
Korean J. Chem. Eng., 19(5), 791-796 (2002)

at
tal

op-

ped
ties
 an-
alci-

hi-

rop
as
etal

70-
ous
 de-

ic
50
nc-
ool-

ers
ost-
e

791

†To whom correspondence should be addressed.
E-mail: nahmks@moak.chonbuk.ac.kr

The Effects of Oxygen Flow Rate and Anion Doping on the Performance of the LiNiO2 
Electrode for Lithium Secondary Batteries

Sang Ho Park*, Ki Soo Park, Myung Hun Cho, Yang Kook Sun*, Kee Suk Nahm†,
Yun Sung Lee** and Masaki Yoshio**

School of Chemical Engineering and Technology, College of Engineering,
Chonbuk National University, Chonju 561-756, Korea

*Department of Industrial Chemistry, College of Engineering, Hanyang University, Seoul 133-791, Korea
**Department of Applied Chemistry, Saga University, 1 Honjo, Saga 840-8502, Japan

(Received 19 April 2002 • accepted 11 July 2002)

Abstract−−−−This work presents the effects of O2 flow rate and S-doping on structural and electrochemical properties
of LiNiO2. Layered LiNiO2 were prepared using a sol-gel method. It was found that oxygen plays an important role
in the crystallization of layered LiNiO2. The deficiency of oxygen in the crystallization process induced the inclusions of
impurities and cubic rock-salt structure in LiNiO2 powders. For LiNiO2 prepared at high O2 flow rates, the electrode
delivered high initial discharge capacity with a relatively good retention rate. S-doped LiNiO2 not only stabilized the
structural integrity of the electrode material, but also increased the electrode performance.
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INTRODUCTION

LiNiO2 is a promising cathode material for the lithium second-
ary battery due to its natural abundance and non-toxicity [Delmas,
1989; Reimers et al., 1993]. In spite of the advantages, LiNiO2 has
not been widely used as a cathode material for lithium secondary
batteries because it is difficult to synthesize stoichiometric LiNiO2

[Dahn et al., 1990].
Many research groups have employed a variety of synthetic con-

ditions in order to overcome this barrier, and they have reported how
the synthetic parameters influence the structural and electrochemi-
cal properties of synthesized materials. Among the parameters, some
groups have found that kind and flow rate of atmospheric gas during
calcination have a serious impact on the crystallization of the syn-
thesized LiNiO2 which significantly influences the electrode per-
formance. Ohzuku [Ohzuku et al., 1993] and Wang [Wang et al.,
1998] measured charge-discharge properties of LiNiO2 powders
synthesized at 750oC under the flow of oxygen or air, and reported
that the discharge capacity of LiNiO2 synthesized in O2 was much
higher than that in air, and that capacity fading rapidly occurred in air,
whereas it was significantly prevented in an O2 atmosphere. Mean-
while, many researchers have reported that the crystal structure of
LiNiO2 can be stabilized by substituting cation or anion of LiNiO2

with other corresponding ions. Partial substitution of Ni for LiNiO2

with some transition metals such as Al, Co, Ga, Mg, Ti, etc., has been
widely studied to improve the cycle life of the electrode [Ohzuku
et al., 1997; Nitta et al., 1995; Banov et al., 1995; Nishida et al.,
1997; Arai et al., 1997; Gao et al., 1998; Kubo et al., 1997; Lee et
al., 1999]. The stabilization of LiNiO2 has also been attempted by
substituting O for LiNiO2 with fluorine, resulting in the significant
improvement of LiNiO2 cycleability during the intercalation/deinter-

calation of lithium ions [Morales et al., 1990]. We also found th
anion doping with sulfur was very effective in stabilizing the crys
structure of LiMn2O4 [Choi et al., 1995].

In this work, we have synthesized LiNiO2 as a function of the
oxygen flow rate (100-900sccm) using the sol-gel method. S-d
ing of LiNiO2 was attempted to improve the stability of the LiNiO2

crystal structure. For the first time, we have synthesized S-do
LiNiO2−ySy powders. The structural and electrochemical proper
of the synthesized materials were investigated by using various
alytic techniques. Gas composition was measured during the c
nation of LiNiO2 precursors.

EXPERIMENTAL

LiNiO2 powders were synthesized by a sol-gel method. Stoic
ometric amounts of Li [Li(CH3COO)·2H2O] and Ni acetate [Ni(CH3
COO)2·4H2O] salts (cationic ratio of Li : Ni=1 : 1) were dissolved
in DI water. This prepared solution was introduced drop by d
into continuously agitated aqueous adipic acid solution, which w
used as a chelating agent. The molar ratio of adipic acid to total m
ions was fixed to unity. The mixed solution was evaporated at 
80oC to make a transparent sol. The sol was turned into a visc
transparent gel by further evaporation. The gel precursors were
composed at 450oC for 10 h in a box furnace to eliminate organ
components. The decomposed powders were post-calcined at 7oC
under oxygen flow for 14 hrs in a quartz tubular reactor as a fu
tion of oxygen flow rate (100-900sccm), and the heating and c
ing rate of the powders was 1oC/min to prevent cation mixing in
LiNiO2. For the preparation of S-doped LiNiO2, the precalcined pow-
ders were mixed with a stoichiometric amount of sulfur powd
and were sufficiently grounded. These mixed powders were p
calcined at 750oC in a flow of oxygen for 14 hrs. The cooling rat
of the powders maintained 1oC/min to prevent cation mixing in
LiNiO2.
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After the synthesis, amounts of Li, Ni, and S in the synthesized
materials were analyzed with an inductively coupled plasma (ICP,
Himadachi) and sulfur analyzer (LECO Co., CS 444), respectively,
to determine their actual chemical composition. The oxygen con-
tent was determined via mass balance. The structural properties of
the synthesized powders were investigated by using powder X-ray
diffraction (XRD, D/Max-3A, Rigaku) with a Cu-Kα target. Rietveld
refinement was carried out by using XRD data to obtain lattice pa-
rameters of synthesized powders.

A quadrapole mass spectroscopy (QMS, HAL2/511, Hiden) was
employed to analyze gas composition evolved during the calcina-
tion of as-prepared gel precursors (0.5 g) under a flow of 250 ml/
min O2. The temperature of the sample was monitored just below
the sample holder and raised with a heating rate of 5oC/min with a
PID (proportional-integral-derivative) controller. The outlet of the
reactor was connected to the QMS by a quartz capillary tube (0.5
mm).

The electrochemical characterization was performed using CR2032
coin-type cells. For assembling the electrochemical test cell, the
cathode was fabricated with a carefully weighed active material (20
mg) and a conductive binder (13 mg). This was pressed upon a 25
mm2 stainless steel mesh used as the current collector at 300 kg/
cm2 and dried at 200oC for 5 hours in an oven. This cell consisted
of a cathode and a lithium metal anode (Cyprus Foote Mineral Co.)
separated by a porous polypropylene film as the separator (Celgard
3401). The electrolyte was a 1 M LiPF6-ethylene carbonate (EC)/
dimethyl carbonate (DMC) (1 : 2 by volume). The cell was assem-
bled in an argon-filled dry box and was tested at room temperature.
The cell was charged and discharged at a current density of 0.4 mA/
cm2 (C/3) with cut-off voltages of 3.0 to 4.3 V (vs. Li/Li+).

RESULTS AND DISCUSSION

1. Gas Analysis During Decomposition of Gel Precursor
In order to investigate how the O2 flow rate influenced the syn-

thesis of crystallized LiNiO2, the composition of the gas mixture
produced during the decomposition of the LiNiO2 gel precursor was
analyzed by using QMS. The QMS was operated at 10−5 torr at room
temperature during the analysis. The synthesized precursor (0.5 g)
was loaded on a sample holder in a tubular quartz reactor, heated
by a tubular furnace. The temperature was monitored just below
the sample holder and raised with a heating rate of 5oC/min with a
PID controller. The outlet of the reactor was connected to the QMS
by using a quartz capillary tube (0.5 mm). In the connection, a two-
stage-precision-needle-valve was used to overcome the pressure
difference between the reactor and the QMS system. During an-
alysis, the reactor was evacuated with a vacuum pump and oxygen
was directed through the reactor at 250 cm3/min.

Fig. 1 shows the partial pressures of gaseous species that evolved
during the decomposition of the gel precursor as a function of the
temperature. It is observed that the moisture in the precursor be-
gins to desorb at above 100oC. It seems that most of the starting
materials used for the synthesis begin to decompose at about 400
oC, which is well consistent with TGA and DTA analyses observed
in our previous report [Lee et al., 1999]. The partial pressures of
CO2, H2O, and H2 gases greatly increase at around 400oC, whereas
the partial pressure of CO is much smaller than that of CO2. These

evolved gases mainly originate from the decomposition of star
materials and chelating agent. It is very interesting to see tha
partial pressure of oxygen rapidly decreases from about 400oC and
remains at a very low level in the temperature range from 400-
oC. At above 700oC, the partial pressure of oxygen recovers its o
ginal value and levels off as the temperature further increases.
indicates that most of the crystallization of LiNiO2 occurs in the
temperature range of 400-700oC and the synthetic reaction is ter
minated at about 700oC.

The starting materials began to decompose at about 400oC to
produce a gas mixture that mainly consisted of CO2 and H2O. It is
natural to see the production of CO2 and H2O from the starting mat-
erials in the presence of O2 during the decomposition process. Mea
while, it seems that the primary evolution of CO and CO2 in the crys-

Fig. 1. Plots of partial pressures of gaseous species evolved from
LiNiO 2 gel precursor during calcination as a function of de-
composition temperature.

Fig. 2. X-ray diffraction patterns of LiNiO 2 at various oxygen flow
rates, (a) 100 sccm, (b) 200 sccm, (c) 300 sccm, (d) 400 scc
(e) 500 sccm, (f) 600 sccm, (g) 700 sccm, (h) 800 sccm, a
(i) 900 sccm. The powders were prepared by using a sol
gel method at a pre-calcination temperature of 450oC in
air and calcined again at 750oC in O2.
September, 2002
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tallization process is due to the oxidation of deposited carbonaceous
residues in the presence of oxygen. The above observation clearly
demonstrates that oxygen plays an important role for the synthesis
of highly crystallized LiNiO2, as suggested in previous experiments
[Ohzuku et al., 1993; Wang et al., 1998].
2. Effect of Oxygen Flow Rate

Fig. 2 shows typical XRD spectra for LiNiO2 powders prepared at
750oC for 14 hrs as a function of oxygen flow rate (100-900 sccm).
XRD spectra show that all the synthesized samples have a typical
LiNiO2 layered structure with a space group R3m. Any impurity-
related peaks are not observed from the XRD spectrums for LiNiO2

powders synthesized at O2 flow rates of 500-900sccm, but the pow-
ders prepared at O2 flow rates of 100-400 sccm exhibit XRD peaks
of LiOH, Li2CO3, and Li2O impurities at 2θ=22, 30, and 33o, re-
spectively. The XRD peak intensities of LiOH, Li2CO3, and Li2O
impurities decrease as the O2 flow rate is increased from 100 to 400
sccm. At lower oxygen flow rates, it is considered that carbonaceous
residues, originating in starting materials during the pre-calcinating
process, are not completely removed from the samples and react
with lithium to form various impurities during the post calcinating
process. All the peaks that appeared on the XRD patterns were iden-
tified with the characteristic peaks of LiNiO2 reported in the X-ray
powder data file of JCPDS as well as previously reported works
[Ohzuku et al., 1993].

Shown in the upper inset in Fig. 2 is the intensity ratio of (003)
and (104) peaks obtained from the XRD spectra of Fig. 2 as a func-
tion of the O2 flow rate. As the O2 flow rate increases, the intensity
ratio of (003) and (014) peaks increases up to 500sccm and remains
at an almost constant value above 500 sccm. According to Morales
et al. [Morales et al., 1990], an investigation of the structure of LiNiO2

powders by using the XRD shows that the (003) peak occurs from
the diffraction of the layered rock-salt structure (R3m), whereas
the (104) peak appears from both the diffractions of layered and
cubic rock-salt structures. In addition, Fig. 1 shows that the split-
ting of (101) and (006) peaks and (108) and (110) peaks increase
with an increase in the O2 flow rate up to 500 sccm and becomes
apparent above 500 sccm. The increase of the splitting of the peaks
provides strong evidence for the formation of the R3m layered rock-
salt phase, which has a stable structure and a high electrical con-
ductivity [Choi et al., 1995]. Summarizing the above structural an-
alysis, the best-crystallized LiNiO2 powders are synthesized at O2

flow rates above 500 sccm.

Fig. 3 shows plots of the discharge capacity measured at r
temperature versus cycle number for samples prepared at 300
and 800 sccm, respectively. The Li/LiPF6-EC/DMC (1 : 2 by vol.)/
LiNiO2 cells were fabricated by using the sample powders syn
sized at various O2 flow rates. [(a): sample C (300 sccm), (b): sam
ple E (500 sccm), and (c): sample H (800 sccm)]. The discha
capacity of the cell increases with increasing oxygen flow rate. 
the 300-sccm O2 flow rate, the capacity is 56 mAh/g at the 1st cycle
and dramatically decreases when the cycle goes below 20 mA
However, unlike sample C, the samples E and H initially deliv
high discharge capacities of 163 and 139 mAh/g, respectively. 
the capacities decrease very slightly when the cycle number 
to 148 and 135 mAh/g after the 35th cycles with capacity reten-
tion rates of 90 and 95%, respectively. This electrochemical be
ior is very similar to that of the I(003)/I(104) ratio and impuritie
observed from the XRD spectra as a function of the O2 flow rate. The
inclusion of the cubic rock-salt phase and impurities in the LiNi2

powders synthesized at low O2 flow rates deteriorates the electro
chemical properties of the cell.

The chemically analyzed composition of the prepared sam

Fig. 3. Plots of specific discharge capacity vs. number of cycles fo
the Li/LiPF 6-EC/DMC (vol 1 : 2)/LiNiO 2 powders prepared
at various O2 flow rates at 750oC. Cycling was carried out
galvanostatically at a constant charge/discharge current
density of 0.4 mAcm−−−−2 between 3.0-4.3 V at room tempera-
ture: (a) 300 sccm, (b) 500 sccm, and (c) 800 sccm.

Table 1. Synthetic conditions and structural parameters of LiNiO2 calcined at 750oC in O2 flow

LiNiO 2

samples
O2 flow rate

(sccm)
Bragg ratio

(I003/I104)

Lattice constants (hexagonal) Measured
Li contentsa (Å) c (Å)

A 100 0.6466 2.9814 14.2063 0.99
B 200 0.8852 2.8906 14.2134 0.99
C 300 0.9038 2.8902 14.2207 0.99
D 400 1.1773 2.8832 14.2068 1.00
E 500 1.5991 2.8793 14.2000 1.00
F 600 1.5974 2.8753 14.1933 1.00
G 700 1.5699 2.8757 14.1948 0.99
H 800 1.6155 2.8747 14.1892 1.00
I 900 1.5699 2.8779 14.2000 0.99
Korean J. Chem. Eng.(Vol. 19, No. 5)
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is listed in Table 1 as a function of oxygen flow rate, together with
the calculated composition as well as their XRD data. Chemical
analysis shows that the real composition of the lithium element for
the synthesized LiNiO2 remains almost 1.0 for all the oxygen flow
rates. Although not presented in this paper, SEM photographs show
no difference in the average particle size of LiNiO2 powders pre-
pared at all the O2 flow rates (0.2-0.5µm).

The structure of LiNiO2 is based on a close-packed network of
oxygen anions with the ordering of the Li+ and Ni3+ ions on alternat-
ing (111) planes of a cubic rock-salt structure [Delmas and Dres-
selhaus, 1986]. The pre-calcination of the gel precursors might pro-
duce the deposition of carbonaceous residues, originating from the
starting materials, which contain CH3 and COO radicals. In the post
calcinating process, higher oxygen flow rates might completely re-
move this carbonaceous residue in forms of CO2, CO, and H2O by
reacting with oxygen. But at lower oxygen flow rates the residue
easily reacts with lithium to induce the formation of LiOH, Li2CO2,
and Li2O impurities in LiNiO2. Moreover, LiNiO2 crystallizes into
a cubic rock-salt structure rather than a layered rock-salt structure
since 6c sites are insufficiently occupied by oxygen. The layered
LiNiO2 is easily contaminated by the cubic rock-salt domain since
the structure of layered LiNiO2 is thermodynamically more unsta-
ble than that of cubic LiNiO2 [Ohzuku et al., 1993]. This was ex-
plicitly evidenced not only by the I(003)/(104) peak ratio, but also
from hexagonal lattice parameters a and c shown in Table 1. As the
O2 flow rate increases, the intensity ratio of the (003) and (104) peaks
increases up to 500 sccm and remains almost constant when the
O2 flow rate further increases, whereas the parameters a and c de-
crease with an increasing oxygen flow rate. The increase of a and
c with the decrease of the O2 flow rate reflects the increase in the
number of Ni2+ rather than Ni3+ in the lithium nickel oxide. The Ni2+

ions partly enter into the lithium layer, which causes the cation mix-
ing in LiNiO2. The increased degree of cation mixing results in the
transformation of the layered to cubic LiNiO2 structures, which may
interrupt the motion of the lithium ions leading to the deterioration
of the electrode performance during charge and discharge because
the cubic structure requires a three-dimensional movement of the
Li ions [Kubo et al., 1997].
3. Effect of Sulfur Doping

Oxysulfide layered LiNiO2−ySy powders (y=0, 0.1, and 0.3) were
prepared by using sulfur powders to see the effect of sulfur content
doped in the material on the electrode performance. The chemical
analyses showed that the actual compositions of the synthesized
LiNiO2, LiNiO1.9S0.1, and LiNiO1.7S0.3 powders are Li0.98NiO2, Li1.01

NiO1.98S0.02, and Li1.04NiO1.97S0.03, respectively.
Fig. 4 shows XRD patterns for the prepared samples. Fig. 4(a)

is an XRD pattern for undoped Li0.98NiO2, whereas Fig. 4(b) and
(c) are XRD patterns for Li1.01NiO1.98S0.02 and Li1.04NiO1.97S0.03 pow-
ders, respectively. XRD spectra show that all the prepared samples
have typical LiNiO2 layered structure with space group R3m. Any
impurity-related peaks are not detectable by the XRD spectra of
Li 0.98NiO2 and Li1.01NiO1.98S0.02 powders [Fig. 4(a) and (b)], whereas
the XRD peak of LiOH impurity appears at 2θ=22o from the Li1.04

NiO1.97S0.03 powders, although the magnitude of its inclusion is very
low. All the peaks that appeared from the XRD patterns were iden-
tified with the characteristic peaks of LiNiO2 reported in the X-ray
powder data file of JCPDS as well as previously reported works

[Ohzuku et al., 1993].
The lattice constants, a and c, of the synthesized materials 

calculated by the Rietveld refinement by using the XRD data
Fig. 4. The lattice constants a and c were identified to remain alm
constant at about 2.88 and 14.19 Å, respectively, for all the 
pared powders even though the sulfur content in the material 
increased. This is because the amount of actually doped sulf
very low in LiNiO2−ySy, as demonstrated in the chemical analys
The previous works reported that the lattice constant of a and 
a typical LiNiO2 layered structure are 2.88 and 14.18 Å, resp
tively [Ohzuku et al., 1993].

The electrochemical properties of LiNiO2 have been estimated
by measuring the integrated intensities of (003), (104), (006), 
(101) peaks from XRD patterns [Ohzuku et al., 1993; Banov et
1995; Morales et al., 1990]. The integrated intensities of (003), (1
(006), and (101) peaks were evaluated from the XRD pattern
Fig. 4 and the integrated intensity ratios of (003)/(104) and (00
(101) peaks depicted in the upper inset of Fig. 4. With increas
the sulfur content in the material, the intensity ratio of (003)/(10
peaks decreases from 1.5 to 1.12, whereas that of (006)/(101) p
increases from 0.18 to 0.24. Previous studies report that the LiN2

cathode material produces a strong electrochemical property w
the intensity ratio of (003) and (104) peaks is higher than 1.2, w
that of (006) and (101) peaks is lower than 1.0. Our data show
the initial discharge capacity of our prepared samples will decre
with an increasing sulfur content in the prepared samples.

The morphology of the powders was also observed with an S
Fig. 5(a) and (b) show SEM photographs for Li0.98NiO2 and Li1.01

NiO1.98S0.02 powders, respectively. The shape of Li1.01NiO1.98S0.02 pow-
ders is a little bit different from that of Li0.98NiO2. The Li0.98NiO2

powders are shaped into a spherical structure, but the Li1.01NiO1.98S0.02

powders show a more rectangular shape. The average particle
of the powders are about 0.2-0.5µm for Li0.98NiO2 and 0.5-1µm
for Li1.01NiO1.98S0.02 powders, respectively. The rectangular shape

Fig. 4. X-ray diffraction patterns for (a) Li 0.98NiO2, (b) Li1.01NiO1.98

S0.02, and (c) Li1.04NiO1.97S0.03 powders prepared by using sul-
fur powders at a pre-calcination temperature of 450oC. The
gel precursors were calcined at 750oC in O2. The upper in-
set shows the integrated intensity ratios of I(003)/I(104)
and I(006)/I(101) peaks as a function of sulfur content.
September, 2002
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the powders indicates that the Li1.01NiO1.98S0.02 powders have a high-
ly crystallized layered structure. At present, it seems that the struc-
ture of LiNiO2 is strongly stabilized by the S-doping. We observed
in our previous work that S-doped LiMn2O4 powders maintain its
original structure even after several charge-discharge cycles [Park
et al., 2000].

Shown in Fig. 6 are plots of the discharge capacity measured at
room temperature versus cycle number for the Li/LiPF6-EC/DMC
(1 : 2 by vol.)/LiNiO2−ySy cells fabricated by using the synthesized
sample powders. The cells were tested under a constant charge/dis-
charge current density of 0.4 mA/cm2 (C/3) between 3.0 and 4.3 V.
Fig. 6(a) shows the discharge capacity of the cell fabricated with
undoped Li0.98NiO2 powders for comparison. The Li0.98NiO2 cells
initially delivered a discharge capacity of 160 mAh/g. But the capac-
ity gradually decreases with the cycle number to be 130 mAh/g after
the 45th cycle. For the Li1.01NiO1.98S0.02 and Li1.04NiO1.97S0.03 cells, mean-
while, the capacity retention rates are significantly improved although
the initial capacity of the cells decreases with the increase of the
sulfur content doped in LiNiO2−ySy. For example, Li1.01NiO1.98S0.02

shows an initial capacity of 140 mAh/g and has the capacity of 130
mAh/g even after the 85th cycle. This corresponds to 93% of its in-
itial capacity. The reduction of the initial capacity by increasing the
S content in the LiNiO2−ySy powders is due to the decrease of the

amount of extractable lithium, as anticipated in the Fig. 4 inset. 
removal of lithium from the layered nickel oxides is accompan
by an oxidation of Ni3+ to Ni4+. In addition, the initial capacity of
the LiNiO2 electrode varies depending on the amount of inser
extracted Li ions. In our experiments, the chemical analysis of
S-doped samples showed that the Li content increases with th
crease of the S amount doped in LiNiO2−ySy, resulting in the decrease
of the average oxidation state of Ni. For S-doped lithium nickel 
ides, therefore, partially substituted S decreases the oxidation 
of Ni3+ into Ni2+, leading to the reduction of inserted/extracted 
ions because the Ni2+ easily forms a stable structure in the lattic
This causes the decrease of the initial capacity as the content
doped in LiNiO2−ySy powders increases. However, the retention ra
of the discharge capacity was improved for the sulfur doped oxy
fide LiNiO2−ySy. In the S-doped layered NiO2 framework, it is as-
sumed that the partial substitution of oxygen with sulfur for LiNiO2

might create a more flexible structure because the electronega
of sulfur is lower than that of oxygen, which prevents the disin
gration of the structure by the elongation between layers cause
the intercalation/deintercalation of lithium ions during the charg
discharge cycles. It also seems that this behavior is attributed t
increases in the Li+ ion transport by the sulfur doping. According
to the electrochemical study on thiospinel (LixTi2S4) structure [Good-
enough, 1994], the relatively large size and polarizability of su
ions makes it easy for lithium ions to be transported in the ox
structure, which reduces the structural strains of the material for
in the process of Li ion insertion. Another possible cause migh
the catalytic activity of the sulfur element in the synthetic proc
of the S-doped Ni phase. Some previous studies examined the
alytic activity of sulfur in oxidation process of metals [Fatcasiu a
Li, 1997]. Fig. 5 shows that the particle size of Li1.01NiO1.98S0.02 pow-
ders are larger than that of Li0.98NiO2. This suggests that sulfur migh
act as a catalyst in the synthetic process of S-doped LiNiO2 and thus
increase the particle size and enhance structural stability. At 
moment, consequently, we speculate that the substitution of a s

Fig. 5. Scanning electron micrographs for (a) Li0.98NiO2 and (b)
Li 1.01NiO1.98S0.02.

Fig. 6. Plots of specific discharge capacity vs. number of cycles fo
the Li/LiPF 6-EC/DMC(vol 1 : 2)/LiNiO 2−−−−ySy powders. Cy-
cling was carried out galvanostatically at a constant charge/
discharge current density of 0.4 mAh/cm2 between 3.0-4.3 V
at room temperature. (a) Li0.98NiO2, (b) Li1.01NiO1.98S0.02, and
(c) Li1.04NiO1.97S0.03.
Korean J. Chem. Eng.(Vol. 19, No. 5)
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amount of S for O not only stabilizes the structural integrity of the
electrode material, but also increases the Li+ ion transport in the elec-
trode which in turn increases electrode performance.

CONCLUSIONS

It was found that oxygen plays an important role for the synthe-
sis of highly crystallized LiNiO2. The deficiency of oxygen during
the crystallization process of LiNiO2 induces the formation of im-
purities in LiNiO2 and contaminates LiNiO2 with a cubic rock-salt
domain. The deterioration of the LiNiO2 crystallinity results in the
decrease of discharge capacity and poor cycleability. The Li0.98NiO2

cells initially deliver a discharge capacity of 160 mAh/g. But this
capacity gradually decreases with the cycle number. For Li1.01NiO1.98

S0.02, and Li1.04NiO1.97S0.03 cells, the capacity retention rates are sig-
nificantly improved. But the initial capacity of the cells decreases
with the increase of sulfur content doped in the material.
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