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Spinel LisTisO;, has become an alternative material to replace graphite anodes in terms of solving safety issues and improving
battery life-time. Unfortunately, as Li4TisO12 is an insulator, the low electrical conductivity becomes a major drawback, as it is
unfavorable to higher rate capability. In addition to the low electronic conductivity, severe gassing during charge/discharge cycles is
a critical but often-overlooked problem of LisTi5O1; batteries. LisTisO;2/C microspheres were prepared by assembling the nano-
LisTisO12 (50-300 nm) with pitch derived pyrolytic carbon. It was found that the coated carbon in LisTisO12/C microspheres can
effectively inhibit gassing and Mn deposition in LiMnO4//LisTi5O;2 battery. Carbon can also significantly improve rate capability
and cycling performance compared with that of Li; Tis O, microspheres without carbon due to stable interface and superior electronic
conductivity.
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Spinel lithium titanate (LisTisO,) has a high lithium intercala-
tion voltage of 1.55 V vs. Lithium with a theoretical capacity of
170 mAhg~!. Li;TisO;, also has a high thermal stability, superior
safety properties, and excellent cycle life. Since its discovery in the
1990s,' LiyTisO), has been investigated as a very promising alterna-
tive anode material, especially for large-scale batteries, such as hybrid
electric vehicles (HEVs) or in renewable energy storage plants, due to
its important properties including low cost, abundance, and environ-
mental friendliness.”

Although it displays plenty of attractive characters, there are two
main obstacles hindering application of LisTisO1,. One is poor elec-
tronic and ionic conductivity, which leads to poor rate capability.’*
In addition, a number of strategies have been implemented to over-
come the low electrical conductivity and to further improve the power
performance of Li;TisO,, including nanosized materials,>” design
of unique configurations,®!! carbon coating,'>™* 3d-elements dop-
ing at Ti sites,'>"!7 rare earth doping,'® and coating with noble metal
nano-particles, oxides or high conductive phase such as Ag!'®, Cu,0%
and TiN phase,® which are expected to solve the challenge with good
cyclic performance as well as to maintain a high rate performance.

Besides the low electronic conductivity, severe gassing during
charge/discharge processes is a critical but often overlooked prob-
lem, particularly for LiMn,0,//LisTisO,, batteries. To date, this
issue is unresolved, but it will clearly bear heavily on electrode
materials, electrolyte, and battery system.?'"> Recently, gassing in
LiNi;3Mn;3Co,30,//LisTisO,, batteries has been attributed to the
interfacial reactions between Li;TisO;, and surrounding alkyl car-
bonate solvents by He and Kang et al.”3 Belharouak et al.>! confirmed
that gas generated in LiMn,04//Li4TisOy, systems during cycling is
mainly composed of H,, CO,, and CO. It is suggested that H; is pos-
sibly derived from a trace of H,O, while CO and CO, result from
the decomposition of electrolyte solution initiated at relatively high
temperatures by PFs that is a strong Lewis acid and one of the decom-
position products of the electrolyte, LiPFg.2!:>

According to our results, gassing does not always occur. The most
serious gassing only occurs when LiMn,O4 was used as the cathode.
Less gassing is more likely when the cathode has high stability in
electrolyte, such as LiCoO, cathode. Therefore, to further understand
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why gassing occurs and to find an effective way to control it, more
investigation is needed for fabrication of Li;TisO;, and reaction in
LiMH204//Li4Ti5012 system.

We synthesized Li;TisO,,/C microspheres by assembling nano-
LiyTisOy, (50-300 nm) particles using pitch derived pyrolytic
carbon. Coated carbon in LiyTisO;»/C played dual functions in
LiMn,0,4//Li4TisO,, batteries. Carbon can effectively inhibit gas gen-
eration and Mn deposition in LiMn,0,4//LisTisO,/C batteries, it also
significantly improves rate capability and cycling performance com-
pared with that of Li; Tis O, microspheres without carbon due to stable
interface and superior electronic conductivity.

Experimental

Materials synthesis.— Anatase TiO, (220 nm in average particle
diameter and 99.5% in purity, Hangzhou Wanjing New Material Co.,
Ltd) and Li,COj3 (99.9% in purity, Shanghai China Lithium Industrial
Co., Ltd.) were used as raw materials. The starting coarse Li;TisO;,
was prepared by a solid-state reaction method as described in a pre-
vious work.?>?” The stoichiometric amounts of Li,CO; and anatase
TiO, with molar ratio of Li: Ti = 0.82:1 were mixed with ethanol
as dispersant by planetary ballmilling. The ball-milled mixture was
heated in a furnace at 800°C in air for 18 h to obtain the coarse
LisTisOp,.

Thereafter, LiyTisO;, and LisTisO;,/C microspheres were pre-
pared by assembling nano-Li,TisO;, particles with and without car-
bon. For the fabrication of Li;TisO;, and LisTisO,,/C microspheres,
coarse LiyTisO, materials were first ball-milled without a carbon
source and with 5 wt% pitch as a carbon source using water as a
dispersant for 1.5 h, respectively. The resultant slurry was then spray
dried to obtain the precursors individually. Finally, two precursors
were all annealed at 650°C for 6 h in an Ar atmosphere to obtain the
final materials.

Characterization.— X-ray diffraction (XRD) patterns of the sam-
ples were recorded on a Rigaku diffractometer using Cu Ka irradi-
ation. Scanning electron microscopy (SEM) and transmission elec-
tron microscopy (TEM) images were obtained on a Nova NanoSEM
430 and Tecnai F20. Thermo gravimetric analysis (TGA, Netzsch-
STA 449C) was used to analyze the carbon content in LiyTisO,,/C
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at a heating rate of 10°C min~! from 25 to 850°C in air. Raman
spectra were obtained by a HORIBA Jobin Yvon LabRam HR800
micro-Raman spectroscope using 532 nm excited laser. X-Ray pho-
toelectron spectroscopy (XPS) analysis was performed on the anodes
of LiMn,04//Li4TisO;, and LiMn,04//Li4TisO;,/C batteries after 10
cycles in order to identify the surface composition of the cycled elec-
trodes. XPS images were taken with an ESCALAB 250 spectrometer
using an AlKa radiation. Full batteries were disassembled in high-
purity Ar atmosphere at 0% SOC (state of charge), rinsed thoroughly
with dimethyl carbonate (DMC) solution, and then sealed in an air-
tight container and transferred to the XPS apparatus with a minimal
to air. To measure the tap density, 50 g powder was placed in a glass
measuring cylinder, and tapped 100 times. The volume of the tapped
powder and its mass was used to calculate the tap density.

Electrochemical characterizations of half cells.— Electrochemical
characterization of LisTisO;, was carried out in CR2025 coin cells,
using Li metal as the negative electrode, a Celgard 2400 polypropylene
separators saturated with 1 M LiPFg in ethylene carbonate (EC), DMC
and ethylene methyl carbonate (EMC), (1:1:1 w/w) as the electrolyte
(Novolyte Technologies, Inc., Suchou, China). The electrode con-
sisted of 90 wt% LisTisO;z, 4 wt% polyvinylidene fluoride (PVDF)
as a binder, and 6 wt% acetylene black. These materials were dis-
persed in 1-methyl-2-pyrrolidinone (NMP), and the resultant slurry
was then coated onto an aluminum foil. Typically, ~7 mg of the mixed
powders was used per cell. Charge/discharge tests were conducted at
room temperature using a LAND CT2001A tester at various current
densities from 0.2 to 20 C between 2.7 and 0.8 V (1 C = 175 mAbh/g).
AC impedance spectra were measured by a Solatron 1260 Impedance
Analyzer in the frequency range from 10 mHz to 100 kHz with a
potential perturbation at 10 mV.

Assembly of LiMn,04/Li,TisO;; batteries.— The 043048-type
pouch cells were assembled using LisTisO,, and LisTisO,,/C anode
electrodes with LiMn,O4 (Hunan Shanshan Toda Advanced Materials
Co., Ltd) cathode electrodes. The LiMn, 0, electrode consisted of 95
wt% LiMn,0y, 2 wt% conductive carbon black, and 3 wt% PVDF
The LisTisOq, and LisTisO;,/C electrode consisted of 92 wt% ac-
tive materials, 3 wt% conductive carbon black, and 5 wt% PVDF as
binder. 1M LiPFg in a 1:1:1 mixture of EC/DMC/EMC was used as
the electrolyte and Celgard 2400 polypropylene separator was used as
separator. The cathode electrode, anode electrode, and separator were
wound together to make the battery core, and then the core was put into
a 043048-type aluminum plastic-laminated film box. The electrolyte
was injected and the batteries were sealed with a sealing machine.
The cell assembly was conducted in an argon-filled glove box. Cyclic
voltammograms were recorded by a Solartron 1287 electrochemical
workstation. Charge/discharge tests were conducted at room temper-
ature using a LAND CT2001B tester at 1C (1C=290mA).

Results and Discussion

Morphology and structural characterization.— Due to the carbon
coating, tap density of LisTisO,,/C materials was about 1.05 g/cm3,
which is lower than that of pure Li;TisO;, materials (1.20 g/cm?).
Figure 1 shows the XRD patterns of (a) Lis TisO;,/C and (b) Lis TisO5,.
All the diffraction peaks at 26 of 18.4, 35.6, 43.3, 47.4, 57.2, 62.8,
and 66.1, in both XRD patterns can be indexed as spinel LisTisO,
according to the JCPDS powder diffraction file No. 49-0267 and no
impurity peaks were detected. These results indicate that pyrolytic
carbon has no effect on the crystal structure of spinel LisTisOy;.
The percentage of carbon in LisTisO;,/C was about 2.6 wt% based
on the TGA. Weight loss is due to thermal decomposition of pitch
at high temperatures. Raman spectroscopy was used to characterize
LiyTisOy, and Liy TisO;,/C. As shown in Fig. 2, besides Raman peaks
of LisTisOy, at 230, 350, 422, and 670 cm~! in Fig. 2b, the D-band
around 1326 cm™! and G-band around 1590 cm~! can be clearly
seen in Raman spectra of the LisTisO;,/C (Fig. 2a), which are the
characterization peaks of carbon materials.
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Figure 1. XRD patterns of (a) Li4TisO2/C and (b) Lis TisOy2.

The difference of surface morphology between Li TisO;, and
Li;TisO;,/C can be observed in Fig. 3. Both materials are spheri-
cal, with a size of ~20-50pm. As shown in Fig. 3a and 3b, the ag-
glomerates of particles located in the LisTisO;, spheres cause rough
surfaces and porous structure of LigTisO;,. While for Li; TisO,/C, it
has smooth surface and uniform structure (Fig. 3c and 3d). Figure 3e
and 3f show TEM morphologies of Li;TisO,/C, its primary particle
size is ~50-300nm, and the thickness of carbon layer is ~10-30 nm.

Electrochemical performances in half-cells.— Figures 4a and 4b
show the charge and discharge curves of LiyTisO;, and LisTisO,/C,
respectively. Note that the LisTisO;, shows high specific capacity
~167 mAh/g at 0.2C, 159 mAh/g at 1 C. At higher charge/discharge
rates, such as 5 C, 10 C, and 20 C, it shows much lower specific
capacity of 136, 118, and 92 mAh/g, respectively. In Fig. 4b, we can
clearly see that LisTisO,,/C shows superior charge/discharge perfor-
mance at high rates. It delivers 171, 165, 145, 131, and 110 mAh/g
at 0.2, 1, 5, 10, and 20 C rates,respectively. Figure 4c compares the
polarization between the charge and discharge plateau for the two
electrodes shown in Fig. 4a and 4b. This potential difference can
represent the degree of polarization of the electrode. Polarization for
the LisTisO;,/C electrode are much smaller than those of LisTisO1,
electrode at all discharge rates from 1 C to 20 C, which again shows
that the Li;TisO;,/C has better reaction kinetics, because of the im-
proved electrical conductivity by carbon coating. The trends in the
capacity change were found to correlate well with the charge-transfer
resistance determined by electrochemical impedance spectra (EIS)
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Figure 2. Raman spectra of (a) Li4TisO12/C and (b) Lis TisOy2.
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analysis.The Nyquist plots shown in Fig. 4d show a prominent semi-
circle within the high-frequency range. The width of this semi-circle
gives the approximate overall charge transfer resistance (R¢).2® It was
found that the LisTisO,,/C has a lower R, (~27.5 2) than that of
LiyTisOy, (~51.5 Q). Due to similar experimental conditions, such as
loading of the LisTisOy, (6.2 £ 0.1 mg/cmz) and test temperatures,
the observed difference in the charge-transfer resistance is apparently
due to ionic and electronic conductivities of two samples.

Role of carbon for suppressing gassing.— The electrochemical
performance of LiyTisO,, and LisTisO,,/C was further evaluated us-
ing pouch batteries. Figures 5a and 5b show the charge-discharge
curves of LiMn,04//LisTisOq, and LiMn,04//LisTisO;,/C batteries
at 1 C, respectively. Obviously, LiMn,04//Li;TisO;»/C has a su-
perior rate performance to that of LiMn,0,4//LisTisO,,, For exam-
ple, in the tenth cycle, the discharge capacity, galvanostatic capac-
ity proportion, and average discharge plateau are 281 mAh, 88.5%
and 2.42 V for LiMn,0,//Li;TisO;, batteries, and 289 mAh, 96.2%
and 2.46 V for LiMn,0,//LisTisO,,/C batteries, respectively. This
is mainly because carbon coating leads to the increase of elec-
tronic conductivity and enhanced electrochemical performance. The
LiMn,04//Li4TisO,/C batteries also show superior cycle perfor-
mance to that of LiMn,0,//LisTisO,, battery (Fig. 5b). The capacity
retention proportion of LiMn,O4//LisTisO;, batteries is only 23%
at the 580" cycles. In contrast, the capacity retention proportion of
LiMn,0,//Li4TisO,,/C batteries is 93% even at the 1000™ cycle.

More importantly, it is noted from the inset of Fig. 5b that the
swelling obviously occurred for LiMn,04//Li4TisO,, batteries by gen-
erated gas after long cycling. However, no swelling can be observed
for the Li4TisO,,/C based battery even after 1000 cycling. This indi-
cates that carbon can suppress gassing effectively.

Cyclic voltammograms (CV) of the two batteries was conducted
Figure 3. SEM images of LisTisO12 (a and b), and LiyTisO12/C (c and d), to study the function of carbon for suppressing gassing, as shown in
TEM images of Lis TisO12/C (e and f). Fig. 6. These cells had similar loadings of LTO and LTO/C materials.
The peaks at 2.6 and 2.7 V during the first positive scan and the
peaks at 2.3 and 2.4 V during the first negative scan presents a typical
electrochemical characteristic attributed to the two steps of reversible
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Figure 5. (a) Charge-discharge curves of LiMnyO4//Li4TisO1, and
LiMnyO4//LisTisO,/C batteries at 10 cycle, (b) Cycling performance of
LiMn;04//Li4TisO, and LiMnyO4//LisTisO1,/C batteries, the inset is a
photograph of LiMnyO4//LisTisO2 and LiMnyO4//LisTisO12/C batteries,
respectively.

intercalation and de-intercalation processes of lithium ions in the 8a
tetrahedral sites of spinel LiMn,0,.2%%

Besides these reversible peaks, we can find different electrochem-
ical reaction peaks during the first and subsequent cycles at about 2.0
and 34V region of LianO4//Li4Ti5012 and Lan204//Ll4T15012/C
batteries.

1) In the first cycle, as shown in Fig. 6b, peaks at about 2.1 V
may ascribe to the intercalation processes of lithium ions in
the pitch derived pyrolytic carbon in LisTisO;,/C. While for
LiMn,04//Li4TisO,, it does not have similar peaks.

2) The oxidation peaks (inset of Fig. 6a and 6b) between 3.2 and
3.6 V is due to the electrolyte decomposition reaction, and re-
sulted in the solid electrolyte interphase (SEI) formation on the
surface of LisTis O, or LiyTisO,,/C surface. As shown in Fig. 6a
(LiMn,0,4//Li4TisO,, batteries), decomposition peaks still exist
in the 10" cycle of the battery, which means the lack of a protec-
tive layer on the surface of LiyTisO1, and continuous electrolyte
decomposition. In addition, the decomposed gases, such as hy-
drocarbon gases and CO are generated in the batteries, resulted
in the swelling of the batteries.

3) In contrast to the LiMn,O,4//LisTisO,, batteries, the cathodic
peaks between 3.2 and 3.6 V for LiMn,04//LisTisO,,/C disap-
peared (Fig. 6b) after the initial cycles, which proves that the
electrolyte decomposition ceased.

LiMn,0, and LisTisO;, have flat operating voltage plateaus of
~4.0 and ~1.5 V, respectively. In the present study, as shown in Fig. 7,
the battery capacity was determined by the Li;TisO;, anode (that is,
excess LiMn,O, cathode material was used to design the battery
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Figure 6. Cyclic voltammograms of (a) LiMnyO4//Li4TisO1, and
(b) LiMn,04//Li4TisO12/C batteries at a scanning rate of 0.2 mV s
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and capacity ratio of LiMn,0,4/LisTisOy; is ~1.05). Thus, for this
excess cathode designed batteries, at the upper limit of 3.6 V cut-off
voltage, the potential of LiMn, O, cathode still remains at ~4.1-4.3 V
versus Li/Li*, while the voltage of the LiyTisO;, down to 0.4-0.8V.
The voltage window between 0.4 and 0.8V corresponds to the SEI
forming region of the anode materials, which is shown in Fig. 7. This
design can prevent the overcharge of the cathode material and severe
capacity fading for LiMn,0,//Li4TisO, battery systems.’!

Although excess LiMn, O, paired with Li; TisO;, can prevent the
overcharge of LiMn,0y, the lower voltage of LisTisO;, anode re-
sults in the reduction of electrolytes at the electrode surface during
subsequent cycling (Fig. 6a and 6b). It is well known that SEI is an

Journal of The Electrochemical Society, 162 (2) A3038-A3044 (2015)

essential prerequisite for proper electrode performance in LIBs. For
the conventional graphite anode, reduction of electrolyte results in
the formation of SEI, which prevents further side reactions during
cycling. Unlike graphite anode materials, dense and uniform SEI film
does not form on the surface of Li;Ti;O;, materials, which does not
prevent continuous electrolyte decomposition on the catalytic active
sites. While for Li;TisO;,/C materials, SEI formed on the surface of
coated carbon are believed to have homogeneous structure, mechani-
cal flexibility, and strong adhesion to the carbon surface.’* Therefore,
the electrolyte decomposition ceased, as shown in Fig. 6b, and the gas
forming reaction can be effectively suppressed by the SEI forming on
the carbon layer of LisTisO;,/C materials.
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Figure 8. XPS spectra of (A) LisTisOj2 and
(B) LigTi5O;,/C after 10 cycles at 0% SOC in
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Figure 9. SEM morphologies and energy-dispersive X-ray analysis (EDS) analyses of cycled Lis TisO, and LigTi5O;2/C after 300 cycles at 0% SOC.(a) and (b),

Li4TisOq2; (¢) and (d) LigTisO1,/C.

XPS analysis.— XPS measurements were carried on pouch cells
after 10 cycles of charge-discharge. XPS spectra (Fig. 8) for the Lils, C
1s, O 1s and F 1s shows that LiF, Li,COs3, polyethylene oxide (PEO),
and ROCO,Li dominate the main compositions of the SEI film on
the surface of Li; TisO;, and Li;Ti;O,,/C materials. Furthermore, the
following important points are obtained:

1) Inthe Cls spectra, the Lis TisO;,/C electrode shows more promi-
nent shoulder peaks of carbonates (i.e., Li,CO;3 at 290.6 eV,
ROCO,Li at 288.6 eV,and PEO at 286.0 eV) than the Li;TisO;,
electrode. According to Novak et al.,>> PEO is usually present in
the outermost layer of the SEI close to the electrolyte phase. PEO
in the Cls spectra imparts flexibility of the SEI and can further
protect the surface of the LisTisO;, materials during long-time
cycling.®

2) Comparing O 1s spectra with Li 1s and F 1s spectra, a small peak
of Li,O (529.0 eV) was observed from the SEI film on the surface
of LisTisO,,/C electrode, which is more pronounced than that of
LiyTisOys,

3) This indicates that the amounts of LiF are more pronounced for
LisTisO;,/C than that of LiyTisO;, materials, as shown in F 1s
spectra.

4) According to Davidson et a the P2p spectra generally con-
sists of two main peaks of Li, PF, (136.5 eV) and Li,PF, O, (133.4
eV). It can be seen from the P2p spectra that Li,PF, O, -rich peak
appears on the LisTisO,,/C which is much higher than that of
Li4TisOy, electrode materials.

1”33,34

All of these results suggest that carbon can increase the flexibility,
uniformity, and amount of the SEI film. Pure Li,TisO,, may have se-
vere side reactions during cycling. According to He and Kang et al.,*
gassing is due to interfacial reactions between Liy Tis O}, and surround-
ing alkyl carbonate solvents. Gassing even occurs when LisTisOy; is
simply soaked in electrolyte solution (not undergoes any electrochem-
ical process). When carbon is coating, a successive SEI film can be
formed on the carbon coating layer of the LisTisO,/C particles. This

uniform SEI can separate the Li;TisO, from the surrounding elec-
trolyte and can inhibit continuous electrolyte decomposition and gas
generation.

Due to effective SEI layer on the carbon coating layer, cycled
LisTisOy, and LiyTisO,,/C anode has obvious difference. Figure 9
shows SEM and EDS spectra of the LisTisO;, and Lis TisO;,/C elec-
trode surface after 300 cycles. Clearly, for the Li; TisO,, materials in
Fig. 9a, many large porous particles (several micrometers in diame-
ter) dispersed on the surface after cycling. While for the LisTisO,,/C
in Fig. 9c, cycled electrode kept spherical morphology. As shown in
Fig. 9b, these white particles contained large amounts of Mn. This in-
dicates severe deposition of Mn on the surface of Li; TisO;, samples.
Although LisTisO;,/C still has some small white particles, Mn signal
of these particles are still undetectable, as shown in Fig. 9d.

In order to confirm the results, we conducted XPS analysis. Mn
deposition can also be confirmed by XPS Mn2p spectra of cycled
LisTisOy; and Lis TisO;,/C anode materials, as shown in Fig. 10.

660 655 650 645 640 635
Binding energy (eV)

Figure 10. XPS Mn2p spectra of cycled LigTisOj2 and LigTisO;2/C after
300 cycles at 0% SOC. (a) LigTi5Oj, and (b) LisTisO1,/C.

Downloaded on 2015-01-08 to IP 146.64.81.115 address. Redistribution subject to ECS terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).


http://ecsdl.org/site/terms_use

A3044

In the case of using LiPF; as the electrolyte salt, LiPFg can easily
react with water, which unavoidably exists in a very low concen-
tration (ppm) in the electrolyte, as shown in the following reaction

equations®>-3
LiPFg 4+ H,O — POF; + LiF 4 2HF [1]
POF; + H,O — PO,F,” + HF [2]
PO,F,~ + H,0 — PO;F,” + HF 3]
PO;F*~ + H,0 — PO,*” + HF [4]

LiPFg salt itself also undergoes decomposition during reduction in
the charge/discharge cycles, the reactions are as follows

LiPFs — LiF + PF; [5]

PFs + H,0 — POF; + 2HF [6]

Decomposition by-products such as HF can attack LiMn,O4 to
yield soluble Mn (II) species, and manganese ionic species will be re-
duced on the anode surface easily.’” On the other hand, deposited man-
ganese can effectively catalyze the electrolyte decomposition, which
in turn leads to more Mn deposition and gassing.>>¢ This means Mn
depositon and electrolyte decomposition (gassing) are highly interre-
lated and mutually reinforcing.

‘When carbon is coated on LisTisOy,, a uniform and effective SEI
layer formed on the surface of LisTisO,,, and the SEI layer may
inhibit continuous electrolyte decomposition. Thus, gassing, Mn de-
composition and electrolyte decomposition are ceased together, and
Mn deposition is undetectable.

In summary, dual functions of carbon in LisTisO,,/C are as fol-
lows: (1) Carbon coating can significantly improve rate capability and
cycling performance compared with that of Lis TisO;, materials, (2)
Compact and dense SEI protection film can be formed on the sur-
face of the carbon coating layer and inhibit the continuous electrolyte
decomposition during cycling, which results in less gassing during
cycling.

Conclusions

Coated carbon in LisTisO;2/C microsphere materials play dual
functions. Carbon significantly improves the rate capability and cy-
cling performance of LisTisO;,/C materials in LiMn,04//LisTisO
battery systems. More importantly, the uniform carbon on the surface
of Liy TisO1,/C microspheres can effectively inhibit Mn deposition on
the anode electrode in LiMn,0,//Li4TisO,, battery systems, which
in turn prevents the electrolyte from further reduction decomposition,
thus efficiently suppress gassing during charge/discharge processes.
The stable interface and excellent electrochemical performance makes
LisTisO;,/C microspheres a very promising anode material for large
scale LIBs and this simple preparation method enables its production
on industrial scale.
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