CERAMICS

B INTERNATIONAL

ELSEVIER Ceramics International 30 (2004) 1641-1645

www.elsevier.com/locate/ceramint

Preparation and characterization of nanosized lithium cobalt oxide
powders for lithium-ion batteries

Chung-Hsin Ld, Hsuan-Hao Chang, Yu-Kai Lin

Electronic and Electro-optical Ceramics Laboratory, Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan, ROC
Received 29 November 2003; received in revised form 10 December 2003; accepted 22 December 2003

Available online 10 June 2004

Abstract

Lithium cobalt oxide powders have been synthesized by a developed microemulsion process in this study. The cationic concentration of
the aqueous phase significantly affects the sizes of micelles and obtained powders. Increasing the cationic concentration of the aqueous phasi

leads the size of the micelles to increase. Nanosized and well dispersed Ljfoaders are obtained in this study. The electrochemical
analysis reveals that the discharge capacity of Ligsi@nificantly depends on the particle size and agglomeration state of the synthesized
powders.

© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction thesize LiCoQ powders. The effects of the salinity in the
aqueous phase and the heating conditions on the properties
Lithium cobalt oxide (LiCoQ) is one of the most im-  of synthesized powders are discussed. The electrochemical
portant cathode materials used in lithium-ion secondary characteristics of LiCo@powders are also examined.
batteries. LiCo®@ can be prepared by various methods using
different lithium and cobalt sourcd4—3]. As all lithium
ions are extracted from the host structure of LiGore- 2. Experimental
versible phase transformation will occur to result in inferior
cycleability. When only 50% of the lithium ions are ex- Stoichiometric LING and Co(NQ)2-6H,O were dis-
tracted during cycling, LiCo® can maintain good cyclic  solved in water to form the aqueous phase. The salinity of
stability [4]. the aqueous phase was varied from 0.5 to 2 M. The oil phase
In recent years, synthesis of nanoparticles has beenwas comprised of analytical grade cyclohexane as the pri-
intensively investigated5-7]. Powders prepared by the mary component. 1-Hexanol and OP-10 were chosen as the
traditional solid-state reaction have large particle size and syrfactant and co-surfactant, respectively. The well mixed
broad size distribution. On the other hand, solution method water phase was added to the oil phase with a volume ratio
can reduce the particle size to nanometer range and contromaintained at 1:10. After thorough stirring, a thermody-
the particle size distribution. Different kinds of solution namically stable microemulsion system was obtained. The
methods such as the sol-gel procf8s the hydrothermal  prepared microemulsion was added dropwise to hot oil at
process[9], and the emulsion proce$%0-12] have been  200°C via a peristaltic pump. The obtained precursors were
utilized to synthesize the nanoparticles. further dried at 400C to remove organic phase. The dried
In lithium-ion batteries, cathode materials have great in- powders were calcined at elevated temperatures for 2h to
fluence on the electrochemical performance. In this study, apgbtain LiCoQ powders. The microstructure of the calcined
newly developed microemulsion process is utilized to syn- powders were examined by XRD and TEM, respectively.
The size of microemulsion droplets was measured by an
* Corresponding author. Tek:886-2-23635230; acoqstic spectrometer. The glectrpchemical behavior of the
fax: +886-2-23623040. obtained powders was examined in coin cells. The cathode
E-mail address: chlu@ccms.ntu.edu.tw (C.-H. Lu). composites were comprised of 87 wt.% LiCop@owders,
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8 wt.% super-S carbon black, and 5wt.% binder (polyvinyli-
dene fluoride (PVdF))n-Methyl pyrrolidone (NMP) was
used as the solvent. Lithium foil was utilized as the anode,
and the electrolyte solution was composed of 1M IgPF
dissolved in ethylene carbonate (EC)-dimethyl carbonate 0.20
(DMC) (at a volume ratio of 1:1). The cells were charged
and discharged at 0.2 mA/émithin a potential range of 3
to 4.3V.
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3. Results and discussion 010 k

PSD weight basis

3.1. Formation of LiCoO, powders

Fig. 1 illustrates the variation of the X-ray diffraction 0.05 |
patterns of the microemulsion-derived precursors quenched
at temperature ranging from 500 to 9GD. The salinity . . }
of the aqueous phase in the precursors is 1 M. As shown 10 100
in Fig. 1, LiCoO, is formed in 400C dried precursors. diameter (nm)
Once the temperature increases, the crystallinity of Li€oO
is improved. During all heating processes, only LiGo®
obtained. The XRD pattern shows great consistency with
that reported in JCPDS No. 44-1%13], and the diffrac-
tion peaks in the XRD pattern have been indexed to the the improved homogeneity of constituents and the enhanced
hexagonal form (high-temperature polymorph). Therefore, reactivity of the microemulsion-derived precursors.
it confirms that the obtained LiCaQexhibits aR3m struc-
ture, and the pure phase of LiCo® successfu”y obtained 3.2. Effects of the concentration of cationsin the aqueous
via the microemulsion process. In comparison with the con- phase on the microstructures of LiCoO2 powders
ventional solid-state reactidii4], the required temperature
for preparing LiCoQ powders is significantly reduced in The size distribution of micelles with different concentra-

the microemulsion process. It is considered to result from tions of cations in the agueous phase is illustratefign 2
In all prepared systems, the size distribution of micelles is

narrow. However, the average size of micelles varies with
the concentration of cations in the aqueous phase. When
the concentration of cations in the aqueous phase increases
from 0.5 to 1 M, the mean diameter of micelles increases
from 55 to 95 nm. The above three kinds of aqueous phase
were used to prepare the precursors of LiGa@ the mi-
croemulsion process. The obtained precursors were dried at

) 900°C 400°C, and were investigated via TEM. According to the
J ﬂ TEM analysis, when the concentration of the aqueous phase
800°C increases from 0.5 to 1 M, the average particle size of pow-
MMAM ders increases from 25 to 52 nm. It is found that the size of
obtained powders reflects the size of micelles. When the size

700°C . . . ; .
of micelles increases, the size of powders will also increases

correspondingly.

The TEM images of 800C-calcined LiCoQ powders

MMMMWMMWM i prepared from different concentrations of cations in the
MMMWM S00°C agqueous phase are shownFiy. 3 As seen in this figure,

Fig. 2. Size distribution of micelles containing various concentrations of
cations.

@® LiCoO,

Intensity

the particle size increases correspondingly with a rise in
the concentration of cations in the aqueous phase. As the
= % m - - o * 20 concentration of the aqueous phgse increases from 0.5 to
29 1M, the average partlclg size of L|CQ(DOWder§ increases
from 100 to 270 nm. It is evident that nanosized LiGoO
Fig. 1. XRD patterns of the microemulsion-derived LiGo@owders ~ powders are synthesized via the microemulsion process.
heated at elevated temperatures. The dependence of the particle size of LiGogwders on

precursor
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Fig. 3. TEM images of 800C calcined LiCoQ powders: (a) [L] =2M, (b) [LiT] = 1M, and (c) [Li'] = 0.5M.

the concentration of cations in the aqueous phase and the
heating temperature is illustrated fig. 4. For all systems,
the particle size of LiCo@powders increases rapidly with

a rise in the heating temperature. At the same heating tem- 300

perature, raising the concentration of cations in the agueous I

phase effectively increases the particle size of Lig@Ow- A [Li+] = 2M A/(‘a )

ders. As seen iffrig. 4(c) LiCoO, particles prepared from 201 .

the concentration of cations equal to 0.5M agglomerate L | —e—[Li]= 1M

seriously. The agglomeration state as well as the particle E ook | e [Li+] ~ 0.5M

size of the prepared powders will affect the electrochemical = ' ®)

properties of cathode powders. B’ N
E 150

3.3. Electrochemical properties of microemulsion-derived g

LiCoO, powders 5 (©
‘B 100 | . "

Fig. 5illustrates the charge—discharge curves of 800 EE I /

calcined LiCoQ powders prepared from different con- .

centrations of cations in the aqueous phase. All obtained 501 :/./°

powders clearly display a plateau at 3.9V, which represents L

the typical electrochemical characteristic of LiCoO'he ol oy

discharge capacities in the first cycle of LiCp@owders 400 500 600 700 800 900

prepared from the concentration of cations in the aqueous
phase equal to 0.5, 1, and 2 M are 114, 137, and 128 mAh/g,
respectively. It reveals that both the particle size and agglom- Fig. 4. Relation of the particle size of LiCeQpowders and the concen-

eration state of LiCo@powders will influence the discharge  tration of cations in the aqueous phase as well as the heating temperature.

Temperature ("C)
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4.4 concentration of cations in the aqueous phase is equal to
: 0.5 M, agglomerated powders are formed. It is considered
that the carbon black and binder cannot be well mixed with
cathode materials, thereby reducing the discharge capacity.
The relation between specific capacity and cycle number
is plotted inFig. 6. It reveals that good cycleability can be
obtained in the microemulsion-derived LiCe(powders.
The developed method can also be applied to other kinds
of cathode materials for controlling their particles size and
morphology.
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LiCoO, powders have been synthesized via a developed
microemulsion process in this study. Monophasic powders
— with a layered R3m) structure are obtained. The concentra-
36 L tion of cations in microemulsion not only affects the size of

A micelles but also the particle size of LiCe@owders. An
32k [Li+]:[Co+2]:0.5MI increase in the cationic concentration of the aqueous phase
| — T results in an increase in the size of the micelles. Nanosized
0 20 40 60 80 100 120 140 and well dispersed LiCofpowders are formed. The elec-
Capacity (mAh/qg)

40}

trochemical analysis indicates that the discharge capacity of
LiCoO, depends on the particle size and agglomeration state

Fig. 5. Charge and discharge curves of the microemulsion-derived LiCoO 0Of the synthesized powders.
powder obtained at various cationic concentrations: (a) 0.5M, (b) 1.0 M,
and (c) 2M.
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