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The commercial LisTisO12 (LTO) is successfully modified by SrF, via a low temperature coprecipitation
process. The results indicate that Sr>* and F~ do not co-dope into the bulk phase of the LTO, but instead
form a SrF; coating layer on the surface of the LTO. The suitable SrF; buffer layer could cover the catalytic
active sites of the LTO and suppress the electrolyte reduction decomposition on the surface of the LTO,
which means that the SrF, modification is favorable to suppress gas generation of the LIBs using LTO as

anode material during charge/discharge cycles and storage. Moreover, according to optimized the
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amount of SrF,, the 2 wt% of SrF, in the SrF, modified LTO composites exhibits the best rate capability
and an excellent cyclic performance.
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1. Introduction

Ti-based anodes materials such as LisTi5Oq; (LTO) and TiO;
[1,2] have been regarded as promising materials for Lithium ion
batteries. Especially, the LTO has been regarded as an alternative
to graphite anode material for long life type lithium-ion power
batteries because of its negligible volume change during charge
and discharge, high safety, thermal stability, and long cycle life
within a wide operating temperature range |3 ]. Unfortunately, the
low electronic conductivity and the sluggish lithium ion diffusion
in LTO make it suffer from poor high-rate charge/discharge ca-
pabilities [4]. Many approaches, including carbon coating [5,6],
metal and nonmetal ion doping [7—9], developing nano-sized
particles [10—12] or porous particles [13] and forming compos-
ites with CNTs [14,15], Graphene [16—18], metals or metal oxides
[19—21], have been pursued to improve the power performance
of LTO.

Even after a variety of efforts based on the above strategies, the
LTO anode is still not considered as the most preferable choice for
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large-scale applications by the power lithium ion batteries (LIBs)
industries. This is mainly due to the LIBs using LTO as anode ma-
terial existing severe gassing during charge/discharge cycles and
storage, especially at elevated temperatures [22,23]. To date, there
are only a few reports that specifically refer to the gassing behavior
of LTO electrodes [22—26]. Recently, the reason for the gassing
behavior of the LTO anode has been revealed, which was confirmed
originating from interfacial reactions between LTO and surrounding
alkyl carbonate solvents [27]. Carbon coating on the surface of the
LTO was reported as an effectively approach to suppress the gas
generation of the LTO anode, which was mainly due to the carbon
layer could cover the catalytic active sites of the LTO and separate
the LTO from the electrolyte [28]. Furthermore, the carbon coating
was favorable to form a successive solid electrolyte interface (SEI)
film on the surface of the LTO anode, which could prevent the
further reduction decomposition of the electrolyte [28]. However,
the existence of carbon coating is likely to be a threat to the safety
of LTO anode batteries [29]. Therefore, a zero carbon content and
safe coating layer should be proposed during the modified process
of the LTO.

Surface modification [30—32], especially with fluoride has been
proved to be an effective way to enhance the cyclic stability of
the layered oxides of the cathodes [33—40]. The improved
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Fig. 1. Schematic diagram of the synthesis of mSFLTO (m = 0.5, 1.0, 2.0, 3.0) samples by using a coprecipitation method.

electrochemical performance was tentatively attributed to the
buffer layer provided by the fluoride coating, which could reduce
the activity of the extracted of oxygen and suppress the electrolyte
decomposition on the surface of the cathode material [35]. The
AlF3 [34,36], LiF [38], SrF, [39], and CaF, [40] have been success-
fully coated on the surface of the cathode materials and the
enhanced electrochemical performances of the cathodes have
been achieved. Given this association, the fluoride buffer layer
might also can cover the catalytic active sites of the LTO and
suppress the electrolyte reduction decomposition on the surface of
the LTO anode. In our previous work [29], we have reported an
AlF; modified LTO composite via a low temperature preparation
process. We found that only part of the AI>** and F~ were co-doped
into the bulk phase of the LTO particles, while the rest of the A+
and F~ remained on the surface of the LTO particles forming a thin
AlF3; coating layer. The results indicated that AlF; modified LTO
anode could obviously suppress the electrolyte reduction decom-
position, and we believed that should be ascribed to the AlF;
buffer layer could cover the catalytic active sites of the LTO and
separate it from the electrolyte. Among the fluoride, the SrF, has
better stability than others in the electrolyte [39], which should be
a more preferable fluoride coating material for the LTO anode. In
the present study, we report a facile method to make SrF, modi-
fied LTO composite via a low-temperature reaction. The SrF;
modified LTO composites are characterized and their enhanced
rate capability and cycling stability are discussed. In addition, the
interfacial reactions between SrF, modified LTO composites and
electrolyte are also investigated.

2. Experimental
2.1. Materials synthesis

The SrF, modified LTO samples were prepared following the
procedures described in literature for SrF, modified cathode ma-
terial.¥ Commercial LTO (Chengdu Xingneng New Materials Co.,
LTD) powder was used for this study. Ammonium fluoride (NH4F,
98%, Sigma-Aldrich) and strontium nitrate (Sr(NO3),, 98%, Sigma-
Aldrich) were added at a fixed stoichiometric molar ratio of
Sr*":F~ = 1:2 and at different amounts. After being constantly
stirred at 80 °C for 5 h, filtrated and purified, the mixed solid
powders were calcined at 400 °C for 5 h under argon atmosphere.
The obtained SrF,-modified LTO samples are denoted mSFLTO
(m = 0.5, 1.0, 2.0, 3.0), where m is the weight percentage of SrF, in

the composites of SrF, modified LTO samples.

2.2. Materials characterization

Powder X-ray diffraction (XRD, Xpert MPD DY1219) with Cu K,
radiation was used to identify the crystal lattice parameters of the
commercial LTO and the mSFLTO samples. Microstructure and
morphology of the prepared samples were observed via scanning
electron microscope (SEM, FEI INSPECT-F) with an energy-
dispersive detector (EDS) and transmission electron microscope
(TEM, Libra200FE). The chemical composition of the mSFLTO
sample was determined by X-ray photoelectron spectroscopy (XPS,
PHI5600 Physical Electronics).

2.3. Coin-type half cells electrochemical measurements

The working electrode was prepared by coating the mixed
slurries (85 wt% mSFLTO composites or pristine LTO, 10 wt%
conductive Super-P and 5 wt% LA-132 binder) onto an alumina foil
using a doctor blade, with a 100 pm gap. The weight of active
material in the working electrode was 3.50 mg, and the geometrical
area of the working electrode was 1.54 cm?. The working electrode
was then dried in a vacuum oven at 80 °C for 12 h to remove any
residual solvent and possible adsorbed moisture. Electrochemical
measurements were performed using coin-type half cells assem-
bled in an argon-filled glove box. The cathode of the coin-type half
cell was the as-prepared working electrode, the counter and
reference electrode was lithium metal, the separator was Celgard
2400, and the electrolyte was 1 M LiPFg/EC:DEC:DMC (1:1:1 in
volume). Galvanostatic charge and discharge experiments were
carried out on BTS-5V20 mA cell test instruments (NEWARE Elec-
tronic Co. Ltd) between cut-off voltages of 1-3 V at different
charge/discharge rates at 25 °C. Cyclic voltammograms (CV) were
recorded from 1 V to 3 V with a scan rate of 0.2 mV/s by using the
Auto-lab Pgstat302N electrochemical workstation. The electro-
chemical impedance spectrum (EIS) was measured by using a
Solatron 1260 Impedance Analyzer in the frequency range
10~2—10° Hz with a potential perturbation at 10 mV. The coin-type
half cells that used for the EIS measurements were at half state of
charge.

In order to investigate the interfacial reactions between the
working electrode and the electrolyte, the coin-type half cells after
the galvanostatic charge and discharge tests were transferred to an
argon-filled glove box and then disassembled. The working
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Fig. 2. XRD patterns (a) and enlarged peaks at 20 = 26.0°—27.0° (b) of commercial LTO and mSFLTO (m = 0.5, 1.0, 2.0, 3.0) composites.

Fig. 3. SEM images of commercial LTO (a), 2.0SFLTO (b) and TEM images of 2.0SFLTO (c, d).

electrodes were rinsed using dimethyl carbonate (DMC) to remove 3. Results and discussion

the electrolyte from the electrode surface and then drying in the

glove box to remove the residual DMC. The surface morphology of Fig. 1 shows a schematic diagram of the synthesis of mSFLTO
the working electrodes was examined with a field emission scan- (m = 0.5, 1.0, 2.0, 3.0) samples by using a coprecipitation method.
ning electron microscopy (SEM, FEI INSPECT-F). Firstly, an amount of Sr(NO3); and NH4F was dissolved in deionized
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Fig. 4. XPS spectrum of 2.0SFLTO, Sr 3d and F 1s spectrum.

water to form a stable solution, respectively. Then the commercial
LTO powder was added to the Sr(NOs), solution with sufficient
sonication to form an uniform suspension. Finally, the stoichio-
metric molar ratio of NH4F solution (Sr2™:F~ = 1:2) was added to
the above suspension with a speed of 1—2 ml/min under vigorous
stirring. While the F~ meeting the Sr?*, as the solubility product
constant (Ksp) value for the SrF; is very small (2.5 x 10~9), there-
fore, the SrF; precipitation would form and adhere to the surface of
the LTO particles. After filtration and purification, the above
mentioned precursor was then heated at 400 °C for 5 h under argon
atmosphere to obtain the mSFLTO samples.

Fig. 2a shows the XRD patterns of the mSFLTO (m = 0.5, 1.0, 2.0,
3.0) and the commercial LTO. All the five samples show the major
peaks of cubic LTO (JCPDS No. 49-0207), which indicate that SrF,-
modified process do not obviously change the crystal structure of
the LTO during heat treatment. From Fig. 2a, it can also be observed
the extra peaks for SrF, (JCPDS No. 06-0262) marked with del (V)
in the composites of 2.0SFLTO and 3.0SFLTO. The peaks of the SrF,
in the composites of 0.5SFLTO and 1.0SFLTO are not observed
should attribute to the low weight percentage in the composites.
For a clear observation, the major peak for the SrF, (20 = 26.6°) is
magnified in Fig. 1b.

The SEM of SrF,-modified LTO are shown in Fig. 3, it can be
observed that the commercial LTO (Fig. 3a) shows a well-
crystallized structure and smooth surface, however, it can also be
obviously observed that there is a coating layer on the surface of the
composite of 2.0SFLTO (Fig. 3b). Furthermore, the existing of the

coating layer on the surface of the 2.0SFLTO composite can be
further identified via the TEM images (Fig. 3¢, d). Fig. 4 shows the
XPS measurement of the 2.0SFLTO. The binding energy for the Ti
2p3jz and 2p12 is 458.54 eV and 464.20 eV, which should be related
to the Ti** in the LTO [41]. The O 1s spectrum has a binding value of
530.14 eV, which should be the oxygen predominantly bonded to Ti
ions [42]. An additional low-intensity peak can be observed in the O
1s spectrum, which might be due to the adsorbed water or surface
OH™ groups [43]. The Sr 3dsj; and 3dsj; peaks at 133.75 eV and
135.32 eV are related to Sr>*, while the F 1s peak at 684.90 eV is
related to F~ [44]. This indicates that the coating layer on the sur-
face of the 2.0SFLTO composite contains Sr>* and F~. Combining the
results of the XRD, SEM and TEM of the sample, it can deduce that
the coating layer on the surface of the LTO should be mainly SrF-.
Fig. 5 exhibits the distributions of the element O, Ti, Sr and F in the
tested area (SEM image in Fig. 5), respectively. It can be observed
from Fig. 5 that all the elements have homogeneous distributions,
which indicates that the SrF, buffer layer is uniformly covered on
the surface of the LTO.

Fig. 6 shows the SEM images of the LTO and 2.0SFLTO electrodes
after rate tests (0.5 C, 10 cycles; 1.0 C, 10 cycles; 3.0 C, 10 cycles;
5.0 C, 10 cycles; 10.0 C, 10 cycles; 20.0 C, 10 cycles at the cut-off
voltages of 1—3 V). As shown in Fig. 6a, it can be observed there
is some black matter (which has been regarded as SEI film by He
et al. [27,28]) formed on the surface of the commercial LTO elec-
trode at the cut-off voltages of 1—3 V. The reason for the formed SEI
film could be ascribed to the interfacial reactions between the LTO
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Fig. 5. EDS elemental mapping (O, Ti, Sr and F) for the selected area of 2.0SFLTO. The SEM image (top) shows the selected area corresponding to the elemental mapping of the
2.0SFLTO.

Fig. 6. SEM images of the commercial LTO (a) and 2.0SFLTO (b) electrodes after galvanostatic discharge and charge tests at the cut-off voltages of 1-3 V.

and the surrounding alkyl carbonate solvents [27]. The interfacial LTO will increase and its discharge specific capacity also will
side reactions can lead to severe gassing during charge/discharge become poor. However, as shown in Fig. 6b, it can be observed that
cycles and storage. Furthermore, the electrode polarization of the there is almost no SEI film formed on the surface of the 2.0SFLTO
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Fig. 7. Rate capability (a) and cyclic performances (b) of the pristine (commercial). LTO and 2.0SFLTO at the cut-off voltages of 1-3 V.

electrode at the cut-off voltages of 1—3 V. This indicates that the
SrF, coating layer can suppress the interfacial reactions between
the electrode and the electrolyte by covering the catalytic active
sites of the LTO.

Fig. 7a shows the rate capability of the pristine (commercial)
LTO and 2.0SFLTO at different rates from 0.5 C, 1.0 C, 3.0 C, 5.0 C,
10.0 C—20.0 C and then in returned from 20.0 C to 0.5 C at the cut-
off voltages of 1-3 V. The charge—discharge processes of the
samples were carried out for 10 cycles at 0.5 C,1.0 C,3.0 C, 5.0 C,
10.0 C, 20.0 Cand again at 0.5 C, respectively. It can be observed that
discharge specific capacity of the commercial LTO is 159 mA h/g,
157 mA h/g and 154 mA h/g at the rates of 0.5 C, 1.0 Cand 3.0 C, and
the discharge specific capacity of the 2.0SFLTO is 157 mA h/g,
154 mA h/g and 153 mA h/g at the same rates mentioned above.
This indicates that the 2.0SFLTO shows slightly lower discharge
specific capacity than the commercial LTO at the low rates, which
should be ascribed to that the SrF, buffer layer is an electrochemical
inert material and giving no contribution to the charge/discharge
specific capacity [39]. However, as show in Fig. 73, it can also be
observed that the 2.0SFLTO exhibits obviously higher discharge
specific capacity than that of the commercial LTO at the high rates
of 5.0 C, 10.0 C and 20.0 C. The discharge specific capacity of the
2.0SFLTO is 149 mA h/g, 136 mA h/g and 107 mA h/g at the rates of
5.0 C,10.0 C and 20.0 C, while the discharge specific capacity of the

commercial LTO is only 140 mA h/g, 129 mA h/g and 82 mA h/g at
the same high rates. This should be attributed to that there is more
SEI film formed on the surface of the commercial LTO electrode
than that of the 2.0SFLTO electrode (as shown in the SEM images of
Fig. 6a and b) during the high rates charge/discharge processes. The
SEI film comes from the interfacial reactions between the LTO and
the surrounding alkyl carbonate solvents especially at high rates
(heavy current) charge/discharge processes [27], which could lead
to the electrode polarization and results in poor discharge specific
capacity. For the 2.0SFLTO electrode, as the SrF, buffer layer could
cover the catalytic active sites of the LTO and separate it from the
electrolyte, therefore there is almost no SEI film formed on the
surface of the 2.0SFLTO electrode during the charge/discharge
process (as shown in the SEM images of Fig. 6b). However, for the
commercial LTO electrode, as the interfacial reactions between the
LTO and the surrounding alkyl carbonate solvents especially at high
rates, there has formed a thick SEI film on the electrode (as shown
in the SEM images of Fig. 6a), which makes the commercial LTO
exhibits higher electrode polarization and lower discharge specific
capacity than that of the 2.0SFLTO at the high rates of 5.0 C, 10.0 C
and 20.0 C.

Fig. 7b compares the cyclic performances of the pristine (com-
mercial) LTO and 2.0SFLTO at the rate of 5.0 C. As shown in Fig. 7b,
at 5.0 C, the first discharge specific capacity, the 100" discharge
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Fig. 8. Charge and discharge curves of the pristine (commercial) LTO and 2.0SFLTO electrodes at the rates of 0.5 C, 1.0 C, 10.0 C and 20.0 C.

specific capacity and the capacity retention ratio of the 2.0SFLTO
are 148 mA h/g, 147 mA h/g and 99.3%, respectively, while these
values for the pristine LTO are 140 mA h/g, 137 mA h/g and 97.9%,
respectively. Moreover, Fig. 7c and d further compare the cyclic
performances of the pristine (commercial) LTO and 2.0SFLTO at the
rate of 10.0 C and 20.0 C. As shown in Fig. 7c, at 10.0 C, the first
discharge specific capacity, the 100t discharge specific capacity
and the capacity retention ratio of the 2.0SFLTO are 136 mA h/g,
135 mA h/g and 99.3%, respectively, while these values for the
pristine LTO are only 132 mA h/g, 122 mA h/g and 92.6%, respec-
tively. As shown in Fig. 7d, at 20.0 C, the first discharge specific
capacity, the 100th discharge specific capacity and the capacity
retention ratio of the 2.0SFLTO are 106 mA h/g, 105 mA h/g and
99.1%, respectively, while these values for the pristine LTO are only
86 mA h/g, 70 mA h/g and 81.4%, respectively. These results indicate
that the 2.0SFLTO exhibits better cyclic performances than that of
the pristine LTO at the high rate of 5.0 C. 10.0 C and 20.0 C.

Fig. 8 shows the charge and discharge curves of the commercial
LTO and 2.0SFLTO electrodes at the low rates of 0.5 C, 1.0 C and the
high rates of 10.0 C, 20.0 C, respectively. As known, the margins
between the charge and discharge plateau potentials could be
corresponding to the polarization of the electrode [14]. As shown in
Fig. 8, it can be observed that the margins between the charge and
discharge plateau potentials of the 2.0SFLTO are slightly larger than
that of the commercial LTO at the low rates of 0.5 C and 1.0 C. This
indicates that the electrode resistance of the 2.0SFLTO is slightly
larger than that of the commercial LTO at the low rates, which

should be ascribed to the insulated coating layer of the SrF,.
However, from Fig. 8, it can be observed that the margins between
the charge and discharge plateau potentials of the 2.0SFLTO are
obviously smaller than that of the commercial LTO at the high rates
of 10.0 C and 20.0 C. This indicates that the electrode resistance of
the 2.0SFLTO is much smaller than that of the commercial LTO at
the high rates. For the commercial LTO electrode, as the existing of
interfacial reactions between the LTO and the surrounding alkyl
carbonate solvents, therefore there is more SEI film formed on the
surface of the electrode especially at high rates (such as 10.0 C and
20.0 C) and which results in it has larger electrode polarization than
the 2.0SFLTO.

Fig. 9a shows the electrochemical impedance spectrum (EIS) of
the pristine LTO and the 2.0SFLTO electrodes (fresh electrodes)
which did not experienced the galvanostatic discharge and charge
tests at the cut-off voltages of 1-3 V. Fig. 9b shows the electro-
chemical impedance spectrum (EIS) of the pristine LTO and the
2.0SFLTO electrodes which have experienced the galvanostatic
discharge and charge tests at different rates (0.5 C, 10 cycles; 1.0 C,
10 cycles; 3.0 C, 10 cycles; 5.0 C, 10 cycles; 10.0 C, 10 cycles; 20.0 C,
10 cycles) at the cut-off voltages of 1—-3 V. All of the above elec-
trodes are at a charge state of 1.55 V while executing the EIS tests.
The solid lines are fitted by the equivalent circuit as inserted in
Fig. 8a and b. The Re and Restcr) (Rs + Rer) in the equivalent circuit
represent the electrolyte resistance and cell components, surface
film resistance and the charge transfer resistance, respectively [45].
The Ry represents the electronic resistivity of the active material



68 X. Li et al. / Journal of Alloys and Compounds 693 (2017) 61—69

Fig. 9. Electrochemical impedance spectrums of the fresh electrodes of pristine (commercial) LTO and 2.0SFLTO (a), and electrochemical impedance spectrums of the pristine
(commercial) LTO and 2.0SFLTO electrodes that have experienced the galvanostatic discharge and charge tests (b).

Table 1
Fitted parameters of equivalent circuit of Fig. 9a and b.

Samples Fresh electrodes After galvanostatic charge and discharge tests

Re(Q) R () Ry(Q) CPEst, ct (UF) Re(Q) Ry ce(Q) Ry (Q) CPEqs, ¢ (UF)
LTO 23 34 68.6 185 29 14.6 7.8 44.9
2.0SFLTO 25 43 76.9 326 2.6 8.8 5.4 36.7

Fig. 10. Rate capability of the pristine LTO and the mSFLTO (m = 0.5, 1.0, 2.0, 3.0) composites (a) and the discharge specific capacity of the pristine LTO and the mSFLTO (m = 0.5, 1.0,

2.0, 3.0) composites as a function of the charge/discharge rates (b).

and the ionic conductivity in the pores of the electrode [46]. The
CPE represent the surface film and double layer capacitance. The Wi
is the Warburg resistance associated with the solid state diffusion
of Li-ion through the LTO lattice. The Nyquist plots for both the
pristine LTO and the 2.0SFLTO consist of two depressed semicircles
in the high to medium frequency range and an infinite diffusion line
in the low frequency range. The fitted data from the equivalent
circuit is listed in Table 1. For the fresh electrodes that did not
experienced the galvanostatic discharge and charge tests, there it
can be observed that the Rsfc) and Ry, values of the 2.0SFLTO are
slightly larger than that of the pristine LTO. This indicates that the
fresh electrode of the 2.0SFLTO has larger electrode polarization
than that of the fresh electrode of the pristine LTO, which should be
ascribed to the insulated coating layer of the SrF,. However, for the
electrodes that have experienced the galvanostatic discharge and

charge tests, it can be observed that the R, ct) and Ry, values of the
2.0SFLTO are obviously smaller than that of the pristine LTO. This
indicates that the pristine LTO has larger electrode polarization
than the 2.0SFLTO after galvanostatic discharge and charge tests,
which should be attributed to the more amount of SEI film formed
on the surface of the pristine LTO electrode. For the 2.0SFLTO
electrode, however, as the SrF, coating layer could suppress the
interfacial reactions between the LTO and the electrolyte, therefore,
which leads to less amount of SEI film formed on the electrode and
less electrode polarization. Furthermore, as shown in Table 1, it can
be observed that the Rsf..cr) values of the pristine LTO after galva-
nostatic discharge and charge tests increase to about 4 times its
initial (fresh). This further indicates that there has been more SEI
film formed on the electrode during the galvanostatic discharge
and charge tests. However, there is obviously less increment of
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the Resticr) values for the 2.0SFLTO electrode after galvanostatic
discharge and charge tests while comparing with its fresh elec-
trode, which indicates that there has been less SEI film formed on
the electrode during the galvanostatic discharge and charge tests.

The SrF, buffer layer is an electrochemical inert and insulated
material, which could cover the catalytic active sites of the LTO and
suppress the electrolyte reduction decomposition on the surface of
the SrF, modified LTO electrode. However, as the SrF, buffer layer
gives no contribution to the charge/discharge specific capacity and
can increase the electrode resistance, therefore there should be an
appropriate amount of SrF; in the composite of mSFLTO. Fig. 10a
shows the rate capability of pristine LTO and the mSFLTO (m = 0.5,
1.0, 2.0, 3.0) composites. Fig. 10b shows the discharge specific ca-
pacity of the pristine (commercial) LTO and the mSFLTO (m = 0.5,
1.0, 2.0, 3.0) as a function of the charge/discharge rate. As shown in
Fig. 10a and b, it can be observed that all the mSFLTO (m = 0.5, 1.0,
2.0, 3.0) exhibit a slightly lower discharge specific capacity than
that of the pristine (commercial) LTO at low rates of 0.5 C, 1.0 C and
3.0 C. Furthermore, it can be observed that the discharge specific
capability of the mSFLTO (m = 0.5, 1.0, 2.0, 3.0) at low rates (0.5 C,
1.0 C, 3.0 C) decreases with the increase of the weight percentage of
SrF, in the mSFLTO composites. These should be ascribed to the
electrochemical inert SrF, giving no contribution to the charge/
discharge specific capacity. However, while at high rates of 5.0 C,
10.0 C and 20.0 C, it can be observed that all the mSFLTO (m = 0.5,
1.0, 2.0, 3.0) show higher discharge capacity than the pristine
(commercial) LTO, and the 2.0SFLTO exhibits the highest discharge
capacity among them. This should be attributed to that the 2 wt% of
SrF, in the mSFLTO composite could not only well cover the cata-
lytic active sites of the LTO but also lead to an appropriate/
acceptable electrode resistance.

4. Conclusion

The SrF, modified LTO composites were prepared via a low-
temperature reaction between LTO and SrF,. The results showed
that there was no Sr** and F~ co-doping into the bulk phase of the
LTO, and instead formed a SrF, coating layer on the surface of the
LTO particles. The mSFLTO (m = 0.5, 1.0, 2.0, 3.0) showed slightly
lower discharge specific capacity than that of the pristine LTO at
low rates of 0.5 C, 1.0 C and 3.0 C, which should be ascribed to that
the SrF, coating layer was an electrochemical inert material and
giving no contribution to the charge/discharge specific capacity.
However, the mSFLTO (m = 0.5, 1.0, 2.0, 3.0) showed obviously
higher discharge specific capacity than that of the pristine LTO at
high rates of 5.0 C, 10.0 C and 20.0 C, which should be attributed to
the SrF, buffer layer could cover the catalytic active sites of the LTO,
suppress the electrolyte reduction decomposition (SEI film forma-
tion) and result in less electrode polarization. As the SrF, buffer
layer is an electrochemical inert and insulated material, too much
amount of SrF, could impair the discharge specific capacity and
increase electrode resistance, therefore there should be an appro-
priate amount of SrF; in the composite of mSFLTO. The electro-
chemical results indicated that the 2.0SFLTO showed the best rate
capability, which meant that the 2.0 wt% of SrF, in the SrF, modi-
fied LTO composites is appropriate.
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