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Abstract The effect of a milling process on the electro-
chemical performance of Li2Ti3O7 electrodes has been
investigated by the galvanostatic intermittent titration
technique (GITT) and AC impedance spectroscopy. The
insertion ratio is slightly increased by the milling treat-
ment and a value of xLi=1.25 per mol Li2Ti3O7 has been
determined. The average potential during insertion is
close to 1.5 V/Li. The analysis of impedance data ob-
tained at equilibrium during insertion and deinsertion
shows two relaxation processes and a diffusion
phenomenon at low frequency according to the Frum-
kin-Melik-Gayakazian model. Cycling experiments of
batteries using this material were performed with
unmilled and milled particles. Composite electrodes
containing different amounts of electroactive material
added to a binder and a conductive additive have also
been prepared in order to check the effect of grinding on
the cyclability of the compound. Interesting electro-
chemical performances have been determined with such
electrodes: lithium uptake up to 1.25 Li per Li2Ti3O7,
low irreversible capacity loss between the first and the
following cycles, good stability upon cycling even after
50 cycles. However, the milled process has not improved
significantly the electrochemical performance of the
Li2Ti3O7 electrodes.

Keywords Ramsdellite Æ Milling Æ
Insertion compound Æ Impedance spectroscopy Æ
Galvanostatic intermittent titration technique Æ
Lithium-ion battery

Introduction

The insertion properties of the compounds LixTiyOz
with a ramsdellite structure are well known. The chan-
nels of the structure are occupied by lithium ions and
contain non-occupied sites. The use of such compounds
in lithium rechargeable batteries is possible either as a
cathode with Li or carbon-based electrodes, but in this
case the average potential of the cell is rather low (1.5 V
vs. Li), or as an anode with another insertion compound
like LiMn2O4 or LiCoO2 [1]. In this last case, the e.m.f.
of the cell should be in the range 2.3–2.7 V vs. Li. Re-
cently, the work of Gover et al. [2] has emphasized the
application of different LixTiyOz compounds with the
ramsdellite structure as anode materials in Li-ion bat-
teries.

In a previous paper, the structural and electrochem-
ical properties of Li2Ti3O7 have been studied [3]. A
maximum insertion ratio of 1.25 mol of Li for Li2Ti3O7

has been determined, but other authors claim a maxi-
mum insertion ratio as high as two lithium per mol of
Li2Ti3O7 [4, 5]. However, conductivity measurements
have demonstrated the poor electronic conductivity of
Li2Ti3O7 (about 3·10–9 S cm–1 at ambient temperature)
and the necessity to mix this material with a large
amount of carbon in order to initiate the insertion
process. This can be a serious hindrance to the com-
mercial use of Li2Ti3O7 as a negative electrode in Li-ion
batteries with a positive electrode commonly used like
LiCoO2 [6]. One way to solve this problem could be to
decrease the average particle size of the active material.

In the present work, impedance spectroscopy as well
as different electrochemical techniques have been used in
order to determine the effect of a milling process on the
performance of Li2Ti3O7 electrodes.
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Experimental

Synthesis of Li2Ti3O7

The starting material was prepared by a solid state reaction be-
tween Li2CO3 and TiO2 (anatase form) according to the reaction:

Li2CO3 þ 3TiO2 ! Li2Ti3O7 þ CO2 ð1Þ

A single-phase compound was obtained when an excess of
7.5 mol% Li2CO3 was used . The starting materials (Riedel-
DeHaen) from analytical grade 99% Li2CO3 and 99.5% TiO2 were
ground in an agate mortar. The powder was pressed into pellets
under a pressure of 200 MPa. The pellets were then heated during
24 h at 750 �C in a platinum crucible to remove carbon dioxide.
After a second grounding and pressing, the product was heated
during 3 days at 1050 �C and quenched in air to room temperature
in order to retain the ramsdellite structure, which is only stable
above 940 �C.

Particle milling

Li2Ti3O7 powder (1 g) was ball milled with a Fritsch P7 planetary
milling apparatus in a zirconia jar using zirconia balls during 1 h in
ethanol. The weight ratio of Li2Ti3O7/ball was 48.5/1000. X-ray
diffraction (XRD) patterns showed no structural modification
between the raw material and the milled product.

Particle size measurements

The particle sizes were measured with a Coulter laser granulometer
in water. The determination is based on the spherical particle model
of Fraunhofer. This model gives the specific surface and the statis-
tical size distribution of the particles. The results were obtained with
the condition of a refractive index and a density of particles of 1.

Electrochemical insertion: galvanostatic intermittent titration
technique and complex impedance spectroscopy

Lithium insertion has been studied by the galvanostatic intermit-
tent titration technique (GITT) and a complex impedance tech-
nique with a Solartron 1260 FRA and an electrochemical interface
Solartron 1287 connected to an AST Bravo computer. The elec-
trochemical cell was a three-electrode set-up with two lithium foils
for counter and reference electrodes. The cells were assembled in a
glove box filled with argon (H2O=22 ppm; O2=0.2 ppm). The
distance between the working electrode and the reference electrode
was 1 cm. The working electrode was a pellet (0.2 cm2 area, 3 mm
thickness) obtained by pressing a mixture of Li2Ti3O7 powder,
graphite powder and polytetrafluoroethylene (PTFE) in a
60%:30%:10% weight ratio. The quantity of Li2Ti3O7 was 24 mg.
A previous experiment performed with pure graphite as the
working electrode had not indicated any lithium insertion within
the potential window used in this study, in particular no insertion
of lithium at 1 V/Li+/Li was observed. The electrolyte was a so-
lution of LiPF6 (1 mol L–1) dissolved in ethylene carbonate
(EC)-dimethyl carbonate (DMC) in proportion 2:1 (Merck elec-
trolyte Selectipur). The GITT curves during the insertion were
obtained by applying a cathodic current of 40 lA during 2 h and
18 h of relaxation. After this relaxation time, the values of the
potentials were constant and a quasi-equilibrium was reached. The
duration of the GITT experiments were about 2 months. After 18 h
of relaxation, the impedance spectrum was recorded with a 10 mV
(r.m.s.) applied voltage. The typical high-frequency limit was
1 MHz and the low-frequency limit was 0.005 Hz.

Deinsertion of lithium was performed by applying an anodic
current of 20 lA during 24 h and a relaxation time of 48 h. The
maximum potential was fixed at 4.5 V vs. Li to prevent oxidation
of the electrolyte [7].

Cycling experiments

The electrodes were prepared by mixing Li2Ti3O7 powder with
carbon black and poly(vinylidene fluoride-co-hexafluoropropylene)
(PVDF/HFP) copolymer (Solvay) dissolved in N-methyl-2-pyrro-
lidinone (NMP). Two electrode compositions have been tested:
80% weight active material/15% weight carbon black/5% weight
binder and 65% weight active material/15% weight carbon black/
20% weight binder. The different compounds were mixed in a flask
and the resulting mixture was homogenized during 12 h on a ro-
tating apparatus. The paste was then coated on an aluminum
current collector foil, 0.5 mm thick, using a bar-coating technique.
Li2Ti3O7-based thick films (100 lm thick) were obtained. The films
were then dried over 2 h at 80 �C inside an oven. Then, 12 mm
diameter disk shape samples were cut out and used as electrodes.
The electrochemical tests were performed with lithium foil
(Aldrich) as the negative electrode using a MacPile II potentiostat
to monitor the experiments. The electrolyte was a 1 M solution of
LiPF6 dissolved in EC/DEC (2:1 v/v) (Merck) supported on a glass
fiber filter.

During the discharge of the cell, the Li2Ti3O7 electrode en-
countered lithium uptake and the charge corresponds to the re-
moval of lithium. Cyclic voltammetric experiments were performed
in the voltage range 3.5 V to 1.0 V vs. lithium with 10 mV steps
every 10 s, allowing the cell to relax during 2 min at the end of each
cycle. Galvanostatic initial tests were carried out by passing C/2
current through the cell in the same voltage range and with relax-
ation conditions as mentioned above.

Scanning electron microscopy

Observations were performed using a Leica Stereoscan 440 coupled
with EDX analysis.

Results

Effect of milling on grain size

The Fraunhofer model gives the specific surface and the
statistical size distribution of the particles. The values
are not absolute but allow us to compare the effect of
milling. The particles before milling have a mean size of
4.377 lm (in volume) with a high percentage of 13 lm
diameter particles. The milled particles have a mean
diameter of 0.59 lm (in volume) with two peaks at
0.3 lm and 2 lm. The ratio of the specific area after and
before milling was 3.19.

The scanning electron microscopy (SEM) observa-
tions confirm the results of the granulometry experi-
ments. The effect of milling is clearly showed in Figs. 1
and 2. The average grain size has been decreased by a
factor of 10, i.e. from 10 lm for the raw material to less
than 1 lm after grinding. Both powders were used for
preparing electrodes by the bar-coating technique.

Open circuit potential curves

The OCV curves during insertion and deinsertion are
shown in Fig. 3 in the case of the ground electroactive
material. The potential variations are extremely low and
permit us to conclude that a quasi-equilibrium is
reached.
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GITT curves

The GITT insertion curves for Li2Ti3O7 after milling
are shown in Fig. 4. With the ground particles, the
electrode potential varies from 1.6 V/Li to 1.2 V/Li for
xLi=0.1–1.25. No plateau can be observed on the dis-
charge curves, as previously obtained with unground
particles in LiClO4 (1 mol L–1) in PC [3], but there is a
regular decrease of the potential for xLi>0.4. The val-
ues of the potential are very close, indicating that the
equilibrium is reached in both cases The maximum
value of xLi is slightly bigger for the ground particles
(1.25 Li per mol Li2Ti3O7 instead of 1.05 Li for
unground particles).

We can observe a good reversibility of the insertion-
deinsertion process, which will be illustrated by the cy-
cling experiments. The values of E/Li are of the same
order during the insertion and the deinsertion. The

capacity during the discharge is about 123 mA h g–1.
This value is lower than the values obtained by Gover
et al. [2] and Arroyo y de Dompablo et al. [5]. In the
latter paper the authors observed the formation of a new
phase for 0.6<xLi<1.9. The experimental details indi-
cate a fast insertion rate and it is doubtful that the GITT
curve was obtained at equilibrium or quasi-equilibrium,
in contrast to our work. A second phase appeared which
is not Li2+xTi3O7 in any case.

Impedance measurements and an electrical model

Figure 5 shows the impedance diagrams in the Nyquist
plane recorded under open-circuit conditions after
complete relaxation of the electrode. The Bode plots
(not shown here) indicate two relaxation processes. The
first one has a maximum phase angle varying from 4 to
32 Hz with the insertion ratio, and the second one has a
maximum phase angle at 500–1600 Hz. The low-
frequency domain in the Nyquist plane displays a linear
behavior with an angle lower than 45� versus the real
axis, thus indicating a non-ideal diffusion process in the
low-frequency domain below 50 mHz.

In the Nyquist plane, the circles fitted by geometrical
adjustments are not centered on the real axis, indicating

Fig. 1 SEM picture of non-milled Li2Ti3O7 powder; the white bar
on the left-hand side is 1 lm

Fig. 2 SEM picture of milled Li2Ti3O7 powder; the white bar on
the left-hand side is 1 lm

Fig. 3 a Open circuit voltage after galvanostatic discharges
(insertion at i=–40 lA during 2 h). b Open circuit voltage after
galvanostatic charges (deinsertion at i=+20 lA during 24 h)
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one or more constant elements. We observe a similar
shape when the lithium insertion ratio increases.

In order to model the electrical behavior of the ele-
ctrode, an electrical model has been used and the data
have been fitted with the Zview program (Scribner
Solartron). This program allows us to take into account
the non-ideal behavior of the electrical components
(constant phase elements).

In order to take into account the different processes
which take place during the electrochemical insertion,
we propose to use the electrical model shown in Fig. 6.
The notations are those of the Scribner fitting program
(Fig. 6a). This model involves the ohmic resistance R1
made of the electrolyte and the electrode resistances. The
two relaxation processes are modeled by two distributed
elements, DE1 and DE2, with resistances DE1-R and
DE2-R and capacitance analogs DE1-T and DE2-T
associated with a constant phase angle characterized by
an exponent u. The impedance of the element can be
calculated by:

Z ¼ R
1þ RT jxð Þu ð2Þ

The low-frequency linear part of the diagram is modeled
by:

Zd ¼ 1

T jxð Þu : ð3Þ

The diffusional impedance is given by Zw=W(1–j)1/2

x–1/2; hence, in the case of non-ideal behavior as
obtained with our experiment:

W ¼ 1=T ð2Þu ð4Þ

The fitting of the results using the program gives a global
error and individual error on each component. The
global average error on all our results is less than 5%.
The fitting procedure has been applied to 75 impedance
spectra during the insertion and 7 spectra during the
deinsertion.

The physical model of Frumkin-Melik-Gayakazian
shown in Fig. 6b gives the meaning of the DEi
component. The high-frequency resistance is the
electrolyte-electrode resistance. DE1-T and DE1-R
model a multilayer surface film (transmission line).
DE2-T and DE2-R are respectively the double layer
capacity and the charge transfer resistance between the
multilayer surface film and the electroactive grains. The
Warburg impedance is linked to the diffusion of lithium
in the grains. An example of the fitting results is shown
in Fig. 7 in the Nyquist plane.

The fitting procedure leads to the determination of
the kinetic parameters of the electrochemical process
(i.e. the exchange current is proportional to the inverse
of the charge transfer resistance) and the electrical
components linked to the lithium insertion ratio xLi.

The variations of the resistances DEi-R are described
in Fig. 8. The capacitance analog DEi-T (with i=1 or 2)
values plotted as a function of the insertion ratio xLi are
shown in Fig. 9. The diffusion coefficient values are
calculated with the equation [9]:

Fig. 4 Galvanostatic intermittent titration curve obtained with the
composite electrodes carbon/Li2Ti3O7/PTFE (60:30:10 in weight).
Small solid circles: ground Li2Ti3O7 (insertion); open circles:
unground Li2Ti3O7 (insertion) [3]; large solid circles: ground
Li2Ti3O7 during the deinsertion

Fig. 5 Impedence plot in the Nyquist plane obtained with a
composite electrode of carbon/ground Li2Ti3O7/PTFE at different
lithium insertion ratios: solid lozenges: xLi=0.15; open circles:
xLi=0.42; open squares: xLi=0.70; solid squares: xLi=0.81; open
triangles: xLi=1.04; solid triangles: xLi=1.25
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W ¼ Vm � dE=dx
nFA 2~DD

� �1=2 ð5Þ

The symbols are: W, obtained by Eq. 3; Vm, the molar
volume of Li2Ti3O7=84.76 cm3 mol–1; dE/dx, calculat-
ed with the E=f(xLi) curve; n=1; F=96493 C;
A=geometrical area of the sample (cm2); ~DD=diffusion
coefficient (cm2 s–1).

We suppose a diffusion of lithium ions in the
inserted material and also that the surface is flat and

no diffusion of lithium occurs in the passive layer. The
values decrease by three orders of magnitude in
the first steps of insertion for the ground material
(ca. 10–10 cm2 s–1 for xLi=1.25), while the variations

Fig. 6 a Equivalent electrical model for the carbon/Li2Ti3O7/
PTFE electrode using the Scribner Solartron fitting program. b The
Frumkin- Melik-Gayakazan model [8]

Fig. 7 Examples of fitting obtained with the Scribner program for
two impedance data: open squares: experimental data; open
triangles: calculated values

Fig. 8 Variations of the DEi resistances versus the lithium
insertion ratio for ground Li2Ti3O7. Errors on the fitted values
are quoted for the resistance R1. Open circles: resistance DE2-R for
the geometrical area 1 cm2; solid diamonds: DE1-R for the
geometrical area 1 cm2

Fig. 9 Variations of the pseudo-capacitances DEi-T with the
errors on the fitted values for ground Li2Ti3O7. Solid circles:
middle frequency capacitance for a geometrical electrode of area
1 cm2; open circles: high-frequency capacitance for a geometrical

electrode of area 1 cm2
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for the unground material calculated with the data of
the previous paper [3] are less important (Fig. 10).
These results point out the limitation of the model used
and indicate that the values are not the real diffusion
coefficient values. A better model using the insertion
in spherical particles [10] should give more realistic
values.

Discussion

With unground material, the impedance diagrams were
characterized by two relaxation processes instead of only
one as described in a previous paper [3]. The diffusion
process was observed over a wide range of frequencies
(15 mHz to 4 Hz). The two relaxations are well defined
for the high insertion ratios.

With ground particles, we observe two relaxations for
all the xLi range. The diffusion impedance is observed
below 50 mHz. The high-frequency relaxation (f=
500–1500 Hz) is characterized by the u exponent value,
which increases linearly from 0.5 to 0.8 when xLi varies
from 0 to 0.6. The u exponent value for the second
relaxation (4–32 Hz ) increases with the same variation.
This indicates a decrease of the inhomogeneities in the
electrical medium. Finally, the milling process increases
the values of the relaxation frequencies. For the ground
particles, we observe a linear increase as predicted by the
empirical formula DE1-R (ohmÆcm2)=4.7xLi+6.6, ob-
tained by linear regression (r2=0.99). We suppose that
the increase of the multilayer surface film thickness
increases DE1-R. In the same way, the effect of milling

causes the increase of the DE2-R values. However, in
this latter case, the variations are linked to the insertion
ratio with a singularity for xLi=0.6 and this indicates a
different behavior of the electroactive material during
the insertion process if xLi is higher or lower than 0.6.

The values of DEi-T are of the same order of mag-
nitude (1–10 mF s/–1 cm–2) with a ratio of 3 between
the two pseudo-capacitances. An important decrease
appears for xLi=0.6. Nevertheless, these values are very
high in comparison with those reported for LiCoO2 [7].

The presence of multilayer surface films of Li2CO3

may explain the high-frequency relaxation as described
for LiCoO2 by Levi et al. [8] and other authors [11] with
LiPF6 in EC:DMC and by Maurin et al. [12] with car-
bon nanotubes. The growth of this layer is clearly shown
by the increase of the DE1-R resistance in the LiPF6-
EC/DMC electrolyte. The middle frequency relaxation
(around 10 Hz) can be attributed to the charge transfer
resistance/double layer capacitance of the electrochemi-
cal reaction:

Liþ þ e ! LiðhostÞ ð6Þ

With regard to the capacity of insertion, as a general
rule, the lithium insertion involves an electron transfer
to titanium and reduces the valence of titanium from
(IV) to (III). The maximum xLi obtained for the
Li2Ti3O7 raw material is 1. This value is increased to 1.2
for the ground material. This is very low if a reduction of
all titanium is expected in Li2Ti3O7. In fact, this low
value is linked to the number of vacancies in the struc-
ture. The value of xLi=0.6 corresponds rigorously to the
occupation of half of the vacancies of lithium in the
ramsdellite network. The structural formula Li2.29
(Ti3.43u0.57)O8 chosen for Li2Ti3O7 in the previous pa-
per is in good agreement with the impedance data. This
value of 0.6 indicates a total filling of the lithium site
called C4 by Grin and West [13]. The other site (C1) is
energetically less favorable to the insertion. The charge
transfer resistance (DE2-R) values are linked to the en-
ergy difference between the sites. This was also observed
by electrochemical spectroscopy at low scan rates [3].
Arroyo y de Dompablo et al. [4] observed, with a fast
insertion rate, the formation of a new phase for xLi>0.6.
However, for xLi>1.25, the unit cell lattice parameter
and the unit cell volume of Li2+xTi3O7 remain constant.
On the basis of our results we can say that the excess
lithium is not inserted in Li2+xTi3O7.

The diffusion coefficient measurements are not within
the same order of magnitude for ground and unground
material, but the model used is critical and a new model
taking into account the grain shape and grain size dis-
tribution should give more realistic values.

Cycling tests

Cycling experiments were performed in order to confirm
that Li2Ti3O7 can be used as an anode for Li-ion bat-

Fig. 10 Variations of the apparent diffusion coefficient of lithium
for ground and unground Li2Ti3O7 (calculated with data from [3])
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teries. First, the bar-coated electrodes were tested using
cycling voltammetry in order to confirm that the elec-
trochemical window can be the same as for the GITT
experiments (3.5V to 1.0 V vs. Li+/Li) (Fig. 11). At
least, three cathodic and three anodic current peaks can
be observed, indicating the complexity of the whole in-
sertion/deinsertion processes.

The raw powder (non-milled powder) electrodes were
first tested. In Fig. 12a and b are indicated the first three
complete cycles for electrodes containing respectively
80% and 65% of raw Li2Ti3O7 powder, with a cycling
rate of C/2 for the first intercalation. In both cases,
approximately 1.3 Li per Li2Ti3O7 can be inserted into
the host structure. Moreover, the irreversible loss oc-
curring during the first cycle is similar and relatively low,
about 0.1 Li per Li2Ti3O7. These results are quite con-
sistent with the GITT experiments despite the lower
values of the cycling current used for the coulometric
titration. Electrodes of the same composition were pre-
pared using the milled powder (80% and 65% of milled
Li2Ti3O7 powder). Figure 13a and b also shows the first
three cycles of these electrodes. The cycling rate is C/2.5.
The electrochemical behavior of these electrodes is very
similar to the previous ones. The intercalation rate (1.2
Li per unit cell) seems slightly decreased by the milling
process, but this variation is within the error range on
the weight of active material and therefore can hardly be
assigned to the milling process.

However, the most visible effect of the milling pro-
cess can be seen in the irreversible loss occurring during
the first reduction, which is slightly increased (0.15–0.3
Li per Li2Ti3O7) compared to the non-milled material.
The irreversible capacity loss is more important when
the amount of active material is high (80%). The ex-
periment was repeated and the irreversible capacity loss
is always increased with 80% weight milled powder of
Li2Ti3O7.

However, the 65% milled powder facilitates the bar-
coating process and leads to a better aspect of the elec-

trodes. Subsequently, this composition of milled powder
was chosen to carry out further electrochemical tests.

Up to 50 cycles are shown in Fig. 14 for a Li2Ti3O7

electrode (65 wt% of milled material) with a cycling rate
of C/3. The first lithium insertion leads to a specific
capacity of 125 mA h g–1 and a reversible capacity of
100 mA h g–1 is obtained over more than 50 cycles. One
can observe the very good stability of the capacity upon
cycling. The insertion/deinsertion process that occurs in
the ramsdellite structure does not involve any destruc-
tion of the Li2Ti3O7 electrode and leads to a very good
cyclability. Such behavior has already been observed in
titanium-based oxides investigated as possible negative
electrodes in lithium ion batteries [14].

Finally, in order to determine the average cell
potential of a complete cell using the titanate as the
negative electrode and a commercial cathode material, a
Li2Ti3O7 electrode containing 80% of raw material was
tested as an anode in a three-electrode cell versus a Li-
CoO2 cathode (80% LiCoO2/15% carbon black/5%
PVDF/HFP), using a lithium ring as reference electrode.
An excess of LiCoO2 was used. The voltage limits for the
galvanostatic experiments at a C/2 rate were set at 1.0 V
and 3.5 V for the Li2Ti3O7 negative electrode with

Fig. 11 Typical cyclic voltammogram of 2 mg Li2Ti3O7 electrodes
(12 mm diameter) cycled with 10 mV steps every 10 s between
3.5 V and 1.0 V vs. Li+/Li

Fig. 12 First three cycles (galvanostatic mode) at C/2 rate between

1.0 V and 3.5 V vs. Li+/Li for 2 mg electrodes containing
respectively a 80% and b 65% unground Li2Ti3O7
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respect to the lithium reference electrode. Figure 15
shows the two first cycles of the cell thus prepared,
during both insertion and deinsertion. The average cell
voltage associated with this type of battery is included in
the voltage range 2–2.5 V. It could be increased in fur-
ther experiments by using ‘‘high potential’’ cathodes like
Ni- or Cu-doped manganates [15, 16, 17].

Conclusion

The electrochemical performances of ground and un-
ground Li2Ti3O7 electrodes have been studied. The im-
pedance diagrams during the lithium uptake show an
insertion reaction not reduced to the charge transfer/
diffusion sequence. The presence of a second reaction
linked to the formation of a passive layer generally at-
tributed to the Li2CO3 compound is observed when the
electrolyte is LiPF6 in EC/DMC. The reversibility of the
insertion process is good despite the formation of this
passive layer.

The use of the Li2Ti3O7 ramsdellite compound in a
rechargeable lithium battery seems possible. A repro-

ducible reversible capacity of 100 mA h g–1 can be
obtained over more than 50 cycles using a bar-coated
electrode containing the electroactive material, a
PVDF/HFP binder and carbon black. The average
voltage versus a metallic lithium electrode is 1.2 V,
which is higher than for carbon-based material and
which can also provide better safety to the battery.
However, the milling process experiments with the Li2-
Ti3O7 powder do not significantly increase the electro-
chemical performances of this material. This could be
due to the passivation layer, which can be partially
made of Li2CO3 in the LiPF6 EC/DEC electrolyte.

A ‘‘rocking chair’’ lithium cell with LiCoO2 as the
positive electrode has been designed. An average voltage
of 2–2.5 V can be obtained from the cell. The next in-
vestigation will be a grinding of carbon and the elect-
roactive material together, as described in a recent

Fig. 14 Specific capacity vs. cycle number for 2 mg electrodes
containing 65% of ground Li2Ti3O7 cycled galvanostatically at C/3
rate

Fig. 15 Cell voltage versus cell capacity for the first two cycles of
2 mg unground Li2Ti3O7 electrodes (85 wt% active material)
cycled versus a LiCoO2 cathode (C/7 rate). Curves (a) and (b)
show the voltage associated with the first insertion and deinsertion,
respectively

Fig. 13 First three cycles (galvanostatic mode) at C/2.5 rate
between 1.0 V and 3.5 V vs. Li+/Li for 2 mg electrodes containing
respectively a 80% and b 65% unground Li2Ti3O7
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communication [18]. This will permit an enhancement of
the capacity of the electrode and allow a better perfor-
mance for use in a lithium battery as an anode versus a
high-voltage cathode like Ni- or Cu-doped manganates.
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