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The lithiated nickel-cobalt oxide cathode materials were prepared at low temperature using
the aqueous glycine-nitrate combustion method. Physicochemical and electrochemical
properties of LiNi,_,Co,0, (0.3 <y <0.7) calcined at 400-600°C were extensively
investigated. It has been found that powders of submicron-sized particles with a layered
structure (R3m space group) were obtained at temperatures below 400°C by the
acidification reaction of the aqueous nitrate solution. The method involves the mixing of
nitrates of Li, Ni and Co, with a combustion agent, glycine in an aqueous medium. Glycine
functioned such as a fuel, decomposed the homogeneous precipitate of metal complexes
at low temperature, and yielded the free impurity LiNi;_,Co,0, compounds. The
synthesized products were characterized by structural (XRD, SEM), spectroscopic (FTIR)
and thermal (DTA/TG) analyses. The electrochemical properties of the synthesized products
in rechargeable Li cells were evaluated using a non-aqueous organic electrolyte mixture of
1M LiPFg in EC + DMC. The electrodes fired at low temperature exhibed a good cycling

behavior. © 2002 Kluwer Academic Publishers

1. Introduction

Lithiated transition-metal oxides with a layered,
«-NaFeO;-type, structure such as LiMO, (M =Ni
and Co) have been extensively studied this last decade
such as positive electrode materials for rechargeable
lithium batteries. LiCoO, has been proposed as cath-
ode for lithium battery by Mizushima et al. in 1980
[1]. The concept of Li-ion cell has been demonstrated
on either in D-, AA-, or coin-sized cells based on
LiCoOy/electrolyte/carbon, LiNiO,/electrolyte/carbon,
and LiNig ,Cog gO,/electrolyte/carbon electrochemical
chains, respectively [2-4]. A number of commercial
lithium-ion batteries (e.g., from Sony, Panasonic,
Sanyo, and SAFT) using different anode and cathode
materials are currently being produced for consumer
products.

Layered lithium transition-metal oxides (LTMOs)
such as lithium cobaltate and lithium nickelate are the
most advanced studied electrode materials. Their use
in rechargeable Li-ion batteries shows some limitations
due to its expensive technology, toxicity, cycle life fail-
ure, and coexistence of two phases are a debatable sub-
ject in using LiCoO; [5]. Lithium nickelate, LiNiO,,
is one of the most attractive materials for lithium-ion
cells, but hard to prepare in a reproducible way due to
the tendency to non-stoichiometric growth, and strong
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activity in the electrochemically formation of nickel
dioxide at low lithium content which induces an organic
electrolyte oxidation and an exothermic reaction. Volt-
ages in excess of 4 volts occur for low lithium contents
making LTMO cathodes highly oxidizing and, there-
fore, unstable in many of the organic-based electrolytes
that are utilized in lithium cells [6, 7]. To alleviate the
above disadvantages, many attempts have been made to
improve the lithium insertion-deinsertion properties of
both LiCoO, and LiNiO, by partial substitution of Co
or Ni. The most well-documented approach is the solid
solution LiNi;_,Co,0O, series [8-13]. LiNi;_,Co,0,
compounds are isostructural with the layered oxide end-
compounds. They exhibit electrochemical features with
lower insertion potentials compared to that for the pure
cobalt oxide phase, LiCoO,. Therefore, LiNi;_,Co, O,
compounds were expected to be oxidatively less de-
manding on the electrolyte phase and to exhibit good
lamellar structure. With increasing cobalt content, the
trigonal distortion of the crystal lattice increases and
the deviation from the stoichiometry of lithium nicke-
late decreases.

In recent years, there has been a great deal
of interest in preparation of polycrystalline ma-
terials, particularly oxides, using low-temperature
(LT) techniques. Low-temperature crystallized lithiated
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transition-metal oxides (LT-LTMOs), which showed
some promise in improving the cycle life of recharge-
able lithium batteries, have been grown by new synthe-
sis routes such as sol-gel, combustion, and precipita-
tion methods using complexing agents like succinic,
oxalic, malic or tartaric acids [14-18]. Recently,
Pereira-Ramos has critically discussed the impact af-
forded by LT techniques especially sol-gel synthesis
and precipitation techniques on the electrochemical be-
havior of the oxide materials as prepared [19]. Solution
preparative techniques allow a better mixing of the ele-
ments and thus a better reactivity of the mixture to ob-
tain purer reaction products. Lower reaction tempera-
ture and shorter reaction time are then possible to yield a
compound of high homogeneity and high specific area.
Moreover, these LT methods make use of lower calcina-
tion temperatures resulting in particles of smaller size
and a highly uniform morphology of crystallized ma-
terials which are desired parameters with low strained
lattice [20-22].

The present work has been aimed at carry-
ing out systematic investigations on LiNi;_,Co,0,
(0.3 <y <0.5) electrode materials synthesized by a
new procedure, namely the aqueous glycine-nitrate
combustion method. The combustion method con-
sists in an acidification reaction using an organic
(carboxylic-type) acid. The complexing agent acts such
as a fuel during the formation process of LTMO pow-
ders. The carboxylic acid groups present in the com-
plexing agent could form a chemical bond with the
metal ions and forms viscous resins on evaporation of
the solvent, which are usually called as precursors. In
this paper, physical and electrochemical of properties
of LiNij_,Co,0; synthesized by the glycine-assisted
method are reported for the first time. Physical stud-
ies were carried out by different techniques like XRD,
FTIR, DTA, and SEM. The LT procedure provides mi-
crocrystalline, layered LiNi;_,Co, O, compounds with
uniform submicron-sized particles. The FTIR results
should give useful information on the local structure of
materials. The electrochemical performance of these
oxides has been studied by coupling them as cathodes
with Li anodes and a non-aqueous electrolyte mixture.

2. Experimental

2.1. Sample preparation

The LiNij_,Co,0, samples were grown using a
wet-chemical synthesis at low-temperature, namely
glycine-nitrate combustion (pyrolysis) method. The
flow chart showing the steps used in the processing
of lithium-nickel-cobalt oxide powders is presented in
Fig. 1. The LTOMs were grown from acetates via inor-
ganic polymerization reactions in acidic solution. Com-
pared with the conventional powder route, it is believed
that this technique offers many advantages such as a
lower temperature processing and better control of mor-
phology of materials.

A stoichiometric amount of lithium and metal nitrate
salts was dissolved in triple distilled water with a small
proportion of ethanol and mixed with an aqueous so-
lution of glycine (aminoacetic acid, NH,CH,COOH).
In this case, care was exercised in adjusting the con-
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Figure 1 Synthetic procedure of polycrystalline LiNij_,Co, O pow-
ders by wet-chemical technique via the glycine-assisted combustion
method.

centration of the complexing agent, the pH of the so-
lution ranges between 2—3. Then, this acidic solution
was evaporated to dryness at 80°C for few hours. The
rose-red colour solution turned to violet colour prod-
uct which decomposed by heating at 120°C to give a
brownish black powder (precursor). The slurries were
heated at 400°C for few hours to get the product of the
composition LiNi;_, Co,O,. Glycine acts as a fuel, de-
composes the homogeneous precipitate of metal com-
plexes at low temperature, and yields the free impu-
rity LiNig 3Co00 70, compound. During this process the
LiNi;_,Co, O, mass precursor darkened progressively
as aresult of oxidation. The origin of the colour change
during the firing process is obviously due to oxidation of
divalent cations (Ni**, Co*) to trivalent cations (Ni3*,
Co**). It is a fine grained material of submicrometer
size and the yield is a brownish-black powder. Accord-
ingly, the powder mass was slightly ground and then
fired at 600°C in air for 5 h to improve the crystallinity
LiNi;_,Co, 0 final product. A theoretical reaction, as-
suming complete thermal decomposition of the starting
materials, may be written as

LiNiO3(aq) + (1 — y)Ni(NO3)2(aq) + yCo(NO3),
+ 6NH,CH,COOH(aq)Ain air
— LiNij_;Co,0,(s) + 2N»(g)
+2C0,(g) + 2CO(g) + 3H,0(g), (1)

which ultimately gave rise to a brownish black powder.

Powders were first studied by several physical char-
acterization techniques, such as thermal analysis, pow-
der x-ray diffraction (XRD), Fourier transform infrared
(FTIR) spectroscopy and scanning electron microscopy
(SEM).

2.2. Instruments

The thermal decomposition behavior of the precursor
was examined by means of thermogravimetry (TG)
and differential thermal analysis (DTA) using a Net-
zsch analyser (model STA 409) with the simultaneous
recording of weight losses (gravimetric thermal anal-
ysis) and temperature variations (differential scanning
calorimetry). X-ray diffraction patterns were obtained
with a Philips x-ray diffractometer (model PW1830)
using nickel-filtered Cu K, radiation (A = 1.5406 A).



The diffraction patterns were taken at room tempera-
ture in the range of 10° <260 < 80° using step scans.
The step size and the scan rate were set at 0.1 and
0.2 degree/min, respectively. The particle morpholo-
gies of the materials were examined by scanning elec-
tron microscopy (SEM, Cambridge Instruments, Stere-
oscan 120). FTIR absorption spectra were recorded
at room temperature using an interferometer (Bruker
model IFS113v) equipped with a 3.5 um-thick beam-
splitter, a globar source, and a DTGS/PE far-infrared
detector. Samples were ground to fine powders painted
onto pellets of solid paraffin or polyethylene slabs. Data
were collected in transmission mode at a spectral reso-
lution of 2 cm™! after 256 scans in vacuum atmosphere.

Electrochemical studies were carried out on the syn-
thesized products annealed at 600°C in order to test
their suitability as cathode-active materials in high volt-
age lithium-containing batteries. The laboratory-scale
Li//LiNi;_,Co,0, cells were fabricated employing a
non-aqueous electrolyte prepared by dissolving 1M
LiPFg in 1: 1 (v/v) mixture of ethylene carbonate (EC)
and dimethyl carbonate (DMC), respectively. The typ-
ical composite cathodes consisted of the mixture of ac-
tive LiNi;_,Co, O, powders, acetylene black, and col-
loidal PTFE binder in the 90:5:5 weight ratio. The
PTFE-acetylene black was used to provide good elec-
trical conductivity as well as mechanical toughness be-
tween active grains. The above mixture was pressed on
to an expanded aluminium microgrid at a pressure of
500 MPa. This procedure yielded circular pellet elec-
trodes of 10 mm diameter. The pellets were then dried
at 120°C in air. Whatman glass fiber membrane was
used as the separator between the cathode and the anode
[23]. Electrodes and separators were soaked in the elec-
trolyte before being housed in a Teflon laboratory-cell
hardware. In order to assess their electrochemical per-
formance, galvanostatic charge-discharge cycles were
recorded using a Mac-Pile system at a slow scan mode
(i.e. current pulse of 0.1 mA/cm? for 1 h followed by re-
laxation period of 0.5 h) in the potential range between
2.5and 4.0 V.

3. Results and discussion

3.1. Thermal analysis

Fig. 2 shows the TG-DTA curves which display the for-
mation temperature of the oxide LiNi;_,Co, O, grown
by the glycine-assisted combustion method. A strong
exothermic peak appears in the range 230-250°C af-
ter the departure of the remaining water molecule at
ca. 120°C. The formation temperature of the oxide pre-

pared from the combustion-method precursor occurs at
the low temperature of 217°C for y = 0.7. The exother-
mic effect corresponds to the combustion of glycine-
nitrates. More than half of the weight loss occurs during
this stage because of a violent oxidation-decomposition
reaction. During the combustion process, the rose-red
solution turned into violet-colour gel then burnt to give
brownish black powder. Assuming that glycine pro-
vides combustion heat for calcination in the synthesis
of oxide powders, it appeared that this aminoacetic acid
acts as a fuel during the pyrolysis of the precursor, accel-
erating the decomposition of nitrate ions in the process.
Eventhough the crystallisation starts below 400°C; thus
well-crystallized and pure phases have been obtained
at 600°C. While the pyrolysis at this stage was very
complicated, it could be presumed that the last weak
exothermic at ca. 380°C in the DTA curves corresponds
to the crystallization of LiNi;_,Co,O, phase.

3.2. Structure and morphology

X-ray diffraction analysis was carried out on the syn-
thesized products at various preparation stages of
LiNi;_,Co, O, powders to monitor the phase purity and
structure, phase concentrations and the amorphous con-
tent. These preliminary results obtained from the pre-
cursors are indicating that polycrystalline powders are
grown with the tendency of a layered o-NaFeO,-type
structure. When a material was precalcined at 400°C,
a significant amount of the LiNi;_,Co,O; phase peaks
and a small amount of the impurity peaks are detected.
This is quite consistent with the DTA data which show
the crystallization peak at 380-398°C.

Fig. 3 shows the x-ray diffraction patterns of micro-
crystalline LiNi;_,Co,0, powders (with 0.3 <y <
0.7) grown by the glycine-assisted combustion method.
Single-phase materials with an o-NaFeO,-type struc-
ture was grown when the precursors were calcined at
600°C. It took at least 5 h to attain full crystallinity.
XRD peaks were indexed in the hexagonal system as-
suming the R3m symmetry. It is assumed that lithium
ions are in octahedral sites between (Nij_,Co,0,),
infinite slabs formed by edge-sharing (Ni;_,Co,)O,
octahedra. Hexagonal cell parameters of the oxides
prepared by different cobalt concentrations were cal-
culated by least-squares refinement. They are given in
Table I. These results are in good agreement with val-
ues reported in the literature [9]. Both the metal-metal
intrasheet distance (apex) and the metal-metal inter-
layer distance (cpex/3) decrease with increasing cobalt

TABLE I XRD results obtained on LiNij_,Co,0, powders calcined at 600°C. The lattice parameters are given assuming the R3m symmetry

(hex.)
Lattice parameters Fitting parameters
Cobalt content a(A) c(A) V(A3) R-value? Q-value?
0.3 2.850 14.128 4.957 99.38 0.023 0.74
0.5 2.841 14.113 4.967 98.66 0.012 0.66
0.7 2.832 14.080 4972 97.79 0.153 0.78

2 Calculated from R = X|Iobs-Ical|/ Z|Iobs|.
b Calculated from the x-ray intensity of 7(104)/1(003).
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Figure 2 TG-DTA curves of the LiNi;_,Co,0, (0.3 <y <0.7) grown by the glycine-assisted combustion technique. These measurements were
carried out at a heating rate of 10°C/min with oxygen flow. Full lines correspond to the gravimetric thermal curves and dashed lines represent the

differential scanning calorimetry curves.

concentration (Table I). Constructing the crystallo-
graphic Ni;_,Co, 0, layers by substituting the sites of
the Co®* ions for the Ni** ions and calculating cor-
respondingly the c¢/a value (~4.96), one reveals that
the hexagonal-close-packed lattice is still maintained,
in other words, no cation mixing between the Ni** and
Li* ions present in octahedral sites if the c/a value
is significantly larger than 4.90. As indicated by XRD
data the sample particles are submicron-sized spher-
ical grains in oxides prepared by the wet-chemical
method. Cobalt-rich compounds (y >0.5) grown by
combustion method exhibit XRD patterns with well-
defined (006,102) and (108,110) doublets. The ¢ /a ratio
(Table 1) very different from the critical value 4.90 and
the clear splitting of the (006) and (102) as well as
(108) and (110) diffraction lines indicate that, as far
as XRD patterns are concerned, an ordered distribution
of lithium and transition-metal ions exists in the struc-
ture [24, 25]. On the other hand, the XRD diagram
of nickel-rich materials (Fig. 3) exhibits peaks due to
impurities and Bragg doublets poorly defined. XRD re-
sults confirm the single-phase formation of cobalt-rich
cathode materials, but the question of the local cationic
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order will be re-examined below by spectroscopic
measurements.

Surface morphology and texture as well as par-
ticle sizes were observed by scanning electron mi-
croscopy. Fig. 4a—b shows typical SEM micrographs of
LiNig3Co070, and LiNigp5Co9 50, samples annealed
at 600°C. The powders observed by SEM were found
to be submicron-sized particles, i.e. the grain size av-
erage is about 800 nm. The crystallite sizes tended to
increase as the sintering time increased, and ranged in
size from 800 to 1000 nm, suggesting the formation of
micron-sized particles with a narrow grain size distri-
bution.

3.3. Vibrational spectra

The purpose of this study is to investigate the local envi-
ronment of cations in a cubic close-packed oxygen array
of the LiNi;_,Co,O; lattice using FTIR spectroscopy.
IR modes correspond to vibrations involving primarily
atomic motion of cations against their oxygen neigh-
bors. Consequently, these modes are very sensitive to
the cationic local environment in the host matrix. Fig. 5
shows the FTIR spectra of glycine-nitrate synthesized
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Figure 3 Observed x-ray diffraction patterns of microcrystalline LiNi;_,Co,05 (0.3 <y <0.7) powders calcined at 600°C and synthesized by the
glycine-assited combustion method. XRD peaks were indexed assuming the R3m symmetry (hex.).

LiNi;_,Co,0O, samples fired at 600°C for 5 hours. The
FTIR absorption spectra display features which can be
divided into two parts. (i) The high-wavenumber region
of strong absorption corresponds to the broad rock-salt
band which has broken into several distinct components
at ca. 400-600 cm ™!, and (ii) the low-wavenumber re-
gion in which an isolated strong band is centered at
ca. 240-260 cm~!. The frequency of the vibrational
modes and the analysis of the spectroscopic data of
LiNi;_,Co, 0O, are summarized in Table II.

Layered oxides LiMO; possess a crystal structure
consisting of alternating layers of trigonally distorted
LiOg and MOg octahedra sharing edges. It has been
shown that LiNi; _,Co,O; is a solid solution of LiMO,
(M =Ni, Co) compounds and that stoichiometric com-
pounds belong to crystallographic R3m space group.
The transition-metal cations (i.e. cobalt and nickel)
and the lithium ions are located at Wyckloff sites 3(b)

TABLE II Wavenumbers (in cm~!) and assignments of the IR-active
modes of the layered LiNi;_,Co, O, compounds calcined at 600°C as a
function of cobalt content

Cobalt content (y)

Mode 0.3 0.5 0.7 Assignment
V1 243 245 250 v(LiOg)
V2 355/410 416 430 8(MOg)
V3 510 527 534 8(MOg)
V2 574 580 589 v(MOg)

and 3(a), respectively, in a cubic close-packed oxygen
array. The Lit and Co™/Ni'"! ions are ordered along
the (111) direction of the rock-salt cubic lattice lead-
ing to a two-dimensional structure. The IR modes of
crystalline LiNij_,Co,0; can be predicted by fac-
tor group analysis with a Bravais cell which contains
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Figure 4 Typical SEM micrographs of (a) LiNip 3Co¢ 702 and (b) LiNigp 5C0p 50, samples calcined at 600°C.

one molecule (Z =1). The group factor analysis of
the D;d spectroscopic symmetry yields four infrared-
active modes [26]. Because FTIR spectroscopy is ca-
pable of probing directly the surrounding environment
of the cation, we have studied the local environment of
lithium ions in LiMO, materials [27-29]. It has been
also demonstrated that the IR resonant frequencies of
alkali metal cations in their octahedral interstices in in-
organic oxides are located in the frequency range 200-
300 cm~! [30]. Our recent work on transition-metal
substitution in LiMO, compounds has shown that vi-
brational mode component of the LiOg octahedra ap-
pears invariably around 250 cm™' [31]. Thus, the IR
resonant frequency of LiOg groups appears at 269 and
234 cm™! in the LiCoO, and LiNiO, layered structures
(R3m space group), respectively. As far as the low-
wavenumber peak is concerned, the isotopic Li replace-
ment in LiMO, has proven that this IR band between
200-300 cm~! is associated to vibration of a relatively
isolated LiOg octahedron [32].

Thus, the IR absorption bands of LiNi;_,Co, O, mi-
crocrystalline powders are attributed as follows. The
band situated at 245 cm™! is assigned with confidence
to an asymmetric stretching vibration of the Li* ion
with O~ near neighbors in LiNiy 5Coy50,. However,
a small mixing of Li-O stretching and O-M-O bend-
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ing motion is present in the low-wavenumber peak.
The high-frequency band of the FTIR absorption spec-
trum of LiNig sCop sO, located at ca. 580 cm™! is at-
tributed to the asymmetric stretching mode of MOg
group, whereas the low-frequency bands at ca. 416 and
527 cm™! are assigned to the bending modes of O-M-O
chemical bonds.

FTIR measurements confirm XRD data showing the
growth of structurally well-formed LiNig 3Cog 70, lay-
ered phase. However, we got additional information on
the lattice structure, especially on the distribution of the
transition metal in the (Ni, Co)O; slabs. The shape of
the FTIR spectra of the cobalt-rich products (Fig. 5)
shows the predominance of the stretching modes. The
frequency shift of both the IR bending and stretching
modes are due to the change in the volume of the unit
cell and, of course, to the modification of the cova-
lency of the (Ni;_,Co,)O; layers upon Co substitution.
The frequency shift of the LiOg mode has two origins:
(i) the slight expansion of the interslab distance (cCpex
cell parameter) in LiNi;_,Co,O, samples and (ii) the
small mixing of Li-O stretching and O-M-O bending
motion present in the low-wavenumber peak.

The broadening of the high-wavenumber IR bands
may be related with inhomogeneous Ni/Co distri-
bution, variation in the cation-anion bond lengths,
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Figure 5 Typical room temperature FTIR absorption spectra of
LiNi;_yCo,0; (0.3 < y <0.7) samples prepared by the low-temperature
synthesis and calcined at 600°C.

and/or polyhedral distortion occurring in nickel-rich
LiNig7Co030;. It has been reported that the local dis-
tortion increases with the decrease of the cobalt concen-
tration in the solid solution [33]. Recording "Li NMR
spectra of LiNi;_,Co,0, compounds, Delmas et al.
[34, 35] have detected slight deviations from a homo-
geneous Ni/Co distribution and cobalt segregation in
the LiNij_,Co,O; solid solution. It seems that the pre-
dominance of the bands in medium-range frequency
of the IR spectrum of the product with y =0.3 is due
to a local disorder in the (Ni, Co)O, slabs, i.e., inho-
mogeneous Ni/Co distribution. These results show that
FTIR of LiNij7Co( 30, materials permits the accurate
detection of short scale heterogeneities complement-
ing the x-ray diffraction analysis which only provides
information on the long-range structure.

3.4. Electrochemical studies

Electrochemical studies in lithium cells were carried
out to compare the performance of low-temperature
electrodes prepared by glycine-assisted combustion
method. Electrochemical properties were examined in
lithium-containing test cells employing a non-aqueous
electrolyte medium. The electrodes are separated by
a porous membrane soaked in an electrolyte of 1M
LiPF¢ in 1: 1 (v/v) mixture of EC-DMC. The voltage-
composition curves of the electrochemical cells using
combustion-synthesized cathodes are given in Fig. 6.
The Li//LiNi;_,Co,0; cells were charged and dis-
charged at current densities of 0.1 mA/cm?, while the
voltage was monitored between 2.5 and 4.0 V using
the galvanostatic mode of the MacPile battery tester.

These experiments have been carried out at low rates
to emphasize the relationship between structure and
electrochemistry. Fig. 6 represents the evolution of the
cell potential after each period of relaxation. So, these
charge-discharge curves correspond to the open-circuit
voltage.

In the potential domain 3.0-4.0 V, the charge-
discharge curves correspond to the voltage profiles
characteristic of the Li,Ni;_,Co, O, cathode materials
associated with lithium occupation of octahedral sites,
in agreement with previous works [7, 13]. However,
low-temperature synthesized Li,Nij_,Co,0, cath-
ode materials show a lower potential for lithium
deintercalation-intercalation than the materials pre-
pared at high temperature, i.e., 800°C [36]. Similar
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behavior is also observed in the present investigation.
The voltage profile of the cell Li//LiNip7Co30, ex-
hibits a potential slightly lower than for other synthe-
sized glycine-assisted compounds. This is due to the
different crystallographic texture and morphology of
these two materials. It should be remarked that the fully
intercalated phase is not recovered during the first dis-
charge. This could be probably assigned to a kinetic
problem especially as the phase Li,Nip7Co0030, is a
poor electronic conductor. However, the polarization
during both charge and discharge is almost similar in
all cells. These studies also demonstrate that, obvi-
ously, the positive electrode yields capacities around
145 mAh/g when charged to a cut-off voltage of 4.2 V
compared to the theoretical value of 164 mAh/g (cor-
responding to Ax =0.6). The improved performance
of the Li//LiNiy5Cog 50; cell is evident (Fig. 6) from
the following factors: (i) the rate at which the capac-
ity is lost on cycling is reduced and (ii) the potential is
superior in the entire length of charge-discharge.

The shape of the charge-discharge curves shows a
good reversibility during the first cycle. In the compo-
sition domain 0.4 < x < 1.0, the voltage charge profile
of the Li//Li,Niy7Co( 30, cell exhibits an increase of
the potential followed by a plateau at ca. 3.5 V. For
x < 0.5, the high voltage limit imposed in the experi-
ments is rapidly reached. From the variation of the cell
potential for the complete cell (Fig. 6), one can distin-
guish the presence of two regions during the lithium
insertion-extraction process. The voltage profile dis-
plays two flat domains separated by an intermediate
domain characterized by a potential jump from 3.5 to
3.8 V around the composition Lig 7Nij 7Cog 30, during
the first charge. The first stage (I), near 3.5V, is assigned
to oxidation of Ni** jons. In the initial composition re-
gion (1.0 > x >0.7), the electrochemical charge curve
(deintercalation process) is almost similar to that of the
nickelate compound, while at x < 0.7 the profile is very
close to that of the Li//Li, CoO, cell. Thus, the second
stage (II), near 3.8 V, is attributed to oxidation of Co’t
ions. These evolutions come from the prior oxidation
of Ni'll ions before the cobalt ions. These results are
in good accordance with the work reported by Delmas
et al. [13]. They have demonstrated that, for cobalt-rich
phases, the Ni'll ions are preferentially oxidized to the
tetravalent state in comparison with the Co™! jons.

The lithium extraction/insertion reactions in regions
I and II proceed in a Li,Nip3Co0p70, matrix hav-
ing a thombohedral symmetry. Considering the fully
charge state (at 4 V, x =0.4), the classical reaction in a
Li//LiNig 3Coq 70, intercalation cell can be written as

Oo.6Lio.4[NigCogCop%]0, + 0.6Li*
+0.6e~ <—> LiNiy3Co0(70;, 2)

which normally lies in between the voltage 4 and 3 V.
The layered LiNij 3Coq 70, framework provides a two-
dimensional interstitial space for rapid lithium interca-
lation and deintercalation. It is believed that the c-axis
of the layered materials expands rapidly on delithia-
tion due to a decrease of the electrostatic binding en-
ergy of the lithium-depleted layers [7]. As a conclud-
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ing remark, it can be pointed out that low-temperature
cathode materials exhibit acceptable electrochemical
capacity with lower oxidation potential. These com-
pounds are candidates to treat problems due to nickel
dioxide formation and electrolyte degradation. This
shows the advantage of the wet-chemical synthesis
method for LiyNi;_,Co,O, preparation, since mate-
rials having similar properties can be elaborated in
shorter time to reduce the cost of cathode materials. The
electrochemical properties of Li,Ni;_,Co,O, cathode
materials are presently being studied for long term
cycling.

4. Conclusion

This work have shown that LiNi;_,Co,0;
(0.3<y<0.7) single phases were grown at low
temperature using the aqueous glycine-nitrate com-
bustion process. The low-temperature method, in
which glycine acts such as a fuel, provides submicron-
sized particles which are adequate for fast lithium
intercalation-deintercalation reactions occurring in
rechargeable lithium cells. The use of solution pro-
cessing leads to molecular level mixing and highly
uniform materials. The low-temperature technique
adopted for the synthesis of Li,Nij_,Co,O, cathode
materials has yielded particles with grain size in the
range 600-800 nm which favor good electrochemical
performance. However, the nickel-rich compound has
a structure exhibiting a departure from the 2D lattice
and contains some impurities. It seems that combustion
method does not work well for Li,Ni; _,Co, O, materi-
als with y > 0.7. The charge-discharge voltage profiles
of Li//Li,Ni;_,Co,0O, cells show evolutions which
come from the prior oxidation of Ni! jons before
the cobalt ions. These studies also demonstrated that
the combustion synthesized-cathodes yield capacities
in the range 120-135 mAh/g when discharged to a
cut-off voltage of 2.8 V (1.0 > x > 0.4). The improved
performance of the Li//Li,Niys5Cops50;, cell using
cathode prepared by the aminoacetic acid-assisted
method is evident from the rate at which the capacity
is lost on cycling is reduced and the potential superior
occurring in the entire length of charge-discharge.
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