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Lithium bis(fluorosulfonyl)imide (LiFSI) in 1-butyl-1-methylpyrrolidinium bis(trifluoromethane-
sulfonyl)imide (PYR14TFSI) was successfully tested as an electrolyte for graphite composite anodes at
elevated temperature of 55 °C. The graphite anode showed a good cyclability during the galvanostatic
testing at C/10 rate and 55°C with the capacity close to theoretical. The formation of SEI in different
electrolytes was the subject of study using impedance spectroscopy on symmetrical cells containing
two lithium electrodes. The 0.7 m LiFSI in PYR4TFSI exhibits a good ionic conductivity (5.9 mScm~! at
55°C) along with high electrochemical stability and high thermal stability. These properties allow their
potential application in large-scale lithium ion batteries with improved safety.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recent large-scale application of lithium-ion batteries requires
high device safety standards and low impact on human health and
environment. The main source of risk in the lithium-ion battery is
connected with present organic electrolyte based on volatile and
flammable organic solvents and lithium hexafluorophosphate that
is highly toxic, easily degradable by water moisture and reacts
with carbonates forming poisonous compounds such as hydrogen
fluoride and fluorinated organic compounds (e.g. 1-fluoro-2-(2-
fluoroethoxy)ethane) [1,2].

A substantial safety improvement can be achieved by using
room temperature ionic liquids as the main component of the elec-
trolyte [3,4]. Many papers have been published on the compatibility
of various cathodic materials (LiCoO5, LiMn, O, LiFePOy, Li; FeSiOy4)
with ionic liquids [5-7,8], but the stability of ionic liquids at low
potentials is problematic particularly in the case of disubstituted
imidazolium-based representatives [9] and remains a challenge at
the current state of research.

A possible solution can be the use of titanium oxide based
electrode material as anode [10], which, compared to the sys-
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tem with graphite, is associated with a decrease of energy
density. The use of carbonaceous-based anode material requires
ionic liquids with electrochemically stable organic cation. The
tri-substituted imidazolium-based ionic liquids (1-propyl-2,3-
dimethylimidazolium and 1-butyl-2,3-dimethylimidazolium) are
chemically stable with metallic lithium [11]. The substitution of the
H-2 hydrogen atom on the imidazolium ring improves the electro-
chemical stability from 0.9-1.0 to 0.5V vs. Li/Li*, but below 0.5V
the ionic liquids (both PMMI TFSI and BMMI TFSI) undergo an irre-
versible reduction on platinum [12,13].

The most stable ionic cations from the family of nitrogen-
based ionic liquids are the quaternary aliphatic or alicyclic
cations such as N,N,N-trimethyl-N-hexylammonium [14],
N,N-diethyl-N-methyl-N-(2-methoxyethyl)Jammonium [15], N-
methyl-N-alkylpyrrolidinium and N-methyl-N-alkylpiperidinium
[16]. The ionic liquids based on quaternary nitrogen are stable
even at the potential of metallic lithium, what allows the elec-
trochemical plating and stripping of metallic lithium from these
electrolytes [17].

Despite the improved stability of some ionic liquids at low
potentials, graphite is not compatible with most of them due to
intercalation of the organic cation between the graphene layers
[18]. The solution is using SEI-forming agents such as vinylene
carbonate [19-21], vinyl ethylene carbonate [22], fluoroethylene
carbonate [9], chlorethylene carbonate [23], ethylene sulfite [24]
as additives responsible for the SEI formation via electrochemical
reduction-polymerisation.
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The introduction of bis(fluorosulfonyl)imide anion FSI~ [25,26]
in a PEO-based polymer gel electrolyte showed that FSI~ can act
as a SEl-forming agent for carbonaceous anodes and, at the same
time, can form numerous ionic liquids with low viscosity and high
conductivity such as EMI FSI, PYR3FSI or PYR14FSI [27]. These
ionic liquids have been successfully tested as the main electrolyte
component for graphite-based anodes [7,28-33]. Nevertheless, the
FSI-based ionic liquids showed a lower electrochemical stability
window than the TFSI analogues [32] and slightly worse safety
properties with charged electrode materials [34] and a higher pro-
duction cost.

In this work, we evaluate the compatibility and the elec-
trochemical performance of electrolyte solutions based on 1-
butyl-1-methylpyrrolidinium bis(trifluoromethanesulfonyl)imide
(PYR14TFSI) and lithium bis(fluorosulfonyl) imide (LiFSI). The
advantage over the previously used FSI-based electrolytes is alower
content of the FSI~ anion (neat PYR;4FSI ionic liquid was found
unsuitable for the graphite electrode [32,33]).

Our focus is in optimisation of ionic liquid-based electrolyte
solutions compatible with graphite at 55°C that can be further
used with selected cathode material that require a higher long-term
operational temperature.

2. Experimental
2.1. Synthesis of ionic liquids and LiFSI, preparation of electrolytes

The method of preparation is based on a two-step syn-
thesis, when bromide (PYR4Br) is prepared by direct
alkylation of 1-methylpyrrolidine and then substituted with
bis(trifluoromethanesulfonyl)imide in an aqueous solution. Con-
sidering the environmental requirements, the method of ionic
liquid preparation is based on a direct synthesis eliminating the
use of either a large excess of either alkylbromide or halogenated
solvents in both synthetic steps. 1-bromobutane (>96%) and
1-methylpyrrolidine (>99%) were purchased from Sigma-Aldrich,
LiTFSI (>99%; battery grade) from Ferro (USA).

A total of 68.5 g (0.5 mol) of 1-bromobutane (freshly distilled)
was mixed with 42.6 g (0.5 mol) of 1-methylpyrrolidine in a flask
with a reflux condenser. The mixture was stirred at 60 °C for 2 h to
give a white solid. This solid was recrystallised from hot acetoni-
trile and dried for 5 h at 80°C under vacuum to give white crystals
(83 g; 75% yield). Compared to our previous synthesis [8], we low-
ered the reaction temperature from 80 to 60 °C with a noticeable
improvement of the product purity. The temperature optimisation
was previously recommended by Paulechka et al. for imidazolium-
based ILs [35].

The substitution of bromide anion by TFSI~ was performed in
water, where PYR4TFSI is not soluble and forms hydrophobic glob-
ules at the bottom of the flask. The amount of 38.77 g (0.135 mol)
of LiTFSI in 90 ml of water was added into a solution of 30.00g
(0.135 mol) PYR14Br in 60 ml of distilled water and stirred for 2 h at
70°C and than overnight at room temperature. The arising phase
of PYR4TFSI was removed and washed 6 times with 100 ml por-
tions of distilled water and than 2 times with 100 ml portions of
deionised water to remove LiBr. The absence of bromide anions
was confirmed using the test with AgNO3. The remaining water
was evaporated under vacuum at 60 °C at a rotary evaporator.

According to Appetecchi et al. [36], PYR14TFSI was purified by
treatment with alumina (Brockmann acidic I, Sigma-Aldrich) and
active carbon (Darco G60, Sigma-Aldrich) in acetone (HPLC grade,
Merck). After purification, the remaining acetone was evaporated
under vacuum and pure PYR4TFSI was dried at 15 Pa and 90 °C for
24 h before stored in a dry argon-filled glove box ([H,0]<1 ppm;
MBraun, USA). Yield: 43 g of colourless liquid (75.5%). The purity

of dry ionic liquids was confirmed by NMR measured on Varian
MERCURY 400 High Resolution NMR Spectrometer and results cor-
responded to our previous synthesis [8].

Lithium bis(fluorosulfonyl)imide (LiFSI) was synthesised
according to the procedure published by Beran and Pfihoda [37,38]
and dried at 15Pa and 65°C for 20h before stored in the glove
box. Lithium bis(trifluoromethanesulfonyl)imide (battery grade)
LiTFSI was purchased from Ferro (USA) and used as received.
The electrolytes, 0.7 m LiTFSI and 0.7 m LiFSI were prepared by
dissolving the selected salt in PYR4TFSI at ambient temperature
in the glove box. The concentrations are expressed in molality
(moles of the salt in 1 kg of solvent).

The TGA-DTA measurement was performed in argon flow at the
heating rate of 5°Cmin~! with a Simultaneous Thermal Analysis
Netzsch STA 409 (Germany).

2.2. Preparation of the electrodes and electrochemical tests

Electrode composites of graphite-carbon black (CB)-PVDF
samples were prepared using SLP 30 or KS6L graphite (Tim-
cal, Switzerland). The first one is described as Potato®-Shape
graphite with surface area of 8m2g-!, while the latter dis-
plays high crystallinity and a higher specific area (20m?g-1).
The composite consisted of 85% of graphite, 10wt.% of carbon
black (C-nergy™ Super €65, Timcal) and 5wt.% of PVDF (M,
534,000, Sigma-Aldrich) as a binder in 1-methyl-2-pyrrolidone
(Sigma-Aldrich). The obtained slurry was cast onto a circular Cu
foil with a diameter of 16 mm (2 cm?). Before use, the electrodes
with a loading between 2.5 and 3 mgcm—2 were dried in vacuum
at 90°C for at least 12 h.

2.3. Methods and equipment for the electrolyte characterisation

The potentio-galvanostats VMP3 (Bio-Logic, France) and
PGSTAT 10 and 30 (Eco Chemie, The Netherlands) were used for
electrochemical measurements.

The electrochemical properties were measured in ECC standard
cells (EL-Cell, Germany) or in vacuum-sealed triplex foil (coffee bag
foil) cells by using a Celgard® 2320 as a separator and a lithium
foil as counter and reference electrodes. The galvanostatic mea-
surements were performed at room temperature and at 55 °C with
current density corresponding to C/10 in the potential range from
2 to 0V vs. Li/Li*. The slow scan-rate cyclic voltammetry was per-
formed at 0.1 mVs~! in the potential range from 2 to OV vs. Li/Li*
at55°C.

EIS measurements were performed on symmetrical cells with
two freshly rolled out lithium foils (geometric area 2 cm?) sep-
arated with a Cellgard® 2500 separator and vacuum sealed in
the triplex foil. In this study we used two different electrolytes
(0.7m LiFSI and 0.7m LiTFSI in PYR{4TFSI). After assembling
the symmetrical cells were immediately measured using the
Hewlett Packard 4284A Precision LCR Meter in the frequency range
1MHz to 20Hz. Aged symmetrical cells were measured in the
frequency range 65 kHz to 1 mHz, using the Solartron 1250A Fre-
quency Response Analyser at room temperature with an amplitude
of 10 mV.

Temperature dependent conductivity measurements were per-
formed in the temperature range from 0 to 100 °C using a circulating
bath Ministat 125-cc (precision of the temperature 0.1 °C, Huber,
Germany) and a conductivity cell (Jenway, platinum electrodes, cell
constant S=1.0040.01). Using the FRA-2 module of the PGSTAT 30
potentiostat, a single potential impedance spectrum was measured
in the frequency range from 10 kHz to 100 Hz. The obtained spec-
trum was analysed by the EcoChemie Autolab software producing
the value of electrolyte resistivity.
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Fig. 1. TGA curves for neat PYRy4TFSI and 0.7 m LiTFSI or LiFSI solutions in
PYR14TFSI (5°Cmin~' heating rate, temperature range 30-550°C; argon atmo-
sphere), inserted: TGA curve of 0.7m LiFSI in PYR14TFSI measured 170 min at
constant temperature of 150°C.

3. Results and discussion
3.1. Thermal stability of the ionic liquid electrolytes

The thermal stability, nonflammability and incombustibility of
pyrrolidinium-based ionic liquids are the key parameters from the
safety point of view. Generally, the ionic liquids with FSI~ and TFSI~
anion exhibit the highest thermal stability [28,39-41] and are much
safer than the conventional carbonate-based electrolytes.

Fig. 1 presents the decomposition curves for studied PYR;4TFSI-
based electrolytes, as measured by TGA. All samples have only
minimal weight loss (less than 0.2 wt.%) below 120°C. A notice-
able loss (up to 5wt.%) was observed above 200°C in the case of
LiFSI-PYR14TFSI electrolyte, while the neat PYR4TFSI remains sta-
ble up to 385°C. In all cases, a single-step decomposition reaction
occurs at rather high temperatures 350-480 °C.

The thermal stability of LiFSI-PYR{4TFSI electrolyte can be
affected by water traces, absorbed in the sample during the loading
into the TGA analyser. It has been reported that the SO,F group is
more reactive towards water than SO,CF3 particularly at elevated
temperatures [41], however the isothermal TGA showed no decom-
position within 24 h at 125°C [42]. We performed isothermal TGA
of LiFSI-PYR4TFSI sample at 150 °C (shown in the inset of Fig. 1).
Approximately 2.5 wt.% loss was observed during initial 80 min, but
than the sample remained stable. This weight loss can be attributed
to evaporation of water traces that were absorbed during sample
loading and heating up.

3.2. Conductivity of ionic liquid electrolytes

The change of ionic conductivity with temperature was mea-
sured in the region from 0 to 100°C and it is shown in Fig. 2. As
expected, the conductivity of the lithium salt solutions in ionic
liquids is lower that the conductivity of neat PYR{4TFSI. The dis-
solution of lithium salt in an ionic liquid leads to a system with a
higher viscosity and a lower conductivity. Unlike in the carbonate-
based electrolytes, where the conductivity maximum appears [43],
the RTIL-based systems show a gradual decrease in conductivity in
the whole range of salt concentration [44].
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Fig. 2. Arrhenius plot for neat PYR14TFSI and 0.7 m LiTFSI or LiFSI solutions in
PYR14TFSI (temperature range 0-100°C).

If we use LiFSI instead of LiTFSI, the conductivity decrease is
not so deep there is not a substantial decrease in conductivity. The
conductivities of 0.7 m LiTFSI and 0.7 m LiFSI in PYR{4TFSI are 3.3
and 5.9mScm~! at 60°C, respectively. The LiFSI-PYR;4TFSI elec-
trolyte retains reasonable conductivity even at temperatures close
to 0°C. For LiTFSI-PYR 4 TFSI electrolyte we observed a reproducible
and reversible drop of conductivity at ca. 15°C, which is close to
the temperature of the crystallisation process (formation of a new
phase) observed by DSC in our previous paper [8].

The obtained data were fitted with the Vogel-Tamman-Fulcher
(VTF) equation (in the logarithmic form):

where A is a parameter related to the number of charge carriers,
Epa is the activation energy for conduction, R is the universal gas
constant and Ty the ideal glass transition temperature indicating
the temperature at which the free volume extrapolates to zero. The
analysis of the experimental conductivity data in terms of the VTF
relationship leads to the determination of three empirical parame-
ters: A, Ep and Ty, when Ty is determined by fitting the experimental
data with relationship (1).

oTV2 Z A exp { 1)

3.3. Electrochemical impedance spectroscopy

Formation of the passive layer (ageing) on the lithium foil was
studied in symmetrical cells at open circuit conditions. With the
aim to follow fast changes in the starting period after assem-
bling the cells we first measured the dynamic interface impedance
behaviour using impedance spectroscopy in the frequency range
from 1 MHz to 20 Hz. Fig. 3 shows the evolution of the EIS spec-
tra of the symmetrical Li|PYR4TFSI-0.7 m LiFSI|Li cell during the
first hours after cell assembly. A well-developed high-frequency
impedance arc (H.F.-arc) can be observed. The time evolution of
the EIS spectra during “ageing” demonstrates the dynamic nature
of the transport properties in the cell during the first few min-
utes. This can be more clearly followed if we plot the resistance
of the high-frequency arc (Ryg-arc) vs. time of “ageing” (inset in
Fig. 3). A similar dynamic behaviour was also observed in the case of
the symmetrical cells comprising the PYR4TFSI-0.7 m LiTFSI elec-
trolyte.
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Fig. 3. Time evolution of the EIS spectra of the symmetrical Li|PYR;4TFSI-0.7 m
LiFSI|Li cell during the first hour after cell assembly; inset: time evolution of the
resistance of the high-frequency arc with time from cell assembly. All measurements
were performed at 25°C.

The set of impedance spectra shown in Fig. 3 clearly demon-
strates the dynamics of the initial rapid changes when a fresh
lithium surface was exposed to ionic liquids based electrolytes used
in our experiments. Similar dynamics was observed in the work
of Scrosati and coworkers [45]. The present observation demon-
strates the importance of time delay after symmetrical cell was
assembled and measured. In our experiment (Fig. 3) one frequency
sweep was accomplished in 40s. In general it might be question-
able the accuracy of the data (capacitances, resistances) obtained
by the deconvolution of the impedance spectra of the “fresh” cells
that were possibly measured in the immoderately broad frequency
ranges (i.e. rather long times for the EIS frequency sweep).

Symmetrical cells were left under open circuit conditions at
room temperature and we measured EIS responses after 3 and 24
days of ageing in the frequency range 65 kHz to 1 mHz as shown
in Fig. 4. The cell comprising the LiFSI salt clearly exhibits lower
impedances than the cell comprising the LiTFSI salt. The resistances
of the high-frequency arc measured after 3 and 24 days of age-
ing are: 322 2 and 1244 2 (for 0.7 m LiFSI), 710 2 and 1740 2 (for
0.7 m LiTFSI), respectively. Note that the EIS responses obtained
after 24 days of ageing in the medium-frequency region (starting at
0.1 Hz and lower) do not exhibit the typical arc shape but rather an
inclined line possibly indicating a diffusion phenomena. The values
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Fig.4. EIS spectra of the symmetrical Li|electrolyte|Li cells containing 0.7 m LiFSI or
0.7 m LiTFSI in PYR14TFSI obtained after 3 days and 24 days of ageing. All measure-
ments were performed at 25°C.
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(B) and SLP30 (C) at 55 °C with current density corresponding to C/10.

of the resistances of the high-frequency part contribution for 0.7 m
LiFSI seem to be in the same range as reported by Lewandowski
and Sviderska-Mocek [20] and in that way an order of magnitude
(favorably) lower than in the case of a system similar to the present
one previously studied by Scrosati and coworkers [45]. Consider-
ing these results, we can conclude that evolution of the impedance
response is very similar for both salts used in the study, lower val-
ues obtained for the cell comprising the LiFSI salt indicate lower
transport restraints in the corresponding electrochemical (inser-
tion material holding) cell.
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Fig. 7. Cycle performance of (A) KS6L and (B) SLP30 graphite composite electrodes
in 0.7 m LiFSI-PYR4TFSI electrolyte at 55 °C with current density corresponding to
C/10.

3.4. Cyclic voltammetry of graphite in ionic liquid electrolytes

The lithium intercalation process was studied on composite
electrodes consisting of graphite (active material), carbon black
(spacer and electronic conductor)and PVDF (binder). Fig. 5 presents
the initial cyclic voltammograms (CVs) of KS6L graphite elec-
trode in three different electrolytes: neat PYR4TFSI, 0.7 m LiTFSI
in PYR4TFSI and 0.7 m LiFSI in PYR4TFSI. The CVs were measured
at55°C and 0.1 mVs~! scan rate.

On noble electrodes such as platinum or gold, no electro-
chemical reduction of PYR{4TFSI appears until OV vs. Li/Li*,
which indicates much higher electrochemical stability of PYR14TFSI
compared to imidazolium-based compounds [30]. A good electro-
chemical stability of PYR14TFSI in the considered potential region
was also confirmed by in situ FTIR [46,47]. Fig. 5a shows the cyclic
voltammogram of neat PYR;4TFSI. Broad cathodic peaks at 0.9 and
0.5V can be attributed to intercalation of PYR4" cations into the
graphite structure that is partially reversible (see an anodic peak at
c. 1.2V on the first cycle). We also observed a small peak of the Li*
intercalation-deintercalation process probably due to the presence
of Li* released from the lithium metal counter electrode. In the sub-
sequent scans, the Li* deintercalation peak increases together with
the decrease of PYRy4* intercalation and deintercalation. Hence, a
ternary intercalation compound Lix(PYR14)yCz is probably formed
with progressive change in the composition [48].

The LiTFSI-PYR14TFSI electrolyte (Fig. 5b) shows poor elec-
trochemical performance and high irreversibility of the Li*
intercalation-deintercalation process and rapid fading of the
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Table 1

Specific conductivities (at 20 and 60 °C), apparent activation energy E5 from the fit by VTF equation and the start decomposition temperatures (Tqe.) determined by TGA of

studied electrolytes.

Electrolyte 0 (20°C) (mScm™1) 0 (60°C)(mScm1) Ea (kjmol™1) Tgec (°C)
PYR14TFSI 2.1 8.3 6.9 385
PYR14TFSI-0.7 m LiTFSI 0.5 33 6.7 390
PYR;14TFSI-0.7 m LiFSI 1.5 59 6.8 205
Table 2
Discharge capacities and coulombic efficiencies for the first three charge-discharge cycles at C/10 rate and 55 °C (0.7 m salt concentration).
Electrolyte Graphite Discharge capacity (mAhg-1) Coulombic efficiency (%)
1st 2nd 3rd 1st 2nd 3rd
LiTFSI-PYR;4TFSI KS6L 353 256 105 42.5 70.3 69.5
LiFSI-PYR;4TFSI KS6L 360 362 361 723 96.3 97.9
LiFSI-PYR14TFSI SLP30 364 364 363 84.2 97.9 98.5

capacity. The irreversible reduction peak appears below 1V vs.
Li/Li* similarly to the system described above.

When LiFSI was used as an electrolyte component, the behaviour
of graphite was different (Fig. 5c). The irreversible reduction occurs
in the potential region from 1.3 to 0.25V, followed by a reversible
lithium intercalation into graphite below 0.2V. Such a desirable,
reversible behaviour is due to the electrochemical reduction of the
FSI~ anion during the first cycle. Cyclic voltammetry illustrates that
the film formation is finished during the first cycle. In the sec-
ond and consequent cycles, no electrochemical reduction is visible
any more, indicating that the filming process is completed. Accom-
plished SEI film formation on the graphite during first reduction
cannot be compared with a time evolution of impedance increase
measured on lithium foil by EIS. Influence of graphite ageing in
the contact with ionic liquids need to be measured in the future to
estimate potential commercial use.

3.5. Galvanostatic measurements in Li/graphite half-cells

The galvanostatic measurements of graphite composite elec-
trodes were performed at 55 °C with current density corresponding
to C/10rate. The initial three charge-discharge curves of the Li/KS6L
graphite cell with LiTFSI-PYR4TFSI electrolytes are given in Fig. 6a.
During the first charge, a large irreversible capacity was observed
at potentials 1-0.25V vs. Li/Li*, that corresponds to the reduction
waves in Fig. 5a and b (intercalation of PYRq4* cation). Subse-
quently, we observed a plateau characteristic of Li* intercalation.
The discharge capacity of the Li* deintercalation in the first cycle
was relatively high (353 mAh g~1), but rapidly decreased in the sec-
ond and following cycles. The coulombic efficiencies during the
first three cycles were 42.5,70.3 and 69.5%, respectively. This result
showed an unstable electrochemical environment for the lithium
intercalation in graphite when the LiTFSI-PYR4TFSI electrolyte was
used (Table 1).

The cycling properties of KS6L and SLP30 graphite in
LiFSI-PYR4TFSI are plotted in Fig. 6b and c. As it can be dis-
tinguished from the initial three cycles, the presence of LiFSI in
the electrolyte strongly changes the electrochemical behaviour of
graphite. The onset of the SEI formation during the first cycle is con-
sistent with the cathodic peak and wave position obtained in Fig. 5c.
After mild reduction decomposition of the FSI~ anion, the cell volt-
age rapidly dropped in the voltage region of lithium intercalation
into graphite.

According to the shape of charge and discharge curves, the
intercalation/deintercalation process proceeded through differ-
ent stages, identical to a typical electrolyte system such as 1M
LiPFs—-DEC-EC. The stability of LiFSI-PYR14TFSI electrolyte was
comparable with a standard carbonate-based electrolyte. Based on

the presented results, we can conclude, that the SEI formed dur-
ing the first cycle is a stable, electron insulating and lithium ion
conducting film.

The discharge capacities and coulombic efficiencies achieved
during the first three cycles are summarised in Table 2. As it can be
seen, in the KS6L graphite with a higher surface area, the coulom-
bic efficiency in the first charge—-discharge is lower than in SLP30
graphite, which indicates a higher consumption of SEI-forming
agent (FSI~ anion) for the formation of SEI. In both cases 99.5-99.8%
efficiency is reached after a short time.

KS6L graphite shows a good cycling stability (Fig. 7) in
the 0.7 m LiFSI-PYR14TFSI electrolyte achieving the capacity of
350-360mAhg~!, while SLP30 graphite exhibits a slight fading
from 364 to 317 mAh g~ within 50 cycles.

4. Conclusions

In this paper we have reported the results obtained by using
LiFSI-PYR4TFSI electrolyte in combination with two types of
graphite (KS6L and SLP30) at an elevated temperature of 55 °C. The
0.7 m LiFSI solution in PYR4TFSI exhibits a good ionic conductivity
(5.9mScm~! at 55°C), nonflammability and high thermal stability.
The use of LiFSI-PYR14TFSI showed high electrochemical stability
of the ionic liquid during lithium intercalation into graphite due to
the ability of the FSI~ anion to establish the SEI in the formation
cycles. When used in combination with KS6L graphite, the stud-
ied system shows high performance in terms of specific capacity
(350-360mAh g~1) and cycling efficiency (99.5-99.8%).
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