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Abstract

Titanium-doped lithium cobalt oxides having the formula LiTi,Co; _ O, (0 <x <0.5) have been synthesized using high
temperature solid-state technique and its performance in a lithium rechargeable cell is reported. The synthesized oxides were
structurally analyzed using X-ray diffraction (XRD) and Raman spectroscopy. It has been observed that single-phase materials
were below 10% of Ti doping whereas impurity spinel phases were detected at higher concentrations. Electrochemical
behaviors of the prepared powders were analyzed using cyclic voltammetry (CV) and galvanostatic charge/discharge cycling
studies in the voltage range 3.0—4.25 V (vs. Li metal) using 1 M LiClO4/PC as electrolyte. The composition with x=0.01
exhibits an initial charge and discharge capacity of 157 and 148 mA h/g at 0.2C rate, respectively, as compared to 137 and 134
mA h/g of LiCoO,. Further, more than 90% of the capacity is retained even after 10 cycles. The role of tetravalent doping on the

electrochemical behavior of LiCoO, has not been reported previously.

© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Lithiated transition metal oxides, namely, LiMn,QOy,,
LiCoO, and LiNiO,, are primarily used as cathode
materials in lithium ion cells [1-5]. Among these,
LiCoO, is the preferred material in majority of the
commercial cells in view of its ease of synthesis and
high reversibility [6]. The use of LiCoO, is considered
to deliver a theoretical capacity of 273.8 mA h/g, i.e.,

* Corresponding author. Tel.: +91-4565-227750; fax: +91-
4565-227779.
E-mail address: deepika_41@rediffmail.com (S. Gopukumar).

when whole of the lithium is deintercalated. Al-
though this high capacity looks very attractive from
battery point of view, practically, only 50% of the
theoretical capacity, i.e., ~ 137 mA h/g, is possible
due to structural degradation and thereby limiting the
extraction of lithium to 0.5 [7]. Recently, attempts to
modify the pristine LiCoO, by using techniques like
coating [8,9], mixing of ceramic oxide [10], etc.
have been made with the idea of enhancing the
practical capacity output by stabilizing the layered
structure. In spite of the fact that some of these
modifications have led to good capacity retention,
partial doping of LiCoO, seems to be most accept-
able approach for commercial exploitation consider-
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ing the economy and ease of the bulk production
process involved.

Ohzuku et al. [11] suggested that partial doping of
cobalt with metal ions leads to extended cyclability
and increase in capacity of lithium ion cells by
enhancing structural stability. Further, theoretical
studies suggest [12] that the capacity of layered
compounds increased with partial transition metal
ion substitution while on the other hand operating
voltage increased by doping with nontransition metal
ion at the expense of capacity [13—15]. Considering
these predictions and a survey of literature suggests
that studies on the effect of doping cobalt in LiCoO,
with either of the metal ions like nickel [16],
manganese [17], chromium [18], aluminum [19],
boron [20], rhodium [21] or iron [22] have been
carried out for understanding the electrochemical
behavior of LiM,Co; _,O, (M=metal ions) in lith-
um ion cells. Among these materials, aluminum
[15,23,24] and nickel [16] have received wide atten-
tion but marginal success towards increasing the
performance has been reported with only partial
nickel substitution. Hence, as evident from literature,
doping of LiCoO, with +2 and +3 valent metal
ions does not enhance the capacity over pristine
LiCoO, and therefore alternative dopant ions have
to be investigated.

Recently, it was reported by Kim and Amine
[25] that the capacity of layered LiNiO, could be
enhanced by doping with tetravalent ions. As
LiNiO, and LiCoO, are layered materials, therefore,
we found it worthwhile to carry out a systematic
investigation on the effect of a tetravalent ion by
partially substituting cobalt in pristine LiCoO,. We
believe that the presence of tetravalent ions leads to
the presence of some Co>* charge compensators
and, moreover, since both LiCoO, and LiTiO, [26]
are isostructural, solid solution could be formed
thereby enhancing the performance of the end
members. A survey of literature points out only a
sole publication [27] reporting the IR and Raman
spectra of only LiTip,Cogg0, synthesized at high
and low temperatures. We were therefore interested
to carry out a detailed investigation on the electro-
chemical behavior of LiTi,Co;_ 0O, (x=0.01-0.5)
as a cathode material for lithium rechargeable cells
and present in this communication new electro-
chemical results hitherto not reported.

2. Experimental

High purity lithium hydroxide, cobalt acetate and
titanium dioxide (Aldrich Chemical, USA) were used
as received for the synthesis of LiCoO, and LiTi,
Co; _ O, by solid-state technique. Stoichiometric
amounts of the above chemicals with slight excess
of lithium were weighed, mixed thoroughly and then
heated initially at 400 °C for 6 h and then annecaled at
800 °C for 12 h in a tubular furnace. The heating rate
was controlled at 1 °C/min and then cooled at same
rate to room temperature. The powders were ground
well and used for physical and electrochemical inves-
tigations.

The structure of the synthesized powders were
evaluated with an automated Rigaku powder X-ray
diffractometer using Cu-K, radiation by measuring
the diffraction angle (219) between 10° and 80° with
an increment of 0.02°/min. XRD of the cycled elec-
trodes were also recorded for analyzing the structural
changes.

Room temperature Raman spectra were recorded
for the synthesized pristine LiCoO, as well as Ti-
doped LiCoO, using Jobin-Yvon ISA T64000 Raman
spectrometer equipped with a CCD detector and a
microscope. Powder samples were put under a micro-
scope objective that allows the laser beam to focus on
a small selected area of the surface (~ 1 um?) and the
backscattered Raman signal was collected. The laser
light source was 514.5 nm line excited at 5—10 mW at
an Ar ion laser power. A typical spectral run took only
a few minutes, hence five Raman spectra, each
recorded over the frequency 400—800 cm™ ' at an
acquisition time of 400 s, were averaged to increase
the signal to noise ratio.

XANES measurements were recorded for the syn-
thesized materials as detailed elsewhere [40].

Scanning electron microscope (SEM, Hitachi,
S2700) was used for observing the morphology of
the synthesized powders.

Electrodes for electrochemical measurements con-
sisted of slurry prepared from a mixture of the
synthesized powder with carbon black and PVDF
binder in the ratio of 85:10:5, respectively, with
NMP solvent. The slurry was coated onto an alumi-
num foil current collector and dried for 3 h. The
electrode was hot pressed and stored in an argon-filled
glove box prior to use. Cyclic voltammetry (CV) and
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charge/discharge cycling studies were carried out
using a three-electrode glass cell with 1 M LiClO4/
PC as electrolyte. Lithium foil was used both as
reference and counter electrodes. CV experiments
were performed at a scan rate of 25 pV/s in the
potential range 3.5-4.25 V. Galvanostatic charge/
discharge studies were carried out at a current rate
of C/5 in the potential range 3—4.25 V. All electro-
chemical measurements were performed inside an
argon-filled glove box and data recorded with an
automated battery cycle life tester.

3. Results and discussion

LiCo0O; has an a-NaFeO, structure belonging to R-
3m space group, in which Li and Co ions are arranged
alternatively occupying the 3b and 3a sites, respec-
tively, and sandwiched between oxygen ions.
Recently, it has been reported that spinel (LiTi,Oy)
[28] compounds of lithium and titanium could be
synthesized and can be used in lithium batteries.
However, these materials are found to be electro-
chemically active only in the voltage range below 3
V. In the present investigation, we see that the
synthesized materials (below Ti doping of 10%) are
capable of cycling at higher voltages, i.e., up to 4.25
V, and hence, no spinel phase lithium titanate is
formed below x=0.10. Theoretical studies of Ceder
et al. [14] suggest the formation of LiTiO, having the
a-NaFeO, structure, but practically, it was observed
by Obrovac et al. [26] that even though layered
LiTiO, could be synthesized, deintercalation of lith-
ium was not possible. Moreover, Pouillerie et al. [29]
concluded from their study on LiNi; _ Mg, O, that for
small values of x (below 10%), magnesium ions
occupy the lithium sites due to larger ionic radii of
magnesium (0.76 A) than nickel. Following the above
views, one may expect that partial introduction of
Ti* " ions in place of Co® " in the present case could
lead to the presence of titanium in lithium sites since
the ionic radii of titanium ions (0.605 10\) are larger as
compared to cobalt (0.545 Aos) ions. This assumption
can also be safely ruled out in view of the smaller
ionic size of titanium as compared to lithium and also
its high positive charge [30]. Therefore, we can say
that addition of low amounts (x<0.1) of Ti corre-
sponds to simple replacement of Co in the CoO,

layers, Co® " being the charge compensator, i.c.,
[Li]sp[Coq _ Ti,]3,0,. Similar model has been postu-
lated by Tukamoto and West [31] on their study on
Mg-doped LiCoO,. Further, very recent studies of
Croguennec et al. [32] on the Rietveld analysis of
Ti* *-doped LiNiO, confirm the presence Ti*" in the
nickel site ([Li; _ ,NiZ "J5p[NiZ L Tid "Nit £ . -5, ]5a
0,). Moreover, the materials synthesized in the
present study reveal that a layered structure of LiTi,
Co; _ O, is applicable only up to a value of x<0.1
wherein the oxidation state is maintained around 3
[33]. Thus, we may say that true solid solutions of
Li,TiO5 and LiCoO, are possible only at low concen-
tration of titanium ions.

Having ascertained the formation of layered LiTi,
Co; _ O, following the above discussions, we now
make structural analysis using XRD and Raman
spectroscopy for confirming our postulations. Fig.
1(i) presents the X-ray diffraction patterns of all the
synthesized powders of LiTi,Co; _ O, in the compo-
sition range 0 < x < 0.5. It is observed from the X-ray
patterns that the entire fingerprint peaks, viz., 003,
101, 006, 102, 104, 108 and 110, are clearly identi-
fiable thereby suggesting the formation of the -
NaFeO, structure. The diffraction peaks of the syn-
thesized pristine LiCoO, are in excellent agreement
with the JCPDS card No. 16-0427. The patterns also
indicate the existence of additional impurity peaks
from a composition of LiTij 05C0¢950, (Fig. 1(i)c)
and increases in intensity with further increase in
titanium composition. Further, at higher compositions
of titanium, a shoulder peak emerges alongside the
003 peak and the intensity of doublet peaks (006, 102,
108 and 110) also diminishes. Therefore, we can
confirm from the present solid-state synthesis that
true solid solutions of the type LiTi,Co;_,O, is
possible only below the composition of x=0.05.
The hexagonal parameters of the synthesized materi-
als are presented in Table 1. As is well known, the
lattice parameter a represents the intralayer metal—
metal distance while ¢ is ascribed to inter slab
distances. It can be seen from Table 1 that the a and
¢ values for synthesized pristine LiCoO, are 2.816
and 14.05 A, respectively. These values are in excel-
lent agreement with the reported values of FM, USA
[34] and other researchers [16,23]. Furthermore, c/a
ratio is an indicator of the metal-metal layering
distance or in other words hexagonal setting, and is
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Fig. 1. (i) XRD pattern of LiTi,Co; _ O, (a: x=0; b: x=0.01;
c: x=0.05; d: x=0.10; e: x=0.25; f: x=0.50). (ii) XRD pattern
of LiTi0.25C00.7502.

also found to be in close agreement with the reported
values, i.e., 4.989.

We have not carried out Rietveld analysis, but to a
very good approximation, the intensities of the XRD
fingerprint peaks and Raman spectra studies can
predict cation mixing. It can be noted that the ratio
of the intensities of 003 and 104 (Iyp3/l104) peaks is
greater than unity, thereby suggesting no cation dis-
order which is supplemented by the values of ¢/q, i.e.,
>4.89. Interestingly, it is seen that the ratio of the
intensities of 003 and 104 peaks for pristine LiCoO, is
around 2.67 and is the highest [21]. Further, as can be
seen from Table 1, the c/a ratios are in the range of
4.98 thereby indicating no cation mixing. However,
coexistence of other impurities with the layered struc-

ture is seen by the presence of many additional peaks
at higher titanium compositions (>x=0.10) and can be
ascribed due to inhomogeneous distribution of Ti ions
in the LiCoO, oxide matrix.

Looking at the radius of Ti*" (0.605 A) [30], we
can expect that the partial replacement for low spin
Co> " (0.545 A) should increase the a and ¢ values
thereby facilitating easy lithium insertion and extrac-
tion. We observe similar trend up to a value of x=0.05
beyond which the values decreases. This could be due
to the growth of additional impurity phases at higher
titanium concentrations leading to decreased electro-
chemical activity. Following the suggestions of Reim-
ers et al. [35], we observe that the R factor, i.e., the
ratio of [lyos/l102)/I101, 1S minimum for the lowest
dopant composition, viz., LiTig g;C0g.990,, and there-
fore suggesting increased layered characteristics than
the pristine LiCoO, and other titanium compositions.
These factors along with the well-defined splitting of
doublet peaks at 108 and 110 coupled with high value
of lattice constants a, ¢ as well as c¢/a ratio indicate
that this composition should have improved electro-
chemical performance.

The synthesized pristine and Ti-doped LiCoO,
materials has a layered structure and can be assigned
to the space group R-3m and the atoms (Co, Li and O)
are located in the Wychoff sites 3a, 3b and 6c,
respectively. Factor group analysis [36] of the Raman
Spectra for pristine LiCoO, suggests a pair of intense
peaks located around frequencies of 595 and 485
cm~ ' and is ascribed to Raman active modes A,
and E,, respectively. Since Raman modes are entirely
due to oxygen atoms, hence the symmetry motions
involve Co—O stretching and O—Co—O bending
vibrations. The peak at frequency 595 cm™ ' can be
ascribed to symmetric Co—O stretching vibrations of
cobalt octohedra [37]. Inaba et al. [38] observed the
broadening of the peaks with increasing values of x on

Table 1
XRD lattice parameters a and ¢ (A) and intensity ratios of 003 and
104 peaks (7) for LiTi,Co; _ O,

X a c cla 1

0 2.8163 14.051 4.989 2.67
0.01 2.8170 14.072 4.995 1.45
0.05 2.8168 14.070 4.995 1.23
0.25 2.8148 14.068 4.998 -
0.50 2.8121 14.029 4.989 -
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their study on LiNi,Co; _ ,O,. However, broadening
of these peaks was ascribed due to polyhedral dis-
tortion in pristine LiCoO, [37]. Based on the inten-
sities of the peaks (Fig. 2a) for pristine LiCoO,, the
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Fig. 2. Raman spectra of LiTi,Co; O, (a: x=0; b: x=0.01;
c: x=0.25).

peaks located at 485.4 and 594.6 cm™ ' correspond to
the optical modes Eg and A, respectively, and are as
predicted. Thus, A, stretching mode must be at a
higher frequency than the Eg bending mode. Further,
with increasing titanium doping, the peaks become
broader as predicted by Inaba et al. [38]. It can be
clearly seen that the synthesized pristine LiCoO, has
no impurity peaks. However, as seen from Fig. 2b and
¢, the intensities of the peaks decrease and become
broader at lower titanium doping contents, indicating
the incorporation of Ti into Co sites. However, at
higher doping levels (Fig. 2¢), we observe the appear-
ance of additional peaks located at frequencies of
4478, 604.4 and 686.1 cm~ . Thus, it is clearly seen
that a spinel phase coexists with the layered structure
and is consistent with our XRD spectrum, wherein we
observe a peak growing alongside the 003 peak as
also other additional peaks [marked x in Fig. 1(ii)].
Furthermore, due to lack of excess lithium required
for the formation of both the phases, Co3;0,4 impurities
are also traceable by the appearance of broad Raman
peak located at a frequency of 686.1 cm™ '. Therefore,
we can say that single-phase layered structure is
observed only at lower titanium doping levels whereas
spinel and impurity phases coexist at higher dopant
levels.

The synthesized materials were analyzed using
XANES spectroscopy technique for obtaining mean-
ingful information on the oxidation state of the metal
in the bulk state. Fig. 3a presents the Co K-edge
XANES spectra for the synthesized pristine and Ti-
doped LiCo0O,. It can be clearly seen that the pattern
of the spectra for the pristine LiCoO, is similar to
literature reports [40]. The characteristic pre-edge
peak ‘A’, region ‘B’ and a strong absorption peak
‘C’ assigned to the dipole-forbidden 1s to 3d, 1s to 4p
as well as to the metal ligand transfer- and dipole-
allowed 1s to 4p, respectively, are clearly noticeable.
Furthermore, it is interesting to note from region ‘B’
(an indicator of the oxidation state of the metal ion)
that the presence of minor amounts of titanium doping
shifts the edge energy to slightly lower position
thereby suggesting the presence of some Co? " (Fig.
3b-ii) by the incorporation of Ti**. However, on the
other hand, the edge energies shift to higher values
with the increase in Ti'*" contents indicating the
presence of Co*" (Fig. 3b-iii) ions due to the inho-
mogeneous mixing of Ti ions in the LiCoO, oxide
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Fig. 3. (a) XANES spectra of LiTi,Co; _,0O,. (b) Magnified view of region B of XANES spectra of LiTi,Co; _ O, (i: x=0; ii: x=0.01;

iii: x=0.25).

matrix. Detailed discussions on the spectral aspects of
the synthesized materials will be presented in a sub-
sequent publication in accordance with Ref. [44].

Morphology of the titanium-doped LiCoO, depicts
that the particles are polydispersed with an average
size of less than 1 pm. A typical SEM photograph is
presented in Fig. 4.

Cyclic voltammetry is a useful electrochemical tool
wherein the changes taking place in an electrochem-

ical reaction are monitored by measuring the current—
potential responses. Typical CVs obtained in the
present case are depicted in Fig. 5. It is clear from
the figures that the major oxidation and reduction
peaks are observed at around 3.95 and 3.75 V,
respectively, and are representative of lithium dein-
tercalation and reintercalation processes, respectively.
These peaks are also signature of hexagonal phase in
these types of layered compounds and indicating
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Flg 4. A typlcal SEM of LlTl()()]CO()()gOz

perfect reversibility. Further, two very low intensity
small high voltage peaks are also noticed both in the
oxidation as well as in the reduction process at around
4.08 and 4.17 V depicting the coexistence of mono-
clinic phases in the investigated materials. It should be
emphasized here that these high voltage peaks in
pristine LiCoO, in the present case are detectable
but grow with increase in titanium doping. The high
voltage peaks are slightly better visible in the x=0.01
concentration and become very prominent at x=0.25
(Fig. 5¢). This assumption is supported by the fact that
in the case of LiCoO,, the high voltage peaks are very
prominent with decrease in particle size as observed
by Uchida and Saito [39] on their study of thin films
and also in the case of sol—gel [40] synthesized
LiCo00O,. Our results of CV of LiCoO, are in agree-
ment with Reimers and Dahn [41]. Further, the high
voltage peaks are a debatable issue [42] as some of the
workers have not observed such peaks. Moreover,
these two peaks are assigned due to the phase tran-
sition between ordered and disordered lithium ion
arrangement in the CoO, sheets. It was suggested by
Yazami et al. [43] that these high voltage peaks could
also arise out of anion absorption on surface impur-
ities. In the present case, we see that these peaks are
growing (Fig. 5c) with increasing titanium content
(0.25) and therefore we may ascribe this is due to the
inhomogeneous distribution of Ti in the LiCoO, oxide
matrix. Similar behavior in CV studies was observed
in the case of rthodium-doped LiCoO, [21]. Further-
more, as these peaks occur at exactly the same voltage

as that of monoclinic phase, therefore, the ordering/
disordering of Ti—Co ions also takes place reversible
to Li ions in this phase. This can be confirmed with
the growth of additional peaks in the XRD spectrum
more so with the splitting of 104 peak initiating from
x=0.1 composition.

Fig. 6 depicts the capacities of the synthesized
pristine LiCoO, and titanium-doped LiCoO, materials
over the entire composition range investigated for 10
cycles. It can seen that the composition with x=0, i.e.,
LiCoO, delivers the charge and discharge capacities
of 137 and 134 mA h/g, respectively, for the first
cycle at a current rate of C/5 in the voltage range of
3-4.25 V. The very low irreversible capacity of 3 mA

a
— b
-]
<
=
o
5
o
c
| 1

3.6 3.'9 4.2
Voltage (V)

Fig. 5. Cyclic voltammograms of LiTi,Co; ,0, (a: x=0; b:
x=0.01; c: x=0.25).



230 S. Gopukumar et al. / Solid State lonics 159 (2003) 223-232

200
> .
<150 -
£ + *
=, o ®#x=0.01
> {1 + ®* + s 8
= ®yx_0
9 | |
2100— i e * *
© * * #,-0.05
O

_ " s,

. * * @+ e 8,_9.05
50 ; . : ; . ; ; : : i
0 2 4 & 8 10 12

Cycle Number
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h/g confirms the purity of our sample and from second
cycle onwards there is hardly any difference in the
charge and discharge capacities. Moreover, we find
that about 96% (128 mA h/g) of the initial capacity is
retained after 10 cycles and corresponds to ~ 0.5 of
lithium extraction during the charging process. The
loss of capacity (3 mA h/g) in the first cycle can be
assigned to the formation stage. The obtained values
of capacity for pristine LiCoO, are the highest
achieved and compare well with the literature reports
[7]. Analysis of the doped LiCoO, samples indicates
that the sample with x=0.01 delivers the highest
capacity. The fist charge and discharge capacities of
LiTig01C00.990;, are 157 and 148 mA h/g, respec-
tively. This implies a loss of 9 mA h/g in the first
cycle as compared to 3 mA h/g for LiCoO,. This
slight higher initial loss is understandable in view of
the presence of the inactive Ti* " species present in the
Co sites. Even though the initial capacity loss is more
in the case of x=0.01, in subsequent cycles, the loss is
not noticed similar to LiCoO, and the capacities are
retained at 135 mA h/g after 10 cycles (Fig. 7). This
result is interesting in view of the fact that we have
obtained higher capacities than pristine LiCoO,. We
confirmed the composition of this particular sample
using ICP-AES in view of its superior performance
and note that, as expected, the compositions of Ti and
Co were 0.009 and 0.991, respectively. Thus, we can

confirm the positive effect of tetravalent substitution
to the layered structure. Furthermore, as observed in
XRD patterns, the well-defined doublets at 006, 102
as well as at 108 and 110 coupled with an increase in
the lattice parameters a and ¢ endorse the high
electrochemical performance of this investigated com-
position. Having encouraged by this composition, we
investigated other higher compositions and found that
the capacities gradually decreased with further in-
crease in titanium content thereby indicating that this
composition is the optimum level of dopant. One
interesting point to note here is that the presence of
higher content of titanium improves the cyclability but
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Fig. 7. Cycling behavior of LiTig 0;C00.9905.
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at the expense of capacity, which is understandable
due to the reduction in cobalt ions and as reiterated
earlier the electrochemically inactive nature of tita-
nium ions in the investigated voltage range. As
observed in the XRD patterns of the cycled LiTig o,
Co; _ O, cathode (Fig. 8), the structure of the syn-
thesized material is retained even after 10 cycles
thereby suggesting the stability of the material. Fur-
ther, spectral and rate capability studies on this mate-
rial correlating the present observations have recently
been reported elsewhere [44].

Literature survey indicates that various dopants like
Ni, Mg, Mn, Zn, Rh, Al, B, Fe, etc. [15,17,21,22,45]
substituted for cobalt in LiCoO, have demonstrated
inferior capacities than reported in this study for
LiTig ¢;C0¢.990, (Fig. 6) in the voltage range 3—
4.25 V.

During the preparation of this manuscript, we came
across a recent report by Choblet et al. [10] wherein
the authors claim high capacities by the addition of
minor amounts of TiO, (2 wt.%) as a distinct second
phase to LiCoO, synthesized by complex sol—gel
process. Indeed, our results also indicate an enhance-
ment in capacity over pristine LiCoO, but have
several advantages than the former like elimination
of chelating agent (ascorbic Acid), pH maintenance
(NH4OH), lower titanium content (1%) and, above all,
simple synthesis procedure. Further, our results can be
supported by recent findings of Kim and Amine [25]

231

on the role of tetravalent substitution in LiTi Ni; _ O,
system. The authors also found that a composition of
x=0.025 gave a enhanced capacity in the voltage
range 2.8—4.3 V. The amount of titanium needed to
stabilize the LiNiO, structure is slightly higher than in
the present case. Of course, this is understandable in
view of the fact that complete oxidation of nickel ions
is difficult due to their presence in lithium layers.
Therefore, we may conclude that the substitution of
low amounts of titanium for cobalt in LiCoO, results
in enhanced electrochemical performance.

4. Conclusion

We have demonstrated that it is possible to prepare
solid solutions of LiCoO, and Li,TiO3 using high
temperature solid-state technique. Structural charac-
terization using XRD and Raman spectra reveals that
single-phase layered compounds with a-NaFeO,
structure are attained at lower titanium doping. The
rate of capacity looks similar irrespective of doping
amount, even though the initial capacity was en-
hanced a little for the case of low-doped sample.
Further, enhanced stable electrochemical capacities
of 135 mA h/g at a current rate of C/5 have been
achieved for the composition LiTig(;C0g 990, in a
lithium rechargeable cell in the voltage range 3—4.25
V using LiClO4/PC as electrolyte.
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Fig. 8. XRD pattern of cycled LiTig 9;C09.9905.
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