PARTI CLES OF DOPED LI THI UM COBALT OXI DE, METHOD FOR PREPARI NG THE SAME AND
THEIR USE IN LITH UM | ON BATTERI ES Field of the invention The present

i nventi onwp2oiomsbdse filed of inorganic chem stry and i nptchgapidoebesrof
electricity. Moire specifically the present invention provides the conpounds
containing netals used in processes and neans for conversion of chem cal
into electrical energy. D scussion of the state of the art Nowadays,
lithiumbatteries are used principally &s energy sources in

t el econmuni cati ons neans (portable or cell phones, video caneras, portable
conputers, portable stereophonic equi pnent, pagers, facsimle devices,
etc.). The principal advantages of lithiumbatteries are high energy
density and long service |ife. The batteries have potential uses for a w de
range of electrical systens, ranging fromnenory conponents for electronic
apparatuses to electric vehicles. Wereas the demand for el ectronic

appar at uses | PARTIGLES QnROREPUITHIUM gRALY QXIDIMJVETHAPJHGR

requi r enent PRERARMNGTHE SIMME AND THEIR. USE INNLITHIOMIONI BATTERIESr ch and
devel opnment is proceeding aimed at introducing rechargeable [ithiumion
batteries into transportati on neans, particularly electric vehicles (Katz
et al., U S Patent 6,200, 704; Gygel@lof fleinvddtion Pat ent 6, 589, 499; Nakanura
et al., US. Patent 6,103,213). The qualities needed in lithiumion storage
batteries for the najor applications are: - good energy storage; - good

t her mal g : - [ e bl e
qual i 11 A Bt iaentiontloBing el ino it cheriBy AR Heicld oy LRIGE RIS
mat er i alspecifioaily the prdsém invention provides the compounds containing metals used in processes and

means for conversion of chemical into electrical energy.

Discussion of the state of the art

Nowadays, lithium batteries are used principally as energy sources in telecommiumnications means
(portable or cell phones, video cameras, portable computers, portable stereophonic equipment,
pagers, facsimile devices, etc.). The principal advantages of lithium batteries are high energy density
and long service life. The batteries have potential uses for a wide range of electrical systems, ranging

from memory components for electronic apparatuses to electric vehicles.

Whereas the demand for electronic apparatuses in international markets is growing strongly, safety
requirements are becoming more stringent. In this connection, research and development is
proceeding aimed at introducing rechargeable lithium ion batteries into transportation means,
particularly electric vehicles (Katz et al., U.S. Patent 6,200,704; Gao et al., U.S. Patent 6,589,499,
Nakamura et al., U.S. Patent 6,103,213).

The qualities needed in lithium ion storage batteries for the major applications are:
- good energy storage;
- good thermal stability;
- good safety; and

- long service life.



cat hode and anode. In recent years, great progress has been nmade in anode
materials. The set of problens relating to the cathode is still the subject
of subst agbiglo/isesgar ch. The material nost comonly useg@ciag2dobgoeeat hode is
l'ithium cobalt oxide (Li CoQ2); however, alternative materials are used as
well. LIiNNO2 would be a candidate al so, because it has very high discharge
capacity; however, its use has been i npeded by serious problens relating to
manuf acturing difficulties and | ow therdal stability. LiMO2 is |ess
expensive and is essentially environnentally benign; but as a practi cal
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manuf act ure. Nonet hel ess, Is materral has drawbacks relating to storage
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requirenent, a rechargeable battery nmust have high el ectrochem ca
capaci t YOWPYeryifsdisg hashegn mapered by ssHPYsAotiems telaping foipanwlaciinigg diffienlicsand qw ¢ e
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In order to achieVve long service life, the positive and negative el ectrodes

shoul d Ipeactica mfatterit smot hsadiblecauge ofatsdew spredidaapacitpnd rel ease lithiumin a
reversi ble manner, i.e. they should have mninmal "capacity fade". In this
connection, the structural stability of the el ectrodes should be maintained

during tlkhicessbait bkidd isavidel@ xsedag batRfiedin chmirerdidllyduéedessfull applipatiosib & kesolt of
cycles. According to Needham (Needha "Synt hesi s _and el ectrocheni ca

S. A,
per f or mikfclighyyoltagp althe patisrigs apdths qasg of thqurgpanufacpare. Nogetholgss. dais prtegald#at  and
t he ano Wkkden to%fo?e:ée@ﬁ%&ftﬁﬂh@l???ors in the inprovenent of the
ce

el ectrochem cal pertorm L17"CoO2" vi a suppression of anisotropic
- capacity fade rate with increasing numbers of cycles of charging/discharging; and

- poor energy storage at elevated temperatures (see Mao et al., U.S. Patent 5,964,902).

As aresult a great amount of research has been devoted to alleviating these problems.

As a general requirement, a rechargeable battery must have high electrochemical capacity. In the case
of a lithium ion battery, this can be achieved if the positive and negative electrodes can accommodate
a large amount of lithium. In order to achieve long service life, the positive and negative electrodes
should have sufficient lability to accommodate and release lithium in a reversible manner, i.e. they
should have minimal "capacity fade". In this connection, the structural stability of the electrodes

should be maintained during the deposition and extraction of lithium over a large number of cycles.

According to Needham (Needham, S.A., "Synthesis and electrochemical performance of doped
LiCoO; materials" (Ref. 1)), the choice of dopant and the amount of dopant are important factors in
the improvement of the electrochemical performance of LiCoQO; via suppression of anisotropic

structural changes which can occur in the structure of the lithium cobalt oxide.

Further, the physicochemical properties of LiCoO, which is commonly used as a positive electrode
material in lithium ion batteries tend to depend on the preparation method, the choice of precursors

and the conditions of preparation. The control of these parameters has effects on the particle size



structural changes which can occur in the structure of the lithium cobalt
oxi de. Further, the physicochem cal properties OLi CoO2 which is comonly

used as ayposidisygsel ectrode material in lithiumion bapirengasbh®psh t o
depend on the preparation nethod, the choice of precursors and the

conditions of preparation. The control of these paraneters has effects on
the particle sizedistribution, and on the norphology and purity of the
cobalt oxide (see Lundblad, A and Bergdan, (Ref. 2); and Lala, S.M et
al., (Ref. 9)). Wth the aimof stabilizing the crystalline structure of
the lithiumcobaltate and to i nprove the properties of the materjial, inter

aliait shmtaxﬂ%tae@ Pa thegrorplinlpgygand marity|e4 hgicabalicnxider{sgediungblad, & and Bergan,

i ncor por, @&09 he lithiumcobalt oxide l|attice was
studied(%ﬁagg %@EPUHQI 3 ,539; and Antolini, E et al., (ReO).
According to the I nventi on nmade by A. Masashi and al. (Japan patent
applica on No, 171755, V, chem.c val ent ements
were use lﬂéglea%?‘rsﬁab WY%‘#ZL“E%%& ?ﬁet[“ﬁ ba@ﬂt? dof’ dlleleV% bt ai n

CoNposi tr@RficO bt M ifafkif), Hiterlisl its EHatdotekikiya dansk e ERi? gamhafgm yeR, nunber of
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di ffer enncoatoemntogmemsmlmoaht Ijthivm egbatt ﬂﬂéﬁ atice s syslicd GVI?W@ al.

el ectroglﬁltzgat I teries using such conmpounds in the

cat hode tsﬁfauar%ﬁc Oqli 0X aé'eLRégg%ed wi t h nmanganese and titani um have been
studi ed and considered as prom sing materials for cathodes of storage
batteries (see Kymar U. S.. Patent

et al 49, 648).. di k
o NecdrErpmEAS temrentian made i A Magasth apct; Gnah rientapeliahpg Npbe o 1755,
proni si ngodghhageyiaf éheﬂﬁ&ﬁtrﬁ'«atten@lelﬁénts\«aéreﬁtedet 86pY Spent3A A oataaﬂmn{uap@gdezlttang
et al., (Re 10)) showed that dopi ngﬁo | ithiumcobalt oxide with chrom um

provi dewrdentd oitain e¢mposisions ofuniform 3ge diswibytionwndanarphlosye Jang (Jang, S.W et
al., (Ref. 4)), the structural stability of lithiumcobalt oxide, which
crystallizes in the hexagonal system greatly influences the

el ect r oA rAEeGRmbpestisihilar Sdies hivewesn conducted, studying the effect of doping with different

elements (particularly, transition elements) on the electrochemical performance of batteries using
such compounds in the cathode. Lithium cobalt oxides doped with manganese and titanium have
been studied and considered as promising materials for cathodes of storage batteries (see Kumar et

al., U.S. Patent 6,749,648).

According to the work of Needham, S.A. (Ref. 1), doping with tetravalent elements is more
promising than with divalent or trivalent elements. Dong Zhang (Dong Zhang et al., (Ref. 10))
showed that doping of lithium cobalt oxide with chromium provides an initial capacity of 230 mAb/g.

According to Jang (Jang, S.W. et al., (Ref. 4)), the structural stability of lithium cobalt oxide, which
crystallizes in the hexagonal system, greatly influences the electrochemical performance. It was
concluded that the phase transition from hexagonal to monoclinic during cycling of the battery is the

cause of the loss in capacity of batteries using lithium cobalt oxide.

In the invention it is proposed to remediate these problems by providing nano-particles for use in the
manufacture of cathodes of rechargeable lithium batteries in order to obtain enhanced energy
storage, high thermal stability and very high charge / discharge capacities compared to the known

conventional lithium ion batteries.



concl uded that the phase transition from hexagonal to nonoclinic during
cycling of the battery is the cause of the loss in capacity of batteries
usi ng |itwoemosbmsst oxide. In the invention it is propesedBinn@aedi at e

t hese probl ens by providing nano-particles for use in the manufacture of
cat hodes of rechargeable lithiumbatteries in order to obtain enhanced
energy storage, high thermal stability and very high charge / discharge
capacities conpared to the known conventiional lithiumion batteries. Sumrery
of the invention The object of the present invention has been achi eved by
the Applicants by providing particles of doped lithiumcobalt oxide of
formula Li CoyOz t M, wherein the doping agentMXx is selected fromthe
group of | anthani de oxi des, wherein the nolar ratios expressed by y, z, t
and x are selected so as to produce desired stoichionetric ratios in said
particles of doped Iithium cobabummeryjef thginyentie ei n sai d dopi ng agent MX
i's nano-sized. The present invention also provides a cathode for |ithium
ion batteries conprising the particles of doped lithium cobalt oxide

accor di rithetobjettoef therpreseitiinventien ka3 baat dchieved iecthe Applinants dly providing @eirticldsroft hi s

context,, a further object t he esent invention is.to prqylide | i}hium
Con bt idoped b dobb s of ot LR el Mchw hapadh dipine b MO siereed
posi ti Veroph il Bf 1a8theniadé oXi8ASWh&EA tﬁeeiﬁal&altah@m@ke@fe%? h')’i,f?and/\b&_@ gélectédne
positive el ectrode conprises t he cathode according to e invention. O her

obj ect s sofs toreogyce desired stpighinmetis rafios in spigpasticlerof slopasklifpiumepbaltgrids/ pady t he
stabili ] e [ rechargeable lithiumion batteries and to
provi de%%heﬁéé?%%%&)(%ﬁggpa g@%@ﬁ%‘gggr %llée?es of doped lithium cobalt oxide
according to the invention. O her characteristics and advantages of the

i nventi wi || be apparent fromthe description which follo her.ei n bel ow.
The accoh @Fﬁ;?wvsmg%raé@ BpalSpraled B8 ibim fog batieies SR Bsearifes Oy i of
descri ptdoped 1thiuk @bt 8H8E s cording to the invention as an active electrochemical material.

In this context, a further object of the present invention is to provide a lithium ion battery comprising
at least one negative electrode, at least one positive electrode, and at least one separation electrolyte,

wherein the positive electrode comprises the cathode according to the invention.

Other objects of the present invention are to provide a method of improving the stability and storage
capacity of rechargeable lithium ion batteries and to provide a method of producing particles of

doped lithium cobalt oxide according to the invention.

Other characteristics and advantages of the invention will be apparent from the description which

follows herein below. The accompanying Figures are offered solely for purposes of example.

Brief description of the Figures

Figure 1 shows the crystalline structure of the CeO; lattice;
Figure 2 (a and b) is simplified flow chart of the method of preparation;

Figure 3 shows charge and discharge capacities of LiCo,0;, 0.02 CeOx without nano-sized cerium



Figure 1 shows the crystalline structure of the CeQ2 |attice; Figure 2 (a
and b) is sinplified flow chart of the nethod of preparation; Figure 3
shows chawvgeosndodsschar ge capacities of Li CoyOz, 0.02 €eDiBiod/bhasuil ,
nano-si zed ceriunoxide. Figure 4 shows XDR diffraction patterns of the

synt hesi zed cerium oxide: a) mcroscopic CeQ2; b) nanoscopic CeO2-d d(
Oxygen vacanci es) Figure 5 shows the chargi ng and di schargi ng curves for

| ithium cobalt oxide sanple conmbi ned w £h nano-si zed cerium oxi de. Fi gure 6
shows (DSC) neasurenents of Li CoyQz, 0.02 CeOx : a) mcroscopic Ce@, hb)
nanoscopi c, Ce@2. Figure 7 shows XDR diffraction patterns of LiCoyQz, 0.02
CeOx: a)oxmecroscopi c Ce@; b) nanoscopic Ce@2-d d- Figure 8 shows SEM

phot ograph of mcr opic Li CoyQz, Q.02 Ox Figure 9.shaws., SEM phat ph
bt “nanodugeé Soen g B Bitasomestiopis el ey esesd n B xie: DIRICTRE L ©)
AIthougmﬁgwg@e@gmp@em%@ﬁgﬁiﬁ or equivalent to those descri bed
herein can be used In the practice or testing of the present invention,

sui t abl g Rogls i . y ' iREInD |t ' j :
e b L L R S R e e b

i ncor pomathesizdalceriemenxélece in their entirety. The publications and
applications discussed herein are provided solely for their disclosure
prior t @igdre 6fshbws (DSIA) Mestirehitatsf £8€00,, DY Cat :ia) micrdsobicrCrdiel)aianodcspit 0
be construed as an adm ssion that the present invention is not entitled to
ant edat &§hch publication by virtue of prior invention hi addition, the

mat eri al s, nmethods, and exanples are illustrative only and are not intended
to be | iHigurerghows XDR diffraction patterns of LiCoyO,, 0.02 CeOy: a) miicroscopic CeO2; b)

nanoscopic CeO,.ss.
Figure 8 shows SEM photograph of microscopic LiCo,O,, 0.02 CeOx

Figure 9 shows SEM photograph of nanoscopic LiCo,O;, 0.02CeOy

Detailed description of the invention

Although methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the present invention, suitable methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are incorporated
by reference in their entirety. The publications and applications discussed herein are provided
solely for their disclosure prior to the filing date of the present application. Nothing herein is to be
construed as an admission that the present invention is not entitled to antedate such publication by
virtue of prior invention. In addition, the materials, methods, and examples are illustrative only and

are not intended to be limiting,.

Novel cathode materials for rechargeable batteries are produced by a novel method which consists of
doping lithium cobalt oxide with the aim of improving its electrochemical performance and its safety
characteristics. These characteristics are of particular and critical importance in order to fulfill the

increasing needs in energy especially on an industrial scale.



Novel cathode materials for rechargeable batteries are produced by a nove
nmet hod whi ch consists of doping lithiumcobalt oxide wth the aim of

i mpr ovi Ngwot8108is663kr ochem cal performance and its saf et yeghasRob®kaSti CS.
These characteristics are of particular and critical inportance in order to

fulfill the increasing needs in energy especially on an industri al

scal e. The invention relates to novel particles of doped |ithiumcobalt
oxide of fornula LiCo Ot MX wherein tRe doping agent MX is sel ected from
t he group of | anthanide oxides, wherein the nolar ratios expressed by vy, z,

t and x gre selected so as to,prodyce desire toichiqnetric ratios in said
parti cl dSeHFveRPIalales faRayAl @8&%5;093996&31 wa tr°é‘i“% e ruladichde 40k Mox
I'S nano‘vﬁie?e@ﬁjthe-ﬁgﬁné §ABMO) & \R1eeied $m tRE grollf BPRAAMIGe 0xdes, WIRHGR telh@hes” or
“nanoscal e", used interchangeably herein, define controlled geonetrical

si ze of rptinstekpressed by, evit andx anesedrstedso gs EPrgduce desired\stpichiemhimgiradiipy imsadtl
patents", EPO 2009, ... . .. . . .

Rt pr /| VHICIED 3t SPa Lt cohel St AR PSR P J2ping pospLMQut tppp-sized

nanot echnol ogy. ht M) The originality of the invention lies in the fact that
such doping by nano-:sized | ant hani de oxide group dopanfs has never been
previ ouéql‘g‘?%%i 13081$2ad 291 d NAROSEAPICH | of ynanppRUdes, of dianpicals @ﬁ%@fl@& ageaply he

nanost r yelil Abaky QRebldEtofiich Sz ié@%eﬁkﬁ%rxﬁﬁ&ﬁ&isﬁ%mf(s%e” ies of
the lithiumcobalt oxide. Merely 1t has been known that the 1anthanides

(rare edNahetychnalpgy endpatentsnEPOR00Rttpl/ bevwiepa hrgfabout-indublicatiohs/genealt o
gr eat advt?)nt z%{%e in tnéhrrrle%)ou§ i Edustri al sectors. The invention rel ates
parti cul® Wa Bmtaﬂ%e g §y le onbi ni ng the inpact of doping by |anthanide
oxi des of exceptional properties and effect of crystallites size of doping
conmpound espepially at form of nangscale particles, in the absence of any
i ndi cat i 1&g &nginality, af the inventiqnlies gy the fast thagsuch-daning hy ngpo-siged lapthppidgoxidegroyny e
ear t hs Qi'oﬂ%&ﬁ%@ helRs Eeeﬁl Srious entifiondandleipecta rhllassﬁevl'xsoeﬁg ﬁi@d%t%maiopf
atom c nuhbers in the range 57-71 ? anthanumto [utetium, having simlar
chem calstrpetaplpropesties afith the resultipgieketrodhemicdl properties of the lithium cobalt oxide. Merely it
has been known that the lanthanides (rare earths) have exceptional properties which have been

exploited to great advantage in numerous industrial sectors.

The invention relates particularly to the study of combining the impact of doping by lanthanide
oxides of exceptional properties and effect of crystallites size of doping compound especially at form
of nanoscale particles, in the absence of any indications in the literature of the implications of such

doping.

The rare earths (lanthanides) (e.g. Ce, La, Nd, Eu) comprise 15 scarce elements of atomic numbers in
the range 57-71 (lanthanum to lutetium), having similar chemical properties. They comprise the 15

members of the "internal transition series" in Mendeleev’s table of the elements.

Preferably, the doping agent MOy in the doped lithium cobalt oxide is selected from the group

consisting of oxides of Nd, Eu, Sm, Ce, Tb, and / or combinations thereof.

In the inventive particles of doped lithium cobalt oxide (LiCo,0," t MOy), the preferable values of the
molar ratios are: |
0.7<x<1.1



nmenbers of the "internal transition series" in Mendel eev's table of the
el enents. Preferably, the doping agent MX in the doped |ithiumcobalt

oxi de i s welefiy@eyzskr om t he group consi sting of oxides opchdg2dgdloosd Ce,
Th, and / or conbinations thereof. In the inventive particles of doped

l'ithiumcobalt oxide (LiCoyOz t MX), the preferable values of the nolar
ratios are: 0.7 < x 1.10.005 <t <0.3, nore preferably 0.01 <t < 0.2
1.55 <z <1.993y =1 - t The nolar ration x of Oxygen content in the

| attice of the | anthani de oxi de depends on the non stoichionetric behavior

of nano-si zed | ant hani de oxide. The nolar ratio z of Oxygen in lithium
cobalt oxide is such a8%s=<¢sds %wefemb&a@bhéatﬁ% ity of the particles.

In particular, the nol grgsrati9ogz (or index) depends on the nolar ratio t
for the dopant, and an increased t essentially increases z; since the
dopi ng causes structur&=Vdcancies in the structure of |ithium cobalt

oxide. In practice, the value (nolar ratio) of z will be in the range of
1.55 <z < 1.993. According to a preferred enbodi nent of the invention, the

dopi ng aprRholMtidrsx 6RD1yden édntent xthéRttice of tha JantHyhilk oRide tegeadd on thé fish f or nul a
for the doped lithiumcobalt oxide particles is LiCoQ 80 7 0.02CeX

Sur pri si%tfgvlqu%%b@moeefwom%%a&hz@ee %7_811‘?- u?hed%‘?lﬁféa'é%z of Qoysemy: lé@éﬂ‘t has
demonst rgy agoﬁﬁﬁgaahga@%elgﬁlerefeegg%eu@ﬁ*megsarﬁaeg.s a conpound whi ch has

recently been e subject of nu study Tor potential uses in nunmerous
industrial sectors. This interest is explained by the follow ng: Cerium

oxide is characterized by hjgh ,structural ,and .t her tabilit it
Ox Vot al 111 AT Bt i Alo? ok itk i i Mootie e Bor s Bbinh b bt perensed o
transi t itQ@BsetfidllylindrésSes 4 SinGéthe doping causes structural vacancies in the structure of lithium cobalt

oxide. In practice, the value (molar ratio) of z will be in the range of 1.55 <z <1.993.

According to a preferred embodiment of the invention, the doping agent MOy is cerium (Ce) oxide

(ceria).
Most preferably, the formula for the doped lithium cobalt oxide particles is LiC0¢.9801.97 - 0.02CeOx

Surprisingly, the choice of nano-sized cerium oxide as a doping agent has demonstrated exceptional
properties. Cerium oxide is a compound which has recently been the subject of much study for

potential uses in numerous industrial sectors. This interest is explained by the following:

e Cerium oxide is characterized by high structural and thermal stability (it crystallizes
into a fluorine-type structure, and does not undergo a phase transition until its fusion
point T¢ of 2750°K);

o It has lability such that it acts as an "oxygen reservoir"; this property is known as
"OSC" (oxygen storage capacity);

o It has mixed electrical conductivity (electronic and ionic).

Cerium dioxide, CeO,, commonly called ceria, crystallizes in a structure of the fluorine type (CaF,),
in the space group Fm3m, over a wide range of temperatures up to its fusion temperature (M.
Mogensen et al., (Ref. 5)).



poi nt T f of 2750K) ;
reservoir";

Ce®, comonly cal
type (CaF2),

It has lability such that
\ this property is known as "OsC
has m xedyl8fl 5068/

ed ceri a,

(Ref.

it acts as an "oxygen
(oxygen storage capacity);
conductivity (el ectronic and ionicpcrEgidoblodedroxi de,
crystallizes in a structure of the fluorine .
in the space group Fn8m over a w de range of tenperatures up
to its fusion tenperature (M Mbgensen et al.,

It

5)). The crystalline

structure of this oxide is presented i n8Fi gure 1. Ceriumdioxide is
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Space group Fm3m
Lattice parameter (nm) 0,5411
Asymmetric units Ce (0,0,0)

O (1/4,1/4,1/4)

Inter-reticular distances
which relate to the most
intense bands (nm)

d111=0,312

d1 1o=0,3 83

Table 2: Physical properties of cerium dioxide

Property value
Density 7,22 g/em’
Fusion temperature 2750 K
Thermal conductivity 12W.m'K!
Specific heat 460 JKg' K
Young's modulus 165.10° N.m™

The advantage provided by introduction of an oxygen reservoir into the structure of lithium cobalt

oxide may lie in the fact that, when CeQ; is reduced to CeO,.,, defects appear in the form of ce**



Q0 : represents an oxygen in the normal ceria lattice: nanmely an ion OV :
represents an oxygen vacancy The introduction of these oxygen vacancies can

bot h i nprwwesidi@okectrical properties of the material ByrhBidoosssring of
oxygen species with high nobility, to better adapt to the fluctuations of

oxygen taking place and furthernore to pronote textural stability of
systens based on cobalt lithium oxide and therefore the introduction of
nano-si zed cerium oxide in the devel opnmght of electrochenmically active
conpounds have a double effect: |Inprove the safety aspect by the
restitution of oxygen released resulting fromthe interactjons between

cat hode onsindigatediag Ce’ce in)thgynasationtoh Kroges aprbVink y wherewith theeh) ahaspicharse Bhishr ed
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m niaturizing the average size of crystallites to the nano - scal e. Indeed,
studies show that the transition frommcro - size to a nano - size

( aver agelhsiprecessof gedpstion ofiGefs isygprescatedap fllows0 nn) has a great influence on
the physical and chemical properties ofnaterials. These variations in
properties can be expl @ned bet he—rtuwber Oofgagut fBre 2teps greater than 70%
conpared to the nunber of atonms in vol urfe for the nanoscal e materials,

resul tingpdiipan exceptional inprovenent of all the phenonena of surface
conpared to conventional materials (mcroscopic scale) (NG MIlot (Ref.
14)). Carryi n@e utepsdsents the céramn pbdny inth¢ narenabedHatticé,nvol vi ng a cat hode
whit an average crystallite size falls belonging to the napo - field and

the combi nat i @n: Mprebents i dlyE&LihShe Sotilat deid 1itficd: RhrREly ah i Of a

V,: represents an oxygen vacancy

The introduction of these oxygen vacancies can both improve the electrical properties of the
material by introducing of oxygen species with high mobility, to better adapt to the fluctuations of
oxygen taking place and furthermore to promote textural stability of systems based on cobalt
lithium oxide and therefore the introduction of nano-sized cerium oxide in the development of

electrochemically active compounds have a double effect:

¢ Improve the safety aspect by the restitution of oxygen released resulting from the
interactions between cathode — electrolyte.

e Improve the charge / discharge capacities compared to conventional products based on
lithium cobalt oxide, the second advantage is provided by the introduction of new mobile
species that lead to the improvement of electrical transport properties and the subsequent
electrochemical performance in terms of charge / discharge capacities. The mobility of
these oxygen species is becoming more important when miniaturizing the average size of

crystallites to the nano - scale.

Indeed, studies show that the transition from micro - size to a nano - size (average size of

crystallites smaller than 100 nm) has a great influence on the physical and chemical properties of



catal yti c phase has never been studied, according to our know edge. hi this
context the present invention deals with proving that the perfornmance of

t hese newyeynsicaiRBosgn terns on the safety aspect and chapgeh20o/sshar ge
capacities are greatly inproved conpared to conventional products

(mcroscopic scale). The particles of LiCoyOz in doped |ithiumcobalt oxide
according to the invention have a nean di aneter of preferably < 200 run,

more preferably < 180 nm (see Exanple 20 The particles of MX have a nean
di aneter less than or equal to 50 nm The particles of doped l|ithium cobalt

oxi de according to the inyention also have difference between the charging
and di s&R4ETISnghess yaratiops gy prepeytiesgan 3? exRipined {»{3‘@ eRispstace Flores g paer

capaci t masfm%ﬂ&ngﬁ;éd 6 tSnunfber o Ao I Voumd 1 tRAahbscaR SndteriQ R&H1tinb iar! M
cobalt oxide according to the invention show a high structural stability

and havexdeptionat frapravemerit phall the pbenopzena ofisurface bernparedsto coheentipral mxatasiabani cal
characteristics displayed,. h mat eri al s denonstrate that dopi ng by
Glepliy e 4] (BF Rtk GEETH

nanosi z ularly cerium oxide, confers upon the
material an inproved chargi ng/ di scharging capacity conpared to materials
based on lithium cobalt oxide which have been studied in the literature.

Fur t her fBF¥ng oxkelegiocherpigalliactiye systemsprvakang a catBoda g agieeass shatalite gze
cycl es Wis@iohging A6 thahd e GH @&%%fnﬁﬁﬁﬁ%@&-me%rffeedsgesaﬁﬁlgriﬁin?%rmntol@s
present 1 nventfoR neans that they have a |gh reversibility 1n Dattery
cycl i nggatalytic plasg hhs fieyer bden studigdleesortling o ewdaiomdedige.candi dat esfor use in
storage battery technol ogy (secondary batteries). According to the
invention it is proposed to provide a cathode (positive el ectrode) as an

active &l &iddoatheiepadsentihvntiod ddaliwith provingitha? theRifofharRs of fleSehebadyk@shs
rechargeabl e el ectrochem cal |ithiumbatteries), wherein said cathode

conpr i s&stermeopRiesalelveaspest anfphargel/ disphaiss eapaeifies a5k wathuimese rdrgmpared e
present cbﬂ%ﬁﬂ%ﬂapﬂroducts (microscopic scale).

The particles of LiCo,O, in doped lithium cobalt oxide according to the invention have a mean

diameter of preferably < 200 nm, more preferably < 180 nm (see Example 2).
The particles of MOy have a mean diameter less than or equal to 50 nm.

The particles of doped lithium cobalt oxide according to the invention also have difference between
the charging and discharging capacity of < 0.3%. Preferably, the specific discharge capacity of the
particles is > 165 mAh/g.

The particles of doped lithium cobalt oxide according to the invention show a high structural stability

and have been characterization by various techniques.

The electrochemical characteristics displayed by these materials demonstrate that doping by nano-
sized rare earth oxides, particularly cerium oxide, confers upon the material an improved
charging/discharging capacity compared to materials based on lithium cobalt oxide which have been
studied in the literature. Furthermore, the small capacity loss between the charging/discharging
cycles which is one of the characteristic of materials according to the present invention means that

they have a high reversibility in battery cycling, and long life, which makes them excellent candidates



hi particular, the particles of doped lithiumcobalt oxide according to the
present invention nmay be used for the manufacture of cathodes of |ithium

i on rechagygesfy@ofgtteries. For exanple, an el ectrode age®hfrFodsd2it he
i nvention conprises a conductive support serving as a power collector which

I's coated by the electrochemcally active material (particles) according to
the invention, and further conprises a binder and a conductive material.
The power collector is preferably a twol#i mensional conductive support,
such as a solid strip of material or perforated strip of material, which is

cont ai ni carbon or netal, e.g, copper, alumnum nickel, steel, or
stainIe§£P§¥é%ﬂ9m¢9Qﬁ%%%ﬁ#9?b%YGS%PE&V@”@¥@§trode conprises a collector in
aluminum In the event of excessive discharging or inversion of the

battery, one thus avoids short-circuiting by dendrites of copper (which
m ght odchaserdirfg to e inventiercit érproposedhtogayide 3 catlide (Hositivieelestepgde)asan attiveone  or

nore of the faollow . nds.: Vi aylLi e fluornid PVDE). .11S
copol ymy ol iSRRG Biefils By TRt Bl et i il

pol yet batteries), hbereinl saideathpdd yomprigks e paiticleydfatoped Iihiukvdobalt oxitd scording(téVC) ,
pol yviny] formal, block polyester am des and pol yet her am des; polyners of
acryl i c BEPEsenBYSAaly de, itaconic acid, and sul fonic acid; elastoners; and
cel l ul osi ¢ conmpounds. Anobng the nunerous el astoners which nay be used are:
et hyl ene- propyl ene-di ene rubber (EPDM, styrene-butadi ene rubber (SBR)

acr yl oniln partieulan,tha gartiples ofdsiped lithnBRyqbali oyide accotilingtdithameressntineanéommay ke

copol gy PRyl -S56H R by v pBulgibaropolyers (519

st yrene- but adi ene-vi nyl pyridi ne terpolyners (SBVR), pol yurethanes (PUR),

neopr enes, pol isobutylenesﬁéEIB) and butyl rubbers; and m xtures of

t hese. THOT gxamilg, 88 plectiadaperoriing gy hen¥ension FOmpREE 2 FoNdugivg SEPROTt serving as a

car boxy iy ishelbhi VRS Q@@b e N e Sl %ﬁE’JMQ- to th

hydr oxy ropy+ce+%ulosew(HPC }/or ﬁydroxyet y ce?+h§%sgh?EE% ? g fo the
invention, and further comprises a binder and a conductive material.

The power collector is preferably a two-dimensional conductive support, such as a solid strip of
material or perforated strip of material, which is containing carbon or metal, e.g. copper, aluminum,
nickel, steel, or stainless steel. Preferably, a positive electrode comprises a collector in aluminum. In
the event of excessive discharging or inversion of the battery, one thus avoids short-circuiting by

dendrites of copper (which might occur if the collector is in copper).

The binder may contain one or more of the following compounds: polyvinylidene fluoride (PVDF)
and its copolymers, polytetrafluoroethylene (PTFE), polyacrylonitrile (PAN), polymethyl
methacrylate, polybutyl methacrylate, polyvinyl chloride (PVC), polyvinyl formal, block polyester
amides and polyether amides; polymers of acrylic acid, acrylamide, itaconic acid, and sulfonic acid,;

elastomers; and cellulosic compounds.

Among the numerous elastomers which may be used are: ethylene-propylene-diene rubber (EPDM),
styrene-butadiene rubber (SBR), acrylonitrile-butadiene rubber (NBR), styrene-butadiene-styrene
block copolymers (SBS), styrene-acrylonitrile-styrene block copolymers (SIS), styrene-ethylene-
butylene-styrene copolymers (SEBS), styrene-butadiene-vinylpyridine terpolymers (SBVR),
polyurethanes (PUR), neoprenes, polyisobutylenes (PIB), and butyl rubbers; and mixtures of these.



The conductor material maybe chosen anong graphite, carbon black, 15

acetyl ene black (AB), or derivatives and/or m xtures thereof. It is another
obj ect ofwoheigpsesent i nvention to provide a lithiumiomrclwaBioesyoseal so know
as secondary or storage battery) conprising at |east one negative

el ectrode, at |east one positive electrode, and at | east one separation

el ectrolyte; wherein the positive el ectrode conprises the cathode according
to the present invention. Preferably th%zseparation el ectrolyte is a

liquid, a gel, or a solid. Mire preferably, the electrolyte is chosen anong
a non-aqueous electrolyte conprising a lithiumsalt dissolved in a solvent;
and a polyneric solid conductive electrolyte which is an ionic conductor of

| t hi umTHRREHUIEsIGconfRud& iRy beERds@dnttg (6ifsdhm) El-Eféﬁrbbkﬂ?rﬁléth!meﬂﬁioﬁe icMchosen

anong |ithium perchlorate (L|CIO4 I|th|un1 exaf i uoroarsenate (LiAsF )

| i t hi umhydseaypropylestisloplidese ({EMGH hydroxyprapyiealiulose GHRG) cordnydioxyesh )émeil}ﬂpsq
l'ithi um(Hi | uor onmet hanesul foni mde (Li N(CF SOQ2)2) (Li TFSI), lithium
trifluoroethanesul fonenet hide (Li C(CF3S2)3) (Li TFSM, and lithium

bi sperfl uoroet hyl sul foni m de (Li N(C2F5SQ2) 2) (BETI) and m xtures thereof.

Prefera , the solven IS a sol vent or xtu ven among
Loual ortHEetdicter el gL e b bR Arene gapRis ttheh §eis £ Heen bEge A,

car bonatRgvatives ditr atiRklres Yisekdof Car bonat es, non- cycl [ c car bonat es, aI kyl
esters (such as form ates, acetates, propionates, or butyrates), ethers,

| act ones (such as ganma- butyrolactone) tetrahydrothiophene di oxi de

I
hrong. « He it Beerbae inésdhiny Bt o ol ¥ iy o Bindtl K85 A RSy
et hyl ener smrdge batteey)(cbfdprisipg atpgdsame negdtive alatteod@ﬁﬁ:)qasmd puitivel eberodeq adabatat e

(BCO); and m xtures. of these. t he cyclic unsatura ed bona |ch
mi ght béeatkncsgpastionelectrelylg; W SFFIR Pledsitig pigFERde cprypEyses SR Vs
and m xtgles if¥entitEse. Among the non-cyclical carbonates Whl ch

Preferably the separation electrolyte is a liquid, a gel, or a solid. More preferably, the electrolyte is
chosen among a non-aqueous electrolyte comprising a lithium salt dissolved in a solvent; and a
polymeric solid conductive electrolyte which is an ionic conductor of lithium ions, e.g. polyethylene
oxide (PEO).

The lithium salt is chosen among lithium perchlorate (LiClOs), lithium hexafluoroarsenate (LiAsFé),
lithium hexafluorophosphate (LiPFg), lithium tetrafluoroborate (LiBF;), lithium
trifluoromethanesulfonimide (LIN(CF3S0O,),) (LiTFSI), lithium trifluoroethanesulfonemethide
(LiC(CF3S03)3) (LiTFSM), and lithium bisperfluoroethylsulfonimide (LiN(C;FsSO,),) (BETI); and

mixtures thereof.

Preferably, the solvent is a solvent or mixture of solvents, chosen among usual or customary organic
solvents, particularly: saturated cyclic carbonates, unsaturated cyclic carbonates, non-cyclic
carbonates, alkyl esters (such as formiates, acetates, propionates, or butyrates), ethers, lactones (such
as gamma-butyrolactone), tetrahydrothiophene dioxide (commercialized as SULFOLANE), nitrile
solvents; and mixtures of these. Among the cyclic saturated carbonates which might be mentioned
are: ethylene carbonate (EC), propylene carbonate (PC), and butylene carbonate (BC); and mixtures

of these. Among the cyclic unsaturated carbonates which might be mentioned are, e.g., vinylene



m ght be nentioned are, e.g.: dinmethyl carbonate (DMC), diethyl carbonate
(DEC), nethyl ethyl carbonate (EMC), and di propyl carbonate (DPC); and

m xt ur es Wb 201Es603sAnong t he al kyl esters which m ght becyRBij9IRS2EAN €,
e.g.: nmethyl acetate, ethyl acetate, nethyl propionate, ethyl propionate,
butyl propionate, nethyl butyrate, ethyl butyrate, and propyl butyrate; and
m xtures of these. Anong the ethers which m ght be nentioned are, e.g.,

di ret hyl ether (DVE) and diethyl ether J(i‘DEE); and m xtures thereof. O her
sol vent s whi ch m ght be nentioned are 1, 2-di met hoxyet hane,

12d|eth ltetr rof u nd nmet hyl |oxola
gener al ,°3f g@k Wﬁ‘tsgfe'é‘& Gﬂénggii’ﬁ?ﬁe% %?ecgﬁﬂ’t‘}glﬂlfrmg{féfﬁlﬁﬁafc%
power cqﬁgﬁaq;e%enuwiedfak’e % : CAREAN Wiidia bm rdl&Hﬁ%ﬂbShz{iQai\E@) methyl ethyl

el ectrochémically active material and furt er conprising a bindef and a

conduct icadonate &iNI@), anddiprapy] dachomate (BPC); apdmixdgges ofithese| Aptong the alle estas nade
of COPP&L;Qf m%h?ﬁ%eﬁlenn%ggfﬂé a%e OHl%hmfﬁrl {%B{%eéth)(l Ipﬁatg lnx]ﬁ&ﬁl g;ﬁg;? SHafeQbth act lve

material 1S CIYOSen anon a car
mat er i alpr(b‘ph@raﬁi, Butyl Itrdspmme; aetiytbutnae] éthyl butyrdtd) ancsprbpyltbut)&té end) nmgmaphf te,

coke, ca on bl ac r vitreou car bon), . and a oXi m.and a
transi t iFfenBIeNe 5\9@ ervhishight borgnfioned e, ag. ,t%ﬁﬁgk ﬂ@v@ﬁf’#&%ﬁ Heed
el ectrog bEE? GRd nﬁ’ﬁﬁxfeQ{HEPeBP eOfbr dofehA MafRRhighRihtibAR] 'Y 0ldnfsthetyebiy at ed
reversibility of the process of intercalation and de-intercal ation of Li+

in the Had- dleﬁlyxyethan@Ii-m@b)lltetl’ahydm@anmddrmﬂbylén%éwb@men t he chargi ng and
di schargi ng capacities (Levasseur, Stephane (Ref. 6)). A major problem
faced by investigators and industrial exploiters is the operational safety
of rechangerbil, Ethé)x&?d:ghtesfei chtrodl¥ donspuisestridahitd saiffotisyrvirighte apawgecolibctor, which
applications is limted. This_ applies in rticular to éﬂ& use of, advanced
r echar gdafaiedpaiyadaye somprignghe Plegszne %mlaalfymmnvem @apé furthergompyising a5
factor  @findtPirda Jbﬂ&\fcﬁwmhfenald d{'hE lcBifeclo? ohmgmega%itvb BRStrddd neARRGhdd¥ oP&Ippkttrt

wei ght and per unit volune, and in service ITf
nickel, advantageously copper. The electrochemically active materlal is chosen among metallic

lithium, lithium alloys, a carbon material wherein lithium can be inserted in the structure (e.g.
graphite, coke, carbon black, or vitreous carbon), and a mixed oxide of lithium and a transition metal

such as nickel, cobalt, or titanium.

Generally, improved electrochemical performance of rechargeable batteries involves an elevated
reversibility of the process of intercalation and de-intercalation of Li* in the battery, which results in a

low difference between the charging and discharging capacities (Levasseur, Stéphane (Ref. 6)).

A major problem faced by investigators and industrial exploiters is the operational safety of
rechargeable batteries. Without adequate safety, the range of applications is limited. This applies in
particular to the use of advanced rechargeable batteries in electrical and hybrid vehicles. Safety is a
factor of major concern in addition to high ratings in capacity per unit weight and per unit volume,

and in service life.

Generally, the battery safety tests comprise three steps:
- Progressive increasing of the potential difference between anode and cathode;
- Heating of the battery to a maximum temperature prescribed for the safety testing;
- Perforation, by prescribed means. Three sets of data are recorded, namely the potential difference



Generally, the battery safety tests conprise three steps: - Progressive

i ncreasing of the potential difference between anode and cat hode; - Heating
of the bakbeni/iszg mMaxi mum tenperature prescribed for bphersahebis2iesti ng;
- Perforation, by prescribed neans. Three sets of data are recorded, nanely
the potential difference(Volts), tenperature (C), and power (Anps). Exanple
2 denonstrates that the safety of the batteries according to the invention
is nuch better than that of standard cokhercial |ithiumcobalt batteries.
The Applicants have shown that the tenperature increase conpared to the
increase Wth standard Li CoQ2 batteries is mnor. In particular, the
tenperat(y\é\tssitﬁ@P%%‘@(\g\ﬁ:)vﬁn%ﬂ’PéveF AMPYm i on battery according to the
invention in classical safety tests is |less than 15C (generally in the
range +7C to +15C). The doped material of the present invention |leads to a

t enper atixamplerdodeamasiragsiti thiesafotyi of thel battenis @ceonding tecthe invénsion sfmuchiwtterdhan

usi ng non-deped, |4t hi um. alt oxide. The lithiumion battery according to
t he pregfgarlif)?%?‘?ﬂfigx 500 Il"errl%élg@lﬁrgcg%ael%ap%esdi scharge capacities of cobalt

| ithium oxi de doped with nano-sized ceria greater or equal to 165 mAh/g.
The lithiumign battery according to the present invention generates_ heat
of | ess ThRApPEerntyhgve shownithy émt?rawr%ra@imqriﬂagpqlppaﬁﬁddﬁ&}?égcr%ﬁsmtha@fl&fd_

| provi ngcshehatbadiis hﬁﬁbr.atﬁq)aﬁfcﬁfaé}ﬁ?e t%ﬁ&&ﬂu{é’m&fsasé R4 A ARRRGoh b&tﬁb}’m Ion
batteries erein, the positive electrode (cathode) of said batteries
conpr i sescarding pethe inyérgion o claksivalcsafetyt thstsimless bahtl SUX (gdneraltyoo i ramget+G °€ e

i ti L, hem | . terjal,. Another object.of .t
vent | a5 AR BRI Seral P SERGE ki ek i emp A SherPRb Hileh % gy
oxi de Linkdzy Ban halMBst Fadattety sing forl-Apell idfith cobult okldes met hod conprises: a)
the preparation of nano-sized doping agent MXx (| anthani de oxi de)

conprising the steps of: (i) obtaining MX precursor starting fromacetate

or ni tr &g 1tfiurh FHBARHY I6cPYinS R thE fieddit i@t have the specific discharge capacities of
cobalt lithium oxide doped with nano-sized ceria greater or equal to 165 mAbh/g.

The lithium ion battery according to the present invention generates heat of less than 50 J/g.

The mvention additionally proposes a method of improving the stability and storage capacity of
rechargeable lithium ion batteries wherein, the positive electrode (cathode) of said batteries comprises
the particles of doped lithium cobalt oxide according to the invention as the active electrochemical

material.

Another object of the invention is a method of producing the particles of doped lithium cobalt oxide
LiCoyO, ' t MOy according to the invention. This method comprises:

a) the preparation of nano-sized doping agent MOy (lanthanide oxide) comprising the steps of:
0] obtaining MO precursor starting from acetate or nitrate of lanthanide by co-precipitation
or sol-gel method,

(i1) calcinating MOy precursor to obtain nano-sized MOy having a controlled crystallites size,

b) the preparation of LiCoyO, particles comprising mixing of cobalt oxide Co3;04 with lithium

carbonate Li,CO; to obtain a homogenous LiCo,O, patticles,



or sol-gel nmethod, (ii) calcinating MX precursor to obtain nano-sized MX
having a controlled crystallites size, b) the preparation of LiCoyQz
particl eswe29qiseizeg M xi ng of cobalt oxide Co O with | ipthimesasaanat e

Li 2C38 to obtain a honpgenous Li CoyQz particles,and wherein said particles
of doped lithiumcobalt oxide LiCgyOz t MXx are obtained by: 1) mxing the
Li CoyQz particles of step b) wth the nano-sized MX of step a.ii), 2)
honogeni zing and nilling of the mixtureldf step 1), and 3) calcinating the
result of step 2). Additives nay be used in step 1) and m xed together with
Li CoyQz particles and nano-sized MX to influence the size and shape of the
particles according to the invention. Several additives were studied,

especi alahy “mEre&rsGﬁfBaﬁic[b@w H6ped %ﬁﬁmﬁ%o@a%%k%ii@@d? VAMORhR Bkl Byt he
calcination of step a.ii) is carried out at terperatures in the range of
450C t o 70bCmixing thedli€oyéhprminles pf stepdy vath, the ranesized MO.ofistepia.idenper at ures in

the range of .1 . i . I psed in the range of 3 to 40
hour s. Co-gpr}lglg'lgg?%#é%%ﬁ%ﬁ%wag |I&|ée&§{e§ﬁ ( ng materials, such as
nitrates o) calcinatingthxrbyltstatep2)are dissolved in distilled water (in the

case of nitrates). b) A precipitating agent for co-precipitation is added
under stirring until a determ ned value of pH (5-12). c) The obtained

preci pi taddives mal 68ustH t §&) Hhnk ﬂfi)%éa%g‘e'ﬁ%ir }mﬂ&p@z Bhrti¥res HdHndkib M@é ;mi zed

water in order t0 renove residual trace of the ﬁr ecipitation agent.
Then, t hefluenettbelsipe @i shapeaf ¢hei partitias eccoading tortheinsention. Sexergl additiveowereo 80 to

1300C. eélglfl' e g%ﬁ'izgﬁrtoﬁé%ﬁC-l.ie'n%t%}-eesughwa%(acgt%ec&rﬁp&) is calcinated to obtain

nano- si 2

Preferably the calcination of step a.ii) is carried out at temperatures in the range of 450°C to 700°C;
the calcination of step 3), is carried out at temperatures in the range of 600°C to 1200°C during a time

comprised in the range of 3 to 40 hours.

Co- precipitation method:

a) The starting materials, such as nitrates of cerium hexahydrate, are dissolved in distilled water
(in the case of nitrates).

b) A precipitating agent for co-precipitation is added under stirring until a determined value of
pH (5-12).

¢) The obtained precipitate is then subjected to successive steps of washing with deionized water
in order to remove residual trace of the precipitation agent.

d) bThen, the washed precipitate is dried at temperature ranging from to 80 to 130°C.

e) The dried precipitate (MO precursor) is calcinated to obtain nano-sized MOy (lanthanide
oxide) particles having a controlled crystallites size.

Sol - gel method:

This method involves:
a) Dissolution of lanthanide acetate, such as cerium acetate, in appropriate medium (acetic acid).
The obtained sol is continuously stirred.
b) A precipitating agent is added until formation of gel for a value of pH varying between 5 and |
12.
¢) The obtained gel is dried at temperature varying between 50°C and 100°C.



oxi de) particles having a controlled crystallites size. Sol - gel nethod:
This nethod involves: a) Dissolution of |anthanide acetate, such as cerium

acetate, wo 00561k ate medi um (acetic acid). The obtai peg/8R09bF221
continuously stirred. b) A precipitating agent is added until formation of

gel for a value of pH varying between 5 and 12. c) The obtained gel is
dried at tenperature varying between 500C and 1000C d) The dried gel (MX
precursor) is calcinated to obtain nanol&ized MXx (I anthanide oxide)
particles having a controlled crystallites size. The above-nenti oned

precipitating agent nmay be NHACOH sol utiqgn or .any other suitable solution
known to tqi)egl’bégg@#@eé O greeyrson) jgealginated fobtaip panostized M@ntlanhanidsioxite) t he

i nvention, t Ertﬁfé?ﬁ%é %ﬂé&jﬁ’c mggses cerium oxide. The invention

further proposes to provide par es of doped lithiumcobalt oxide of
formula Li CoyOz t MXx obtainable according to the nethod of the present

i nvent i , erein the dopi ng agent el | ected f,rom.the group of

| ot hani e BeBetopprroRA e AHFE e LB B RO RGo S 55 ofeSitle sPhCHE) oc e
SO as t%@%ﬂ%@p@iﬁﬁiﬂcﬂi&dsﬁmieﬁhj orretr! cratios in sai d partipl es of doped
l'ithium cobalt oxide, and wherein doping agent MX is nano-sized. The

originality of this invention is that for the first time it is proved that

the party Q%f‘e‘ferf%ti eﬂf&%ﬁehi SAthATVGRBR the @%k&qaﬂmaﬁumm-if&&ﬁﬂl Jﬁé?ci%!'. ng agent
exhi bit exceptional properties conpared to conventional products whose
average particle size exceeds 100 run. The particles of doped lithium

cobal t i de (Li Oz t MX) of the prese I hvention are devel oped.hased
on o ORI pronteRs o o Barofs ol dopp B g B e B EEREAEHOY ess
than or -em@loblaiakie dcdobding BEe féthod Bfthe present invention, wherein the doping agent MO,

being selected from the group of lanthanide oxides, the molar ratios expressed by y, z, t and x are

selected so as to produce desired stoichiometric ratios in said particles of doped lithium cobalt oxide,

and wherein doping agent MOy is nano-sized.

The originality of this invention is that for the first time it is proved that the particles of doped
lithium cobalt oxide with nano-sized doping agent exhibit exceptional properties compared to
conventional products whose average particle size exceeds 100 nm. The particles of doped lithium
cobalt oxide (LiCo,O, t MO,) of the present invention are developed based on two components:
(1) the particles of LiCoyO, having a mean diameter less than or equal to 200 nm, and (2) the
particles of doping agent MOy have a mean diameter less than or equal to 50 nm. The combination
of theses two components leads to the electrochemically active particles having:

- High thermal stability reflecting improved safety aspect compared to the conventional

products made of lithium cobalt oxide,

- Very high charge / discharge capacities (about 165 mAh / g).

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood that the
invention includes all such variations and modifications without departing from the spirit or
essential characteristics thereof. The invention also includes all of the steps, features and
compounds referred to or indicated in this specification, individually or collectively, and any and

all combinations or any two or more of said steps or features. The present disclosure is therefore to
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were calEXAmplesd” and refined with the use of a program based on the nethod
of | east squares. The nean |attice size of the crystallites of the
particles used as cathode materials was cal culated from

(1) Experimental method:

The particles produced were identified with the use of an "Xpert" X-ray diffractometer. In this
connection, the lattice parameters were calculated and refined with the use of a program based on the

method of least squares.

The mean lattice size of the crystallites of the particles used as cathode materials was calculated from
the X-ray diffraction spectra, using the Scheerer formula:
k.A
B p .cos O
where k is the shape factor (= 0.9 if the width is half the height);
D is the mean lattice parameter of the crystallites (A);
M is the wavelength of the incident beam (&); and
B is the width at half height, corrected by an apparatus factor relating to the broadening of the

D

diffraction rays.

References for the Scheerer formula:
- Muller, C., (Ref. 15);
- Millot, N.G., (Ref. 14).



the X-ray diffraction spectra, using the Scheerer formula: D k b . COS q
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t he mean wetbiocsogsar aneter of the crystallites (A); | igcrheemvekangt h of
the incident beam (A); and b is the width at hal f height’ Corrected by“an
apparatus factor relating to the broadening of the diffraction rays.

Ref erences for the Scheerer formula: - Muller, C, (Ref. 15); - MIlot,

N. G, (Ref. 14).The norphol ogy of the &%duced sanpl es was characteri zed
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eval uated using differential scanning Calorimetry (DSC). Exanple 1 This
exanple illustrates the structural properties of ceriumoxide crystallites,
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Example 1
This example illustrates the structural properties of cerium oxide crystallites, which have a

nanoscopic size compared to microscopic cerium oxide sample.

The preparation of cerium oxide can be achieved through co-precipitation process or a sol-gel
route. The starting material can be acetates or nitrates of cerium. The precipitating agent consisting
of NH4OH solution is added to the nitrate or acetate cerium solution until a pH reaches a value
varying between 9 and 11. The obtained precipitate (CeO; precursor) is then washed to remove
residual NH*" ions. Drying is then carried out at optimum temperature. Calcinations allow
thereafter obtaining nano crystallites cerium oxide. The desired average size of crystallites is
governed by the choice of temperature and the duration of calcinations (K. Ouzaouit, and al., (Ref.
12)). Calcining temperature ranges from 450°C to 700°C according to the co-precipitation or sol-

gel process route, the precursors used and the desired size.

The average size of crystallites estimated according to the semi - empirical relationship:

D =Dy exp (-Eo/ksT) where E, is the activation energy of crystallization, kg the Boltzmann
constant and Dy the pre-exponential factor. The D size tends to infinity for a terhperature near the
melting temperature of CeO, at 2750°K (S. Saitzek, (Ref. 16)).

Figure 4 shows the X-ray patterns of two samples of cerium oxide prepared: a) of microscopic

crystallites size, b) nanoscopic crystallites size.

The identification of the two samples is carried out by comparing experimental data to reference |



residual NH4+ ions. Drying is then carried out at optinum tenperature.

Cal cinations allow thereafter obtaining nano crystallites cerium oxide. The
desired ayenafifiseizge of crystallites is governed by thepehaisRoofe221
tenperature and the duration of calcinations (K. Quzaouit, and al., (Ref.
12)). Calcining tenperature ranges from450C to 7000C according to the
co-precipitation or solgel process route, the precursors used and the
desired size. The average size of cryst%?lltes estimated according to the
sem - enpirical relationship: D= DO exp (-Ea/keT) where Ea is the
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shows the X-ray patterns of two sanples of cerium oxid repared: a) of
m cr oscdpi Ehere yssalsol 4 peak bmdzeng ehservad fraappdnced §asmpi¢ b)- t Ehis sirong mqlh@se of
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di f f r actlateice. | In HigSA pplR astbrasase 'tl&rdxpﬁrlstorﬂfs nfaifil @ atbrébiuted o the eﬁbex;age erystaltitasdiadec e
with the standard JCPDS file (34 - 0394) for both sanples a) and b). There
Is al so a peak broadeni ng observed for a produced sanple b). This strong

i ncr eas efane 1118 8 MereTrtalBre SR 61 é?ﬁﬁ&eﬁ%edfeﬂhrlr%xm p"é‘fﬁre‘aflﬁ BfelmnodcBicSi Ze
of crystallites or mcro-strains in lattice. In the Applicants’ case,

t he expdomn compaseditaiamhigroacapid santpdelandgheineefinodeccdlyparametersaal | it es si ze. Tabl e
1 lists the average crystallites size of synthesized cerium oxide prepared
in the nanoscopic formconpared to a mcroscopic sanple and their refined
cel |'s paraBleet: ©eH Parbaelegs dnd avetape EigstaliRd siicofapathésiad agierosdopid aldlnahescopiee of
synt hesi zed m croscopi ¢ and nanoscopi ¢ cerium oxi de The Applicants note
that th&eE@NOXKEr anet ers of dlfferent syntheS|zed cerium oxi de sanpl es

1 ’\I’\f‘l W'; Fa¥'d nf‘f\nﬂl Vol o -' l’\l‘\v‘; ﬂﬂﬂﬂﬂﬂ
P??gfg?g: ; T I EEE e I\‘ﬁlcroscoplE'sarr'xpT'L 7 bb”'N'anoscoplc ceria
«CeO2 » () « Ce050;5 » (b)
Cell parameter a (A) 5.405 £ 0.002 5.391 + 0.005
Cell volume V(A>) 157.9 £ 0.1 156.7 + 0.4
Avearage cristallites size 162.2 £ 0.1 324+0.1
(nm)

The Applicants note that the cell parameters of different synthesized cerium oxide samples

nanoscopic and microscopic size are in perfect agreement with those of literature.

Procedure for obtaining cerium oxide having a controlled average crystallite size was carried out
through specifically choice of elaboration parameters (see above-mentioned co-precipitation and
sol-gel methods). Controlling preparation conditions allow not only to control the average

crystallites size but also allow to control a non-stoichiometry oxygen (0.05< 6<0.2).

This non- stoichiometric behavior in oxygen amount contained in the prepared cerium oxide is the

source of catalytic properties as a reservoir of oxygen that can present this material.

The prepared nano-sized cerium oxide according to the method of the present invention (having the
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Several samples were synthesized with different values of x, y and z varying within defined ranges
as claimed in the present invention. These samples have been subjected to different
characterizations, such as structural and electrochemical performance, which allowed the selection

of the preferred particles of doped lithium cobalt oxide for use according to the present invention.

The method used to prepare particles of dopes lithium cobalt oxide (LiCoyO,, 0.02 CeO,) in form
of nanoparticles implies a solid - state reaction adopting a specific thermal treatments and using a
specific additional in mixture with starting precursors consisting in cobalt lithium oxide and

different synthesized cerium oxide as described in example 1.
The homogenization of precursors used in the preparation of the electrochemically active phase is
achieved via the addition of a specific organic additive. The purpose of this additional organic

product was to have composites presenting highly homogeneous morphologies.

1- Structural characterisation

Figure 7 shows X - Ray patterns of dopes lithium cobalt oxide (LiCo,O,, 0.02 CeOy). As already
mentioned above, the choice of LiCo,0,, 0.02 CeOy was achieved after several series of tests

whose results showed that LiCo,O,, 0.02 CeO present the stoechiometry leading to a best
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SN ISR R SRR R s e S B TR A A e G e
«Microscopic » (a) « Nanoscopic » (b)
Structural ordering factor R=0.52 R=0.46

Cell parameter (A) a=2.813 % 0.001 a= 2806+ 0.005
c=14.042 + 0.001 c=13.996 =+ 0.002

Cell volume (A?) V=962 +0.5 V=96.1+0.3

Average cristallites size (nm) D=173.7+0.2 D=892 £0.3

c/a 4.99 4.99

By analyzing results listed in Table 2, one can conclude that cells parameters of all the doped
lithium cobalt oxides containing microscopic and nanoscopic cerium' oxide (a) and (b) are in good
agreement with literature data. The factor describing crystalline order of the sample prepared using
nanosized cerium oxide is lower than that synthesized via microscopic cerium oxide and thereafter
the lithium cobalt oxide particles doped by the nano-sized cerium oxide exhibit a more ordered
crystalline structure. One recall that the factor reflecting the crystalline disorder is defined by:

_ 1(102) + 1(006)

I(101)

diffraction peaks (102), (006) and (101). However, as well as the value of R factor characteristic

where I (102), I (006) and I (101) are respectively the intensities of

of crystalline disorder decreases, the order crystalline becomes better.



crystalline structure. One recall that the factor reflecting the
crystalline disorder is defined by: R=/ (102 ) +/ (006 ) where ( 0 2 ) i
(006) andyb 201ikdo3z8r € respectively the intensities of diptinBsiodes2peaks
(102), (006) and (101). However, as well as the value of R factor
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m croscopi c ceriumoxide (a). 2 - Mrphol ogical characterization of (LiCO
Cv, 0.02_CeO wherein CeQ2 ig .nano-sized, Figures 8 and 9 show the
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is quite noticeable in the sample prepared with nanoscopic cerium oxide, as seen in Figure 9.

3 — Electrochemical performance:

Figures 3 and 5 show the curves of charge / discharge capacities for the designed batteries
manufactured based on particles whose synthesis and characterization have been described in

example 2.

Both particles exhibit better electrochemical performance, i.e. the charge / discharge capacities of
about 150mAh / g for the particles containing non-nanoscopic cerium oxide and the capacities
exceeding 165 mAh / g for the particles containing nanoscopic cerium oxide. The obtained
discharge capacities for both particles are higher than the value of non-doped lithium cobalt oxide
samples (140 mAh/g).

The synthesized doped lithium cobalt oxide containing nano-sized cerium oxide leads to an
excellent improvement of discharge capacity of about 12% compared to the conventional products.
This phenomena can be interpreted by the introduction of new oxygen species in the lattice of
cobalt lithium oxide attributed to the non- stoichiometric behavior regarding oxygen and the
increased mobility of these species. This property generates the production of oxygen species type
responsible for the improvement of electrical transport properties. The chemical reaction

describing the creation of these species (A. Trovarelli, Ref. 8):
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Synthesis of electrochemical system for rechargeable batteries in form of nanoscale crystallites

present a key factor to a significant enhancement in terms of charge/discharge capacities.

4 — Safety of LiC0,0,, 0.02 CeO, particles

The operational safety of rechargeable batteries continues to be the main challenge for researchers
and industrial users. Safety is so important because insufficient safety limits the use of advanced

rechargeable batteries in numerous applications, particularly electric and hybrid vehicles.

Lamellar oxides such as lithium cobalt oxide tend to release oxygen when they are highly
delithiated during the charging process or when they are subjected to constrained thermal
conditions. The mechanism of degradation of the lithium ion battery can be explained by the
reaction between oxygen released from the oxide forming the cathode and the electrolyte. In other
words the combustion of organic solvents in the presence of oxygen is the origin of the exothermic
reactions observed by differential scanning calorimetry (DSC), for example an organic solvent of
general formula CyH,O, may be oxidized in the presence of O, and release heat energy in the future

according to the reaction: CyH,O, + (2x+y/2-z)/20; ——— xCO, + y/2H,0.

This type of reaction is very exothermic and is activated by heat and presence of oxygen. There are
several techniques for safety inspection of lithium ion batteries such as:

1- Nail - penetration

2- Crush

3- Dropping from height of 1.5 m.



delithiated during the charging process or when they are subjected to
constrained thermal conditions. The nechani sm of degradation of the |ithium
i on batt afp 6mshesexpl ai ned by the reaction between oxygehpiRbersgd from
the oxide form ng the cathode and the electrolyte. In other words the
conmbusti on of organic solvents in the presence of oxygen is the origin of
the exotherm c reactions observed by differential scanning calorinetry
(DSC), for exanple an organic solvent of4general formula CxHyOz nay be
oxidized in the presence of 2 and rel ease heat energy in the future
according to tﬂg re cLioaé$ HyQ2+ (2x+y/2-z)/202 . xCO2+ y/2H2O. This type
of reaction i% @FVO { ‘c and is activated by heat and presence of
oxygen. There are several techniques for safety inspection of lithiumion
batteries such as: 1- Nail - penetration 2- Crush 3- Dropping from hei ght
of 1.5 rRiffereppial scannisigeaioomefpsa@) det@it tiecthenmal effect(gnda ergxeothbmnic phenomepah
detect the thermal effects (endo or exotherm c phenonena) occur,ring during
2"t ¢ ans B RE Offe < g Rad SR P P b oo B R R B P E s o 1
det er m rdettgminibhgeAH Bithlpy (thé Guaitininhy Ve paitivie®r pegative)wehedlthd@gRtialMejubjéresd t he
material is subjected to tenperature change perfectly linear with tine.
Regar di g tegaeetyre chanes persetly Sineas Wik titp@ char geabl e 1ithi umion, two
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cathode. More the value of this temperature is high; the better is thermal stability of battery.
e AH (j/ g): is the energy released during the reaction electrolyte — cathode; lower this value

is, the cathode becomes more stable - concerning reactivity with the electrolyte.

Figure 6 shows the characterization by differential calorimetry (DSC) of particles based on lithium
cobalt oxide and cerium oxide prepared in the form of nanoscopic and microscopic scale
respectively. The main information’s that can be drawn from the analysis of Figure 6 are listed in
Table 3.

Table 3: (DSC) measurements of LiCoyO,, 0.02 CeOx: a) nanosized, b) microsized.

Sample Onset Temperature (°C) AH area (J/g)
LiCoy0; - 0.02 CeOy 240 191
CeO, microsized
LiCo,0; - 0.02 Ce[3;0,.5 228 35.6
Cel30,.5 nanosized A
Literature (Ref. 13) 176  LiCoQO2 2102

In order to prove the originality of using nanoscopic cerium oxide in doped lithium cobalt oxide
particles as electrochemically active cathode presenting high performance, the characterization of the
safety aspect of the particles (using microscopic and nanoscopic cerium oxide) shows that reducing

the size at the nanoscale form leads to an excellent improvements in terms of thermal stability of
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Table 3. Table 3: (DSC) neasurenents of LiCoyQz, 0.02 CeOx: a) nanosized,
b) mcrosized. hi order to prove the orjginality of using nanoscopic cerium
oxi de in doped lithiumcobalt oxide par%?cl es as electrochenmcally active
cat hode presenting high performance, the characterization of the safety
aspect o h articles (using .mcr opi ¢ and nanoscapi c cerium oxi de)
shows tﬁi\etch?‘gﬁﬁ‘%‘iaﬁ@&‘tvﬁéysgﬁ“?@a of’ﬁggiéﬁg@glaqxé‘%fa&s?ﬁnl%g@et(’g an excel | ent

i mprovenents in ternms of thermal stability ofel ectrochenm cal active systens
based on cobalt lithiumoxide as seen in Figure 6. The heat ener/gy rel eased

by nar kthedent enprgy aeleassd by mgsketed lithjum) cobaltgxideispLipo0: (4.2 ¥)5 77§ i/Bconpar ed
to the o L4 £ B Bakdh j s . I at o b 2 - 0.02
CeOx pamngmgegﬂﬁg\ﬁ JI’;]%I'* ﬁeg ?oscoﬁ%ltg(g‘g(lléﬂ%cgg?%g&lecgﬁPg?tﬁftaot"%r ﬂg% 6gees’(‘:r ease of
about 4 partivks haeing ndcroscopickreriamedideeahibitA sarket ddcreasy ofthboutettimesatgartieg heat

| d during.th ] t th | ectral yte of
about 2defkiGient A siggitsan (PR OF RyiHie) AR CHBBRL WL B AL FERBar ed 1 0
the nar kgihgde AREectiolytd BRabouti? tifés fole ParitiRfed hhving hdnos@pidiRrieMuxideded t hat

the particles with nanoscopic_cerium oxide | eads to an excellent thermnal

st abi | | topmpagd dohsaearkeied gnes.olngthe light of these eselisnit Gambrscansluded habihe pargeles
recharg ri t ’ f . i doped
Tt um PP b el ARRUARE (DAl ARAG 1R BB ald BB B30

st ar t i ngafegammpouhys for Cathales of rethargeableduttaits. wi t h t he el ectrol yte, which
exhibits a net increase of 30% conpared to marketed products which reflects
anot her excellent performance related to a safety of the particles of the
present AfpaeR pbRRtiallfatele 88 theiphfiRls of ddpeddithitdlcobdlEoRAESARE plebing RiveMibni§ NOt

limted in scope to the described enbodi nents ) o
the temperature of starting reactivity (Ton set) Of the cathode with the electrolyte, which exhibits a

net increase of 30% compared to marketed products which reflects another excellent performance

related to a safety of the particles of the present invention.

It goes without saying that the present invention is not limited in scope to the described embodiments
but extends to numerous variants accessible to one skilled in the art. In particular it is within the
scope of the invention to employ a conductive electrode support of a different nature and structure
than described. Further, various ingredients may be employed in preparing the homogeneous paste,
in various proportions. In particular, various additives may be used which facilitate forming of the

electrode, such as thickeners and texture stabilizers.



but extends to nunmerous variants accessible to one skilled in the art. hi

particular it is within the scope of the invention to enploy a conductive

el ect rodeweupmorstozef a different nature and structure tlpemiBE®gOIcREd.

Further, various ingredients my be enployed in preparing the honbgeneous

paste, in various proportions, hi particular, various additives may be used

which facilitate formng of the el ectrogﬁ, such as thickeners and texture
d
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(2003)Clainms 1. Particles of doped lithiumcobalt oxide of formula Li COyCz
t MX wherein the doping agent MX is selected fromthe group of | anthanide
oxi des, and wherein the nolar ratios eqlﬁressed by vy, z, t and x are

sel ected so as to produce desired stoi Smetric ratios in said particles
of doped lithium cobalt oxide, characterized in that said doping agent MX
i s nano-sized. 2. Particles of doped lithiumcobalt oxide according to
claim1, characterized in that the dopi agent MX is selected fromthe

gr oup c&nsistﬁaﬁﬁ’?eéP%gqaeﬁggu C‘Nilfl‘,noﬁlﬁi,eogr , Tb, and / or conbinations
thereof. 3. Particles of doped lithijgg@opRig, oxi de according to any of
claims 1 to 2, characterized in that the doping agent MX is cerium (Ce)

oxi de. 4vherean thegppiog agentiMbhds selected dioncibp atoup oklanbanideotidispapdivdherdimthgintolaro

the"r angierekBEigh By & Yot g T BARed Bk @ gofios bled R flnBRE Tl
accor di ngrtictes angopet lidliah 08balt okileAchacibrtizal i thar £xid dopirigubntNI©, R@bhws-sizal | 0 Y

of cobalt isy =1- 1, and the nolar ratio z of oxygen is such as to
ensure electric

2. Particles of doped lithium cobalt oxide according to claim 1, characterized in that the doping

agent MO is selected from the group consisting of oxides of Nd, Eu, Sm, Ce, Tb, and / or

combinations thereof.

3. Particles of doped lithium cobalt oxide according to any of claims 1 to 2, characterized in that
the doping agent MOx is cerium (Ce) oxide.

4. Particles of doped lithium cobalt oxide according to claim 1 to 3, characterized in that the
molar ratio t of the doping agent MO is in the range of 0.005 to 0.3.

5. Particles of doped lithium cobalt oxide according to any of claims 1 to 4, characterized in that
the molar ratio y of cobaltis y=1 - t, and the molar ratio z of oxygen is such as to ensure electric

neutrality of said particles of doped lithium cobalt oxide.

6. Particles of doped lithium cobalt oxide according to claims 1 to 5, characterized in that the

molar ratio z of oxygen is in the range 1.55 to 1.993.

7. Particles of doping agent according to claims 1 to 6, characterized in that the molar ratio x of

oxygen is 0.7 to 1.1.

8. Particles of doped lithium cobalt oxide according to claims 1 to 7, characterized in that the
particles consist in LiCog 3O 97, 0.02 CeO.



neutrality of said particles of doped Iithiumcobalt oxide. 6. Particles of
doped lithium cobalt oxide according to clains 1 to 5, characterized in

t hat t he wolz2aro/rsed380 z of oxygen is in the range 1.55 t@ctaBf89/006221 -
Particles of doping agent according to clains 1 to 6, characterized in that
the nolar ratio x of oxygen is 0.7 to 1.1. 8. Particles of doped |ithium
cobalt oxide according to clains 1 to 7, characterized in that the
particles consist in LiCoO OL 7, 0.02 &x.9. Particles of doped lithium
cobalt oxide according to any of clainms 1 to 8, characterized in that the
particles of LiCoyOz have a nean di aneter |ess than or equal to 200 nm 10.
Particles of doped lithiumcobalt oxide according to any of clains 1 to 8,
char act & i ze@aitilel bAdoped Hithxah tobalt@side hedotdiipy to%nii 8F aiths Taa 8, charbRtigdd ih R
than or equal to 180 nm 11. Particles of doped |ithiumcobalt oxide

accor di ief Raclespf CuDahavs ameag dgmeten lesyibaner saiigl P d0Q WBt t he particles of
dopi ng agent MX have a nean dianeter |ess than or equal to 50 nm 12.
Particles of doped lithiumcobalt oxide according to any of clains 1 to 11,
char act d0i ze®aitiles hfdoped Ethilin tehalivside betondkmmtotany of ¢laimyilrig 8 achdradies zddan hahg

capacity, is less n.0 3% 13. A cathode for |ithi ion batteries
conpr i s?‘l?ngaftf'F °s ght}“?loépéga"(??nﬁe&ﬂg&qe?efEfﬁﬁ?%%wltgw(g}%maccordi ng to any of
claims 1 to 12 as an active electrochem cal material. 14. Use of the
particles of doped lithiumcobalt oxide according to any of clains 1 to 12,

im ) any B 1
for mandflact Baicles ofdaped Hthium gebalt oxidg pererding:tojany pf ¢larmsdrio Begharapicazed in that A
l'ithi umg : S : i rade, at | east
one. post 1S HRESE i ARARA S0 Hafle hERTerRS LS UEN oF BBl BRORET
characterized in that the positive el ectrode conprises the cathode

accor di to . claim 13. ...The Jithiumion batter ccording.to cl.aim 15,
ohar not 081 ped et dopeicuinGohet idtetdng R 4 of BT £ 1ctafacleriZed
that the difference between the charging and discharging capacity is less than 0.3%.

13. A cathode for lithium ion batteries comprising the particles of doped lithium cobalt oxide

according to any of claims 1 to 12 as an active electrochemical material.

14. Use of the particles of doped lithium cobalt oxide according to any of claims 1 to 12, for

manufacture of cathodes for rechargeable lithium ion batteries.

15. A lithium ion battery comprising at least one negative electrode, at least one positive
electrode, and at least one separation electrolyte, characterized in that the positive electrode comprises

the cathode according to claim 13.

16. The lithium ion battery according to claim 15, characterized in that the separation electrolyte

is a liquid, a gel, or a solid.

17. The lithium ion battery according to any of claims 15 to 16, characterized in that the specific
discharge capacities of cobalt lithium oxide doped with nanosized ceria is greater or equal to 165
mAbh/g.



is aliquid, a gel, or a solid. 17. The lithiumion battery according to
any of clains 15 to 16, characterized in that the specific discharge
capaci ti esoebiocsbmit |ithi um oxi de doped wi th nanosi zed pcenBzod/Bosgzieat er or
equal to 165 mAh/g.18. The lithiumion battery according to any of clains
15 to 17, characterized in that said battery generates heat of |ess than 50
J/g. 19. A nethod of inproving the stab#éity and storage capacity of
rechargeable lithiumion batteries, chafacterized in that the positive

el ectrode in said batteries conprises the particles of doped lithium cobalt

d di . f. cl t 12 tr
mat or i aite 20, 1 AR By Btk gy of BRed RS An Bale REROREEER i ae
Li CoyQz Haﬁ&@geﬁ&gegﬁhaﬂgﬂb@tWSmf/ claims 1 to 12, said nethod conprises: a)

the preparation of nano-sized dopi ng agent MX (I ant hani de oxi de)
conprising the steps of: i. obtaining MXx precursor starting fromacetate

or nitratge of Affam

ol 61 nat e hgM: "R lfio ths B sbRRY Bd M BTaEI B ORI 1fm idn

crystal Ihattemes,suhmctem)edumﬂlaphe pesmtei ebaetrode ihisdid paeripnednprisesthe pau‘pclesofr@ped

m xi n cob t hj car bona to obtain a
ho)r(r:)ggn {fuug;c %ﬂj ‘ifaﬁcf(i 8§° 313’,? l L#’?zsaéia’aa‘ggf ieﬁLtF%gC%‘caldBﬂ%ai i thium
cobalt oxide LiCgyOQz t MX are obtained by: 1) mxr ng the Li CoyQz particles

of step b) wi th the nano-sized MX of ste 2) honogeni zi ng and
m | | | n t Hemgthed of ErOérwlsg eqsﬁqus ofad@aeeslt%em eqliahtomg LiGyO, etMOx agsordingp

I erized in that additives are m xed
toget her Q&ﬁﬁ%g %zlf e%d‘gn rﬁggno sized MX in step 1).

a) the preparation of nano-sized doping agent MO (lanthanide oxide) comprising the steps of:

i. obtaining MOy precursor starting from acetate or nitrate of lanthanide by co-precipitation or
sol-gel method,

ii. calcinating MOy precursor to obtain nano-sized MOy having a controlled crystallites size,

b) the preparation of LiCo,O; particles comprising mixing of cobalt oxide Co3O4 with lithium

carbonate Li,COj3 to obtain a homogenous LiCo,O, particles,

and wherein said particles of doped lithium cobalt oxide LiCo,O; ' t MO are obtained by:
1) mixing the LiCo,O, particles of step b) with the nano-sized MOy of step a.ii),
2) homogenizing and milling of the mixture of step 1), and
3) calcinating the result of step 2).

21.  The method of claim 20, characterized in that additives are mixed together with LiCo,O,
particles and nano-sized MOy in step 1).

22.  The method of claim 20, characterized in that the calcination of step a.ii) is carried out at

temperatures in the range of 450°C to 700°C.

23. The method of claim 20, characterized in that the calcination of step 3) is carried out at

temperatures in the range of 600°C to 1200°C.



22. The nmethod of claim 20, characterized in that the calcination of step
a.ii) is carried out at tenperatures in the range of 450C to 700C. 23. The
met hod ofwol2aiomsads characterized in that the cal ci nati eaTaB2mb/e@w23) is
carried out at tenperatures in the range of 600C to 1200C. 24 The net hod of
claim 20, characterized in that the calcination step 3), is carried out
during a tine conprised in the range of ? to 40 hours. 25. Particles of
doped lithiumcobalt oxide, of fornula £ CoyQz, t MX obtai nabl e accordi ng
to the nethod of any of clainms 20 to 23, and wherein the dopi ng agent MX
bei ng selected fromthe group of |anthanide oxides, and the nolar ratios
expressed by y, z, t and x are selected so as to produce desired

st oi chi @#et r i The méthédof dlaimdOgicHatkctetieddds tiak thd@plethatior SiépB)) is edrtitd o xdurdeg a

characterized in that said doping agent MX is nano-sized.
time comprised in the range of 3 to 40 hours.

25. Particles of doped lithium cobalt oxide, of formula

LiCo,O;, t MO,
obtainable according to the method of any of claims 20 to 23, and wherein the doping agent MO
being selected from the group of lanthanide oxides, and the molar ratios expressed by y, z, t and x are
selected so as to produce desired stoichiometric ratios in said particles of doped lithium cobalt oxide,

characterized in that said doping agent MOy, is nano-sized.



