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Ahbstracl; (ne new preparation method of Well-property LiCoQ), » which is synthesized by caclining a good precursor
obtained from agqueous solution at lower temperature for shorter time, is studied in this paper. The experimental re-
sults indicate that LiCol), is pure phase layer structure with high crystallization, and excellent electrochemical proper-
ties are also proved owing to its initial charge and discharge specific capacity of 205mAh/g ,169mAh/g at the current
of 0. 2C respectivly,
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1 Introduction

LiCo0); is one of key commercial cathode materials uscd [or lithium secondary batteries at present. It is
almost synthesized by traditional high temperature solid-state reaction method. Due to not only requiring
grinding and blending for a longer time, but also demanding higher caclination temperature and longer
times, it is difficult to control the compositions , structure and partical size distribution of the resulting
powder during the preparation process, so the identity of electrochemical performance is poor. LiCo(), pre-
pared by soft chemical reaction method is advanced recently, such as sol-gel method! ™9, spray drying
method™®, freezing drying method-* , emulsion drying method ™, etc. , these techniques have the following
advantages, lower caclination temperature, shorter caclination time, narrow partical size distribution, bet-
ter electrochemical properties. The author of this paper studies the preparation process of LiCo(); by two-
steps method. The homogeneous precursor mixtures are prepared directly from aqueous solution , and the
partical size and shape of precursor are controlled by adjusting the concentration of reactors,the pH of solu-
tion and the amount of additives. Better electrochemical performance LiCo(); are obtained by drying and
roasting without carring on liquid-solid separatation, The influence of preparation technique factors respon-
sible for solution-phase reaction on partical size and shape of precursor will be discussed later in detail, thus

the preparation process of LiCo(), is introduced emphasisly from good precursors.
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2 Experimental

Experimental details-A stoichiometric amount of Lithium and cobalt mixture aqueous solution with the
cationic ratio were mixed well at room temperature with stirring, Cobalt nitrate solution was prepared by
dissolving cobalt plate electrolysised (Co™>98. %) in pure nitric acid, dispersing agent and additive were
added. And lithium hydroxide solution was obtained from LiOH » H,(( Analytically pure)dissolving in dis-
tilled water ,and concentrated ammonium hydroxide was put into it. Then oxidizer and concentrated ammo-
nium hydroxide were added until a pH of the solution was adjusted to 10, The resultant solution was evapo-
rated at 80—100°C for a few hours until water was removed, the precursor was dried at 120°C ¢ and decom-
posed first at 400—600°C for 6 —10 h, then further heated to 800C [or ¢ — 24 h. LiCoQ, was achieved by
cooling to 150°C after grinding and sieving. _

Physiéochemical characterization— X-ray diffraction with Cu Ka radiation was used to identify the erys-
talline phase of LiCoO; by X-ray difiractometer (D/MAX — 1200X, Rigaku, Japan). The partical size and
shape of LiCoQ), were also examined using scanning electron microscopy(JSM—5910, JEOL, Japan) and
laser size analyzer (JI.—1166, chinaj.

Electrochemical characterization— The test electrodes were prepared by mixing' the active material ,car-
bon black, PTFE in a weight ratio of 80:10:10 and then cold pressing the mixture inte a pellet with diame-
ter of 15, 0—15. 4 mm and thickness less than 500pm under a pressure of 30 MPa, The electrochemical stud-
ies were carried out in a experimental ccll consisting of a working electrode and metal lithium plate reference

electrode, Cell test instrument BTS—52A(5V/2A ) was used at the current of 5mA.
3 Results and discussion

3.1 Thermal analyses

Optimum heat-treatment temperatures for preparing LiCoO, powders are determined with thermal a-
nalysis techniques. Fig. i shows the TG and DTG results of the precursor prepared with solution-phase re-
action method, and Fig. 2 shows the DSC result, There are five steps of weight loss in the TG—DTG plots
and three main endothermic peaks in the DSC plot. Firstly, the weight loss of about 2. 92% starts at a-
round 56°C ,compared with it,a small endothermic peak is observed. This reaction corresponds to the volat-
ilization of water in the precursor and the removal of part of erystallic water in cobalt nitrate, Sencondly,
the weight loss is observed to be about 1. 09% berween 56'C and 158°C, the obvious endothermic peak at
86°C indicates the removal of crystallic water in cobalt nitrate further, Third, the weight loss is 3. 34%
from 158°C to 345°C, and a endothermic peak appears at 245°C, This is because Co{QH), is oxidized and
CoDOH is obtained around 2680°C with the weighsz loss of 1%, hesides, rwo side outcomes such as LING;,
NH;NO;, and cobalt nitrate ,dispersing agent, additives, which are also decomposed. Fourth, the weight
loss of 18. 887 started at 345°C and was completed at 500°C, The endothermic peak at 360°C was due to
formation of LT-LiCaQ),, Finaly, LT- LiCo0); is transformed to HT- LiCo(Q), staring between 600°C and
800°C. The total weight loss is about 36. 91%, From thermal analyses, it is found that the crystallization of
the hexagonal phase takes place above 600°C, and is prepared completely at 800°C, this is confirmed by
XRD phase analysis. The decomposed temperature of pretreatment is controlled at 400—8§00°C.

3.2 XRD apalyses

Fig. 3 shows the XRD patterns of LiCoQ, obtained at various temperature from the precursor pretrea-
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Fig.1 TG-DTG curves of as-prepared precusor Fig.2 DSC curve of as-prepared precusor

ted. It can be seen that HT-LiCo(:; is synthesized by all the precursor calcinined at 600 —800°C, its main
characteristic peaks are (003}, (101, (006), (012), (104), {015}, €107), (108), (110) successively.
When a material is calciried at 600°C, a significant amount of LiCo(, phase and a small number of cobalt
oxide phase are detected, Moreover, the bottom of (101) peak is more broad, and that of (006)/(012);
(108>/(110) peaks are jointed with unclear splitting respectively, so it is possible that cations are located
without ordering, As the temperature increases to 700°C, (101)peak is divided obviously into two peaks.
The peak of Co, 0, phase appears at 36.°. The splitting of {006)/(012) peaks are uncomplete, but that of
(1683 /(116 peaks are not so. As the temperature increased to 800C, (006)/(012), (108)/(110) peaks
are separated thoroughly,and there were negligible peak at 36. 9°. High crystallization layer structure Li-
Co0, is synthesized because the pattern of it is the same as that given by the JCPDS card at 900°C. As the
temperature increases, the intensity of the diffraction peaks of LiCaQ), increases .although there are small
traces of Co; 0, phase. ‘Meanwhile,the location of every peak is changed, (003) peak shifts slightly to a
lower Bragg angle, and the more sharp peak means the lattice rearrangement of crystal. _

Fig. 4 shows the XRD patterns of the precursor fired at 900°C for various times. The clear splitting be-
tween (006)/(012) and (108)/{110) proves that cations are well located their sites without intersection.
The well-ordered LiCo(0, phase is synthesized even after 4h at 900°C, but the Co; O, phase persists up to .

@;2}‘- After firing for 16h, the peak of Co,0, diminishes completely. and well-crystallized single phase Li-
Co0, can be obtained. When the time continues, the crystal structure will be integrated further, and (003)
peak shifts slightly to a lower Bragg angle.

It is revealed that the structural changes of LiCoQ; are affected by caclination temperature and times,
then pure phase LiCoO), is prepared at 800°C for 16h combined with above-mentioned thermal analysis.
3.3 SEM analyses

Fig. 5 illustrates the microstructure of precusor and LiCo(),. From Fig, 5(a),a few agglomerates con-
sisting of the percusor particals are less than 5pm in size, and particals were spherical, the average partical
size of partical is 1. 12 ym, From the LiCoQ, picture of Fig. 5(b), the surface of partical is smooth without
absorption and contains well monodispersed spherical fine particle size distribution with an average partical

size of about 9. 11 pm,
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Fig.5 SEM images
(a)—the precasor; (b)—LiCoO;

3.4 Electrochemical properties

Fig. 6 shows the initial charge and discharge curve of Li-
CoQ);. The charge capacities are 41, 2 mAh by constant-eur-
rent charging with cut-off voltage of 4. 35 V, then charging
with cut-off current of lmA by constant-voltage charging,

total charge capacities reach up to 45. 9 mAh. The discharge

capacities are 37, 9 mAh , measured by discharging with cut-

off voliage of 3.0 V. The initial discharge efliciency are 84.

3.0F
8% ,discharge midpoint-veltage is 3. 85 V,and discharge ca-
L
pacity is 95. 3% above 3.6 V. the charge curve has a flatform
25 o a1 P S
at voltage between 4.0 V and 4. 3 V,its charge specific ca- 0 170 30 510 68 850 1020

R ' : Time/min
pacity is 205 mAh/g, and discharge curve also exsits a flat-

form between 3, 6 V and 4, 3 V,its discharge specific capacity Fig.6 The initial charge-discharge curve of

is 169 mAh/g. LiC(-)Oz
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. Conclrusions

Layer structure LiCoQ; is synthesized by two steps method at lower caclination temperature for shorter
caclination time, and it will be high crytallization without impure phase. Moreover, the different crystal
phase of prepared LiCoQ, varies from different caclination temperature and time, and then the best tech-
nique conditions of pure LiCoO; obtained are determined. The partical shape of LiCoO is better and be simi-
lar to ball, the surface of partical is smooth without absorption, and partical size distribution is narrow,
and it has well electrochemical performance, which charge and discharge specific capacity reaches up to 205

mAh/g, 169 mAh/g, respectivly,
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