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Abstract

Ž . Ž .The effects of Ba OH and Co OH on electrochemical performance of nickel hydroxide prepared with chemically co-precipitated2 2
Ž .zinc in a nickel-metal hydride battery Ni-MH are studied. The results show that the oxygen-generation potential and the discharge depth

Ž . Ž . Ž .of the nickel electrode are improved by the combined addition of Ba OH and Co OH compared with only Co OH . The capacity of2 2 2

the Ni-MH battery is also enhanced due to increase in the utilization of the active material of the positive electrode. q 1998 Elsevier
Science S.A. All rights reserved.
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1. Introduction

Ž .For nickelrmetal-hydride batteries Ni-MH , the capac-
ity and charge–discharge curve are mainly determined by
the electrochemical properties of the positive electrode.
This is because the capacity of the negative metal hydride
electrode is usually greater than that of the positive nickel
electrode. Improvement of positive active-material utiliza-
tion is critical for the development of Ni-MH batteries
with high capacity. Studies in this area have focused on
additives in addition to the development of high activity
Ž .Ni OH materials. The typical charge curve of a nickel2

w xelectrode is shown in Fig. 1 1 . V is the medianox 1

oxidation potential, V is the maximum oxidation poten-ox 2

tial, and V is the oxygen evolution potential. The voltageO 2

difference between V and V is the charge efficiency ofO ox2 2

Ž .the nickel electrode. Additions of Ni, Co, CoO, Co OH ,2
Ž .ZnO and Cd OH to the active materials have been shown2

to increase the electron conductivity, oxygen evolution
w xpotential and active-material utilization 1–5 .

Ž . w xBa OH advanced in the 1950s and 1960s 2 and in2
w xthe 1990s 6–9 as an effective additive for increasing the

oxygen evolution potential. These studies, however, fo-
Ž .cused mainly on the sole addition of Ba OH . Simultane-2
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Fig. 1. Typical charge curve of a nickel electrode.

Ž . Ž . Ž .ous use of Ba OH with Co OH andror Zn OH has2 2 2

not been reported. This paper examines the influence of
Ž . Ž .the simultaneous addition of Co OH and Ba OH on the2 2

electrochemical performance of nickel hydroxide prepared
with chemically coprecipitated zinc.

2. Experimental

2.1. Preparation of nickel hydroxide electrode and Ni-MH
battery

The test nickel electrodes were prepared by mixing
Žspherical nickel hydroxide powder from Canada, co-pre-

.cipitated with wt. 4% Zn with a certain proportion of
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Table 1
Type and amount of additives

Ž . Ž .Electrode Acetylene black Co OH qCo Ba OH2 2
Ž . Ž . Ž .wt.% wt.% wt.%

a0 1 10 0
a1 1 9 1
a2 1 7 3
a3 1 5 5

additives and binder to form a slurry which was applied to
Ž .a foam-nickel substrate 1.5 mm thick with an electrical

nickel lead. The pasted electrodes were dried at 608C and
press-shaped. The electrode dimensions were 20=20=

0.65 mm. The additives are listed in Table 1.
The nickel electrode used in the test Ni-MH batteries

Ž .4r5 A type was prepared from the 2a mixture. The
negative electrode was made from a AB type hydrogen-5

storage alloy. Both positive and negative electrodes were
produced by a slurry-filling technology and a foam-nickel
substrate. A PP separator and 7 M KOHq1 M LiOH
solution was used. The test battery with a design capacity
of 1700 mA h was assembled and sealed before testing.

Ž .Battery A contained 10 wt.% Co OH qCo and battery B2
Ž . Ž .contained 7 wt.% Ba OH and 3 wt.% Co OH .2 2

2.2. Determination of electrochemical performance

ŽTo test nickel electrodes, one nickel electrode wrapped
.in separator with a MH electrode in either side was

Fig. 2. Third charge–discharge curves of various Ni electrodes. Charging
at 50 mA gy1 for 6 h, discharge at 50 mA gy1 to 0.1 V vs. HgrHgO.

Ž .Fig. 3. Influence of addition of Ba OH on the charge–discharge curve2
Ž . Ž . Ž . Ž .of a Ni–MH battery: A without Ba OH ; B with Ba OH .2 2

immersed in KOH solution and a HgrHgO electrode was
used as a reference electrode. The test nickel electrodes
were charged at 0.1 C for 15 h and discharged at 0.2 C to

Ž .0.1 V vs. HgrHgO , followed by two cycles of charge for
6 h and discharge to 0.1 V, both at the 0.2 C rate. The
activation process for the test Ni-MH batteries was charge
at 0.1 C for 15 h and discharge at 0.2 C to 1.0 V, followed
by four cycles of charge for 6.5 h and discharge to 1.0 V,
both at the 0.2 C rate. The batteries are tested at
chargerdischarge currents of 300, 500 and 1000 mA,
respectively in order to compare the capacity at high rates.

3. Results and discussion

The third charge–discharge curves of various Ni elec-
trodes are shown in Fig. 2. The related characteristic data
are listed in Table 2. It can be seen that the addition of Ba
Ž .OH has no influence on the median oxidation potential2

of the Ni electrode, but it increases the potential of oxygen
evolution and median discharge, and so increases the
active-material utilization. From the recovery potential af-

Ž .ter discharge, it is found that the addition of Ba OH 2

increases the discharge depth. It is generally agreed that
the mechanism of the effect of Ba is similar to that of Co,

Ž .i.e., the added Ba OH dissolves and then precipitates on2

the surface of nickel hydroxide particles and, hence, raises
the oxygen evolution potential. The reason for low active-
material utilization of electrode a3 may be due to a
decrease of conductivity because of the lower Co content.

Table 2
Chargerdischarge data for various Ni electrodes

Electrode Oxygen evolution potential Median oxidation potential V –V Active material utilization Recovery potentialO ox2 2
Ž . Ž . Ž . Ž . Ž .V vs. HgrHgO V vs. HgrHgO mV % V vs. HgrHgO

a0 0.543 0.486–0.488 14 72 0.325
a1 0.545 0.486–0.488 19 73 0.321
a2 0.554 0.486–0.488 37 86 0.312
a3 0.557 0.486–0.488 44 82 0.310
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Table 3
Discharge capacity of batteries

Ž .Battery Amount of Ba OH Discharge capacity Discharge capacity Discharge capacity2
Ž .wt.% at 300 mA at 500 mA at 1000 mA

A 0 1587 1512 1420
B 3 1616 1561 1489

ŽThe charge–discharge charge at 850 mA and discharge
.at 500 mA curves for batteries which have positive elec-

Ž .trodes with 3 wt.% or zero Ba OH are shown in Fig. 3.2
Ž .The data show that battery B with Ba OH exhibits a2

slightly lower initial voltage. The maximum charge voltage
is elevated and the battery discharge voltage decreases
slowly during the last phase of discharging such that the
discharge capacity is prolonged. This suggests that the
elevation of the potential of oxygen evolution increases the
active-material utilization of the nickel electrode.

A comparison of the discharge performance of the two
batteries is given in Table 3. The data reveal that the

Ž .addition of Ba OH also improves the high-current charg-2

ing–discharging capability of the Ni-MH battery.

4. Conclusions

Ž . Ž . Ž .1 Simultaneous addition of Ba OH and Co OH2 2

can increase the oxygen evolution potential, the charge
efficiency, the discharge depth, and the active-material
utilization of the nickel electrode.

Ž . Ž .2 The addition of Ba OH improves the high-rate2

charge–discharge capability of Ni-MH batteries.
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