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Investigation on Conductive Additive Materials for
Positive Electrode of Ni-MH Battery: Synthesis
of Sodium lons-doped High Valence State Cobalt
Compound with High Electroconductivity
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Abstract

The nickel-hydroxide positive electrode with sodium ion-doped cobalt compound as an additive in the active ma-
terials has been investigated to enhance the electrochemical performance of Ni-MH battery. The compound was
prepared by two processes: heat treatment of the mixture of CoO and Na,O, in nickel crucible under air atmo-
sphere and immersion of the product in the water. The characterization of this compound by the Rietveld refine-
ment analysis reveals that the composition consists of two compounds ie. NayMO, - nH,O and M(OH), (x<1, M =
Co/Ni). The former NayMO, - nH,O was the layer material containing intercalated sodium ion and H,O molecule
in the interlayer space. The cobalt ion in this compound was oxidized to the higher oxidation state over Co (1),
resulting in the higher electrical conductivity. Moreover, the new nickel composite active materials were pre-
pared from the same procedure with additional nickel source of NiO. The XRD patterns for the materials were
characterized as multi-compound mixture of y -NiOOH, B -Ni(OH),, and NayMO, - nH,O (x<1, M = Co/Ni). The
new active material delivered high discharge capacity of 220 mAh/g at 0.2 C rate. This remarkable improve-
ment of active material utilization was attributed to the introduced NayMO, - nH,O playing an important role as
current correction enhancer of the active material particles by its high electroconductive property in the positive

active material.
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Fig. 1 Synchrotron XRD patterns for conductive

sodium ions-doped cobalt compounds synthesized
by different methods. (a) Heat-treated mixture of
Co0 and Na,0, at 800 °C for 3 h, (b) After immer-
sion of the obtained mixture (a) in water for 2 days.
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Fig. 2 Observed XRD pattern of conductive sodium ions—-doped cobalt compound synthesized by process (b)
in Fig. 1 and their calculated one on the basis of the Rietveld refinement analysis.
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Fig. 3 Structural model for Na,MO, -nH,0 (x <1, M
= Co/Ni).
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Fig. 4 Conductivity of conductive sodium ions-
doped cobalt compound synthesized with raw mix-
ture materials of various Co/Na ratios. [ ] Heat-
treated mixtures of CoO and Na,O, at 800 C for 3
h, Il After immersion of its obtained mixture in water
for 2 days.
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Fig. 5 XANES spectra of Co-K edge for conduc-
tive sodium ions—-doped cobalt compound synthe-
sized by process (b) in Fig. 1 using raw mixture ma-
terials of various Co/Na ratios.
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Fig. 6 Relation between the edge shift obtained
from XANES analysis and cobalt oxidation state for
conductive sodium ions-doped cobalt compounds
synthesized by process (b) in Fig. 1 using raw mix-
ture materials of various Co/Na ratios.
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Fig. 7 Initial charge/discharge performance for

positive electrodes with nickel composite oxides ac-
tive materials synthesized by using the raw mixture
materials of (A) NiO, CoO, and Na,O,, and (B) NiO
and Na,0,. Charge: 0.1 CmA for 15 h; Discharge:
0.2 CmA to 0 V vs. Hg/HgO.
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Fig. 8 Synchrotron XRD patterns for positive active
materials synthesized by using the raw mixture ma-
terials of (A) NiO, Co0O, and Na,0,, and (B) NiO and
Na,0,.
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Fig. 9 Synchrotron XRD patterns for the pulverized
samples prepared from the positive electrode after
10 cycles under the condition of 0.2 CmA discharge
to O V vs. Hg/HgO after 0.1 CmA charge for 15 h.
Active materials were synthesized by using the raw
mixture materials of (a) NiO, CoO, and Na,0,, and (b)
NiO and Na,0.,.
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Fig. 10 Change in phase abundance by the Riet-
veld analysis for the positive active materials of Ni-
MH cells after 10 cycles under the condition of 0.2
CmA discharge to 0 V vs. Hg/HgO after 0.1 CmA
charge for 15 h. Active materials were synthesized
by using the raw mixture materials of (a) NiO, CoO,
and Na,0,, and (b) NiO and Na,0..
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