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Abstract

Nanosized cathode material Ni(OHpr alkaline batteries was prepared by converting the precursor of®4i2H,0O in KOH water
solution which contained Tween-80, and the precursor was obtained via the reaction betweeg) NGNK® and HC,04-2H,0 in
ethanol solvent. The products were characterized using X-ray diffraction (XRD), infrared absorption spectroscopy (IR), and transmission
electron microscopy (TEM). The results showed that the as-prepared Ni@ifple by this method i8(Il)-type phase and its shape
is spherical with the particle size from 5 to 35 nm. The electrochemical studies revealed that the 10% addition of nanosizedd\i(OH)
common microsized spherical Ni(OFfan improve the electrochemical performance of the Ni(#gctrode. There exists approximately
a 10% improvement in the utilization of the active material of the Ni(©¢l¢ctrode with 10% nannosized Ni(Of§ddition in comparison
with microsized spherical Ni(OH)electrode. Nanosized Ni(Obljnay be a promising cathodic active material for alkaline rechargeable
batteries.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction For further battery applications, single-phase nickel
hydroxide products with good crystallinity, homogeneity,
Alkaline rechargeable batteries such as Ni—metal hy- uniform morphology with submicrometer particle size dis-
dride (Ni-MH), nickel-cadmium (Ni—Cd) and nickel-iron tribution, and high surface area are necessary. It has been
(Ni—Fe) are widely applied to today’s market covering do- reported that nickel hydroxide with a smaller crystalline
mains ranging from power tools to portable electronics and size shows better charge—discharge cyclic characteristics
electric vehicle. Nickel hydroxide is the active material for and a higher proton diffusion coefficief#]. US Nanocorp,
cathode of these batteries. The development of nickel hy-Inc. (USN) has developed an aqueous solution reaction
droxide has gone through from traditionally agglomerated (ASR) technique scalable for high volume production of
nickel hydroxide to sphericg-Ni(OH), [1]. Traditionally, nanostructured nickel hydroxide for a wide range of appli-
the theoretical capacity of nickel hydroxide electrode is cations, it is expected to yield at least a 20% improvement
believed to be 289 mAh/g if the electrode reaction during in cathode energy conteft]. The capacity of the Ni(OH)
charge—discharge process involves one-electron transferelectrode can be increased by about 14% when the electrode
But in high power applications such as electric vehicles, itis was prepared by mixing 8 wt.% nano-phase Ni(@Mjth
limited by the discharge—charge rate which determines the spherical Ni(OH} [5].
vehicle acceleration and recharge rate of the Ni-MH battery  In this paper, nanosized Ni(OK)powder was prepared
[2]. by a so-called precipitate-transformation method and the
precursor was synthesized by direct precipitation method
in organic solvent with nickel nitrate and oxalic acid. The
 S— precursor and the final product have been characterized by
* Corresponding author. Present address: Technical Center, Shenzhenx_ray diffraction (XRD), infrared spectrometry (IR), and
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Ni(OH), addition were studied and, moreover, the influence 3. Results and discussion
of nanosized Ni(OH) addition on the electrochemical
performance of nickel hydroxide electrode was discussed. 3.1. Characterization of the as-synthesized precursor

Fig. 1 shows the XRD pattern of the as-synthesized
2. Experimental precursor that was obtained by the reaction between
Ni(NO3)2-6H20 and HBHCy04-2H,0 in ethanol solvent. Its
Analytical pure Ni(NQ)2-6H2O (nickel nitrate) and diffraction peak is quite consistent with the standard JCPDS
H2C204-2H20 (oxalic acid) with concentrations of 0.1 M, card of NiGO4-2H,0. The precursor was confirmed to be
respectively, were dissolved in ethanol solvent. In the course pure phase NigD4-2H,O. The average particle size of the
of magnetically stirred Ni(N@)2-6H,O solution, the same  precursor of NiGO4-2H20 is about 9 nm, using the Scher-
concentration of HC,04-2H,0 solution was added as pre- rer formula[6] by calculating with line-width method. The
cipitator little by little. A kind of light-blue sediment was reaction is as follows:
formed. The above experiment was performed two groups: .2+ 2— .
one group for the subsequent preparation of Ni(@&hd NITZ+ C204™ 4 2H20 = NIC204 - 2H0 | (@)
another for getting the precursor in order to be character- Its structure is as followg7]:
ized by X-ray diffraction and infrared spectrometry. The H H
precipitate obtained by the former group was converted to || \o/
a Ni(OH), precipitate in KOH water solution which con- €0~ ,/
tained a small amount of Tween-80. The reaction system /__ 1\ H
was kept at 60C and stirred constantly for 6 h. Finally, the || o -
Ni(OH), precipitate was filtered, rinsed with distilled wa- © (2)

ter, and oven-dried at 6@€. Another precipitate obtained The IR spectrum of the as-synthesized precursor is illus-

by the latter group was filtered, ethanol was used to washated inFig. 2 The frequency values and the assignments

the precipitate until the filtered solution was colorless. The 4 the peaks observed for the precursor of piG-2H,0
washed precipitate was dried in air at"®to get a kind of 5.6 isted inTable 1 [7]

light-blue precursor.

The XRD powder patterns of the samples were carried out 3 Characterization of nanosized Ni(OH),
with a Shimadzu XRD 6000 diffractometer. Cukadiation
(» = 1.5418 R) operated at 40kV and 40 mA was used. The  The powder XRD pattern of the as-prepared Ni(@§4)
scan speed was#ninin 20. The FT-IR of the precursorwas  shown inFig. 3 All the reflectance peaks can be indexed
measured on Thermo Nicolet Avatar 360 FT-IR instrument g5 the hexagonal phase of Ni(GH)y comparison with the
with KBr pellets from 4000 to 400 cit. The transmission  gata of the JCPDS file No. 14-0117, which indicated that
electron microscope image was performed by means of aihe crystalline state of the sample is typicafyll)-type
JEOL JEM-100cx Il microscope. Before observation, the Ni(OH), phase. The qualitatively large peak widths indi-

sample was ultrasonically dispersed in ethanol. cate that the crystalline size is very small. According to
Electrochemical properties tests were carried out as fol-

lows. Nickel hydroxide powder with 10 wt.% nannosized
Ni(OH), addition (or microsized spheric@Ni(OH), pow-
der), graphite and polytetrafluoroethylene (PTFE) binder
were mixed completely in a weight ratio of 85:10:5, and
pressed into a pellet. The pellet was mounted onto a foam
nickel for a cathode and dried at 120 for 24 h.

Charge—discharge measurements were performed using
one nickel hydroxide electrode coupling with a large area
platinum sheet electrode. And the electrolyte consisted of
6moll~! KOH and 15gt?! LiOH was used. A Hg/HgO {400)
(6mol I~ KOH + 15g ! LiOH) electrode was employed
as the reference electrode. Charge—discharge were per-
formed at a rate of 0.2 C, the terminate voltage of discharge
is 0.1V versus Hg/HgO.

Cyclic voltammetric (CV) experiments were performed . .
by means of a CHI660A Electrochemical Workstation 0 20 30 40 50 60
(USA), and a three-electrode system with a Hg/HgO refer- 2 Theta/deg.
ence electrode and a platinum sheet counter electrode with
a Iarge area. Fig. 1. XRD pattern of the as-synthesized precursor.
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Fig. 2. IR spectrum of the as-synthesized precursor.
Table 1

Frequencies and band assignments in 2X0&2H,0 precursor

Frequencies (crt) Assignment

3400.9 vas(H20)

3132.0 vs(H20)

1623.9 vas(C=0)

1400.4 vs(C-0) 4+ v(C-C)

1317.9 vs(C-0) + §(O-C=0)
832.3 vs(C-0) + §(0-CG=0)
780.6 8(0-C=0) + v(Ni-0)
555.2 v(Ni-O) + v(C-C)
490.6 v(N-0)

Scherrer's equatiof6], the crystal size of th@-Ni(OH),
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Fig. 4. TEM image of Ni(OH) powders.

size from 5 to 35 nm. Coincident with its strong peaks’ in-
tensities in XRD pattern, its TEM investigation showed that
it is in good crystallinity.

3.3. The weak agglomeration reason
of nanosized Ni(OH)»

On the basis of the experiment facts, the reasons helping
to understand the weak agglomeration of nanosized NigOH)
particles in this method are as follows.

In the conventional chemical method of usually synthe-
sizing the precursor in water solution, the precursor forms
long chains through hydrogen bonds between crystalline
water and easily produces agglomeration during subse-
guent proces$8]. However, in this method, the precursor
of NiC204-2H20 is synthesized in organic solvent, ethanol

crystals is, respectively, 12 and 7.9nm as calculated from chemically and physically absorbed on the surface of the
the (100) and the (10 1) crystal face. The microsized spher-precursor can prevent the formation of the particle chains

ical Ni(OH), powder used in the experiments is a[3gl)
phase, and its average particle size is about §f2TEM
image of the final product is shown Kig. 4. The resultant
product is monolithic, spherical particles with the particle
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Fig. 3. XRD pattern of Ni(OH) powders.

by hydrogen bonging of adjacent particles, thus bringing
on the weak agglomeration or the “soft” agglomerati®h
Another possible reason for the weak agglomeration for-
mation is that the surfactant Tween-80 used in KOH water
solution can prevent the newly produced Ni(QH)ystals
from growing and aggregating. The weak agglomeration of
the as-prepared nanosized Ni(QHbarticles is ascribed to
the above two reasons.

3.4. Cyclic voltammetric measurements

The first cyclic voltammograms of microsized spherical
Ni(OH), electrode and the Ni(OH)electrode with 10%
nanosized Ni(OH) addition are given inFig. 5, and the
cyclic voltammograms from second to tenth are shown in
Figs. 6 and 7respectively. As seen froiigs. 5—7 before
activation, viz. the first cycle, the cathodic and the anodic
peak current of the Ni(OH)electrode with 10% nanosized
Ni(OH), addition are much higher than those of microsized
Ni(OH), electrode and keep higher in the circle from sec-
ond to tenth, which indicates nanosized Ni(QHdded to
microsized Ni(OH}) can improve the electrochemical reac-
tivity and enhance activation of Ni(Oblkelectrode and the
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Fig. 5. The first cyclic voltammograms of Ni(Oklelectrode; scan rate:
2mVi/s.
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Fig. 6. Cyclic voltammograms of microsized Ni(OHglectrode (circle
number from 2 to 10); scan rate: 2mV/s.
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Fig. 7. Cyclic voltammograms of the Ni(Obklelectrode with 10% nano-
sized Ni(OH) addition (circle number from 2 to 10); scan rate: 2mV/s.
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Fig. 8. The variation ofp, as a function of circle number.

Ni(OH)2 electrode with 10% nanosized Ni(OHaddition
will has a greater discharge capacity.

It can be seen fronrigs. 6 and #hat the potential posi-
tions of the oxidation and reduction peaks of the Ni(@H)
electrode with 10% nanosized Ni(OHpddition do not
nearly change with increasing cycles in comparison with
those of microsized spherical Ni(OHkelectrode and the
intensity of oxidation and reduction peaks of the Ni(QH)
electrode with 10% nanosized Ni(OHaddition increases
gradually with increasing cycles. Therefore, it can be be-
lieved that, be the same as microsized spherical NigOH)
electrode, the Ni(OH) electrode with 10% nanosized
Ni(OH), addition has a stable cycle and don’t occur the
change of structure during charge—discharge process.

Fig. 8 shows the plot of the cathodic peak currégi
versus circle number. As shown fig. 8 the slope of the
former segment in curve 2 is greater than that of the for-
mer segment in curve 1, and the slope of the latter segment
in curve 2 is lower than that of the latter segment in curve
1. These results show that the Ni(QHlectrode with 10%
nanosized Ni(OH) addition has a faster activation and bet-
ter cyclic stability, and also indicate that it has smaller po-
larization during the electrochemical redox process.

3.5. The addition performance of nanosized Ni(OH)z in
electrode

Fig. 9shows the discharge curves of microsized spherical
Ni(OH), electrode and the Ni(OH)electrode with 10%
nanosized Ni(OH) addition at a rate of 0.2C. As seen
from Fig. 9, the discharging capacity of the Ni(OHglec-
trode with 10% nanosized Ni(Okl)addition is markedly
higher than that of microsized Ni(Oblelectrode, namely
235mAh/g versus 214 mAh/g, which reveals that much
more active material can be utilized during discharge pro-
cess in the Ni(OH) electrode with 10% nanosized Ni(OH)
addition. In addition, compared with microsized Ni(QH)
electrode, the Ni(OH) electrode with 10% nanosized
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Fig. 9. Discharge curves for (a) the Ni(OfBlectrode with 10% nanosized
Ni(OH), addition and (b) microsized spherical Ni(OHglectrode at a
rate of 0.2C.

Ni(OH), addition exhibits a clearly increased discharge po-
tential plateau region ifrig. 9, which is in good agreement
with the above cyclic voltammetric experimental results.
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rate of proton diffusion means that the reaction activity of
nickel hydroxide is enhanced, moreover contact between the
active material and the electrolyte is enhanced, and results
in the decrease of concentration polarization of electrode
during charge—discharge process. Accordingly, the utiliza-
tion of the active material of Ni(OH)is improved and the
Ni(OH)2 electrode with 10% nanosized Ni(OHaddition
exhibits excellent electrochemical performance.

4, Conclusion

Nanosized spherical Ni(OH)was prepared by the
precipitate-transformation method. Characterization by
XRD and TEM showed that it has a typicg(ll)-phase
structure with the particle size from 5 to 35nm. Electro-
chemical measurements revealed that the NigGHgctrode
with 10% nanosized Ni(OH) addition exhibits excellent
electrochemical performance, e.g. smaller polarization and
better discharge property than common microsized spheri-
cal Ni(OH), electrode.
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