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Abstract

A new strategy in the study of the self-discharge mechanism of metal-hydride electrodes has been developed. The self-
discharge behavior of a LaNi3 55Co0p 75Mng 4Alg 3 electrode in alkaline solution, with and without ZnO additive, was in-
vestigated. Experimental results showed that the self-discharge rate (hydrogen desorption) within the single-phase region is
controlled by the difference between the equilibrium hydrogen partial pressure at the electrode and the actual hydrogen partial
pressure in the cell. Dissolved oxygen was also found to exert a strong influence on the self-discharge rate in the single-phase
region. In the two-phase region, the self-discharge is limited by the rate of phase transformation. A four-step mechanism for
the self-discharge process is proposed.
© 2005 International Association for Hydrogen Energy. Published by Elsevier Ltd. All rights reserved.
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1. Introduction The self-discharge mechanism of Ni/MH batteries has

been widely investigated [2,3]. The high self-discharge rate

The numerous advantages of nickel-metal-hydride of sealed Ni/MH batteries is thought to result from the

(Ni/MH) batteries, based on a hydrogen storage alloy as the
anode, over Ni/Cd batteries are well established. Among
these advantages are: higher energy density and power,
longer cycle life, and the capability of over-charge and over-
discharge [1]. However, the rate of self-discharge of Ni/MH
batteries is known to be higher than that of Ni/Cd batteries.
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shuttle reactions between the nitrite ions and ammonia
emanating from decomposition reactions at the separating
membrane [2,3]. There is, however, a lack of clear under-
standing of the self-discharge characteristics of the MH elec-
trode itself which limits the optimal performance of Ni/MH
batteries.

It has been reported [4] that capacity losses can be re-
versible or irreversible. Reversible capacity losses result
from the desorption of hydrogen from the hydride anode,
while irreversible capacity losses are due to the degrada-
tion of the hydride anode itself. Other investigators have
found that the difference between the prevailing partial
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pressure of hydrogen around the MH electrode and the
equilibrium partial pressure controls the hydrogen evolu-
tion from the MH electrode and thus, determines the self-
discharge rate of anodes such as Zry_, Tiy Vo gNij ¢ [5] and
MmNi3 34Cog 7Al; g—x [6]. Electrodes with higher equi-
librium hydrogen pressure are found to have higher self-
discharge rates [5,6].

More recent results [7] showed that the self-discharge be-
havior of the V 9Tig. 1 alloy in an open cell is attributable to
the desorption of hydrogen at both the high-plateau pressure
(0.1 atm) and the low-plateau pressure (10_8 atm, lower than
the partial pressure of hydrogen in air). The self-discharge
rate of the Vg oTig | electrode was shown not to be com-
pletely suppressed by the reduction of the plateau pressure
of the alloy. This implies that there are other factors, in ad-
dition to the hydrogen pressure difference, which affect the
self-discharge rates of MH electrodes.

In a sealed NiMH cell, hydrogen partial pressure depends
on the free space in the cell and the hydrogen oxidation
ability of MH electrode. The oxidation is promoted in an
over-charge process to reduce the internal oxygen pressure
of the cell and avoid hydrogen gas accumulation. Since the
oxygen diffusion in the electrolyte is slow and its solubility
is low, the hydrogen and oxygen recombination process is
very closely related to the amount of electrolyte. When the
electrode assembly is over wetted, the recombination pro-
cess is slow, an indication that the electrolyte is a barrier for
the oxidation reaction.

Usually, the self-discharge rate of hydride electrodes
is measured from the charge retention at different open-
circuit times. The charge retention measurements at differ-
ent rest times are carried out in the following sequence:
(i) a full charge of the electrode, (b) equilibration (rest)
at pre-selected times, followed by a discharge at a low
rate (0.2-0.25 C). Unfortunately, the charge retention at a
short time interval cannot be accurately measured due to
the decrease in the capacities with charge/discharge cycles
(i.e., irreversible capacity loss) [4]. Moreover, the entire
measurement lasts for a long period.

In this paper, we describe a novel, facile procedure to mea-
sure the self-discharge (hydrogen desorption) rate of hydride
electrodes in the open and partially sealed cells. To simu-
late the self-discharge of MH electrodes in a sealed Ni/MH
cell, the influence of the oxidation of adsorbed hydrogen by
dissolved oxygen (DO), as well as the rate of phase trans-
formation on the self-discharge behavior, was also studied.
A new self-discharge mechanism of hydride electrodes is
proposed.

2. Experimental

2.1. Preparation of the alloy

Alloy ingots of LaNij 55Cop75Mng 4Alg3 were pre-
pared by arc-melting a mixture of La, Ni, Co, Mn, and Al

under He atmosphere and then annealing for 72 h. The in-
gots were pulverized into a powder with a mean diameter
of 10 um by gas-phase hydrogen absorption and desorp-
tion cycles. The crystal structure was examined by X-ray
diffraction (XRD). For the electrochemical measurements,
electrodes were prepared by mixing alloy powder and binder
in a 50:50 weight ratio. This mixture was pressed onto a
nickel mesh at a pressure of 300kg/ cm?. The binder used
was carbon (Vulcan-XC-72) with 33% polytetrafluoroethy-
lene. The working electrode contained 75 mg of active alloy
and had a surface area of 2cm?. The counter electrode
was made of a Ni mesh with a surface area approximately
10 times that of the working electrode. Both flooded and
partially opened (loosely capped) cells were employed and
coupled to a Luggin capillary for a Hg/HgO reference elec-
trode. The electrolyte was either 6 M KOH or 0.5M ZnO in
6 M KOH. The purpose of ZnO addition into the 6 M KOH
electrolyte is to decrease the corrosion of the MH electrode
[8,9]. Electrochemical measurements were carried out after
full charge/discharge activation with an automatic battery
cycler (Arbin Corporation, College Station, TX). XRD
patterns were obtained using a Rigaku AFCS5 diffractome-
ter equipped with a rotating anode operated at SO0 KV and
180 mA with a Cu target and graphite monochromation.

2.2. Isotherms of LaNi3 55C0q975Mng4Alp3

After 80 charge—discharge cycles, electrodes were
charged with a current of 50 mA/g for 5h; the equilibrium
discharge potential-composition-isotherms (PCI) at room
temperature were then generated by the following alter-
nating processes: (i) application of a pulse discharge of
25mA/g for 0.33h, and (ii) equilibration (rest) for 0.33h
until a constant potential was attained. The concentration
and equilibrium pressure of hydrogen are obtained from the
PCI curves using the following equations [10]:

wQq 4215304
F 26800

Py, = 10—(0.93045+E)/0.029547, )

6]

where x is the ratio of the number of moles of hydro-
gen with respect to the number of moles of the metal, Qg
discharge capacity in mAh/g, w the weight per mole of
LaNi3 55Co0p.75Mng 4Alg 3, F the Faraday (26 800 mAh),
Py, the equilibrium hydrogen pressure, and E is the equi-
librium potential of the hydride electrode.

The time interval between successive dehydriding steps
in the electrochemical isotherms is critical. This interval
should be long enough to ensure the attainment of equilib-
rium, but short enough to prevent the loss of hydrogen by
self-discharge. The total time for a typical measurement was
about 17 h. The influence of self-discharge on PCI measure-
ments can be neglected since only 3.5% of the total hydro-
gen is desorbed within 17 h of self-discharge according to a
parallel self-discharge measurement.
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Fig. 1. Equilibrium potential-composition-isotherms (PCI) for
the discharge of LaNijz s55Cog75Mng 4Aly3 electrode in 6 M
KOH + 0.5M ZnO solution at 25°C after 80 charge/discharge
cycles.

2.3. Self-discharge of LaNi3 55Co0075Mno4Alo3

The self-discharge of the alloy LaNi3 55Coq 75Mng 4Alp 3
was measured in both open and partially sealed cell
configurations. Partial sealing of the cell is accom-
plished by simply capping the open cell, after the PCI
curve was obtained, the electrode was fully recharged.
The variation of the open-circuit potential (OCP) of the
LaNi3 55Co 75Mng 4Alg 3 electrode as a function of time
was then monitored at room temperature. The OCP-vs.-
time plot was converted into composition—time plots ac-
cording to the equilibrium potential-composition curves of
LaNi3 55Coq 75Mng 4Alg 3. The hydrogen desorption (self-
discharge) rate at various times was obtained by taking the
derivative of the composition—time plots. The PCI and OCP-
rest time plots were used to derive the relationship between
the hydrogen desorption rate, the hydrogen pressure, and
the hydrogen content. Such relationship is vital in the study
of the self-discharge mechanism of the hydride electrode.

3. Results and discussion

3.1. Self-discharge mechanism of
LaNi3 55Co075Mnp4Aly3 electrodes in
6M KOH +0.5M ZnO

The PCI for the discharge of the LaNi3 55Coq 75Mng 4
Alp3 electrode (considered as a pseudobinary system)
in 6M KOH + 05M ZnO were measured after 80
charge/discharge cycles. The results, shown in Fig. 1,
indicate that hydrogen was readily released from the

O AB;g
v La(OH)5
A Carbon
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Fig. 2. X-ray diffraction patterns of the LaNi3 55Cog 75Mng 4Alg 3
alloy. (a) Before charge/discharge cycles. (b) After 115 charge/
discharge cycles in 6 M KOH + 0.5M ZnO. (c) The alloy mixed
with carbon.

hydride—hydrogen solid solution phase in view of the grad-
ual decrease in the pressure at the hydride phase with
decreasing hydrogen content. Below 0.883V (~ 1.4H/M,
the hydrogen-to-metal mole ratio in the MH electrode), the
hydride phase transforms to the alloy as shown by the pres-
sure (or potential) plateau in the PCI. The XRD patterns in
Fig. 2 reveal that the LaNij3 55Coq 75Mng 4Alg 3 alloy is in
a CaCus-type hexagonal phase.

To obtain the self-discharge rate, the time-dependence
of the OCP of the LaNi3 55Cog75Mng4Aly 3 electrode
was measured. The results are displayed in Fig. 3. The
methods to measure and calculate the hydrogen evolu-
tion, oxidation, and phase transformation in Fig. 3 will
be discussed in the sections that follow. During 600h of
open-circuit storage, the potential increased from —0.93
to —0.883 V, remained stable for a short period at about
—0.883V, and finally dramatically increased further. Based
on the thermal desorption spectra of hydride electrodes at
different rest times [5—7], it was concluded that these po-
tential changes are due to the desorption of hydrogen from
the MH electrode. Such desorption is driven by the differ-
ence between the partial pressure of hydrogen in the cell
and the equilibrium hydrogen pressure at the MH electrode.
As noted earlier, a more detailed mechanism is necessary to
account for the complex trends of the experimental data.

The desorption of hydrogen from the hydride electrodes
in an open-circuit cell may occur in four consecutive steps;

Step 1: Transformation from the hydride (f) to the
metal-solution («) phase:

MH, (5 — MH,_y, . 3)
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Fig. 3. OCP-time profile of LaNi3 55Cog75Mng4Alp 3 electrode in 6M KOH + 0.5M ZnO solution with and without bubbled oxygen.
The calculated OCP-vs.-time data based on: (i) hydrogen evolution only, (ii) hydrogen evolution and oxidation, (iii) hydrogen evolution plus
oxidation and phase transformation, and (iv) oxygen bubbling are also shown for comparison.

Step 2: Diffusion of absorbed hydrogen from the bulk to
the near-surface region:

MHpuik diffusion MHps. 4)

Step 3: Reversible transfer of hydrogen from absorption
sites in the near-surface region to adsorption sites on the
electrode surface.

MHaps & MHyggs. 5

Step 4: Combination of adsorbed hydrogen atoms into
hydrogen gas:

MH,gs + MHygs — M + Hp. (6)

The self-discharge rate is controlled by the slowest step.
It has been demonstrated that the self-discharge behavior is
independent of both the type (AB or ABj) of alloy and the
thickness of the Cu coating [6]. Since it is well known that
hydrogen diffusivity varies with these two parameters [6],
it can thus be concluded that hydrogen diffusion is not the
rate-limiting step of the self-discharge.

If hydrogen evolution were the controlling step of self-
discharge, the rate should be proportional to the pressure dif-
ference between the partial pressure of hydrogen in the cell

and the equilibrium hydrogen pressure at the hydride elec-
trode [11]. From the experimental data presented in Figs. 1
and 3, we obtained the hydrogen desorption rate at differ-
ent hydrogen pressures as follows. Since OCP is considered
as the equilibrium potential, we can determine the hydro-
gen content at different open-circuit times by converting the
OCP in Fig. 3 to hydrogen content using the PCI data. Thus,
a plot of the hydrogen content as a function of open-circuit
time (Fig. 4) can be generated. From the derivative of the
data points in Fig. 4, the hydrogen desorption rate at differ-
ent times are obtained (Fig. 5).

The use of Eq. (2) and the OCP-vs.-time data in Fig.
3 allows the transformation of the time axis in Fig. 5 to
equilibrium pressure of hydrogen. Fig. 6 shows the hy-
drogen desorption rate at different equilibrium hydrogen
pressures at the electrode, (dx/dPy,). The self-discharge
rate (open-circles) has an almost linear dependence with
the hydride electrode pressure, except for a small spike at
0.026 atm (0.884 V) where the hydride phase transforms into
the alloy. The near-linear curve within the hydride phase
(solid—solution) region suggests that the self-discharge rate
depends on the equilibrium pressure of the hydride elec-
trode because a hydrogen partial pressure of 107 atm in
the open cell is essentially zero [7]. To probe the origin of
this unusual (albeit small) behavior, the derivative of the
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Fig. 4. Measured and calculated hydrogen content with open-circuit
time for LaNi3 55Coq 75Mng 4Alg 3 electrode in 6M KOH+-0.5M
ZnO solution.
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Fig. 5. Measured and calculated hydrogen desorption rate as a
function of time for LaNi3 55Cog 75Mng4Alg3 electrode in 6 M
KOH + 0.5M ZnO solution.

equilibrium pressure—composition curve, obtained by con-
verting equilibrium potential in Fig. 1 to equilibrium hy-
drogen pressure Py, using Eq. (2), (dx(pcyy/dPy,), was
calculated and displayed in Fig. 6.

As earlier stated, in the potential range from —0.930 to
—0.884 V (0.026 atm), hydrogen exists in the hydride phase
as a solid solution. When the electrode potential increases
above —0.884 V, the hydride begins to transform to the al-
loy (cf., Fig. 1). It is interesting to note that the peaks of
the (dx/dPy,) and (dxpcry/dPy,) plots are at the same
pressure (potential) value. This suggests that the peak in the
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Fig. 6. Measured and calculated hydrogen desorption rate
as a function of the equilibrium hydrogen pressure at the
LaNij3 55Co0(.75Mng 4Alg 3 electrode in 6 M KOH + 0.5M ZnO
solution.

self-discharge rate in the phase-transformation region is in-
duced by the slower phase-transformation rate rather than
the hydrogen-evolution rate. The rate-controlling step for
self-discharge is different from the rate-limiting step for the
rate capability of the MH. It is well known that the limiting
step for the rate capability is the diffusion of hydrogen into
the MH rather than on the phase transformation. The rea-
sons are as follows: (i) The overpotential of a MH electrode
at self-discharge is quite small but becomes rather large if
the electrode is charged/discharged at high current density.
(i1) The increase in the rate of phase transformation is much
faster than the enhancement of hydrogen diffusion brought
about by an increase in the over-potential; this results in
the changing of the limiting step from phase transforma-
tion to hydrogen diffusion as the charge—discharge current
is increased. Hence, in a normal power tool (or HEV NiMH
cell), phase transformation can allow discharge rates as high
as 10 or 15°C.

If the self-discharge rate in the single-hydride phase (at
potentials below —0.884 V) depends only on the pressure
difference between that at the hydride electrode and the
hydrogen partial pressure (10~7 atm), the self-discharge rate
can be calculated using the following equations:

dy;

T = KP, G) = Pl =42 1070 X Pry(z). ()
. (A_)_/Xf I/ ®)
B = 50 42 %103 Py, ()

where k, equal to 4.2 x 103 mol /hatm, was obtained from
the slope of the curve in Fig. 6, Pp = 107 atm, Py, (x;) is
the equilibrium (open-circuit) pressure of hydride electrode
at a hydrogen mole fraction x;. x; is equal to 3.2 (H/M)
at potential of —0.93V (cf., Fig. 1). We combined ty, (¥;)
and Py, (y;) to determine ty, (Py,), the open-circuit time
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as a function of the equilibrium hydrogen pressure. As in-
dicated by the spittled line in Fig. 6, the calculated self-
discharge rate in the hydride-phase region approaches zero
as the hydrogen pressure drops to zero, which is differ-
ent from the measured self-discharge values. The disparity
(0.00177 mol/h) between the calculated and measured val-
ues displayed in Fig. 6 suggests that, in addition to hy-
drogen evolution, other factors affect the self-discharge of
hydride electrodes.

It is well known that metals are oxidized by DO in
solutions exposed to air; the oxidation rate is controlled
by the oxygen concentration in the solution [12]. The
XRD pattern of the electrode in Fig. 2 revealed a small
peak related to La(OH)j3 after 115 charge—discharge cy-
cles in 6 M KOH + 0.5M ZnO solution, which confirms
that the LaNi3 55Cog 75Mng 4Alg 3 is oxidized during 115
charge—discharge cycles. DO may also oxidize hydrogen
adsorbed on the metal surface. If the oxidation reaction
is controlled by oxygen diffusion, the oxidation rate of
hydrogen is constant during self-discharge because, under
open-cell conditions, the solution becomes saturated with
oxygen; the DO concentration is constant (6-8 ppm by
weight) and is independent of pH changes [13].

The rate of hydrogen oxidation due to DO at ambient
conditions is estimated to be 0.00177 mol/h from Fig. 6. To
ensure that the hydrogen oxidation rate was controlled by
oxygen content, oxygen was bubbled into the cell [12] at an
open-circuit time of 300 h. The experimental data show that
bubbling oxygen into the cell increases the self-discharge
rate. Oxygen bubbling increases the hydrogen oxidation rate
from 0.00177 to 0.00273 mol/h. Fig. 3 shows how the re-
sults from the bubbling experiment coincided with the curve-
fitted data. The regression line implies that the oxidation of
hydrogen is another important factor that affects the self-
discharge behavior. The occurrence of hydrogen desorption
at a very low pressure of 108 atm (even lower than the
hydrogen partial pressure in air, 107 atm) [7] can be ex-
plained by hydrogen oxidation.

Taking into account both hydrogen evolution and hydro-
gen oxidation, we can rewrite Eq. (8) as

Li dy;
Ho (%) = L ' ’
HO()Q) '/3.2 40 x 10_3PH2 (/t) +0.00177 ©

The relation between OCP and time can be calculated
by combining tgo(x;) in Eq. (9), and Py, (x;). The cal-
culated results are shown as a series of dashed lines in
Fig. 3. The latter reveals that the calculated curve fits well
with the experimental self-discharge data in the single-
hydride-region; large discrepancies, however, are observed
within the phase-transformation region. From Fig. 5, it can
be seen that the self-discharge rate slows down within the
two-phase region. It is possible that the nucleation and
growth of the o phase from hydride f§ phase at the phase-
transformation region (hydrogen content range of x =0-1.4)
limit the self-discharge rate. The hydrogen desorption rate
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Fig. 7. Hydrogen desorption rate-vs.-hydrogen content in the
phase-transformation region of LaNi3 55Cog75Mng4Alg3 in 6 M
KOH + 0.5M ZnO solution.

at the phase-transformation region can be curve-fitted using
Eq. (10) (cf., Fig. 7):

Rz(y) = —0.0366% +0.2° — 0.4333)° + 0.4701*
—0.2772%° 4 0.0936%> — 0.0183 + 0.00007,
(10)

where Rz(x) is the hydrogen desorption rate at the electrode
for a given hydrogen content, x. The time-composition ex-
pression for the phase-transformation region becomes,

tHop (1) = /1.4 2
HOPZi) = 39 4.2 x 10_3PH2(/(1) —|—000177

+/Xi dy;
1.4 Rz(z)

The OCP-vs.-rest time plot can be re-calculated by com-
bining Egs. (2), (10), and (11) with Py, (x;). The solid line
in Fig. 3 represents the recalculated values after consider-
ation of the influence of hydrogen evolution, hydrogen ox-
idation, and phase transformation. It can be seen that the
calculated open-circuit potentials agree quite well with the
measured data.

From the above results, it is evident that the self-discharge
behavior of the LaNi3 55Coq 75Mng 4Alg 3 electrode is con-
trolled by hydrogen evolution and hydrogen oxidation within
the single-phase region (x > 1.4). Hydrogen evolution is in-
duced by the difference between the partial pressure of hy-
drogen inside the cell and the equilibrium hydrogen pressure
at the MH electrode, whereas hydrogen oxidation is brought
about by DO. Within the two-phase region (0 <x <1.4),
the nucleation and growth of the solid-solution phase
from the hydride phase is the rate-determining step of the

(x; from O to 1.4). (11)
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Fig. 8. Equilibrium potential-composition-isotherms (PCI) for the
discharge of the LaNi3 55Cog 75Mng 4Alg 3 electrode in 6 M KOH
solution after 80 charge/discharge cycles.

self-discharge mechanism. The present self-discharge mech-
anism for hydride electrodes can be used to explain the ex-
perimental results reported by elsewhere [5-7].

3.2. Effect of sealed cells and ZnO on the self-discharge
characteristics

Eq. (7) shows that the facility of hydrogen evolution is
not only controlled by pressure differences, AP, but also in-
fluenced by the coefficient k, which represents a resistance
for hydrogen evolution from the hydride electrode. In this
study, the cell was (loosely) capped to increase the resistance
against hydrogen escape. The effect of ZnO on hydrogen
oxidation was also investigated; we describe here the results
of the self-discharge of LaNi3 55Cop 75Mng 4Alp3 in 6 M
KOH without ZnO using a partially sealed cell in compar-
ison with earlier studies of the same alloy in 6 M KOH +
0.5M ZnO using an open cell.

Fig. 8 shows the equilibrium potential composition of the
LaNi3 55Co0( 75Mng 4Alg 3 electrode in 6 M KOH after 80
cycles. As expected, the resulting discharge capacity of the
alloy in ZnO-free KOH is lower than the ZnO-containing
solution (Figs. 1 and 8). XRD patterns reveal that, after
115 cycles, the La(OH)3 peak of the alloy in 6 M KOH
is higher than that in the solution containing 0.5M ZnO
in 6M KOH (cf., Figs. 2 and 9). The presence of ZnO in
alkaline solution is thus shown to inhibit the corrosion of
LaNij3 55Coq 75Mng 4Alg 3 during charge/discharge cycles.

The OCP-time profile of the LaNi3 55Cog 75Mng 4Alg 3
electrode in a partially sealed cell with 6 M KOH is shown
in Fig. 10. Using the same procedure as in previous cases,
the hydrogen retention at different times was determined
(Fig. 11). Fig. 12 displays a plot of the hydrogen-desorption
rate at various equilibrium pressures at the alloy. From these
data, the coefficient k was calculated. In the absence of

0 ABg
A La(OH),

Counts
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Fig. 9. X-ray diffraction patterns of the LaNi3 55Coq 75Mng 4Alp 3
alloy mixed with carbon after 115 charge/discharge cycles in 6 M
KOH solution.
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Fig. 10. Measured and calculated OCP-time profile for the
LaNij3 55C0g.75Mng 4Alg 3 electrode in 6 M KOH solution.

ZnO, the calculated k was 1.95 x 1073 mol/h atm, which is
smaller than that in 6M KOH + 0.5M ZnO solution, 4.2 x
103 mol/h atm. It can be argued that the self-discharge rate
of the MH electrode in the partially sealed cell is smaller
than in an open cell. It can also be seen in Fig. 12 that
the hydrogen-oxidation rate in 6 M KOH (0.00167 mol/h) is
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Fig. 11. Measured and calculated hydrogen content with respect

to open-circuit time for LaNi3 55Cog75Mng 4Alg3 in 6 M KOH
solution.
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Fig. 12. Measured and calculated hydrogen desorption rates
as functions of the equilibrium hydrogen pressure at the
LaNij3 55Cog 75Mng 4Alg 3 electrode in 6 M KOH solution.

only slightly smaller than that in 6M KOH + 0.5M ZnO
(0.00177 mol/h). The small difference may be due to the low
concentration of oxygen in the partially sealed cell. ZnO
does not appear to enforce an obvious effect on hydrogen
oxidation since similar oxidation rates were obtained from
alkaline solutions in the presence or absence of ZnO .

The phase-transformation rate for LaNi3 55Coq 75Mng 4
Alp.3 in 6 M KOH was curve-fitted with Eq. (12).

R(y) = — 1.4709%7 +5.04075°—6.9193,° +4.8822y*
— 1.9023°40.4096%—0.04387—0.0001.  (12)
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Fig. 13. The effect of partial pressure of hydrogen on: (a)
the open-circuit potential and (b) the hydrogen content for
LaNi3 55Coq.75Mng 4Alp 3 in 6 M KOH.

Calculated curves obtained by consideration of hydrogen
evolution, hydrogen oxidation, and phase transformation are
also shown in Figs. 10-12. The close agreement of the cal-
culated and experimental curves supports the proposed self-
discharge mechanism.

3.3. Effect of partial pressure of hydrogen in the cell on
the self-discharge characteristics

The data presented in the previous sections clearly demon-
strate the influence of hydrogen evolution and oxidation on
the self-discharge behavior of LaNi3 55Coq 75Mng 4Alg 3
in the single-phase region. It is expected that reduction of
the driving forces of hydrogen evolution and oxidation will
reduce the extent of self-discharge.

Fig. 13 shows the simulated effects of the partial pressure
of hydrogen on the OCP and hydrogen retention. It can be
seen that the self-discharge rate decreases quickly as the
hydrogen pressure in the cell is increased from O to 1 atm.
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Similar results were reported in other studies that probed
the effects of air and Hy [6]; it was found that the charge
retention was improved significantly upon application of
1 atm of hydrogen.

4. Conclusions

A new method of measuring the self-discharge rate of
MH electrodes has been developed. From the equilibrium
potential-composition-isotherms (PCI) of the hydrogen
desorption of the LaNi3z 55Cog75Mng4Alg3 electrode,
and open-circuit potential (OCP)-vs.-time measurements,
the self-discharge behavior at different equilibrium pres-
sures was evaluated. In the mechanism proposed here, the
self-discharge of LaNi3 55Cog75Mng4Alg3 within the
single-phase region is attributed to hydrogen evolution and
oxidation. The difference between the partial pressure of
hydrogen in the cell and the equilibrium hydrogen pressure
at the hydride electrode is a critical factor in the occurrence
of hydrogen evolution. Hydrogen oxidation is caused by
DO in the alkaline solution. However, in the two-phase re-
gion, the self-discharge behavior is controlled by the rate of
phase transformation from the hydride phase to the o phase.
The self-discharge rate of the LaNi3 55Cog 75Mng 4Alg 3
electrode in a partially sealed cell is lower than that in an
open cell. Addition of ZnO into the alkaline solution has no
obvious effect on self-discharge, although the corrosion of
the LaNi3 55Cog.75Mng 4Alg 3 electrode is inhibited. Sim-
ulations using the proposed self-discharge mechanism pro-
vide results that concur with the experimental (OCP) data.
The calculated self-discharge rates at different hydrogen
pressures are in agreement with previously reported results.
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