below )0.92 V, after the activation
process is completed and the capacity remains constant.
In fact, the difference between the charge and discharge
capacities of the carbon electrode has been successfully
used to calculate the rate of formation of a solid–
electrolyte interphase film on the carbon anode due to
electrolyte reduction (or decomposition) in Li-ion bat-
teries [11].

The corrosion rate, Icorr, is defined by the equation:

Icorr ¼ Ic 

Qdisch � Qch

Qdisch þ Qch

� �
ð7Þ

where Ic is the charge/discharge cycling current in
mA g)1; Qch and Qdisch are the charge and discharge
capacities, respectively, of the hydride electrodes in
mAh g)1.

Electrode activation was performed by charging the
electrode with a current of 100 mA g)1 for 4 h and then
discharging it to )0.6 V at a current of 50 mA g)1 for 20
times. The hydrogen evolution due to any overcharge
accelerates the activation process. To measure the
corrosion rate of the metal-hydride electrode during
the activation, a special activation process was used in
which the electrode was cycled from )0.9 V to )0.6 V at
a charge current of 10 mA g)1 and a discharge current
of 1 mA g)1. The purpose of using a low charge/
discharge current was to increase the absorption of
hydrogen into the metal-hydride electrode during the
charge process, and then to completely release the
hydrogen during the discharge operation.

The corrosion rate of the fully activated metal-hydride
electrodes at more negative potentials was measured
during 20 cycles of charging/discharging at each of
following four potential ranges: )0.91 to )0.88, )0.88 to
)0.78, )0.78 to )0.68 and )0.68 to )0.58 V. However,
only the average of the charge and discharge capacities
from the last five cycles are reported due to the erratic
nature of the capacities in the first 15 cycles.

3. Results and discussion

3.1. Corrosion rate of AB5 alloys soaked in alkaline
solution before activation

The o.c.p. against time plots for LaNi5 and LaNi3.55-
Co0.75Mn0.4Al0.3 soaked in 6 M KOH solution, with and
without ZnO, are displayed in Figure 1. Also shown for
comparison, is the o.c.p. of a ‘blank’ electrode composed
only of the binding materials andNi mesh. For a carbon–
nickel electrode, a nearly-constant o.c.p., with only a very
slow drift toward more positive potentials, was observed;
this is presumably due to the stability of carbon and the
passivation of Ni at potentials more positive than )0.5 V
[12]. The same constancy in the o.c.p. of the LaNi5
electrode was found, with a value slightly higher (by
0.04 V) than that of the carbon–nickel electrode. Thus,
the corrosion behaviour of LaNi5 soaked in 6 M KOH is
similar to that of Ni. However, a different behaviour in
the o.c.p. of LaNi3.55Co0.75Mn0.4Al0.3 electrode was
observed. Initially, the o.c.p. of the LaNi3.55Co0.75-
Mn0.4Al0.3 electrode shifted towards the positive direc-
tion; it then plummeted to negative values before it finally
remained invariant at a potential of about )0.7 V. When
the immersion time was increased further, the potential
drifted again in the positive direction.

The data in Figure 1 can be explained by taking into
account the passivation and dissolution processes that
affect the electrode surface. Before immersion, a thin
layer of oxide, such as La2O3 and NiO, covers the LaNi5
and LaNi3.55Co0.75Mn0.4Al0.3 electrodes. Upon immer-
sion, La(OH)3 is formed at potentials below 0.1 V in
pH 14–16 solution [12]; on the other hand, a Ni(OH)2
(or Ni3O4) film prevents further oxidation of Ni.
Consequently, LaNi5 shows a lower corrosion rate in 6

Fig. 1. Plots of open-circuit potential (o.c.p.) as a function of time for

LaNi5 and LaNi3.55Co0.75Mn0.4Al0.3 in 6 M KOH solution with and

without 0.5 M ZnðOHÞ2�4 before activation. The o.c.p. of a ‘blank’

electrode composed only of the binding materials and Ni mesh is also

shown in Figure 1 for comparison.
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M KOH solution. As expected, the Tafel polarization
(Figure 2) and linear polarization data showed that the
corrosion rate of LaNi5 is only about 0.11 mA g)1 at
)0.03 V and 0.09 mA g)1 at 0.0 V (Table 1). Also from
Figure 2, it can be seen that, at a high cathodic
polarization, a limiting current representing an oxygen

diffusion-controlled process arises. These findings are
consistent with published results [7]. It can thus be
assumed that, at the corrosion potential, Equation 3
occurs at the surface of the LaNi5 electrode.

The solubility, in alkaline solution, of the Mn and Al
oxide films in LaNi3.55Co0.75Mn0.4Al0.3 [3] results in a
gradual increase in the corrosion rate. When the anodic
oxidation current for the corrosion of LaNi3.55Co0.75-
Mn0.4Al0.3 increases faster than the cathodic reduction
current, the o.c.p. of the electrode becomes more
negative than that of LaNi5. In this study, at a potential
of )0.76 V, the anodic current became equal to the
cathodic reduction, and a stable potential was reached.
As the thickness of the surface oxide increased, the
anodic current decreased; as a result, the potential
shifted to more positive values. Unlike the Tafel
polarization of LaNi5, LaNi3.55Co0.75Mn0.4Al0.3 did
not exhibit a cathodic limiting current, as can be seen
in Figure 2. Therefore, the cathodic reaction switched
from Equation 3 to Equation 4. The observed corrosion
behaviour of LaNi3.55Co0.75Mn0.4Al0.3 soaked in alka-
line solution corroborates published data [4]. Moreover,
hydrogen is believed to be stored in LaNi3.55Co0.75-
Mn0.4Al0.3 because such electrode can deliver about 0.5
mAh g�1 at a corrosion potential of �0.75 V.

The presence of ZnðOHÞ2�4 ions did not markedly
affect the corrosion potential of LaNi3.55Co0.75-
Mn0.4Al0.3 (Figure 2), but it slightly decreased the
corrosion rate (Table 1). The present results show that
the LaNi5 alloy has a higher anticorrosion ability than
LaNi3.55Co0.75Mn0.4Al0.3 when both alloys are soaked in
6 M KOH solution before activation.

3.2. Corrosion rate of AB5 alloys during the activation
process in 6 M KOH solution

During charge/discharge cycles, the AB5 particles be-
come pulverized. Such pulverization is brought about by
the large volume differences between the metallic and
hydride phases. Newly generated surfaces are exposed to
the alkaline solution and, hence, the corrosion rate is
enhanced.

Figure 3 shows the charge and discharge capacities at a
potential range from)0.9 to)0.6 Vwith a charge current
of 10 mA g)1 and a discharge current of 1 mA g)1; both
capacities were similar within the first few charge/
discharge cycles. However, upon electrode activation,
the discharge capacity became gradually higher than the
charge capacity; this implies that the corrosion rate
increases rapidly during the activation process. The
observed experimental trend demonstrates that the new
method is capable of monitoring the corrosion of the
hydride electrode during charge/discharge cycles.

3.3. Corrosion rate of AB5 alloys in alkaline solution after
activation

During alkaline soaking, the potential of the fully
activated LaNi3.55Co0.75Mn0.4Al0.3 and LaNi5 electrodes

Fig. 2. Potentiodynamic polarization curves for LaNi5 and LaNi3.55-

Co0.75Mn0.4Al0.3 in 6 M KOH solution with and without 0.5 M

ZnðOHÞ2�4 before activation.

Table 1. Corrosion rates and exchange currents of AB5 alloys

Alloys E

/V

Icorr in 6 M

KOH

/mA g)1

Icorr in 6 M

KOH +

0.5 M ZnðOHÞ2�4
/mA g)1

Before activation

LaNi3.55Co0.75-

Mn0.4Al0.3

)0.7 0.42 0.4

)0.68 0.4 0.38

)0.6 0.38 0.35

)0.5 0.35 0.34

)0.4 0.32

)0.27 0.3 0.3

LaNi5 )0.03 0.11

0 0.09

After activation

LaNi3.55Co0.75-

Mn0.4Al0.3

)0.9 70* 72*

)0.88 44* 44*

)0.78 35* 36*

)0.63 9.5* 9*

)0.58 4 3.8

)0.01 1.3 1.2

LaNi5 )0.2 1.2

)0.1 0.89

*Data calculated from Equation 8. Other values calculated from

Equation 2.
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shifted in the positive direction. It is reasonable to
suppose that, at potentials more positive than )0.6 V, at
which the alloy contains no hydrogen, the electrochem-
ical corrosion of the alloy is the principal step. There-
fore, the corrosion current can be determined from
Equation 2. The results are shown in Table 1. The post-
activation corrosion rate of LaNi5 and LaNi3.55-
Co0.75Mn0.4Al0.3 was faster than that prior to activation
because of surface area enhancement associated with the
pulverization of AB5 alloys.

At potentials more negative than )0.6 V, at which the
alloy contains hydrogen, the hydrogen charging/dis-
charging process is the main reaction; hence, Equation 2
can no longer be used to calculate the corrosion rate of
the alloy at such potential range. In fact, the resis-
tance (Rct), determined from linear polarization in the
potential range from )0.9 to )0.6 V, reflects the charge-
transfer resistance due to hydrogen absorption/desorp-
tion and to alloy corrosion. At potentials more negative
than )0.6 V, the current calculated from Equation 8,

Io ¼
RT
FRct
¼ 0:0257

Rct
ð8Þ

is actually the exchange current (Io) due to hydrogen
absorption/desorption and alloy corrosion. The results
are shown in Table 1. The post-activation corrosion rate
of LaNi5 and LaNi3.55Co0.75Mn0.4Al0.3 at potentials
more positive than )0.6 V was faster than that before
activation because of surface-area enhancement associ-
ated with the pulverization of AB5 alloys.

To eliminate the influence of the hydrogen charge/
discharge current on the corrosion rate of fully activated
metal-hydride electrodes at potentials more negative
than )0.6 V, Equation 7, which is based on the
difference between charge and discharge capacities,
was used to calculate the corrosion rate. Measurements
were performed for four different potential ranges:
)0.91 to )0.88 V, )0.88 to )0.78 V, )0.78 to )0.68 V,
and )0.68 to )0.58 V. Potentials more negative than
)0.91 V were avoided to limit the evolution of hydrogen
gas. The chosen upper limit of )0.58 V corresponds to

the cut-off potential typically used during electrode
testing. When the electrode was cycled between )0.91 to
)0.88 V, the corrosion rate approached zero. The
difference between the charge and discharge capacities
reflects the corrosion behaviour of the hydride phase.
For a given potential range, the reported corrosion rate
was defined as the rate obtained at the median of the
potential range.

To measure the corrosion rate more accurately, the
effect of the charge/discharge current on the corrosion
rate was firstly investigated. The results are shown in
Figure 4. The cycling current had no obvious influence
on the corrosion rate: the corrosion rate measured at a
current of 50 mA g)1 was only slightly higher than that
measured at 25 mA g)1. This small difference can be
attributed to the short measurement time at the current
of 50 mA g)1 that served to decrease the hydrogen
evolution rate. When the cycling current exceeded
100 mA g)1, the electrochemical polarization increased
rapidly, and charge and discharge capacities became
erratic; the corrosion-rate measurement was thus ren-
dered inaccurate and imprecise. A cycling current of
50 mA g)1 was therefore used during the measurement
of the corrosion rates. In Figure 4, the decrease in
corrosion rate when the potential-cycling range was
shifted in the negative direction is due to the high
anticorrosion ability of the hydride phase. This result is
in agreement with the fact that the cycle-life of hydride
electrodes increases as the extent of discharge decreases.
The low corrosion rate of the metal-hydride at high
hydrogen content is primarily due to the facts that: (i) at
more negative potential, the corrosion of alloy becomes
slow, and (ii) the oxidation rate of hydrogen stored in
the metal-hydride is faster than the corrosion of the
alloy which results in cathodic protection.

Figure 5 shows the corrosion rate of LaNi5 and
LaNi3.55Co0.75Mn0.4Al0.3 measured at identical charge
and discharge currents of 50 mA g)1. Before activation,
the corrosion rate of LaNi5 was lower than that of
LaNi5C0.75Mn0.4Al0.3. However, the reverse was ob-
served for a fully activated LaNi5. A possible explana-
tion for this reversal is the higher pulverization rate of

Fig. 3. Charge and discharge capacities of LaNi3.55Co0.75Mn0.4Al0.3
electrode during activation. Charge current: 10 mA g)1; discharge

current: 1 mA g)1; cycling potential range: )0.9 to )0.6 V vs. Hg/

HgO. Key: (s) charge; (,) discharge.

Fig. 4. Corrosion rate of the activated LaNi3.55Co0.75Mn0.4Al0.3 elec-

trode measured at different charge/discharge currents: (s) 50 mA g)1;

(j) 25 mA g)1.
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LaNi5 relative to that of LaNi3.55Co0.75Mn0.4Al0.3. In
other words, the corrosion behaviour of hydrogen-
storage alloys measured only while soaked in alkaline
solution, does not reflect the true corrosion rate during
charge/discharge cycling.

3.4. Corrosion rate of fully activated LaNi3.55Co0.75-
Mn0.4Al03 in the potential range )0.9 to )0.01 V

The corrosion rate of fully activated LaNi3.55Co0.75-
Mn0.4Al0.3 in the potential range )0.9 to )0.01 V is
shown in Figure 6; for comparative purposes, the
exchange currents due to hydrogen absorption/desorp-
tion and alloy corrosion at potentials more negative
than )0.6 V are also shown. At potentials more negative
than )0.6 V, the corrosion rates were obtained from the
difference between the charge and discharge capacities
using Equation 7. At potentials more positive than
)0.6 V, the rates were calculated from linear and Tafel
polarization using Equation 2.

From Figure 6 it can be seen that the exchange
current measured from linear polarization decreased
while the corrosion rate increased as the potential was
scanned to more positive values. The two curves
intersected at a potential of about )0.6 V, implying
that, below )0.6 V, the current density measured from
linear polarization reflected the corrosion rate. Figure 6

confirmed that the reaction resistance determined from
linear polarization does not only encompass contribu-
tions from the electrochemical hydrogen absorption/
desorption reaction resistance [13], but also includes the
corrosion resistance of the alloy, especially at more
positive potentials.

3.5. Effect of ZnðOHÞ2�4 on corrosion behaviour

Previous X-ray absorption near-edge spectroscopy
(XANES) studies showed that ZnðOHÞ2�4 present in
6 M KOH solution can improve the cycle life of
LaNi3.55Co0.75Mn0.4Al0.3 due to a significant lowering
of the buildup rate of Ni(OH)2 in the alloys [8]. From
the XANES results, it can be inferred that the improve-
ment in the cycle life is due to corrosion inhibition.
Figure 7 shows the corrosion behaviour of a fully
activated LaNi3.55Co0.75Mn0.4Al0.3 electrode in 6 M

KOH solution with and without 0.5 M ZnðOHÞ2�4 mea-
sured using Equation 7. The present results confirmed
that the presence of ZnðOHÞ2�4 retards the corrosion
rate. The protective effect of ZnðOHÞ2�4 is dominant
during cycling but is not pronounced during simple
soaking. This difference in behaviour stems from the
fact that Zn is more readily electrodeposited onto the
LaNi3.55Co0.75Mn0.4Al0.3 alloy during cycling at poten-
tials below )0.75 V. X-ray photoelectron spectroscopy
measurements of post-cycled LaNi3.55Co0.75Mn0.4Al0.3
alloy, along with results obtained from inductively
coupled plasma-optimal emission spectroscopic analysis
of the spent solution, revealed that Zn is underpoten-
tially deposited from solution onto the alloy during the
charge/discharge cycles [9].

4. Conclusions

The corrosion behaviour of AB5-type alloy electrodes in
alkaline solution has been investigated by linear polari-
zation, Tafel polarization, and a new galvanostatic
charge/discharge method. The results showed that the
corrosion rate of AB5-type hydride electrode during

Fig. 5. Effect of Ni substitution on the corrosion rate of the activated

LaNi5 in 6 M KOH solution.

Fig. 6. Corrosion rate of fully activated LaNi3.55Co0.75Mn0.4Al0.3
electrode in the potential range )0.9 to )0.01 V.

Fig. 7. Effect of ZnðOHÞ2�4 present in 6 M KOH solution on the

corrosion rate of the activated LaNi3.55Co0.75Mn0.4Al0.3 electrode.

Key: (s) 6 M KOH; (j) 6 M KOH + 0.5 M ZnO.
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charge/discharge cycles can be measured from the
difference between the capacity upon charging and that
upon discharging. The corrosion rate of the LaNi5 and
LaNi3.55Co0.75Mn0.4Al0.3 electrodes increased almost
linearly as the potential was swept toward more positive
values. The corrosion rate of LaNi5 was smaller than
that of LaNi3.55Co0.75Mn0.4Al0.3 electrodes when simply
immersed, but the reverse was noted after several
charge/discharge cycles. The corrosion rate of the
hydride electrodes simply soaked in alkaline solution
does not reveal the real corrosion behaviour during
charge/discharge cycles. ZnðOHÞ2�4 ions present in the
electrolytic solution inhibited the corrosion rate of
LaNi3.55Co0.75Mn0.4Al0.3 electrodes during the charge/
discharge cycles.
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