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ABSTRACT

Improvements in the capacity of modern lithium drdds continue to be made possible by enhancedraéc
conductivities and ionic diffusivities in anode aoathode materials. Lithium ion battery technoldmgs been
applied to both thin, light and flexible portablketronic devices and more recently, to batter@stfansportation
systems including hybrid and electric vehicles. d@& has been commercially used as a cathode matesial f
lithium-ion batteries due to its high capacity aegcellent cycling stability. Layered LiNJOLIMnO, and their
derivatives are promising cathode materials fohilitm-ion batteries due to their high theoreticapeaity and low
cost. Lithium-excess layered oxides, Li[Li, Mn, §]O,, such as (LMnO3)x(LIMO,(M=Ni, Co, Mn))-y, offer a
working voltage much higher capacity values tharsthof LiCoQ@ and LiMn sNig 0, and LiNi—,C00,, where x<
0.4, is considered as a promising material based®lower price, higher specific capacity and kettycleability.
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INTRODUCTION

The world energy consumption, along with £€@mission, has been increasing exponentially dutfiregpast 50
years or so. As we become more aware of greenhgaseemissions (GHG, such as £&nhd CH) and their
detrimental effects on our planet, it has becomeenmportant than ever to develop clean and rennvatergy
systems, such as solar cells, fuel cells, battameswind power generators. Being powered largglgurning fossil
fuels, transportation vehicles, including automedjl ships, airplanes and spacecrafts, are amongritmarily
sources for the GHG [1]. The inevitably increasfogl shortage, along with the public awarenessretghouse
effects, has made it highly desirable to develaeteic vehicles and/or plug-in hybrid electric vebs, instead of
fossil fuel vehicles, with a low GHG emission. Hoxge, commercial applications of electric vehicledl wot be
realized if advanced energy storage systems witleficient energy saving and emission reductionncarbe
successfully developed [2]. Improvements in theac#p of modern lithium (Li) batteries continue e made
possible by enhanced electronic conductivities dodic diffusivities in anode and cathode materials.
Fundamentally, such improvements present a matesicience and manufacturing challenge: cathodebese
battery cells are normally comprised of metal ogidef relatively low electronic conductivity, and
separator/electrolyte compositions must be tunedetdily admit ions, while simultaneously formingfes,
impenetrable and electronically insulating barriéfbe challenges faced by researchers in this fiettlude the
relatively low electrical and ionic conductivity luas in cells, an unclear relationship betweentetat conduction
and ionic conductivity in cathode materials, conifachanging conduction properties in anode matedependent
upon phase transformations and the inherent difficin identifying and measuring the microstructuaed
conductivity of the solid—electrolyte interphas&(Sfilm.
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IMPORTANCE OF LITHIUM BATTERIES

Lithium ion battery technology has been applietiath thin, light and flexible portable electronievices and more
recently, to batteries for transportation systeBisiicluding hybrid and electric vehicles. Thoudtese markets
present different challenges in battery cell desige former requiring in general higher power dgrend the latter
requiring higher energy density for greater degrfesehicle electrification, the technical requiremts of improved
conductivity and diffusivity are common to both. tds of battery cells and materials [4—6] critigakkquire the
best available estimates for conductivity and diffity, in order to both predict response and desigproved
materials. One of the problems associated wittpr@rmance of Lithium ion batteries is the capadicay in the
cell with cycling. This capacity fade is causedvayious mechanisms, which depend on the electraterals and
also on the protocol adopted to charge the cepaCity fade in Lithium ion cells can be attributedunwanted side
reactions that occur during overcharge or dischampéch causes electrolyte decomposition, passiveférmation,
active material dissolution and other phenomenaréharging the Lithium ion cells causes depositbmetallic
Lithium on the negative electrode surface, whicla igrimary side reaction. Lithium deposition wilke place in
cells with excess cyclable Lithium due to eithegh@r than desired initial mass ratio or lower tbapected Lithium
losses during the formation period.

Lithium ion batteries are light weight as compatedhe other rechargeable batteries of the samghivdiithium
ion batteries have a very high energy density héoicef energy can be stored in it and this is tuéhe fact that
electrodes of lithium ion batteries are made ohtligeeight lithium and carbon and lithium is highigactive
element. Batteries made by lead-acid which weiglkidyrams can store the same amount of energytwaid
kilogram lithium ion battery can store. Charge lbgtlithium ion batteries is as low as 5 percent p®nth as
compared to NIMH batteries which has 20 percentgsdoss per month. Lithium ion batteries do natché be
discharged completely, i.e. they do not have anynarg effect which some other batteries have. Hudslref
charge and discharge cycle can be handled by fithian batteries. Lithium iron phosphate has theewignge of
characteristics due to which variety of differeites of batteries can be produced and they founjdrnaaeas of
application: big electric vehicles, light electkiehicles, power tools, remote control toys, winergy storage and
solar equipment, small medical equipment and ptetatstruments. Lithium ion batteries are made tipre or
more generating compartments called cells. Eachisetomposed of three components: a positive rldet
negative electrode and a chemical called an elgt#ran between them. The positive electrode is enfdm
chemical compound named lithium cobalt oxide (LiGp®©r lithium iron phosphate (LiFeRP The negative
electrode is made up of carbon (graphite) and teetrelyte varies from one type of battery to amottDuring
charging the battery, lithium based positive elmdtr withdraws some of its lithium ions, which madteough the
electrolyte to reach to the negative electroderanthin there. The battery stores energy duringpgitosess. When
the battery is discharging, the lithium ions moaelbacross the electrolyte to the positive ele&y@ioducing the
energy that powers the battery.

CATHODE MATERIALS

In the past two decades, the layered oxide LiCc&hode has been widely used in portable electsd]. The
high cost, toxicity, chemical instability in theafecharged state, safety concern and limited cgpassociated with
LiCoO,, however, have prevented its large-scale apptinatin transportation and stationary storage. Hpwén
similar capacity as that of LiCaDbut a relatively high working voltage LiMBENiysO, is becoming an attractive
candidate for high energy applications. Furthermémne cycle life and rate capability of doped LiMNigsO,
(spinel structure) could be enhanced significahtlycationic substitutions (Co, Cr, Fe, Ga or Zn) 48d surface
madification (AIPQ, ZnO, ALO; and BpOs) [9]. In order to obtain a uniform surface modifiion and/or strong
cationic coating, however, a complicated and hagist post-chemical process is necessary [10]. Tikertiee matter
even worse, the currently used standard electo(yti€&P; in EC/DEC/DMC) are not appropriate for LiM&Nig 50,
cathode, which requires the high working voltagighium-excess layered oxides, Li[Li, Mn, Ni, CoJGsuch as
(LioMNnGs),(LIMO »(M=Ni, Co, Mn)),,, offer a working voltage much higher capacity s uhan those of LiCoO
and LiMn, Nig 0,4 [11]. However, there is often a huge irreversitdpacity loss associated with the oxygen and
lithium loss from the host structure of the lithitercess layered oxides (Li[Li, Mn, Ni, CoJCat the end of the first
charging process. Although the irreversible capalciss can be significantly reduced by coating witbulating
materials (e.g., ADs, AIPO,, MgO, RuQ), the high surface area associated with the naraisted lithium excess
layered oxides (Li[Li, Mn, Ni, Co]@ could have a high surface reactivity to induagesieactions between the
electrodes and the electrolyte. This could leadestabilization of the active materials and andase in impeding
passivation. Therefore, the electrolyte safetyetbgr with the relatively high cost of the eleceadaterials, is the
major concern for lithium excess layered oxidebBdaised as the cathode in LIBs.
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Since 1980 when the LiCgQvas demonstrated firstly as a possible cathode riabatfer rechargeable lithium
battery, the transition metal intercalation oxitesve caught the major research interests as thecaiBodes [12,
13]. Categorized by structure, the conventionahad¢ materials include layered compounds LpM& = Co, Ni,
Mn, etc.), spinel compounds L@, (M = Mn, etc.), and olivine compounds LIMPQM = Fe, Mn, Ni, Co, etc.).
Most of the researches are performed on these imlatand their derivatives. New structure interalamaterials
such as silicates, borates and tavorites are asong increasing attentions in recent years. Qyutime materials
optimization and development, following designirrgezions are often considered: energy densitye catpability;
cycling performance; safety; cost. The energy dgnisi determined by the material's reversible cityaand
operating voltage, which is mostly determined by tiaterial intrinsic chemistry such as the effectiedox couples
and maximum lithium concentration in active mateti&or rate capability and cycling performancéscteonic and
ionic motilities are key determining factors, thbuparticle morphologies are also important factdue to the
anisotropic nature of the structures and are eVeming a crucial role in some cases. Therefore risse
optimizations are usually made from two importaspects, to change the intrinsic chemistry and taifpche
morphology (surface property, particle size, ewf)the materials. The materials with promising ttetical
properties have high potentials as the candidatdatare generation LIB cathode, therefore are wrideensive
studies. For certain materials such as the LiRedlWine, significant property improvements havesbeachieved
during the past decade with assistance of newlgldped technologies. The ideal structure of layex@tpound
LiMO,is demonstrated in Figure 1. The oxygen anions farmfose-packed fcc lattice with cations locatethin 6-
coordinated octahedral crystal site. The M@&bs and Li layers are stacked alternativelyh@ugh the conventional
layered oxide LiCo@has been commercialized as the LIB cathode fontyvgears; it can only deliver about 140
mAh/g capacity which is half of its theoretical eafiy.

LAYERED CATHODESFOR LITHIUM BATTERIES

LiCoO, has been commercially used as a cathode materiditfiium-ion batteries due to its high capacityda
excellent cycling stability. Nonetheless, cobals kgonomic and environmental problems that leagedtior open

to exploit alternative cathode materials. For ext@niayered LiNiQ, LiMnO, and their derivatives are promising
cathode materials for lithium-ion batteries duetteir high theoretical capacity and low cost. Utfoately, these
materials still have significant drawbacks. The ongproblems associated with LiNiGnclude the difficulty in
preparing stoichiometric LiNi@powders without cation mixing, the structure degtan caused by irreversible
phase transition during electrochemical cycling d@nermal safety problems caused by oxygen releasthé
charged state. The main shortcoming of layered lOMis the crystallographic transformation to spinelusture
during electrochemical cycling [14]. Although lagdrLiMnO, materials that do not convert to spinel duringlioge
were reported by Paulsen et al. [15], the prepamaif the materials involved a cost-adding, mudfisprocess of ion
exchange of Nawith Li*. Various approaches such as partial replacementickél and manganese by transition
metals and optimizing preparation methods and t¢immdi were adopted to improve their performancer Fo
example, LiNj_,Co0,, where x< 0.4, is considered as a promising material basedtsolower price, higher
specific capacity and better cycleability. Howevis, thermal safety still cannot satisfy the reqoients for
practical applications. The most appropriate andcessful approach is to introduce Ni, Co, and Mnsio
simultaneously in the layer structure. A solutidrLiNi ,Co,Mn;_,_,O, may possess improved performances, such
as thermal stability, due to the synergistic effetthe three ions. Therefore, recently, intensifort has been
directed towards the development of LiSo,Mn;_,_,O, as a possible replacement for LiGoGimilar to LiCoQ,
LiNi,CoMn,_,_,O, generally exhibits a well defined-NaFeQ layered structure (Figure 2), which is hexagonal
crystalline and indexed as R-3m space group. Thistsire has Ui at the 3a sites, the transition metal ions M (M =
Mn, Co and Ni) at the 3b sites, and @t the 6c¢ sites in a M{bctahedron. X-ray diffraction is an effective
methodology to investigate the crystalline struetaince it gives one a good picture of the longyeastructural
changes in the materials. The value gfd)l (104)is used as a standard to measure the degree cétiba mixing in
the layered compounds. The smaller thgydl (104) value, the higher the disordering. Generally, tinelesirable
cation mixing takes place whenedsl o4 < 1.2. Moreover, distinct splitting of the (108),10), and (006), (102)
peaks were also taken as the standard of a wedkedd-NaFeQ structure.
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Figurel: Crystal structure of layered LiM O, (blue: transition metal ions; red: Li ions)

Figure2: Layered structureof LiTiS,, LiVSe, LiC0O,, LiNiO, and LiNiyMny,Co1.,/O,, showing the lithium ions between thetransition-
metal oxide/sulfide sheets

The structure of LiMpO, belongs to the face center cubic lattice and ¢ettice is made up of 2 lithium atoms, 4
manganese atoms and 8 oxygen atoms [16-22]. Imasirib the layered oxides ({0oG, or LiiM,C0,0,, M = Ni,

Mg, Ti) presently used in commercial Lithium ionlsd.iMn,0, adopts a (3D) structure that can simply be three-
dimensional described as a cubic close packing) @cpxygen atoms with Mn occupying half of thealwtdral and

Li an eighth of the tetrahedral sites referringhte 16d and 8a sites ([ki[Mn2]octOs), respectively (Figure 3).

Figure 3: The spinel structure showing the MnOs octahedra and the Li 8a tetrahedral positions
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However, this structure is complicated by possitétions mixing between the two types of sites.sltwiell
documented that, within the spinel family, the @egiof cations mixing and extent of cationic or aigonon
stoichiometry affecting the spinel magnetic or cattiproperties is strongly dependent on the thestaly of the
sample. Thus, it was important to first determirteethier or not the Li intercalation/deintercalatpmocess within
LiMn,0O,4 was sensitive to the sample history (precursaat-treatments) and subsequent cation mixing asatg
electrochemical data suggested. In the Li®inspinel structure (space-group: Fd3m), a ccp aofayxygen ions
occupy the 32e position, Mn ions are located in16é site and Li in the 8a site. The Mn ions haweetahedral
coordination to the oxygens, and the Mni2tahedra share edges in a three-dimensionalf¢roste Li guest ions.
The 8a tetrahedral site is situated furthest away fthe 16d site of all the interstitial tetrahe(Ba, 8b and 48f) and
octahedra (16c). Each of the 8a-tetrahedron faxebared with an adjacent, vacant 16¢ site. Thisbawation of
structural features in the stoichiometric spinehpound constitutes a very stable structure.

The growth of LiCoQ thin films with preferred orientation is known b crucial. Several thin film deposition
techniques such as RF sputtering [23], pulsed ldsposition [24- 33], electrostatic spray deposit[84] and
chemical vapour deposition [35] were employed foe growth of LiCoQ@ thin films. PLD has been widely
recognized as a very promising, versatile and iefiitmethod for the deposition of metal oxide thims [36]. In
particular, it has been successfully employed lier deposition of simple and complex metal oxideemals with
desired composition, structure, physical and chahpcoperties. When PLD is carried out in the atohese of a
chemically reactive gas (a process known as ReaPtilsed Laser Deposition (RPLD)), the flux of idmer ablated
material interacts with the gas molecules all altrggtransit from the target to the collector scefa The resulting
deposited layer was found to have a chemical coitiposubstantially the same as the base or startiaterial.
LiCoO,, LiMn,O, and LiNiCo,,O, thin films were grown by pulsed laser depositiochtéque and the systematic
characterization like structure, surface morphojogprational studies, optical properties, eleatiproperties,
thermodynamic properties, gas sensing propertiésedectrochemical properties were studied [37-4f]clv are
different from many transition metal oxides whicavle been exploited in many challenging fields déimation
science, nano and microelectronics, computer sejemmergy, transportation, safety engineering, tamji
technologies, optoelectronic, electrochromic deviete. These transition metal oxides are mostestigrg materials
exhibiting a wide variety of novel properties pautarly in thin film form useful for advanced tediaogical
applications. Sometimes they exhibit structurahsfarmations and sub-stoichiometric phase tramstiavhich
attracted the attention of researchers over thefpasyears to explore their potential scientifiedatechnological
applications in the fields of display systems aridraelectronic§48-51]. Besides these battery materials we have
studied other materials like CdTe, ZnSe and Cd®epalymers and glassy materials are of great imdligterest
for developing photoluminescence based biomedataling reagents [52-70]. Quantum dots have apita in
both organic and inorganic light emitter devicestsas electroluminescence devices. They are diespavihin or
between phosphor layers and emit a specific cdlbglat [71-82].

CONCLUSION

Lithium ion batteries are light weight as compatedhe other rechargeable batteries of the samghivdiithium
ion batteries have a very high energy density héoicef energy can be stored in it and this is tu¢éhe fact that
electrodes of lithium ion batteries are made ohtligeeight lithium and carbon and lithium is highigactive
element. LiMn sNig 50O, is becoming an attractive candidate for high epeqplications. Furthermore, the cycle life
and rate capability of doped LiMEgNipsO; (spinel structure) could be enhanced significarily cationic
substitutions (Co, Cr, Fe, Ga or Zn) and surfacdifitation (AIPQ,, ZnO, ALO; and BpOs). LiCoO, has been
commercially used as a cathode material for lithiom batteries due to its high capacity and exeoeligycling
stability. Layered LiNiQ, LiMnO, and their derivatives are promising cathode mateffor lithium-ion batteries
due to their high theoretical capacity and low cost
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