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bstract

The anodic behaviors of aluminum current collector for lithium ion batteries were investigated in a series of 1-alkyl-3-methylimidazolium
is[(trifluoromethyl)sulfonyl] amide room temperature ionic liquids (RTILs) and EC + DMC electrolytes. It was found that the aluminum corrosion,
hich occurred in EC + DMC electrolytes containing LiTFSI, was not observed in the RTIL electrolytes. Further research showed that a passive
lm with amide compounds as main components formed firmly on aluminum surface during the anodic polarization in the RTIL electrolytes,
hich inhabited the aluminum corrosion. In addition, the additives generally used in the batteries, such as ethylene carbonate, ethylene sulfite and
inyl carbonate, as well as temperature did not obviously affect the aluminum passive film, the oxidation of the RTILs increased at the elevated

emperature, which only resulted in the corrosion potential of aluminum in the RTIL electrolytes shifted to more negative potential, a passive film
till firmly formed on the aluminum surface to surpassed the further oxidation of the aluminum current collector. Those results lead to a potential
or the practical use of LiTFSI salt in the room temperature ionic liquid electrolytes for lithium ion batteries.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Advanced energy batteries are now more required for energy
torage and electric vehicle (EV) applications [1]. Therefore,
ovel electrode materials and electrolytes are expected to be
ound to match these demands. So far, many improvements
bout high-density positive materials were published [2], it
rought about much progress on the corresponding electrolytes
nd other battery materials research. Lithium hexafluorophos-
hate (LiPF6) is the most commonly used as lithium salt in
onventional electrolytes for secondary commercial lithium ion
atteries, because its electrolyte shows high ion conductiv-
ty and good electrochemical stability. However, LiPF6 suffers

rom both thermal and hydrolytic instability, which lead to poor
ycling performance and the unsafety for lithium ion batteries
3]. To solve the above problem, a new candidate of lithium salt,

∗ Corresponding author. Tel.: +86 21 54748917; fax: +86 21 54741297.
E-mail address: liyangce@sjtu.edu.cn (L. Yang).
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is[(trifluoromethyl)sulfonyl] amide [LiN(CF3SO2)2, LiTFSI],
ith greater thermal and hydrolytic stability, good conduc-

ivity and high electrochemical stability were investigated.
nfortunately, the practical use of LiTFSI in carbonate-based

lectrolytes hardy realized due to severe corrosion of aluminum
Al) current collectors above about 3.5 V versus Li+/Li [3–10].
ehl and Plichta [11] reported that the addition of LiBF4 to
M LiTFSI/EC-PC-DMC significantly suppress the aluminum
orrosion during potentiostatic polarization process. A similar
eneficial effect of added LiBF4 and LiPF6 on the stability
f aluminum in LiTFSI electrolytes had also been described
4,5,7,12,13]. However, the volatile and flammable organic sol-
ent involved in the conventional electrolytes may result in the
nsafety of lithium ion battery, especially at higher temperature.

Recently, room temperature ionic liquids (RTILs), showing
xcellent properties of good electrochemical, non-flammable

nd thermal stability [14–19], were investigated as new promis-
ng electrolytes for lithium ion batteries. Among these RTILs,
he liquids based on TFSI− were presently regarded as the
ost suitable electrolytes for lithium ion batteries [20] and

mailto:liyangce@sjtu.edu.cn
dx.doi.org/10.1016/j.jpowsour.2007.05.006


wer S

a
w
c
i
t
b
m
B
t
M
w
i
e
f
u

a
s
i
t
i
m
(
s
c
t

2

1
b
fl
i
T
s
a
s
i
t
c
P
1
e
(

w
(
1
A
1
t
n
w
v
1
e
t
t
s
L
p
c
s
t

w
r
m
m
o
b
O

1
a
a
s
m
a
T
a
i
b
v
r
e

C. Peng et al. / Journal of Po

lso it has better solubility for LiTFSI salt. Up to date, few
orks had been carried out to investigate the electrochemi-

al behavior of aluminum current collector in RTILs based on
midazolium cations. One research group [21,22] ever showed
hat aluminum passivates easily in 1-ethyl-3-methylimidazolium
is[(trifluoromethyl)sulfonyl] amide (EMI-TFSI) and 1-ethyl-3-
ethylimidazolium bis[(perfluoroethyl)sulfonyl] amide (EMI-
ETI). However, there were no reports for the anodic behavior of

he Al current collector in the RTILs based on different cations.
oreover, in practical use of lithium ion battery, some additives
ere chosen to add into those RTILs to form a solid electrolyte

nterface (SEI) on the negative electrode, which inhibited the
lectrolytes decomposition on lithium or lithiated carbon sur-
ace [23,24] because those RTILs lack electrochemical stability
p to the reduction potential of lithium or lithium carbon [20,23].

In this work, the anodic behaviors of Al foil electrode in
series of 1-alkyl-3-methylimidazolium bis[(trifluoromethyl)

ulfonyl] amide ionic liquids containing LiTFSI were stud-
ed. Besides, the influences of additives and temperature on
he anodic behaviors of aluminum current collector were also
nvestigated using cyclic voltammetry (CV), scanning electron

icroscopy (SEM), Fourier transformed infrared spectroscopy
FT-IR) and energy dispersive X-ray spectroscopy (EDX) mea-
urements in order to find more suitable electrolytes with better
ompatibility between RTILs and the aluminum current collec-
or for lithium ion batteries and other electrochemical devices.

. Experimental

LiTFSI salt (99.9%, Morita) was dried under a vacuum at
20 ◦C for 24 h prior to use. Room temperature ionic liquids
ased on anion TFSI−, 1-ethyl-3-methylimidazolium bis[(tri-
uoromethyl)sulfonyl] amide (EMI-TFSI), 1-propyl-3-methyl-

midazolium bis[(trifluoromethyl)sulfonyl] amide (PMI-
FSI) and 1-butyl-3-methylimidazolium bis[(trifluoromethyl)
ulfonyl] amide (BMI-TFSI) were prepared in our laboratory
ccording to usual synthesis [25] and treated with molecular
ieves (4 Å) for 2 days to dehydrating and had the water content
n them were less than 20 ppm determined by Karl Fisher
itration method before making solutions (Fig. 1 shows their
hemical structures). LiTFSI salt was dissolved in EMI-TFSI,

MI-TFSI, BMI-TFSI and EC + DMC (1:1 in vol.) to make
mol dm−3 (M) solutions. Ethylene carbonate (EC) (99%),
thylene sulfite (ES) (98%, Aldrich), and vinyl carbonate (VC)
98%, Acros) was used as additives into the RTILs, respectively.

Fig. 1. Chemical structures of RTILs.
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The anodic polarization behaviors of aluminum electrode
ere investigated using CHI 604B electrochemical work-station

CH Instruments, U.S.A.). A standard cell (inner volume:
0 cm3) with three electrodes was applied to this experiment.
luminum foil was dipped in 1.0 mol dm−3 NaOH solution for
80 s and then rinsed for 20 s with deionized water to eliminate
he oxidation on its surface. The degreased aluminum foil was
eutralized with 0.65 mol dm−3 HNO3 for 30 s and also rinsed
ith deionized water for 60 s, respectively. After drying under
acuum, the pretreated Al electrode (geometric surface area:
.0 cm2) was used as working electrode, reference and counter
lectrode were both lithium (Li) metal. The cyclic voltamme-
ry of aluminum in the above electrolytes was performed for
hree times which swept from natural potential to 5.5 V ver-
us Li+/Li for the first anodic scan and return to 1.5 V versus
i+/Li with a potential scan rate of 10.0 mV s−1. The electrolytes
reparation process and electrochemical measurement were
onducted in UNiLab glove box filled with argon (Ar) atmo-
phere at ambient temperature, unless otherwise specified in the
ext.

The aluminum electrode after the anodic polarization was
ell rinsed by dimethyl carbonate solvent and then dried at

oom temperature under vacuum for 24 h. This prepared alu-
inum electrode was set on a sample holder of scanning electron
icroscopy (SEM) (FEI Sirion 200, FEI, U.S.A.) camber to

bserve the surface morphology and examine the elements
y energy dispersive X-ray spectroscopy (EDX) (Oxford Inca,
xford, U.K.).
Fourier transformed infrared spectroscopy (FT-IR) (Paragon

000, Perkin-Elmer, U.S.A.) measurement was also applied to
nalyze the corrosion products on aluminum surface after the
nodic polarization. The aluminum samples preparation was
imilar to that in the SEM experiments. The FT-IR measure-
ents were conducted on an attenuated total reflection (ATR)

ccessory using the reflectance technique (4000–450 cm−1).
he single beam reference FT-IR spectrum was first taken from
n open area of mirror polished aluminum surface. Samples
nformation of FT-IR spectra acquired from the area covered
y passive film then ratioed to the reference spectrum, and con-
erted into absorbance. All the spectra were acquired at 4 cm−1

esolution, with a total of 512 scans co-added. The samples were
nclosed in an Ar-filled device during the measurement to avoid
ir exposure.

. Results and discussion

.1. The anodic behavior of Al electrode in neat RTILs

The electrochemical windows of EC + DMC containing 1 M
iTFSI and RTILs were tested by cyclic voltammetry on plat-

num electrode with a sweep rate of 10.0 mV s−1, using Li foil as
counter and reference electrode. As shown in Fig. 2, the reduc-

ion potential of RTILs occurred at around 1.5 V versus Li+/Li,

hich was less negative than that of 1 M LiTFSI/EC + DMC at
.5 V versus Li+/Li, while the oxidation potential of RTILs is
round 6.0 V versus Li+/Li, slightly positive than that of 1 M
iTFSI/EC + DMC at 5.7 V versus Li+/Li.
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ig. 2. Linear sweep voltammetry on platinum at EC + DMC containing 1 M
iTFSI and RTILs (sweep rate: 10.0 mV s−1).

The electrochemical behavior of the pretreated Al foil elec-
rode in electrolytes was investigated by cyclic voltammetry. The
nodic potential range has been limited from 1.5 to 5.5 V versus
i+/Li to ensure that no electrolytes degradation occurred. As
hown in Fig. 2, almost no current was observed obviously in
he potential range 1.5–5.5 V versus Li+/Li from the above four
lectrolytes.

Fig. 3(a) showed typical CVs of the Al foil electrode in
C + DMC containing 1 M LiTFSI. To compare with the anodic

ehavior of Al foil in the RTIL electrolytes, EC + DMC solu-
ions were chosen as the organic electrolytes for the cyclic
oltammetry measurements. As previously reported [8], corro-
ion occurred on the Al surface after the potential cycling in

t
i
i
a

ig. 3. Cyclic voltammograms for Al foil electrode in 1 M LiTFSI/EC + DMC (a); 1
d) (sweep rate: 10.0 mV s−1).
ources 173 (2007) 510–517

arbonate-based electrolytes. In this electrolyte, it was found
hat the anodic current increased abruptly at about 5.0 V ver-
us Li+/Li (hereafter called it as pitting potential, Ep) during
he first anodic scan, which implied that the dissolution of alu-

inum occurred on the Al anode surface. However, a higher
nodic current during the reverse potential scan showed that the
rocess accompanied by a corrosion step on the Al foil elec-
rode surface. In the second cycle, corrosion started at about
.7 V versus Li+/Li, which is lower than that of the first cycle by
bout 1.3 V. This fall of corrosion potential was ascribed to the
oss of the less protective surface film formed in the first cycle,
hich induced the aluminum foil to be more easily corroded in

he next cycles. Furthermore, the current peak in second cycle
as almost 20 mA cm−2 at 5.5 V versus Li+/Li, which is higher

han that of the first cycle, showing the aluminum corrosion
ecame more and more serious after the breakdown of protective
lm.

The voltammetric responses of the Al foil electrode in RTILs
lectrolytes were shown in Fig. 3(b)–(d), a weaker anodic cur-
ent was observed at about 3.0 V versus Li+/Li at the first scan,
nd it rapidly decreased during the reverse potential sweeps.
esides, the anodic current was less than 0.02 mA cm−2, which
as much smaller than that in EC + DMC electrolyte. During the

ollowed cycles, the corrosion potential rose higher than 5.0 V
ersus Li+/Li. The shape of the cyclic voltammograms of the
l foil electrode in RTILs electrolytes look like each other. This

uggests that the anodic polarization processes on the Al elec-

rode are essentially the same in these RTILs. From the results,
t could be seen that Al electrode is completely passivated dur-
ng the first scan in the RTIL electrolytes. That is, Al is stable
nodically in the RTIL electrolytes due to the presence of a pas-

M LiTFSI/EMI-TFSI (b); 1 M LiTFSI/PMI-TFSI (c); 1 M LiTFSI/BMI-TFSI



wer S

s
b
l
i
b
s
m
d
c
v
o
s
o
r
L
L
t
1
s
o
i
o
R

E
t
d
l

t
t
1
t
F
A
t
e
t
f
F
s
t
c

F
T

C. Peng et al. / Journal of Po

ive surface film at potentials above 5.0 V versus Li+/Li. This
ehavior is favorable for the current collector of rechargeable
ithium batteries because the aluminum corrosion, which eas-
ly occurred in carbonate-based electrolytes, can be inhibited
y the RTILs. Furthermore, the passivation film formed on the
urface during the anode polarization may be enhanced to resist
ore anodic potential. Collectively, the current response was

ifferent between Al foil electrode in EC + DMC and RTILs
ontaining 1 M LiTFSI, which contributed to the different sol-
ent in electrolytes. On the other hand, although the features
f CV were similar among these RTILs containing 1 M LiTFSI
howed that the similar passivation processes were performed
n the Al electrode, there was also a slightly different current
esponse of the Al foil among the three RTILs containing 1 M
iTFSI. In the first cycle, the Ep of the Al foil electrode in 1 M
iTFSI/EMI-TFSI is 2.8 V versus Li+/Li, which was negative

han those in 1 M LiTFSI/PMI-TFSI at 3.2 V versus Li+/Li and
M LiTFSI/BMI-TFSI at 3.5 V versus Li+/Li. It was hypothe-

ized that the different structures of the RTIL affect the formation

f passive film on the Al foil electrode during the anodic polar-
zation. From those current responses of the RTILs, the change
f Ep may be related to the change of alkyl chain length of the
TILs. With the length of the alkyl in the cation increasing from

P
p
b
p

ig. 4. SEM images of Al surface after the potential cycling in 1 M LiTFSI/EC + DMC
FSI (d); fresh aluminum foil (e).
ources 173 (2007) 510–517 513

MI-TFSI, PMI-TFSI to BMI-TFSI, the Ep of Al electrode in
he RTILs shifted to more and more positive potential, which
o benefit for the aluminum current collector of rechargeable
ithium batteries.

Fig. 4 showed the SEM images for the Al foil surface after
he potential sweep to 5.5 V for three times in EC + DMC and
he RTILs containing 1 M LiTFSI. The potential cycling in the
M LiTFSI/EC + DMC electrolyte led to significant change in

he surface imagine from the original one. As shown in the
ig. 4(a), corrosion pits of 5–20 �m size were observed on the
l foil surface, indicating that the destruction of the passiva-

ion film on the Al electrode surface took place in EC + DMC
lectrolytes, which induced to the increase of anodic current in
he course of consecutive potential sweeps. However, the sur-
ace features after the same potential cycling in the RTILs in
ig. 4(b)–(d) showed that almost no corrosion was found on the
urface except that some insoluble solid product cluster dotted on
he Al surface compared to the fresh aluminum in Fig. 4(e), indi-
ating that the Al electrodes were stable in those electrolytes.

resumably those clusters are the precipitates building up the
assive layer deposited on the Al electrode which was produced
y reacting aluminum and electrolyte and/or electrolyte decom-
osition at high potential. The SEM images confirmed that the

(a); 1 M LiTFSI/EMI-TFSI (b); 1 M LiTFSI/PMI-TFSI (c); 1 M LiTFSI/BMI-
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ig. 5. FT-IR spectra of aluminum after CV in 1 M LiTFSI/EC + DMC (a); 1 M
iTFSI/EMI-TFSI (b); 1 M LiTFSI/PMI-TFSI (c); 1 M LiTFSI/BMI-TFSI (d),
nd of solid LiTFSI salt (e) as a reference.

resence of corrosion was influenced by the solvents used in
lectrolytes. In other words, the Al electrode was easily corroded
n carbonate-based electrolyte, while it was rather stable in the
TILs. This behavior is in good agreement with the above CV

esults.
The anodic aluminum after the cyclic voltammetry was

easured by FT-IR spectroscopy to identify the surface pas-
ive film which may possibly understand the complicated
echanism of corrosion and passivation in different elec-

rolytes. The FT-IR spectrum of solid LiTFSI salt (Fig. 5(e))
as used as a reference. Peaks at 1329, 1200, 1141

nd 1054 cm−1 assigned to va(SO2), vs(CF3), va(CF3) and
s(SO2), respectively, which characters the functional groups of
is[(trifluoromethyl)sulfonyl]amide (TFSI−, N(SO2CF3)2

−). In
ddition, the presence of δ(H2O) band at 1638 cm−1 and broad
(H2O) bands around 3400 cm−1 trace the existence of water in
ithium salt. Fig. 5(a) shows the FT-IR spectra of aluminum sur-
ace after the cyclic voltammetry in LiTFSI/EC + DMC solution.
y referring to the spectra of LiTFSI salt, several peaks around
344, 1188, 1136 and 1052 cm−1 were assigned to va(SO2),
s(CF3), va(CF3) and vs(SO2), respectively, coming from
is[(trifluoromethyl)sulfonyl] amide (TFSI−, N(SO2CF3)2

−)
26,27]. This spectral analysis indicated that some corrosion
roducts compounded of TFSI− still existed on the aluminum
urface around the pitting hole even the occurrence of alu-
inum corrosion in EC + DMC solution. Fig. 5(b)–(d) showed

he FT-IR spectra of aluminum surface after the cyclic voltam-
etry in LiTFSI solutions with BMI-TFSI, PMI-TFSI and
MI-TFSI, respectively. Similarly, peaks at about 1346, 1186,
136, 1056 cm−1 also assigned to –SO2 and –CF3 groups of
FSI−. A broad band at 3300 cm−1 was ascribed to ν(H2O)
hich may come from the trace of water in the RTILs except for

iny altitude spectra of Fig. 5(d) because the aluminum surface

ontained less amount of water after the anodic polarization in
MI-TFSI electrolyte. The observations of the FT-IR spectra

howed that a functional group TFSI− existed on the aluminum
urface after the cyclic voltammetry in LiTFSI solutions. Fig. 6

v
i
f
c

ig. 6. EDX spectra of aluminum after CVs in LiTFSI/EC + DMC (a); 1 M
iTFSI/EMI-TFSI (b); 1 M LiTFSI/PMI-TFSI (c); 1 M LiTFSI/BMI-TFSI (d).

howed the EDX spectra of anodic aluminum foil in EC + DMC,
MI-TFSI, PMI-TFSI and BMI-TFSI containing LiTFSI. The
lements of C, N, O, F and S were detected on the anodic alu-
inum foil in the above four electrolytes which were ascribed

o the functional groups of TFSI−. At the same time, larger
mount of Al was also observed on the anodic Al foil surface
xcept partly aluminum probably came from the substrate mate-
ial, which indicated the presence of Al-TFSI precipitates over
he surface film. In addition, a very larger amount of O with Al
as observed on the Al foil surface after the anodic polarization

n EC + DMC containing LiTFSI which indicated the presence
f Al2O3 and also the oxidation compounds from the carbonate
olvents except for Al-TFSI compounds around the aluminum
itting hole after the anodic polarization. It may come from
he passive film covered on the pretreated aluminum surface.

ith previous reports [4], it was concluded that some corrosion
roducts of Al-TFSI compounds were soluble in EC + DMC sol-

ents, resulting in the occurrence of aluminum corrosion, while
t did not dissolve in RTILs which firmly attached on the sur-
ace to become a protective film and inhibited further aluminum
orrosion.
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.2. The anodic behavior of Al electrode in the BMI-TFSI
ith additives

Although RTILs has many attractive properties, they were
till faced some practical problems when using as the elec-
rolytes for lithium ion batteries. As some previous reports, it was
bserved that the capacity of LiCoO2/Li coin cells with RTILs
ecreased rapidly and finally became impossible to charge the
oin cell. Shiro et al. [28] and Fernicola et al. [20] reported
hat those RTILs lack electrochemical stability up to the reduc-
ion potential of lithium or lithiated carbon surface which led
o the failure of charge/discharge process of lithium ion bat-
eries. To solve the problems for practical use of the RTILs
n lithium ion batteries, Takaya et al. [23] and Zheng et al.
24] reported that the addition of additives into the RTILs have
mproved the cycling performance of lithium ion batteries due
o some amounts of additives in RTILs aiding the formation of
olid electrolyte interface (SEI) on the negative electrode’s active
aterial surface which inhibited the further cathodic decomposi-

ion of electrolytes and protected the charged negative electrode.
owever, some sorts of additives may influence the passiva-

ion on aluminum surface, which resulting in the occurrence of
luminum corrosion. Therefore, the anodic behaviors of the Al
urrent collector in the RTILs with the additives were necessary
o be investigated. In this experiment, some kinds of additive,
uch as ethylene sulfite (ES), ethylene carbonate (EC), and vinyl
arbonate (VC) which expected to prevent the decomposition
nd also improve the reversible lithium deposition/dissolution
ere chosen to add into BMI-TFSI as a representative to study
he anodic polarization behavior of the Al foil in the RTILs with
dditives.

Fig. 7(a) showed cyclic voltammograms of the Al foil elec-
rode in BMI-TFSI electrolytes with 10 wt.% ES. An anodic

e
i

Fig. 7. Cyclic voltammograms for Al foil electrode in 1 M LiTFSI/BM
ources 173 (2007) 510–517 515

urrent increased abruptly at about 4.6 V during first cycle, and
tarted to increase at 4.3 V from second cycle, reaching the max-
mum at 4.8 V during the potential sweep to cathodic direction
hough the maximum current then decreased by the following
ycles. This type of voltammetric responses character that a less
ffective passive film formed on the Al surface was prone to the
reakdown of the passive film and the dissolution of Al elec-
rode during the anodic sweep. Whereas the anodic currents of
luminum in BMI-TFSI with 10 wt.% EC and 10 wt.% VC in
ig. 7(b) and (c) were much smaller than those observed in
MI-TFSI with the additive of 10 wt.% ES, the anodic current

tarted to increase at about 3.5 V and decreased rapidly during
he backward scan through the maximum at 5.5 V. During the
ext cycle, the anodic current increased higher than 5.0 V and
he magnitude of the current smaller than that in the first cycle,
hich indicated that an effective passive film had formed on
l electrode during the first scan in the BMI-TFSI electrolytes.
he voltammetric responses of Al electrode in the RTILs with
0 wt.% EC and 10 wt.% VC were similar to that in the RTILs
ith no additive, which implied that some amounts of EC or VC

nto the RTILs did not obviously influence the surface passiva-
ion of Al electrode. However, the smaller current density of Al
urrent collector during the cyclic voltammetry measurement in
iTFSI/BMI-TFSI with 10 wt.% VC compared with that of the
ame electrolytes with 10 wt.% EC indicated that VC is more
avorable for the stability of Al current collector in RTILs.

.3. The anodic behavior of Al electrode in BMI-TFSI at
ifferent temperature
Compared with the commercial organic electrolytes, RTILs
xhibits wide liquid phase range to apply as the electrolytes
n lithium ion batteries. In addition, the viscosity decreased

I-TFSI with ES (a); EC (b); VC (c) (sweep rate: 10.0 mV s−1).
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nd ion conductivities increased with increasing temperature
hich available for cycling performance of lithium ion batteries

29,30]. Hence, temperature was chose to study in an attempt to
xtend the application fields of lithium ion batteries, especially
or the energy storage devices for aerospace outside of the earth
nd military uses.

Fig. 8 showed the cyclic voltammograms of Al foil electrode
n 1 M LiTFSI/BMI-TFSI and its solution with 10% VC at 25,
0 and 60 ◦C. Whatever the existence of additives, it was found
hat the Ep of Al foil in the above two solutions shifted to more
nd more negative potential and the magnitude of current den-
ity increased with increasing temperature during the anodic
olarization processes, the similar result was also reported in
iTFSI solutions with conventional organic solvents [10]. The

esults indicated that the increase of the oxidizability accelerated
he reaction between aluminum and electrolytes at the elevated
emperatures, which led to the Ep of Al shift to more negative
otential. However, the current decreased rapidly and passive
lm still firmly formed on the aluminum surface after the first

ycle and surpassed the further oxidation of aluminum current
ollector which can be benefit for the use of lithium ion batteries
t high temperature.

ig. 8. Cyclic voltammograms for Al foil electrode in 1 M LiTFSI/BMI-TFSI
a); 1 M LiTFSI/BMI-TFSI with VC (b) at 25, 40 and 60 ◦C (sweep rate:
0.0 mV s−1).
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. Conclusion

The anodic behaviors of Al in a series of 1-alkyl-3-
ethylimidazolium bis[(trifluoromethyl)sulfonyl] amide ionic

iquids (EMI-TFSI, PMI-TFSI and BMI-TFSI) and EC + DMC
oth containing 1 M LiTFSI were investigated. It was found that
luminum corrosion occurred in EC + DMC solutions contain-
ng LiTFSI, while not found in RTILs electrolytes. The results
ndicated that EMI-TFSI, PMI-TFSI and BMI-TFSI could be
sed as candidates to inhabit the corrosion of aluminum cur-
ent collector in the electrolytes containing LiTFSI, which led
o the possibility for the use of LiTFSI salt with its interesting
erformance and higher safety in practical advanced lithium ion
atteries. Moreover, it was found that BMI-TFSI is the most
ffective ionic liquid to inhibit the aluminum corrosion. At the
ame time, the addition of ES, EC and VC into the BMI-TFSI
o inhibit the cathodic decomposition of electrolytes was also
tudied on the anodic behavior of aluminum. As a result, VC
howed the best performance for stabilizing effect on aluminum
urrent collector in the BMI-TFSI which may further enhanced
he practical use of BMI-TFSI in lithium ion battery. In addi-
ion, the influence of temperature on the surface passive film was
ested, only the Ep of Al foil shifted to more and more negative
otential at the elevated temperature, a passive film still firmly
ormed on the aluminum surface which surpassed the further
xidation of aluminum current collector.
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