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Syntheses ofLiCoO2 for cathode materials of secondary batteries at low temperature

Lihong Su*, Shengru Qiao, Jun Xiao, Ying Huang, Mingzhen Wang

Department of chemical-engineering, northwestern polytechnical university. Xi’an 710072, Shaanxi prov. china

( Received July 5, 2003 ; received in revised form August 1, 2005 )

Abstract: In this paper, it acquired an important discovery that the new Co3O4 fine particles include more O than the traditional Co3O4 particles.
Synthesized LiCoO2 by the LT- solid state reaction. Experimented the factor affect the process. LiCoO2 have well-crystallized with the layered
structure as proved by powder X-ray diffraction(XRD). The particles have a smaller size distribution around 100-300nm(SEM).

Key words :tricobalt tetraoxygen, fine particles ,the low temperature synthesis reactions

1. INTRODUCTION

LiCoO2 have been studied as cathode materials in lithium sec-
ondary batteries because of their high operating voltage and en-
ergy density, large capacity, and long cycle life. Despite the
highest cost among the candidate materials,LiCoO2 is used most
widely for its better thermal and structural stability during elec-
trochemical operations.

LiCoO2 powders are synthesized by solid state reactions about
at high temperatures(HT) of 800oC. The structure ofLiCoO2 is
the Li+ implanting in the Co3O4 crystal. However, the struc-
ture of Co3O4 crystal is key factor for theLiCoO2 crystal. The
low temperature synthesis reactions can acquire more uniform
fine particles, it is a useful feature for the battery electrode ma-
terials. In order to realize syntheses ofLiCoO2 by the LT-solid
state reaction, the Co3O4 particles size need smaller than the HT
process, we acquired an important discover that the new Co3O4

particles include more O than the traditional Co3O4 particles.

In this paper, we report the solid state reaction mixing the Co3O4

fine particles andLiCoO3 powders at temperature 400-500oC.
The consequences in terms of the phase purity, crystallization,
and particle sizes are described. The electrochemical charging
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and discharging characteristics of a representative sample is also
presented.

2. EXPERIMENTAL

2.1 Raw material Co3O4 characterization

The raw material were identified by X-ray powder diffracto-
metry(D/Max-Ra, Cu-Kα, 40kv,40ma)Fig1. The particles size
distribution was identified by the SEISHIN LMS-30. Fig2 is
the SEM photography of Co3O4 fine particles Fig3 is traditional
Co3O4 particles size distribution, D50 is about 27µ. Fig4 is the
Co3O4 fine particles size distribution, D50 is 2.3µ. The exper-
iment is base on the Co3O4 fine particles as the original ma-
terial. The density of Co3O4 fine particles is only 1/8-1/10 of
traditional Co3O4 particles.

2.2 Synthesis

In a LT-solid state reaction, Co3O4 fine particles andLiCoO3

particles mole ratio 1:1.5 were mixed with alcohol (99%), grind-
ing 4 hours, drying the mixture at 80oC, the grinding time is
decreased notably and the mixture is more homogeneous than
the traditional Co3O4 particles. It is only spend 1/5 time of tra-
ditional Co3O4 particles acquired homogeneous state. The next
step, rising the oven temperature at 450oC, the mixture was put
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Figure 1: X-ray powder patterns of Co3O4.

Figure 2: the SEM photography of Co3O4 intermediate fine par-
ticles

Figure 3: Traditional Co3O4particles size distribution.

Figure 4: Co3O4 fine particles size distribution.
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in the oven. The reaction is carried out at the temperature for
144 hours. The product was washed by the high-purity water
for 15 times. Then it acquired theLiCoO2 particles. The char-
acteristic ofLiCoO2 was studied.

Figure 5: XRD patterns ofLiCoO2 powders at different reaction
time

The fig5 shows XRD patterns ofLiCoO2 powders reaction time
at 72hours and 144hours. Reaction time 144hours can acquire
more purityLiCoO2 powders. The average particle size is 1-3µ.
LiCoO2 is the Li+ implanting in the Co3O4crystal. The structure
of LiCoO2 is more uniform and the particle sizes is more small
fig7, it can implant more Li+ than the traditional materials. The
initiative capability of charging and discharging ofLiCoO2 elec-
trode is better than the market selling battery. The initiative
capability was improved about 14-20mAh/g notably. But the
cycle efficiency of charging and discharging decreased rapidly,
because the post-treatment of newLiCoO2 electrode need more
time to stabilize fig6.

3. ANALYSIS

450oC LT- solid state reaction is possible because the special
TGA-DTA characteristic of Co3O4 fine particles. The special
exothermic at 350.94oC can be detected. It is show in the fig8.
The 350.94oC peak form lead to the LT-solid state reaction real-
ization. It shows that Co3O4 fine particles have a special crystal
structure. From the fig8, It can observe that the new Co3O4

fine particles include about 3.085% O more than the traditional
Co3O4 particles. More O including in the Co3O4 help the low
temperature reaction process, it can make the LT reaction pos-
sible.

Figure 6: specific discharge capacity (a) LT-reaction syntheses
(b) Reference reported[2].

Figure 7: SEM patterns ofLiCoO2 powders

Figure 8: TGA-DTA curve of Co3O4 fine particles
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It has not reported by other author before. The peak is benefit
to the process temperature control, it acquired more uniform
LiCoO2 powders in a single phase.

4. CONCLUSION

Co3O4 fine particles is beneficial to the mixing process of LT-
solid state reaction. It supplied the possibility for the LT- solid
state reaction. The phase purity, crystallization, and particle
sizes ofLiCoO2 powders are more uniform and small. It im-
proves the original capability of charging and discharging of
LiCoO2 electrode. But the discharge-charge cycle capability of
newLiCoO2 electrode need to study more time.
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