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ABSTRACT

Lithium ion batteries form an integral part of mampodern gadget packages as reliable power sourc@side
powders of titanium have been reported to offehhigarge storage capabilities coupled with enhaneledtrode
stability when used as anodes in lithiunm ion leadts. This paper describes a simple room temperaiet
chemical method for the synthesis of nano sizaditin oxide powders for use in Li-ion Batteriesaljtical tools
like, X-Ray Diffraction (XRD), Field Emission ScamqmElectron Microscope (FESEM) and Transmissioackbn
Microscope (TEM) were used for the determinatiopladse purity, crystallite size and particle morfggies. The
capacity measurements carried out on the powdeenade form indicated that these powders exhilgih faharge
storage capacity compared to graphite and have gnymting performance.
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INTRODUCTION

Alternate anode materials for lithium ion batterig@dB) based on Sn and Ti have been explored byouar
researchers for their high theoretical capacity gadd structural stability during charge dischacgeles. Nano
structures as electrode materials has caught tixetian of researchers since the distancésons have to diffuse is
limited to the diameter of the nanoparticles coredato micron or sub millimeter-sized particles usad
conventional materials and hence offer better dgpatilisation and discharge/charge rates. Apeotif this high
surface to volume ratio of nano powders contribtateuniform expansion, distribution and accommodatas
physical expansion associated with intercalatiorinducharge storage. Recent advances in nanosteadlctin (Sn),
silicon (Si), aluminium (Al), germanium (Ge) andtérmetallic alloys [1, 2-4]CusSns, InSb, CuSb, TbSn as
replacements for carbon-based anodes have alreadlgad in batteries with higher specific capaaitg enhanced
cycle life.

Studies on metal oxides have shown that there arg few systems which can act as anodes by the Li-
intercalation/de-intercalation reaction. In mokth® cases, these oxides, on reaction with Licdtages V< 1.0 V,

are either reduced to metal particles or give ts@xygen-deficient lower-valent binary metal-oxdde Recent
investigations on Ti oxide have shown that thestahwxides can act as viable anodes for LIB. THkik3Tis3]O4

has been investigated extensively and is shownetoabzero-strain’ anode, meaning that the reversihl
intercalation does not produce any unit cell volwwhange. In addition, the Li- intercalation isaiphase reaction
and hence a plateau voltage of 1.5 V vs Li perdibitall the virgin oxide is intercalated [5-11]Except for the
relatively high intercalation voltage as compamdtaphite, it is a prospective anode for LIB. la¢ar encapsulated
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nano TiQ have been reported [12] to exhibit a capacity 206-mAh/g which is more than the theoretical capgaci
of T|02

This paper enumerates a wet chemical method foprygaration of Titanium Oxide nanopowders for ski-ion
batteries. The results of materials charactedeatdy X-Ray Diffraction (XRD), Field Emission Eleoh
Microscopy (FESEM), and Transmission Electron Msoapy (TEM) are presented. The charge storagecityud
these materials has been determined. The suiyabilthe nano Ti@powders for commercial use as anodes in Li-
ion battery is discussed.

MATERIALSAND METHODS

TiO, nanoparticles were prepared using 308@4+olution added to thel0 ml of 1 mol/l ethanol solu of titanium
tetra iso propoxide (TTIP). The ratio ob®,: TTIP was kept as 12:1. Ethanol was added tdbtben coloured
solution obtained, and the total volume of the Sotuwas adjusted to 100 ml. The solution was theated at 61C

for 1hr in a closed vessel. The solution was caleid at 60% for 2hr to obtain white titanium oxide powder.

X-Ray Diffraction studies were conducted by usinthi§radzu make, model-7000 maxima XRD machine. Field
Emission Scanning Electron Microscope (FESEM) okendlitachi and Model: S-4800 and Transmission Edec
Microscope (TEM) of Philips make, Model-CM 200 warsed for studying the morphology of the nano pawde
and also to determine the particle size and thisifrilution.

Electrochemical cells were fabricated using by gsithe nanopowders produced as anode material. The
nanopowders were blended with 10% each of PVDFdriaahd calcined petroleum coke (CPC) respectively-i
methyl 2-pyrrolidone medium and coated on cu-faifter drying and pre-treatment, the cells assethiléh 1M
LiPF6 in ethylene carbonate (EC) and diethyl cagte{DEC) in 1:1 ratio by volume as electrolytelypropylene
microporous membrane was used as the separatotiamtal foil as cathode and reference electrodehe
assembly was carried out in an inert atmosphereegimx. The electrochemical characterisation veasiedd out
using a test station supplied by Arbin InstrumettSA, Model: BT2000.

RESULTSAND DISCUSSION
XRD picture shown in figure 1 confirmed the phaseity of titanium oxide. The broad peaks of the XR

confirmed the nano nature of the powders producaystallite size was calculated by Full Width alHViaximum
method. The crystallite size calculated was fotndary from 12 to 24 nm.

intensity

2 Theta (degree)
Fig. 1 XRD pattern of titanium oxide prepared by chemical synthesisand calcined at 600°C
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Titanium oxide powders prepared were studied usiegFESEM and a typical picture is presented péstun the
figure-2. Particle size was determined by imagelyais. It was found that the particle size of Tigbwder
produced ranged from 50 nm to 150 nm. The powderg in agglomorated state and were found to badumnal

in shape with some cubic to sphericle particlesdeaiso present. Figure-3 depicts a typical TEMdmgenerated

on nano TiQ powders. TEM results showed particle sizes todsly of the same range as observed in the FESEM
studies. The sample preparation for TEM consisfedispersing the agglomerated powders in Iso Rrajmohol
(IPA) and sonification for 20 minutes each. Thiéedence in the crystallite and particle sizes dateed by various
methods is attributed to growth kinetics involvadthie chemical synthesis process. The crystalidased during
nucleation have grown into each other resultingrains and grains in turn have formed into parsicle

4800 5.0kV 4.7mm x{ 20k ' « | 5400nm

Fig.3 FESEM image of Titanium Oxide

Fig. 4 TEM image of Titanium Oxide
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Fig.5 Specific Capacity of nano titanium Oxide Powders

The results of the electrochemical tests conduateddepicted in figure- 5. The tests were condliatea current
density of 17.5 mAh/g calculated and adjusted basethe weight of anode active material and thdieghurrent.

It was found that, Ti@ exhibited a specific capacity of 220 mAh/g, which domparable with the published
literature. It has good charge discharge charatitey as it is evident from the well defined camdtpotential
plateau seen in figure-5. However, the decay efdllectrode with increase in the number of cydesvident from
the widely spaced charge discharge curves sigmjfghogressive loss of charge storage capacity.

CONCLUSIONS

TiO, nanoparticles were synthesised with an averaggclgasize of 50 to 150 nm by wet chemical methods.
NanoTiQ exhibits a specific capacity of 220 mAh/g, whictc@mparable with the published literature. Eledéro

decay which was observed from the electrochemicaliess needs to be addressed before these matewizts be
considered for commercial use.
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