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Tumanam nimito (Li,Ti;0;, a6o LTO) € o0num 3 xpawux
eapianmie 3aminu epadimy ax anoonoz0 mamepiany 6 Jimii-ion-
nomy axymyasmopi (JIA) enacaidox ymeopenns mebaxicamnozo
wapy npomizncnoi gaszu meepdozo enexmponimy (IIDTE), axui
cnoarcueae ion Li*, snuoicye npodyxmuenicmo JIIA i mosice suxauxa-
mu nexeposanuil naezpie. 30amuicmo LTO 3anobicamu ymeopeniio
IIDTE i nidoasamucs nyavosuii dedpopmauii nio wac inmepranauii
poboumov LTO expaii 6e3neunum 6 3acmocysanni. Oonax mumanam
JMito 3i CMpYKmMyporo wninei Mae HU3bKy meopemuuny €EMHICMb
i nozany eaexmponny nposionicmo. Husvka npogionicme naxnadae
00MedceHHs Ha U020 3aCMOCYBaHH. 30J1b-2e/ib Memo0 i 00’ c0nanms
LTO 3 Si, wo 602100ic 6UCOK010 MmeopeMuuHOI0 EMHICMIO, € KIIOHO-
eum paxmopom 6 ycymnenni nedonixie LTO. /Ina docsenenns euco-
Kol nomyscnocmi, 3anacy MiyHoOCMi i MALOBUMPAMHUX BUPOOHUMUX
eacmueocmeti 6 30Jlb-zeJlb CUHME3l 3ACMOCOSYSANU ziopomep-
MANbHO-MEXAHOXIMIUHY 00pOOKY 0 OMPUMAHHA HAHOCMPYKMY -
pu (LiyTi5;043). Illomim nanouacmunku Kpemmuilo 3 Macosum 6i0co-
mxom 5 %, 10 % i 15 % 0odanu do enexmpoonozo xkomnozumy ons
30irbwenns emnocmi anooa mumanama yimiro. Bci spasku oyau
oxapaxmepu3zo8ami 3 GUKOPUCHMAHHIM PEHM2eHOCMPYKMYPHOZO
auanizy, pacmpoeoi eieKkmpoHHOi MIKPOCKONii ma npoceiuyo4uoi
eneKxmponoi Mikpockonii. Akmuenuil anoonuil mamepian HaAno-
LTO/Si 6yeé noxpumuii i euxopucmanuil 6 naockiu xpyeaii 6ama-
pei. B axocmi npomuenexmpooy 6 3i0panomy naockomy Kpyziomy
HanieeseMeHmMi BUKOPUCMOBYBANACS MemaJesa aimieea Povea.
IIpooyxmuenicmo 6amapei nepesipanacs 3a 00noM0zo10 eaeKmpo-
ximiunoi imnedancnoi cnexmpockonii (EIC), wyuxaiunoi eonvmam-
nepomempii (IIB) i 3apaody-pospaoy (3P).

Pesyavmamu penmeenocmpyxmyprozo avanizy noxaszanu, wo
OYiu ompumani cnoyKu mumanama Jimito 3 Kpucmaiitnoo Cmpyx-
mypoto wnineni (LiyTi;0y3) i domimxamu pymuny TiO,. Pesyromamu
PEM-mixpodpomoepaddii noxazanu maiixce 00nopioni mopgonozi-
Hi cmpyKkmypu y euznsaoi aziomepamis 6 Oinvuwocmi 3pasxis. Y moiu
yac ax IIEM-300pajcenns HaHOKpeMHis Mano Kpucmanivny gasy 3
posmipom uacmunox menue 100 mm. Oonax nasenicmo nebdaxycamo-
20 wapy SiOx ne cnocmepieanocs wimko. /lodasanns nanowacmox
Si Modice 30LbMUMU NUMOMY EMHICITL 8UULEe MeOPEeMUUHOT EMHOCTMI
LTO, oonax, 3a npoenozamu, ymeopenns izonauitinozo wapy SiOx
€ 0CHOBHO10 NepewKo0o0lo, wWo 3HUNCYe edexmuenicmv dodasamns
nanouacmunox Si 00 3’conanns LTO. Topomepmiuna o6poodxa 3pas-
Ka Modice NOJNUMUMYU XAPAKMEPUCMUKYU HAHOKOMNOZUMHOZ0 anodda
LTO/Si. 3a pesyavmamamu 3P ompumane 3'conanns LTO/Si mae
Ppo3paony 30amuicmio do 12 C.

Pesyavmamu yuxaiunoi éonrvmamnepomempii ma 3apaoy-pos-
Ppady nokasanu onmumaasHui macosui eiocomox Si 10 %, a naii-
Kpawa emuicmo 3pasxa 6yaa ompumana npu 229,72 mAe/2

Kmouosi croea: anoo LiyTis045/LTO, kpemuiil, nanieesemenm-
HUll AKYMYAImMop, €MHICMb AKYMYAAMOPA, 307b-2e7b, HAHO-
yacmunxa, TiO»
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1. Introduction Li-ion batteries (LIBs) play a significant role due to their

high gravimetric and volumetric energy, high power densi-

In recent year, lithium-ion battery technology has at-  ty, long cycle life and low self-discharge property [1]. The
tracted considerable attention owing to the great potential ~ spinel Li;Ti5O12 (LTO) is a highly promising anode mate-
to revolutionize the transportation industry. Rechargeable  rial compared with the general graphitic carbon for use in




Li-ion batteries because attracted special attention due to
its extremely small structural change during Li “interca-
lation/deintercalation” and the absence of solid electrolyte
interface film [2], as zero-strain material, and has high
thermal stability [3]. However, Li;Ti5O15 also suffers from
poor electrical conductivity (103 S em™) and low lithi-
um-ion diffusion (102-10"'3 ¢cm?-s), which are two major
issues that need to improved performance from LTO-based
electrodes [4]. Spinel LTO can be synthesized by different
synthesis techniques including solid-state reaction, sol-gel,
high-energy ball milling, hydrothermal method, spray py-
rolysis method, etc. [2]. Since the enhancement in capac-
ity is a direct result of the composite component, silicon
makes an excellent choice given it phenomenal theoretical
capacity (4,200 mAh-g"), which is 13 times higher than
that of LTO [4]. Therefore, the present studies conducted
are practically important and having sufficient scientific
relevance.

2. Literature review and problem statement

The effort to increase the battery capacity continues to
be done by using a variety of ways that are replacing the
carbon anode with an anode containing lithium compound.
LTO anodes are considered to replace carbon anodes for
its few advantages that LTO has a large and stable volt-
age when compared to graphite (1.55 V belongs to LTO
and 0 V vs. Li belongs to graphite | Li +) although LTO
has a smaller capacity than the graphite anodes during
the process of intercalation [5] (In numbers ranging from
170 mAh/g). Also, LTO also stable against the electrolyte
can be paired with any cathode, a relatively fast charging
speed [6]. No change of volume (zero strain) during the
process of interstitial lithium ion, good energy efficiency,
prevent decomposition of lithium thus improving battery
safety, long-lasting life cycle [7] and capable of keeping
pace with the steady flow of lithium ions [8], In addition
to excellence, LTO material also has drawbacks, such as
low Li* ion diffusion [6] and very low theoretical capacity
(175 mAh/g) [1].

Weakness in LTO material can be overcome by combin-
ing LTO with silicon nano. Battery manufacture LTO/Si
aims to overcome the disadvantages of low LTO theoretical
capacity (175 mAh/g). Silicon as the anode material has a
large theoretical capacity reaching 4,200 mAh/g [9]. An-
other advantage is that silicon possessed abundant existence
[10]. But in addition there are major problems owned by
silicon, which is associated with a large volume expansion
of silicon-owned (400 %)[4], resulting in the collapse of the
electrode (pulverization) which resulted in a decrease in
battery performance [11].

Based on these problems the study was performed in a
blend of both superior properties owned by the two materi-
als, namely excellent structural stability (zero strain) from
LTO and high storage capacity of silicon to improve the
performance of lithium-ion batteries.

In this study, will be made of Li-ion battery cells by
using LTO half to add are nanoscale silicon particles with
nano silicon variation of 5 wt. %, 10 wt. % and 15 wt. %. The
addition of nano-sized silicon particles is done to minimize
the effects of large volumes owned expansion of silicon,
which is expected to improve the performance of lithium-ion
batteries.

3. The aim and objectives of the study

This study aims to synthesize the active material for
anode LIB containing the LTO which has the stable electro-
chemical properties and combined with the high theoretical
specific capacity material in the form of Si nano and pre-
pared into coin cell to test the performance.

To accomplish the aim, the following objectives have
been set:

— preparing the active anode materials using the sol-gel
method and mixing with Si nano and then fabricating a lithi-
um battery anode-LTO/Si nano to be a Li-ion battery product
half-cell;

—analyzing the influence of variation of silicon nano
(5%, 10 % and 15 %) of the performance of the battery half-
cell based on the result of the EIS test, cyclic voltammetry
and charge-discharge.

4. Materials and Methods

LTO powder was synthesized by a hydrothermal-mech-
anochemical method. In this study, TiO, anatase powders
were made by sol-gel and calcination process. The sol-gel
process started with the mixing of the primary solution
containing Ti(C4H¢O)4) and ethanol pH 3 with the second-
ary solution included ethanol pH 3 and distilled water. The
mixing process is carried out on magnetic stirring for about
2 h until the gel formed. The obtained gel was dried in room
temperature to get xerogel TiO2. Calcination process is per-
formed at a temperature of 300 °C for 2 hours to obtain TiO,
(anatase). Then, the hydrothermal process was done at a
temperature of 120 °C for 15 h. The high energy ball mill was
used to mix the result of hydrothermal with LiOH. Finally,
the sintering process was then performed at 750 °C in 1 hour
to form an LTO powder phase and ready to be used for the
active electrode material.

The electrochemical cycling performance of LTO powder
was carried out with a coin cell using a lithium metal foil as an
anode. To make the anode, a slurry composition consists of ac-
tive material (LTO and nano Si), acetylene black and PVDF,
were measured with a weight ratio of 8:1:1. 5 grams DMAC as
as solvent in this mixture is also used. The measurement for
each variable is presented in Table 1. Acetylene black is used
as the conductive material and PVDF is used as the binder.

In this study, will be made of Li-ion battery cells with
the addition of nanoscale silicon particles with nano silicon
variation of 5 wt. %, 10 wt. % and 15 wt. %. Thus, the sam-
ples are denoted as LTO-n5Si, LTO-n10Si, and LTO-n15Si.
Table 1 summarizes the composition of each sample.

Table 1
Mass composition and marks of each sample
Material Ratio Mass (g)
(Wt. %) LTO-n5Si | LTO-n10Si | LTO-n15Si
LTO 80 % 1.0000 1.0000 1.0000
Nano Si 0.0500 0.1000 0.1500
Acetylene 10% | 01312 0.1375 0.1440
Black
PVDF 10 % 0.1312 0.1375 0.1440

The slurries were deposited on current collectors copper
foil by Doctor Blade with 6 cm/minutes coating speed. The



electrode was then dried under vacuum at 80 °C for 2 h be-
fore electrochemical testing. Cell assembly was performed in
a glove box filled with pure argon.

The characterization of LTO powder to know the mor-
phology of the sample was observed by a scanning electron
microscope. The particle size of the sample was measured
with Image J software. Phase identification was examined
by X-ray diffraction analysis (XRD) using Cu Ko radiation.
BET (Brunaeur-Emmet-Teller) method was used to analyze
the surface area of LTO by using Quantachrome Nova in-
strument.

In this work, the Li-ion battery cell was made with two
electrode type cell by using LTO coin half-cell with the lith-
ium chip as a counter electrode. The other electrode in this
system would be LTO as the working electrode. The electro-
lyte used in this coin cells was a mixture of 1 mol LiPF6 and
diethyl carbonate/ethylene carbonate (1:1 in volume) solu-
tion, and Celgard polypropylene as the separator. The coin
cell assembly was carried-out inside the glove box system
(Vigor) under Argon ultra-high purity gas flow.

The Cyclic voltammetry (CV) of coin cell was carried
out by an electrochemistry workstation (WonATech WBCS
2000) with a sweep scan rate of 0.1 mV/s and potential range
between 0.1 V and 3.0 V, at a scan rate of 100 uVs™. (micro-
volt instead of milivolt) or equal to 0.1 mVs™. The low poten-
tial of 0.1 V is aimed to detect the anodic/cathodic peak of
Silicon and subsequent higher voltage to detect the peaks of
LTO and other phases.

The galvanostatic charged-discharged on a recycler bat-
tery system (WonATeCH WBCS 2000) with a C-rate vari-
ation of charge and discharge (CD) testing was conducted
to evaluate the cell electrochemical performance from low
current (C/5) to high current (12C) discharge rate.

Electrochemical impedance spectroscopy (EIS) tests
were performed to show the impedances value of electrolyte
and charge transfer resistance using HIOKI RM3544 in-
strument with a frequency range of 0.1-20.000 Hz.

5. Experiment Results

The morphology of LTO powder was produced from hy-
drothermal mechanochemical reaction synthesis and was ex-
amined using a scanning electron microscope (SEM). Fig. 1
shows a representative SEM image of LTO powder with a
magnification of 1000X and 20000X.
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Fig. 1. SEM image of LTO powder with magnification: ¢ — 10.000X; 6 — 20.000X

XRD test was performed to determine the phase of the
compound that forms during the synthesis process. The

resulting data is processed using X’Pert High Score Plus
software that is installed in the instrument and matches to
JCPDS 00-49-0207 reference numbers for the LTO spinel
phase and (JCPDS 01-076-0318) for TiO, rutile.
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Fig. 2. XRD pattern of LTO powder after sintering
for 2 h at 750 °C

Nano silicon powder in this research was observed using
TEM (Transmission Electron Microscopy-Energy Disper-
sive X-Ray) and XRD (X-Ray Diffraction). TEM and XRD
results and presence of nano-silicon particle agglomeration
are shown in Fig. 3 below. In addition, X-ray Diffraction
analysis was performed to identify the phase and estimate
the crystallinity of nano-silicon particles. Fig 4 shows the
XRD pattern that a high crystallinity of the silicon by
the high-intensity peak that is formed. Besides, it also the
presence of silicon oxide (Si-Ox) is positioned at 35.60° and
60.03° (JCPDS No: 00-030-1127). Four main peaks that
owned Si, each position at 28.45°, 47.31°, 56.14°, 69.15° and

Fig. 3. Morphology of nano-silicon particles

Half-cell measurement of LTO and
a lithium counter electrode using elec-
trochemical impedance spectroscopy
(EIS) can show the charge transfer re-
sistance (Rct) electrode as seen in Fig.
5 as follows. Tight semicircle graph in-
dicates better conductivity compared
to that shown in wider graphs and
increasing amount of silicon nano may
cause lower conductivity as shown by
the graph with a more widened semi-
circle.

The cyclic voltammetry test is con-
ducted to examine the electrochemical
performance of a lithium-ion battery.
Theoretically, LTO has a working voltage of about 1.55 V
vs. cathodic lithium electrode with a theoretical capacity of

x20,000 1pm
0000



175 mAh/g [12]. The CV curve shows the initial three cycles
of half-cell with a potential sweep rate of 0.1 mV/s as shown
in Fig. 6. The curves show the results of cyclic Voltammetry
of samples (a) LTO-n5Si, (b) LTO-n10Si and (¢) LTO-n15Si.
The top peak of the curve indicates the anodic peak while
the curve below indicates a cathodic peak. Cathodic peak
voltage shows the lithium ion intercalation process of LTO
that is transformed to Li;TisOq5 while anodic peak voltage
shows de-intercalation of lithium from Li;Ti5sO4, that is

transformed to Li;Ti5Oqs.
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Fig. 5. Semicircle graphics of samples LTO-n5Si, LTO-n10Si

and LTO-n15Si

Table 2

Charge Transfer Resistance of the sample with variation ratio
weight nano-silicon particles

Sample Charge Transfer Resistance (Ret) (Q)
LTO-n5Si 54
LTO-n10Si 96
LTO-n15Si 136

Table 3 exhibits the battery performance from cyclic vol-
tammetry testing. In addition, CV test results also showed

the specific capacity of all samples.
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Fig. 6. Cyclic voltammetry curve of the cells:
a— LTO-n5Si; b6 — LTO-n10Si; ¢ — LTO-n15Si
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Table 3
Battery performance data from cyclic voltammetry testing

Sample LTP(C)alY(zl\t;;gc E(V) (CIEPA%C/‘?) AE (mV)
LTOn5Si | 1.759, 1437 | 1.59 187.11 322
LTO-n10Si | 1.772, 1445 | 1.61 229.72 327
LTO-n15Si | 1.767,1.422 | 1.60 207.36 345

The charge and discharge (CD) tests were conducted to
evaluate the cell electrochemical performance at the differ-
ent current rate as shown in Fig. 5 below. Fig. 8 shows the
discharge capacity of the half-cell at various nano-silicon
content at C/5C to 12C with LTO powder synthesis after
calcination at 750 °C for 3 h.
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Fig. 8. Discharge capacity curve of half-cell with current rate
C/5 to 12C of the samples: a — 5 wt %, b — 10wt %;
c— 15wt % of Si-nano
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Fig. 9. Discharge capacity value of half-cell with current rate
C/5to 12C

Coulombic efficiency of the battery cell is shown in
Fig. 10. It is interesting to note that the value of battery cell
coulombic efficiency was approaching 100 %.
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Fig. 10. Coulombic efficiency vs current rate of the samples
(LTO-n5Si, LTO-n10Si and LTO-n15Si)

6. Discussion

As shown in Fig. 1, the size and morphology of LTO
powder prepared using sol-gel and mechanochemical and
hydrothermal processes looks having similar size and shape
with a few agglomerations. The particle size of LTO can
be determined by software image]. The average particle
and agglomerate sizes of LTO were 0.52 pm and 6.43 pm,
respectively.

The mechanochemical process using a ball mill followed
by hydrothermal were proven to be reliable processes to pre-
pare a solid with almost uniform shape and size.

Fig. 2 shows the peak of LTO powder after sintering
for 2 h at the XRD pattern take place at 20: 18.29; 35.49;
43.18; 57.20; 62.78 and 66.07. It also can identify the peak of
another phase as rutile TiO. The existence of rutile TiO, is
caused by the loss of Li+ ions during the reaction that makes
anatase TiOj are not completely reacted with Li+ ion and
form rutile TiO, during sintering.

Meanwhile, the nano silicon particle used in this re-
search was observed using TEM (Transmission Electron
Microscopy-Energy Dispersive X-Ray) and XRD (X-Ray
Diffraction) and shows nano-silicon particle agglomeration
with oxygen contamination made the SiOx. It is proved
also by X-ray Diffraction analysis performed to identify the
phase. The presence of silicon oxide (Si-Ox) is positioned at
35.60° and 60.03° (JCPDS No: 00-030-1127). Four main
peaks that owned Si, each position at 28.45°, 47.31°, 56.14°,
69.15° and 76.38° (JCPDS No: 00-0027-1402).

Further, the general trend shows that increasing its levels
of silicon nano can lead to higher resistivity values, which
thus means lowering the value of conductivity. Table 2 shows



the resistivity of cell battery with a variation of silicon nano,
the general trend shows that increasing its levels of silicon
nano actually causes higher resistivity values, while lower-
ing the conductivity value. SiOy phase which has insulator
properties are barriers that will reduce the conductivity of Si
nano. Therefore, along with the increased levels of Si nano,
the SiOy phase is also increased. This occurrence is due to
contamination of oxygen in the present silicon nano-parti-
cles which form unwanted SiOy compound as detected in
the XRD testing.

From the CV test, LTO-n5Si sample has a pair of LTO
redox peaks that appeared at 1.759 V (anodic) and 1.437 V
(cathodic), so the value of the working voltage is (E°) 1.59 V.
The anodic nano silicon peak at 0.374 V and cathodic voltage
of the nano-silicon for the three samples was the same which
is close to 0 V. Then the LTO-n10Si sample has a pair of LTO
redox peaks appearing at 1.772 V (anodic) and 1.445 V (ca-
thodic). The anodic silicon nano of these samples is at 0.448 V,
so the value of working voltage (E°) is 1.61 V. LTO-n15Si
sample has the anodic peak at 1.767 V and cathodic peak at
1.442 V. Anodic peak of silicon nano from these samples is at
0.450 V. So the value of LTO working voltage (E°) of these
samples is at 1.60 V. Anodic peak of the silicon nano comes
from Li,Si formation and the separation between anodic and
cathodic peak LTO caused by the polarization resulting from
the lithium ion diffusion and electrical conductivity. The aver-
age value of working voltage (E°) from all samples, i. e: 1.60 'V,
is not much different from LTO without silicon nanoparticles
as shown in Fig. 7 [13], and the theoretical working voltage of
LTO, which is about 1.55 V for lithiation process and 1.58 V
for de-lithiation process [16].

Thus, the percentage of nano silicon does not have a sig-
nificant influence on the formation of the working voltage
of the samples. Furthermore, determination on whether the
process is reversible, quasi-reversible, or irreversible can be
determined from AE), equation, calculated as follows:

AE,=E,,~E,., )

AE, value resulting from the calculation of the equation
(1) obtained AE, of LTO-n5Si, LTO-n10Si and LTO-n15Si
of 322 mV, 327 mV, and 345 mV, respectively. Value AE,
produced in reversible reaction does not take place in three
samples. This is due to the conditions for reactions to be
reversible if the value of the AE, is 56—60 mV [17]. But the
CV curve of all samples shows a pair of anodic and cathodic
peaks, which indicate that the reaction is reversible. With
both of these facts, it can be concluded that the reaction is
quasi-reversible which means partially reversible.

It is predicted that the addition of Si nano on LTO will
increase the capacity of lithium batteries. Table 2 shows
the increasing percentage of silicon nano resulting in the
decreased capacity of the battery cell. This is caused by
two things, first by the agglomeration of the silicon nano.
One of the challenges in using nano-sized particles is that
nano-sized particles tend to agglomerate with each other.
Therefore, by increasing the number of silicon nanoparticles,
it resulted in the agglomeration of silicon nano increasingly
preventing the lithium ions during intercalation and de-in-
tercalation process. Secondly, it is due to the presence of an
oxygen element that resulted in the formation of the passive
layer of SiOy on the electrode. Indications are observed from
TEM-EDS and XRD test result. The existence of oxygen
element is derived from properties of the silicon that are

unstable and from the manufacturing process of batteries
that are not completely done in the glove box. So increasing
the amount of silicon nano will also increase the formation of
the SiOy passive layers. It also becomes the barrier for lithi-
um ions movements during the intercalation-deintercalation
process and can cause the collapsing of specific capacity of
the battery. But, the resulted capacity that is produced in
this study has exceeded the theoretical capacity of LTO. The
discharge capacity from LTO-n5Si samples is 187.11 mAh/g,
LTO-n10Si sample is 229.72 mAh/g and LTO-n15Si is
207.36 mAh/g.

From the Charge-Discharge test, all samples show the
decreasing value of specific capacity along with the current
rate increase. The decrease in the specific capacity of the
battery cells during the charge-discharge process occurs
due to the volume expansion of the nano-silicon particles.
The stress from the expansion will cause the crack and col-
lapse of the nano-silicon that is lead to the loss of electrical
contacts and capacity. However, with the addition of nano
silicon variation in this study, an increase in the specific
capacity of the high C-rate when compared with the re-
sults of previous studies by using the same process of LTO
materials without the addition of silicon nano variations
was also obtained. In one of the previous studies, specific
capacity at a high C-rate can only be achieved until 10C
[13]. While the results of this research, with the addition
of silicon nano, specific capacity at the high C-rate can
achieve up to 12C rate. From Fig. 8, 9, it is known that the
addition of nano silicon increases the battery capacity at a
high power rate which is required to support the need for
electric vehicles battery.

The battery efficiency is also a key factor of performance.
The overall value of battery cell coulombic efficiency was ap-
proaching 100 %. It is caused by the active material LTO spi-
nel (Li;Ti5O15) which has zero-strain properties, so there is
no change between the charge and discharge capacity of the
battery [14]. Effect of the hydrothermal mechanochemical
process also contributes to the efficiency achieved because
the function of the hydrothermal mechanochemical process
is to obtain a large surface area and maximize the mixing of
TiO, with LiOH when forming Li;Ti5O15.

Coulombic efficiency value resulted in this study is
more stable than the coulombic efficiency of LTO without
hydrothermal mechanochemical processes with the same
variations of silicon nano [15]. Efficiency is critical in the
implementation of an application, in this case the application
of battery in electric vehicles.

7. Conclusions

1. The active material LTO Spinel in the manufacture of
battery half cells using LisTi5O15 anode resulting from hy-
drothermal mechanochemical was successfully mixed with
Si nano-particle to improve the performance of the present
anode material. The addition of nano-Si into synthesized
LTO has been conducted by using the slurry-making meth-
od could increase specific capacity to 229.72 mAh/g at the
10 wt. % compared to the specific capacity of pure LTO of
146.82 mAh/g as prepared by the same method in previous
studies. Also, the addition of silicon nano can increase the
power density up to 12C.

2. Further addition of silicon nano does not have a sig-
nificant effect due to the tendency of the agglomeration of
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