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a b s t r a c t

The electrochemical behaviour of Sn electrodes in lithium bis(oxalate)borate (LiBOB)-based electrolyte
Li-ion cells is studied by using a carbon-free electrodeposited Sn electrode and a nano-structured Sn–C
composite electrode. Cyclic voltammetry, galvanostatic cycling tests, and potentiostatic impedance spec-
troscopy demonstrate that the presence of carbon promotes the decomposition of the LiBOB-based
vailable online 1 July 2010
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electrolyte starting at a voltage value of around 1.75 V vs. Li/Li+. The LiBOB electrolyte decomposition
is probably associated with the formation of a high electrode–electrolyte interphase impedance which
limits the rate capability. A reduction of the overall impedance and an increase of the electrode rate
capability can be achieved by using a pre-treated (pre-lithiated) Sn–C electrode. It is shown that the pre-

e irre
n electrodes
mpedance spectroscopy
i-ion battery

treatment also reduces th
full Li-ion cells.

. Introduction

The state of art Li-ion batteries commonly involves a graphite
node, a lithium transition metal oxide cathode, and a liquid organic
olution electrolyte. Improvements in energy density performance
an be obtained by replacing the conventional battery components
ith others having higher specific capacities. At the anode side very

ppealing candidates are lithium metal alloys, e.g. Li–Si or Li–Sn
lloys, which have theoretical capacities largely exceeding that of
raphite, i.e. ca. 4200 mAh g−1 and 994 mAh g−1, respectively, vs.
72 mAh g−1, combined with low raw material cost (Si and Sn are
bundant resources) and increased safety (the alloys are more sta-
le than graphite in the battery electrolyte medium) [1–3].

We have shown in previous work that a valid approach to
ake lithium metal alloys successful electrodes in a lithium cell

s that of preparing them in form of nanoparticles finely dispersed
n a supporting carbon matrix. This gives rise to an apparent

icrometer-scale configuration which prevents particle aggrega-
ion and avoids safety hazard, while still maintaining the benefit
f nano-dimensions in controlling the mechanical strains that typ-
cally accompany the charge–discharge process [4,5].
Among new electrolyte salts, a very promising candidate is
ithium bis(oxalato)borate (LiBOB). This material has been pro-
osed both as sole electrolyte salt and as electrolyte additive and its
ompatibility with a large number of different electrode materials

∗ Corresponding author. Tel.: +39 06 49913530; fax: +39 06 491769.
E-mail address: jusef.hassoun@uniroma1.it (J. Hassoun).
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versible capacity of the Sn–C electrode and allows to successfully assemble

© 2010 Elsevier B.V. All rights reserved.

has widely been studied (e.g. [6]). It has been shown that LiBOB-
based electrolytes have higher stability and higher safety with most
electrode materials (except for Co-rich cathodes) but also slightly
lower rate capability and lower temperature performance than
LiPF6-based electrolytes [7,8]. One important difference to LiPF6
is that LiBOB takes part in the formation of the solid electrolyte
interphase (SEI) on the anode [9]. The electrode filming and SEI for-
mation occur in several stages. Most striking is a process occurring
at 1.75 V vs. Li/Li+ which gives rise to additional irreversible capac-
ity. There have been discussions whether this process is related
with LiBOB itself or with an intrinsic impurity present in LiBOB
electrolytes [7,10]. What is clear is that the irreversible capac-
ity associated with the formation of the SEI, especially with the
reduction process occurring at around 1.75 V vs. Li/Li+, is strongly
dependent on the surface area and on the type of the carbon mate-
rial involved in the electrode mass [7,11] and also on the nature of
the electrolyte solvents [12].

To shed further light on the role of the carbon in these interfa-
cial processes the behaviour of LiBOB-based electrolytes has been
compared with that of common LiPF6-based electrolyte in Li cells
by using carbon-free and carbon-containing electrodes, i.e. elec-
trodeposited Sn [13] and nano-structured Sn–C [4,5] respectively.
The results of this study are reported in this work.
2. Experimental

Electrodeposited Sn samples were obtained by electroplating
onto a Cu foil in a two-electrode glass cell. An aqueous solu-
tion, formed by KCl 0.15 M, SnCl2 0.175 M, K4P2O7 0.5 M, glycine

dx.doi.org/10.1016/j.jpowsour.2010.06.090
http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
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.125 M and NH4OH 5 mL L−1, was used as the electrolyte and a
t foil as the counter electrode. The electroplating current and
ime conditions were monitored using a Maccor Series 4000 Bat-
ery Test System [13]. The Sn–C nano-structured composite anode
as prepared according to a procedure already described in one of

ur laboratories [4,5], that basically involves the infiltration of an
rganometallic Sn precursor in an organic resorcinol (benzene-1,3-
iol)-formaldehyde (methanal) gel, followed by annealing under
r. Carbon-coated LiFePO4 has been synthesized by combining wet-
hemistry and calcination processes as described in a previous work
14].

The Sn–C anode and the LiFePO4 cathode were prepared as thin
lm electrodes by doctor-blade coating onto a Cu or Al substrate,
espectively, of a slurry composed of 80 wt.% active material, 10%
VdF (Solef P6020, Solvay) as binder and 10% carbon black (Super P,
MM Belgium) as electron conductor additive. Sn–C and LiFePO4

lms were cut as electrodes of 12 mm diameter with 1.5–2 mg of
ctive material mass and dried under vacuum at 110 ◦C for 3 h. To
ompensate for the irreversible capacity of the Sn–C electrode a
re-treatment (partial pre-lithiation) has been carried out by plac-

ng the electrode in direct contact with a Li foil wet by standard
iPF6, EC:DMC (1:1) electrolyte for 180 min, as reported previously
n one of our laboratories [15].

The LiPF6-based electrolyte of this study was purchased from
BE Industries and used as received. The LiBOB-based electrolyte
as prepared from LiBOB salt received from Chemetall GmbH and

rom battery-grade solvents from UBE Industries.
The cyclic voltammetry and the impedance spectroscopy

esponses of the Sn-based electrodes were studied using a Biologic
MP3 system as the controlling instrument in a 3 electrode T-cell
ased on the following configuration: (i) a Sn-based working elec-
rode with a diameter of 1.2 cm, (ii) 1 M LiPF6, EC:PC:DMC (1:1:3 by
t.) or 0.7 M LiBOB, EC:PC:DMC (1:1:3) electrolyte solution soaked

n a Whatman glass fibre separator and (iii) Li metal foil counter
nd reference electrodes. The galvanostatic tests of the Sn-based
lectrodes were performed using a VMP3 Biologic System as the
ontrolling instrument in a 2 electrode T-cell having a configuration
imilar to the previous excluding the Li reference.

The cyclic voltammograms of the half cells using Sn-based elec-
rodes have been carried out by varying the cell potential in the
ange of 0.01 and 2.5 V vs. Li/Li+ with a scan rate of 0.5 mV s−1.

The electrodeposited Sn and the Sn–C half cells were galvano-
tatically cycled at a C/2 rate (1C corresponds to 990 mA g−1 and
40 mA g−1, respectively) within 0.005–2 V vs. Li/Li+. The LiFePO4
alf cell was galvanostatically cycled at C/3 rate (1C corresponds to
70 mA g−1) within 3–4 V vs. Li/Li+.

The Sn–C/LiFePO4 Li-ion cell was galvanostatically cycled at a
/3 and C/5 rate (1C corresponds to 170 mA g−1) within 2.2–3.8 V.
he cell was cathode limited with a mass ratio of anode to cathode
ctive material of 1:1 and the 1C rate was referred to the cathode.

Potentiostatic impedance spectroscopy analyses of the Sn-based
lectrodes have been carried out by using the three electrodes cell
onfiguration including a lithium foil as the counter and the refer-
nce electrode, with an amplitude of 10 mV in a frequency range of
5 kHz–10 mHz using a Biologic VMP3 system.

Scanning electron microscopy (SEM) images have been obtained
y using a Leo 1450 VP instrument.

. Results and discussion
Fig. 1 shows a SEM image of the electrodeposited Sn electrode
A) and a SEM image with transmission electron micrograph inset
f the Sn–C nano-structured electrode (B).

The electrodeposited Sn exhibits a cauliflower-like morphology
13] with a surface area evaluated to be 5 times larger than the area
Fig. 1. SEM image of the electrodeposited Sn electrode (A) and SEM image with TEM
inset of the Sn–C nano-structured electrode (B) studied in this work.

of the Sn–C electrode. However, as shown by the inset in Fig. 1B, the
Sn–C electrode bulk contains nanoparticles of Sn metal dispersed in
the carbon matrix. The nanoparticles of Sn are not in direct contact
with the electrolyte when the Sn–C is placed in a Li-ion cell, but
they may be only indirectly reached by Li-ions through the carbon
matrix [5].

Fig. 2A and B compares the cyclic voltammetry response of an
electrodeposited Sn electrode using a LiPF6-based and a LiBOB-
based EC:PC:DMC (1:1:3 by wt.) electrolyte, respectively.

The main Sn–Li-alloying process, i.e. Sn + 4.4Li+ + 4.4e− ↔ Li4.4Li,
takes place in the low potential region (below 700 mV vs. Li/Li+

in the cathodic scan and below 1 V vs. Li/Li+ in the anodic scan)
[2,13]. The irreversible peak at higher voltage around 1.25 V
vs. Li/Li+ is probably related to the reduction of SnOx traces,
SnOx + 2xLi+ + 2xe− → Sn + xLi2O, present in the Sn electrode [16].

No further peaks are observed for both the electrolytes. In par-
ticular, a peak at 1.75 V vs. Li/Li+ which has been reported for
carbon-based anode materials in LiBOB-based electrolytes [7,11]
is here absent.

Fig. 3 shows the result of galvanostatic tests run at a C/2 rate
of Li cells using an electrodeposited Sn electrode in the LiPF6 (A)
and the LiBOB (B)-based electrolytes. The cell voltage vs. specific
capacity profiles reveal only plateaus related to the main electro-

chemical process involving Li-alloying in Sn with no sign of plateaus
associated with electrolyte decomposition.

Quite different is the behaviour of the Sn–C electrode. Fig. 4A and
B shows the cyclic voltammograms of a Sn–C anode in a LiPF6-based
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Fig. 2. Cyclic voltammetry profiles of a three electrode cell using electrodeposited
Sn as working electrode and Li foil as reference and counter electrodes, where the
electrolyte is a LiPF6-based (A) and a LiBOB-based (B) EC:PC:DMC (1:1:3) solution.
Scan rate 500 �V s−1.

Fig. 3. Voltage vs. specific capacity profiles of a Li cell using electrodeposited Sn, a
LiPF6, EC:PC:DMC (1:1:3) electrolyte solution (A) and a LiBOB, EC:PC:DMC (1:1:3)
electrolyte solution (B), galvanostatically cycled at C/2 rate (1C = 990 mA g−1).
Fig. 4. Cyclic voltammetry profiles of a three electrode cell using nano-structured
Sn–C as working electrode and Li foil as reference and counter electrodes, where the
electrolyte is a LiPF6-based (A) and a LiBOB-based (B) EC:PC:DMC (1:1:3) solution.
Scan rate 500 �V s−1.

and a LiBOB-based EC:PC:DMC (1:1:3 by wt.) electrolyte solution,
respectively.

The traces reveal that the alloying process of Li with Sn occurs
at low potentials (<700 mV vs. Li/Li+) with merged profiles due
to the nanometric size of Sn [17]. In addition, and at difference
from the cell with the LiPF6-based electrolyte, the response in the
LiBOB-based electrolyte reveals the appearance of a peak at around
1.75 V vs. Li/Li+, that may be associated with the decomposition of
LiBOB (or of any intrinsic impurity present in the LiBOB-based elec-
trolyte) [7,9–11]. Since this peak is not observed for the carbon-free
electrodeposited Sn electrode in LiBOB-based electrolyte (compare
Fig. 2B) one can reasonably assume that the process at 1.75 vs. Li/Li+

is related to the interaction of the LiBOB-based electrolyte with the
functional groups present on the surface of carbon. This result is
well in line with a previous investigation of Li4Ti5O12 electrodes
in the same type of electrolyte [7]: when the Li4Ti5O12 electrode
was prepared using carbon black as conductive additive a large
irreversible capacity associated with the process at 1.75 V vs. Li/Li+

was observed, which could almost fully be assigned to the carbon
black alone. However, when nano-sized Ni powder was used as
conductive additive the process at 1.75 V vs. Li/Li+ was almost fully
suppressed [7].
The direct influence of the electrolyte on the performance of the
Sn–C electrode is demonstrated in Fig. 5 which reports the volt-
age vs. specific capacity profiles of Li cells using this electrode in
a LiPF6, EC:PC:DMC (A) and a LiBOB, EC:PC:DMC (B) respectively,
electrolyte solution.
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Fig. 5. Voltage vs. specific capacity profiles of a nano-structured Sn–C electrode
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Fig. 6. Nyquist plots of potentiostatic electrochemical impedance spectra (P-EIS) of
a three electrode cell using electrodeposited Sn as working electrode, Li foil as ref-

trolyte solvent but also on the dissolved lithium salt [23] and it is
known that LiBOB takes actively part in the filming process [9].

In the fully lithiated state the SEI resistance decreases to a value
of 1 � for the Sn–C electrode in the LiPF6-based electrolyte. This

Table 1
SEI film resistance (Rf) and charge transfer resistance (Rct) for the Sn–C and the
pre-treated Sn–C electrodes at various states of charge. The cells were galvanostati-
cally cycled at a C/2 rate (1C = 0.44 A cm−2) using LiPF6, EC:PC:DMC (1:1:3) or LiBOB,
EC:PC:DMC (1:1:3) electrolyte solutions.

Rf/� Rct/�

Sn–C/LiPF6

Uncharged 8 –
Lithiated 1 1
Delithiated 5 –

Sn–C/LiBOB
Uncharged 36 –
Lithiated 45 20
Delithiated 52 –
n a Li cell using a LiPF6, EC:PC:DMC (1:1:3) electrolyte solution (A) and a LiBOB,
C:PC:DMC (1:1:3) electrolyte solution, galvanostatically cycled at a C/2 rate
1C = 440 mA g−1).

While the LiPF6-based half cell shows the classic response of the
n–C electrode, with an associated specific capacity of the order
f 400 mAh g−1 (Fig. 5A), that using the LiBOB-based electrolyte
eveals the above discussed plateau at about 1.75 V vs. Li/Li+ and
he reversible specific capacity is depressed to about 100 mAh g−1

Fig. 5B). This difference in behaviour is ascribed to differences in
he electrode–electrolyte interphase in the two media as confirmed
y potentiostatic electrochemical impedance spectroscopy (P-EIS)
arried out on cells at different charge–discharge states.

Fig. 6 shows the Nyquist plots of a cell using the Sn–C electrode
s the working electrode in a LiPF6, EC:PC:DMC (A) and in a LiBOB,
C:PC:DMC (B) electrolyte solution.

The general response is qualitatively described in terms of
edium to high frequency semicircles associated with SEI film and

harge transfer, followed by a low frequency tilted line likely cor-
esponding to cell capacitance [18,19]. To properly interpret the
esponses, the data were analyzed by a Non-Linear Least-Square
NLLSQ) fit software developed by Boukamp [20,21]. The used
quivalent circuits, in Boukamp notation, were of the type R(RQ)Q in
he case where only one semicircle was observed in the impedance
yquist plots, and R(RQ)(RQ)Q in the case where two semicircles
ere observed, with R denoting a resistance and Q a capacitance.

he quality of the fit was confirmed by a chi-square (�2) factor
f the order of 10−4, which is considered acceptable for the valid-
ty of the proposed circuitry model. The results of this analysis are
ummarized in Table 1.

At the high frequency region (50 Hz–75 kHz) the semicircle asso-
iated with a native film present at the electrode is observed for the
ncharged (pristine) state. The formation of such a native film upon

rst contact of the electrodes with the electrolyte has been previ-
usly reported [22]. The associated film resistance Rf is of the order
f 8 � for the Sn–C electrode in LiPF6 electrolyte, that increases
o 36 � in the case of LiBOB electrolyte. This difference is associ-
erence and counter electrodes, and a LiPF6, EC:PC:DMC (1:1:3) (A) and a LiBOB,
EC:PC:DMC (1:1:3) (B) electrolyte solution. Frequency range: 75 kHz–10 mHz.
Applied signal: 10 mV. The spectra at the lithiated and unlithiated states have been
recorded after galvanostatic charge/discharge at a C/2 rate.

ated with the formation of different film layers depending on the
electrolyte, in particular on the different salts, in contact with the
Sn–C electrode. It has been demonstrated in several papers that the
nature of the formed film strongly depends not only on the elec-
Li–SnC/LiBOB
Uncharged 40 22
Lithiated 35 8
Delithiated 40 –
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Fig. 7. Nyquist plots of potentiostatic electrochemical impedance spectra (P-EIS) of
a three electrode cell using a pre-treated nano-structured Sn–C as working elec-
trode, Li foil as reference and counter electrodes, and a LiBOB, EC:PC:DMC (1:1:3)
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potential of approximately 450 mV vs. Li/Li . Since this potential
level is lower than that of the major part of the electrolyte decom-
position and of SEI filming, these processes occur spontaneously
(chemical reaction) as soon as the electrode gets into contact with
the electrolyte during cell assembly.
lectrolyte solution. Frequency range: 75 kHz–10 mHz. Applied signal: 10 mV. The
pectra at the lithiated and unlithiated states have been recorded after galvanostatic
harge/discharge at a C/2 rate.

ould be due to the alloying between Li and Sn, involving a sur-
ace area increase which is in inverse proportion to the impedance
24]. In addition, it has been observed for graphite electrodes that

relatively resistive preliminary film, present at the beginning
f the first charge is transformed into a highly conductive SEI at
ow potentials (vs. Li/Li+) [25]. At the contrary, the SEI resistance
ncreases to a value of the order of 45 � in the LiBOB-based elec-
rolyte. This resistance increase has been associated with the LiBOB
ecomposition at 1.75 V vs. Li/Li+ [25,26]. In the fully lithiated
tate an additional semicircle associated with the charge trans-
er is observed at the medium frequency range (0.1 Hz–50 Hz). As
xpected from the difference in SEI, a smaller charge transfer resis-
ance Rct is observed for the LiPF6-based electrolyte than for the
iBOB-based electrolyte, i.e. 1 � and 20 �. For the 2 V fully delithi-
ted electrodes only one semicircle, probably associated with the
EI is observed. In agreement with results from other authors [27] a
mall increase of the resistance to a value of 5 � is observed for the
lectrode in the LiPF6-based electrolyte. Different is the behaviour
f the SEI for the electrode in LiBOB-based electrolyte, with a resis-
ance value increasing to 52 �, a value higher than that observed in
he uncharged state. The high SEI resistance of the Sn–C electrode
n LiBOB electrolyte causes a reduction of the reversible capacity
chieved at the actual C-rate (cf. above).

Important information is provided by the impedance study per-
ormed on a Li half cell cycled galvanostatically at C/2 rate using a
re-treated SnC electrode (see experimental section) [15] in com-
ination with the LiBOB-based electrolyte, see Fig. 7. Also these

mpedance data have been analyzed by the NLLSQ fit software using
quivalent circuits of the types R(RQ)Q and R(RQ)(RQ)Q with a chi-
quare (�2) of 10−4 as quality control. The results are summarized
n Table 1.

Since even in the uncharged state the Sn–C electrode is par-
ially lithiated, both the SEI and the charge transfer semicircles are
bserved as for the fully lithiated state, while in the fully delithiated
tate only the SEI semicircle is observed. The SEI impedance value
or the uncharged state is 40 � which is slightly higher than the one
bserved for the uncharged pristine Sn–C electrode in LiBOB elec-
rolyte. The SEI impedance value of the pre-treated Sn–C decreases
o 35 � in the fully lithiated state and then returns to 40 � in the

ully delithiated state.

The overall electrode impedance trends discussed above are
ompared in Fig. 8. The Sn–C electrode shows smaller impedance
alues with the LiPF6-based electrolyte compared to the LiBOB-
Fig. 8. Overall electrode–electrolyte impedance values of the pristine Sn–C and of
the pre-treated Sn–C electrodes in the LiBOB-based electrolyte at the various states
of charge in comparison with the impedances of the pristine Sn–C electrode in the
LiPF6-based electrolyte at the same states of charge. For further details see Table 1.

based one, due to the different nature of the formed SEI [9].
Furthermore, the pre-treated Sn–C electrode shows a smaller
impedance value at the fully lithiated state than the pristine Sn–C
electrode, i.e. 43 � vs. 65 �, respectively, see Table 1 and Fig. 8. Due
to the pre-lithiation of the Sn–C, the cell exhibits an open circuit

+

Fig. 9. Voltage vs. specific capacity profiles and reversible capacity vs. cycle number
plots (in inset) of galvanostatic tests performed on Li cells using a pre-treated nano-
structured Sn–C electrode (A) or a LiFePO4 electrode (B), and a LiBOB, EC:PC:DMC
(1:1:3) electrolyte solution. A C/2 rate has been used for Sn–C (1C = 440 mA g−1) and
a C/3 rate for LiFePO4 (1C = 170 mA g−1).
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Fig. 10. Voltage vs. specific capacity profile (A) and specific capacity vs. cycle num-
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[
[25] S.S. Zhang, K. Xu, T.R. Jow, Electrochim. Acta 51 (2006) 1636.
er plot (B) of a Li-ion battery using a pre-treated Sn–C anode, a LiFePO4 cathode,
nd a LiBOB, EC:PC:DMC (1:1:3) electrolyte solution, galvanostatically cycled at a
/3 rate (1C = 170 mA g−1).

The low values of SEI and charge transfer resistances have a
irect effect on the electrochemical behaviour of the electrode.
his is demonstrated in Fig. 9A, that reports the cell voltage vs.
pecific capacity profile of the half cell using the pre-treated Sn–C
lectrode in the LiBOB-based electrolyte. Due to the lower elec-
rode impedance (see Fig. 7 and Table 1) the observed reversible
apacities of the pre-treated Sn–C are higher than those of the
ristine Sn–C, i.e. about 470 mAh g−1 vs. 100 mAh g−1, at the same
-rate, compare Figs. 5B and 9A. In addition, a small increase of the
eversible capacity is observed during the first cycles, as reported
n the inset of Fig. 9A. This may be attributed to some structural
eorganisation in the Sn–C electrode and also to a further decrease
f the overall impedance value during the cycling test which helps
he low voltage alloying processes.

Considering its favourable behaviour, the pre-treated Sn–C elec-
rode was used to assemble a full lithium ion cell using LiBOB-based
lectrolyte. The cell was completed with a LiFePO4 cathode [14,28].
efore cell assembly the LiFePO4 cathode was separately studied

n a Li half cell to test its response in the LiBOB-based electrolyte.
ig. 9B shows the voltage vs. specific capacity of a charge–discharge
ycles of this LiFePO4 half cell and, as inset, the cycling behaviour
f the reversible capacity. The figure evidences a stable reversible
apacity of about 140 mAh g−1, i.e. 82% of the theoretical value for
he LiFePO4 electrode. In addition the voltage develops around the
xpected 3.5 V value, and the first cycle irreversibility corresponds
o approximately 20% of the charge capacity.

Once ascertained its favourable response, the LiFePO4 cathode
as coupled with the pre-treated Sn–C anode in the LiBOB-based

lectrolyte to form a complete lithium ion battery configuration.

he cell was galvanostatically cycled at two different C-rates, i.e.
/3 and C/5 (1C = 170 mA g−1, referred to the active mass of the
athode). Fig. 10 reports the voltage vs. specific capacity (A) and
he specific capacity vs. cycle number (B) of this Li-ion cell. A sta-

[
[

[

Sources 196 (2011) 349–354

ble capacity of around 125 mAh g−1 was observed at both current
rates. It is slightly smaller than the capacity of the LiFePO4 half
cell (Fig. 9B) which may be related with differences in the overall
impedances between full cell and half cell. The initial irreversible
capacity (of the full cell) of 28 mAh g−1 (approximately 20% of the
charge capacity) reflects the value associated with the LiFePO4 elec-
trode, see Fig. 9B. The cell voltage of the Li-ion cell here reported,
i.e. 3 V, combined with its value of the specific capacity, is expected
to result in a value of energy density that compares well with those
of conventional lithium ion batteries.

4. Conclusions

In this work we demonstrated that the presence of carbon
promotes the decomposition of the LiBOB-based electrolyte with
the formation of a high impedance electrode–electrolyte inter-
phase that in turn limits the rate capability. It was also shown
that a pre-treatment of the Sn–C composite electrode, i.e. a par-
tial pre-lithiation, causes a reduction of the overall impedance, this
resulting in an increase of the electrode rate capability. The Sn–C
pre-lithiated electrodes can be successfully used as anodes, in com-
bination with LiFePO4 cathode and LiBOB-based electrolyte, to form
a complete lithium ion battery. The results reported in this paper
demonstrate the promising behaviour of this battery and work is
in progress in our laboratories to further optimize its performances
to a level eventually suitable for electric vehicles application.
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