
Journal of the Korean Ceramic Society 
Vol. 40, No. 6, pp. 507-512, 2003. 

Synthesis of Cathode Materials LiNii_yCoyO2 from Various Starting 
Materials and their Electrochemical Properties 

Myoung Youp Song,ir Ho Rim, Eui Yong Bang, Seong Gu Rang,* and Soon Ho Chang* 

Division of Advanced Materials Engineering, Research Center of Industrial Technology, Engineering Research Institute, 
Chonbuk National University, Chonju 561-756, Korea 

*Electronics and Telecommunications Research Institute, Taejon 305-350, Korea 
(Received March 27, 2003; Accepted May 13, 2003) 

ABSTRACT 

The LiNii_,CoyO2 samples were synthesized at 800°C and 850°C, by the solid-state reaction method, from the various starting 
materials LiOH, Li2CO3, NiO, NiCO3, Co3O4, CoCO3, and their electrochemical properties are investigated. The LiNii_yCoyO, pre-
pared from Li2CO3, NiO, and Co3O4 exhibited the a-NaFeO2 structure of the rhombohedral system (space group; R3m). As the Co 
content increased, the lattice parameters a and c decreased. The reason is that the radius of Co ion is smaller than that of Ni 
ion. The increase in c/a shows that two-dimensional structure develops better as the Co content increases. The LiNio ,Co03O2
[HOO(800,0.3)] synthesized at 800°C from LiOH, NiO, and Co3O4 exhibited the largest first discharge capacity 162 mAh/g. The 
size of particles increases roughly as the valve of y increases. The samples with the larger particles have the larger first dis-
charge capacities. The cycling performances of the samples with the first discharge capacity larger than 150 mAh/g were investi-
gated. The LiNi09Co01O3[COO(850,0.1)] synthesized at 850°C from Li2CO3, NiO, and Co3O4 showed an excellent cycling perfor-
mance. The sample with the larger first discharge capacity will be under the more severe lattice destruction, due to the expan-
sion and contraction of the lattice during intercalation and deintercalation, than the sample with the smaller first discharge 
capacity. As the first discharge capacity increases, the capacity fading rate thus increases. 

Key words :LiNii.,,CoyO2, Solid-state reaction method, Various starting materials, The discharge capacity, Cycling 
performance, Lattice destruction 

T 
as positive electrode (cathode) materials for lithium second-

ary batteries. LiMn2O4 is very cheap and does not bring 
about environmental pollution, but its cycle performance is 
not good. LiNiO2 and LiCoO2 exhibit complementary behav-
iour; LiCoO2 is easy to prepare but is very expensive while 
LiNiO2 is cheaper but is quite difficult to prepare in a very 
reproductive way as a result of a tendency to nonstoichiome-
try due to the presence of an excess of nickel.' 

A convenient way to overcome these drawbacks may be to 
use mixed phases with LiNii_yCoyO2 composition because 
the presence of cobalt stabilizes the structure in a strictly 
two-dimensional fashion, thus favouring good reversibility 
of the intercalation and deintercalation reactions.' 16)

In this work, LiNiiyCoyO, (y=0.1, 0.3, 0.5, 0.7, and 1.0) 
were synthesized by the solid-state reaction method at dif-
ferent temperatures from various starting materials. The 
crystal structure, the electrochemical properties and the 

1. Introduction 

ransition metal oxides such as LiMn2O4,1-4) LiCoO2, and 
LiNiO2 have been investigated in order to apply them 
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microstructure of the synthesized samples were examined. 
The synthesis conditions (the kind of starting materials, 
composition and temperature) for the excellent electrochem-
ical properties were investigated. 

2. Experimental 

LiOH, Li2CO3, NiO, NiCO3, Co3O4, and CoCO3 were used 
as starting materials in order to synthesize LiNii_yCoyO2 by 

the solid-state reaction method. All the starting materials 
(with the purity 99.9%) were purchased from Aldrich Co. 

The experimental procedure of this work is given sche-
matically in Fig. 1. The mixture of starting materials in the 
compositions LiNii yCoyO2 (y=0.1, 0.3, 0.5, 0.7, and 1.0) was 
mixed sufficiently and pelletized. This pellet was heat-
treated in air at 650°C for 20 h. It was then ground, mixed, 
pelletized and calcined at 800°C or 850°C for 20 h. This pel-

let was cooled at a cooling rate 50°C/min, ground, mixed and 
again pelletized. It was then calcined again at 800°C or 
850°C for 20 h. 

Table 1 gives starting materials, calcining temperature 
and the value of y in LiNi,_,,CoyO2 for the prepared samples. 
The designated names for these samples are also indicated. 

The phase identification of the synthesized samples was 

carried out by X-Ray Diffraction (XRD) analysis using Cu 

K,, radiation (Mac-Science Co., Ltd.). The scanning rate was 
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NiO, NiCO3 CoCO3, Co3O4

Heat treatment 
650°C, 20 h 

 LMixing 
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Fig. 1. Experimental procedure. 

Table 1. Starting Materials, Calcining Temperature, the Value 
of y in LiNii_,Co,O2 for the Prepared Samples, and 
their Designated Names 

Starting 
materials 

Calcining 
temp. (°C) y Name* 

LiOH, NiO, Co3O4
0.1 HOO(800,0.1) 

800 0.3 HOO(800,0.3) 
0.5 HOO(800,0.5) 
0.1 HOO(850,0.1) 

850 0.3 HOO(850,0.3) 
0.5 HOO(850,0.5) 
0.1 COO(800,0.1) 

800 0.3 COO(800,0.3) 
0.5 COO(800,0.5) 
0.1 COO(850,0.1) 

850 0.3 COO(850,0.3) 
0.5 COO(850,0.5) 
0.1 COC (800,0.1) 

800 0.3 COC (800,0.3) 
0.5 COC (800,0.5) 

LiOH, NiO, Co3O4

Li2CO3, NiO, Co3O4

Li2CO3, NiO, Co3O4

Li2CO3, NiO, CoCO3

0.1 
Li2CO3, NiO, CoCO3 850 0.3 

0.5 

COC (850,0.1) 
COC (850,0.3) 
COC (850,0.5) 
CCO (800,0.1) 
CCO (800,0.3) 
CCO (800,0.5) 

0.1 
L12CO3, NiCO3, Co3O4 800 0.3 

0.5 

Li2CO3, NiCO3, Co3O4
0.1 CCO (850,0.1) 

850 0.3 CCO (850,0.3) 
0.5 CCO (850,0.5) 
0.1 CCC (800,0.1) 

800 0.3 CCC (800,0.3) 
0.5 CCC (800,0.5) 
0.1 CCC (850,0.1) 

850 0.3 CCC (850,0.3) 
0.5 CCC (850,0.5) 

Li2CO3, NiCO3, CoCO3

Li2CO3, NiCO3, CoCO3

*11 indicates the hydroxide, O the oxide and C the carbonate. 

16°/min and the scanning range of diffraction angle (20) is 
10°≤20≤70°. The morphologies of the samples were observed 
using a Scanning Electron Microscope (SEM). 

The electrochemical cells consisted of LiNii_yCoyO2 as a 
positive electrode, Li foil as a negati -e electrode, and elec-
trolyte of 1 M LiPF6 in a 1 : 1 (volume ratio) mixture of Eth-
ylene Carbonate (EC) and Dimethyl Carbonate (DMC). A 
Whatman glass-fiber was used as the separator. The cells 
were assembled in an argon-filled dry box. To fabricate the 
positive electrode, 89 wt% synthesized oxide, 10 wt% acety-
lene black, and 1 wt% Polytetrafluoroethylene (PTFE) 
binder were mixed in an agate mortar. By introducing Li 
metal, Whatman glass-fiber, positive electrode, and the 
electrolyte, the cell was assembled. All the electrochemical 
tests were performed at room temperature with a potentio-
static/galvanostatic system (Mac-Pile system, Bio-Logic Co. 
Ltd.). The cells were cycled at a current density of 200 µA/ 
cm2 between 3.2 and 4.3 V. 

3. Results and Discussion 

Fig. 2 shows the X-ray diffraction patterns of the LiNii , 
CoyO2[COO(800)] synthesized at 800°C from Li2CO3, NiO, 
and Co3O4. They were identified as the a-NaFeO2 structure 
of the rhombohedral system (space group; R3m). As the Co 
content increases, the relative intensity of (003) to (104) 
increases. The reason is that the directionality to the c-axis 
gets better since the LiCoO2 layer increases in which Li and 
Co ions are in a completely-ordered arrangement, and since 
the three-dimensional characteristics decreases which 
results from the substitution of Ni ions for Li sites like 
LiNiO2. 

Fig. 3 shows the parameters of the hexagonal unit cell, a 
and c, and the degree of trigonal distortion, c/a, versus Co 
content y in the LiNii„CoyO2[COO(800)]. As the Co content 
increases, the lattice parameters a and c decrease. The rea-
son is that the radius of Co ion[0.53 A(low spin)] is smaller 

L 's

as 
3. 

C .3) 

0 
0 0

0 

0 
0 

0 0 — 
a 0 

10 20 30 40 50 60 70 
20 (deg.) 

Fig. 2. X-ray(CuKa) diffraction patterns of (a) LiNi09Co01O2, 
(b) LiNio 7Coo 3O2, (c) LiNi„Co„O2, (d) LiNi„Co„O2, and 
(e) LiCoO2[COO(800)] synthesized at 800°C from Li2CO3, 
NiO, and Co3O4. 
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Fig. 3. Parameters of the hexagonal unit cell, a, c and degree 
of trigonal distortion, c/a, versus Co content y in LiNiFy
CoyO2; (a) hexagonal lattice parameters, a(L) and c(•), 
and (b) (c/a) ratio versus Co content y in LiNii„Coy0 2
[COO(800)]. 
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Fig. 4. Variations of the first discharge capacities of the syn-
thesized samples with compositions, starting materi-
als and synthetic temperatures. 

than that of Ni ion [0.60 A(low spin)]. However, the c-axis is 
less contracted compared with a-axis, showing that the two-
dimensional structure develops better than LiNiO2. 

Fig. 4 shows the variations of the first discharge capacities 
of the synthesized samples with composition, starting mate-
rials and synthetic temperature. The LiNio7Coo ,O2[HOO 
(800,0.3)] synthesized at 800°C from LiOH, NiO, and Co3O4
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Fig. 5. Curves for voltage vs.x in LixNii_,Co,O2 of Li/LiNii_ Coy
02 [COC(800)] cells prepared at 800°C from Li2a03, 
NiO, and CoCO3; (a) y=0.1, (b) y=0.3, and (c) y=0.5. 

had the largest first discharge capacity 162 mAh/g. The 
LiNi07Co030 2[COO(800,0.3)] synthesized at 800°C from 
Li2CO3, NiO, and Co3O4, the LiNi05Co050 2[COO(850,0.5)] 
and the LiNi05Co010 2[COO(850,0.1)] synthesized at 850°C 
from Li2CO3, NiO, and Co3O4, and the LiNio ,Coo ,O2[CCO 
(800,0.1)] synthesized at 800°C from Li2CO3, NiCO3, and 
Co3O4, also had the first discharge capacities larger than 
150 mAh/g. 

Fig. 5 shows the curves for voltage vs. x in LixNii,CoyO2 of 
Li/LiNii_yCoyO2[COC(800)] cells prepared at 800°C from 
Li2CO3, NiO, and CoCO, for (a) y=0.1, (b) y=0.3, and (c) 
y=0.5. These samples exhibited relatively small first dis-
charge capacities (smaller than 109 mAh/g). The Ax in 
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Fig. 6. Curves for voltage vs.x in LiNii,CoyO, of Li/LiNii_y
CoyO2 [COO(850)] cells prepared at 850°C from Li2CO3, 
NiO, and Co3O4; (a) y=0.1, (b) y=0.3, and (c) y=0.5. 

(c) 

: 
091633 20KV X10:er ' 

(a) 

CoyO2 for the discharge curve is naturally propor-
tional to the first discharge capacity. The plateau in the 
voltage vs. x curve is not distinct. As compared with the 
quantity of the deintercalated Li ions by the first charging, 
that of the intercalated Li ions by the first discharging is 
much smaller. It is considered that, during the first charg-
ing, deintercalation of Li ions from unstable 3b sites 
destructs the LiNiO2 structure (a-NaFeO2 structure), lead-
ing to a smaller quantity of the following intercalation. 

Fig. 6 shows the curves for voltage vs. x in Li,,Nii,CoyO, of 
Li/LiNii_yCoyOJCOO(850)] cells prepared at 850°C from 
Li2CO3, NiO, and Co3O4 for (a) y=0.1, (b) y=0.3, and (c) 
y=0.5. These samples exhibited relatively large first dis-
charge capacities (larger than 127 mAh/g). The plateau in 
the voltage vs. x curve is more distinct as compared with the 
curves in Fig. 5. 

Fig. 7 shows the SEM micrographs of LiNiiyCoyOJC0C 
(800)] prepared at 800°C from Li2CO3, NiO, and CoCO3 for 
(a) y=0.1, (b) y=0.3, and (c) y=0.5. These are for the same 
samples in Fig. 5. As the content of Co increases from y=0.1 
to y=0.3, the size of particles becomes smaller. The particles 
then grows when y increases from y=0.3 to 0.5. The parti-
cles for y=0.5 have the largest size among three samples. 

Fig. 8 shows SEM micrographs of LiNii_yCoyOJCOO(850)] 
prepared at 850°C from Li2CO3, NiO, and Co3O4 for (a) y=0.1, 
(b) y=0.3, and (c) y=0.5. These are for the samples in Fig. 6. 
When the value of y increases from y=0.1 to 0.3, the size of 
particles becomes a little smaller. The particles then grow 
into the largest ones when y increase from y=0.3 to 0.5. 

A comparision of Fig. 8 with Fig. 6 shows that the size of 
Ax, which is naturally proportional to the first discharge 
capacity, increases as the size of particles increases. 

Figs. 6 and 8 show that the size of particles increases 
roughly as the value of y increases. 

The samples in Fig. 8 have larger first discharge capaci-
ties than those in Fig. 7. This agrees well to the point that 
the samples with the larger particles have the larger first 
discharge capacities. 

For these samples, the variations of the discharge capaci-

+Id 
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Fig. 7. SEM micrographs of LiNi,_yCoyOJCOC(800)] prepared at 800°C from Li2CO3, NiO, and CoCO3; (a) y=0.1, (b) y=0.3, and (c) y=0.5. 
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Fig. 8. SEM micrographs of LiNii yCop,[COO(850)] prepared at 850°C from Li2CO3, NiO, and CooO4; (a) y=0.1, (b) y=0.3, and (c) y=0.5. 
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Fig. 9. Variations of the discharge capacities with the num-
ber of discharge cycle; (a) LiNi07Co03O2[HOO(800)] 
synthesized at 800°C from LiOH, NiO, and Co3O4, (b) 
LiNi05Co05O2[COO(850,0.5)] synthesized at 850°C, (c) 
LiNi07Co03O2[COO(800,0.3)] synthesized at 800°C, (d) 
LiNi09Co01O2[COO(850,0.1)] synthesized at 850°C from 
Li2CO3, NiO, and Co3O4, and (e) LiNi09Co01O2
[CCO(800,0.1)] synthesized at 800°C from LiCO3, NiCO3, 
and Co3O4. 
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Fig. 10. Variation of capacity fading rate with the first dis-
charge capacity for the samples with the first discharge 
capacity larger than 150 mAh/g. The starting materials 
and the synthetic temperature are also indicated. 

ties with the number of discharge cycle are given in Fig. 9. 
The LiNio,Coo p,[COO(850,0.1)] synthesized at 850°C from 
Li,CO3, NiO, and Co3O4 exhibited an excellent cycling per-
formance with the discharge capacity about 156 mAh/g at 
the 6th discharge cycle. The LiNi09Co01O2[CCO(800,0.1)] 
synthesized at 800°C from Li2CO3, NiCO3, and Co3O4 also 
had an excellent cycling performance. 

Fig. 10 shows the variations of capacity fading rate with 
the first discharge capacity for the samples with the first 
discharge capacity larger than 150 mAh/g. The starting 
materials and the synthetic temperature are also indicated. 
As the first discharge capacity increases, the capacity fading 
rate increases. The expansion and contraction of the LiNi,„ 
Cop, due to the intercalation and deintercalation make the 
unit cell strained and distorted. With cycling, the intersti-
tial sites and thus the LiNi,,,,Cop, structure will be 
destroyed. This leads to the capacity fading of LiNii_poyO, 
with cycling. The sample with the larger first discharge 
capacity will be under the more severe lattice destruction 
than the sample with the smaller first discharge capacity, 
causing the larger capacity fading rate of the samples. 

4. Conclusions 

The LiNii_poyO, samples were synthesized at 800°C and 
850°C, by the solid-state reaction method, from the various 
starting materials LiOH, Li2CO3, NiO, NiCO3, Co3O4, and 
CoCO3. The LiNii_poyO, prepared from Li2CO3, NiO, and 
Co3O4 exhibited the oc-NaFeO, structure of the rhombohedral 
system (space group; R3m). As the Co content increased, the 
lattice parameters a and c decreased. The reason is that the 
radius of Co ion is smaller than that of Ni ion. The increase 
in c/a shows that two-dimensional structure develops better 
as the Co content increases. The LiNi07Co03O2[HOO(800,0.3)] 
synthesized at 800°C from LiOH, NiO, and Co3O4 exhibited 
the largest first discharge capacity 162 mAh/g. The size of 
particles increases roughly as the valve of y increases. The 
samples with the larger particles have the larger first dis-
charge capacities. The LiNio oCo0 ,O2[COO(850,0.1)1 synthe-
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sized at 850°C from Li2CO3, NiO, and Co3O4 showed an 

excellent cycling performance. The sample with the larger 

first discharge capacity will be under the more severe lattice 

destruction, due to the expansion and contraction of the lat-

tice during intercalation and deintercalation, than the sam-

ple with the smaller first discharge capacity. As the first 

discharge capacity increases, the capacity fading rate thus 

increases. 
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