PARTI CLES OF DOPED LI TH UM COBALT OXI DE, METHOD FOR PREPARI NG THE
SAME AND THEIR USE IN LI THIUM | ON BATTERIES Fiel d of the invention
The present invention is in the filed of inorganic chemstry and in
the field of electricity. Mre specifically the present invention
provi des the compounds containing netals used in processes and neans
for conversion of chemcal into electrital energy. Di scussi on of the
state of the art Nowadays, lithiumbatteries are used principally as
energy sources in telecomunications neans (portable or cell phones,
vi deo caneras, portable conputers, portable stereophonic equipnent,
pagers, facsimle devices, etc.). The principal advantages of |ithium
batteries are high energy density and long service life. The
batteries have Lal r i ' st ens,
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international markets is growing strongly, safety requirenents are
becom ng nore stringent. In this connection, research and-devel opnent
i s proceeding ained at introduci fgeld abthainyestiite |ithi umion batteries
into transportation neans, particularly electric vehicles (Katz et
al., US._Patent 6,200,704, Gao etal., U S. Patent 6,589, 499;
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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,
particula:ly 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,



- capacity fade rate with increasing nunbers of cycles of

char gi ng/ di schar gi ng; and - poor energy storage at elevated
tenperatures (see Mao et al., U S Patent 5, 964,902). As a result a
great ampount of research has been devoted to alleviating these

probl ens. As a general requirenent, a rechargeable battery nmust have
hi gh el ectrochem cal capacity. In the case of a lithiumion battery,
this can be achieved if the positive anzl negative el ectrodes can
accomodate a |arge anount of lithium In order to achieve |ong
service life, the positive and negative el ectrodes shoul d have
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and the conditions of preparation. The control of these paramieters has effects on the particle size



4 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 fornula Li CoyQz t MJO', wherein the doping
agent MO x 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 stoichionmetric ratios in said particles of doped
lithium cobalt oxide, and wherein said gopi ng agent MO is nano-sized.
The present invention also provides a cathode for lithiumion
batteries conprising the particles of doped lithiumcobalt oxide
accor di ngligdbutibg anchareth¢ norphelsgyeand awity vithedobalt vudsH eseilandblatnt eand Bergmian,

this context.,. a 4 rt her j ect the present invention is to provide
a Iithiu%??o?’ﬁﬁ #ﬂ%&ﬁ%ﬁﬁgkﬁggﬁgiat | east one negative el ectrode, at
| east one positive electrode, and at | east one separation

el ectrol , wherein the positiyve electrqode..conpris t cat hode
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capacity .of rechargeable |ithiumion batteries and to vi.de

met hod ofiRGSFRSERER %Fsew%fﬂ&fﬁlsgﬁlaw@gﬁﬁ eickiaireens st e debdt & ng
to the i nveniss®Rnd AhOR, KResagtegn)sti cs and advant ages of the
invention wiil be apparent fromthe description which follows herein
bel ow. The acconpanying Figures are offered solely for purposes of
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crystalline structure of the 02 lattice; Fiqure a and b) is .
si npl i fi OBYovveshemipl tivglentlemanis vore ypdasapring agent irfhggpbeltHthive ggde in

char ge - angldltofbhad @epb@RAE of inffonA izd £ifeabiidon atl Rdpldiddy. Wi t hout
nano-si zed cerium 5 oxide. Figure 4 shows XDR diffraction patterns

of the synthesized ceriumoxide: a) mcroscopic Ce02; b) nanoscopic
Ce02. 606 Qarg'e XY GFOP s ATARRT R Fidve been 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 mAh/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.



Figure 5 shows the charging and discharging curves for |ithium cobalt
oxi de sanpl e conbi ned with nano-sized cerium oxide. Figure 6 shows
(DSC) neasurenents of Li CoyOQz, 0.02 Ce0" : a) mcroscopic Ce02, b)
nanoscopi ¢ Ce02. Figure 7 shows XDR diffraction patterns of Li Coy02,
0.02 CeOx: a) mcroscopic Ce02; b) nanoscopic Ce02.506. Figure 8
shows SEM phot ograph of m croscopic Li CoyOz, 0.02 CeOx Figure 9 shows
SEM phot ogr aph of nanoscopi ¢ Li CoyOz, 0402CeOx Detail ed description
of the invention Al though nmethods and naterials simlar or equival ent
to those described herein can be used in the practice or testing of

t he present invention, suitable nmethods and materials are descri bed
below. All publications, patent applications, patents, and other

ref erences nentioned herein are incorporated by reference in their
entirety. The publications and 3ypirexyadf tlorigvedtiscussed herein are
provi ded solely for their disclosure prior to the filing date of the
present application. Nothing hereinis to be construed as an
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and critical inportance in order to fulfill the increasing needs in
energy especially on an industrial scale. 6 The invention relates to

novel parthepkedent Biverdion aleb priv¥idstathBodeabl lithixindén fterded EaMrRink ey @Eles oft
MO wherg%pg&&gggoging ggent MD' i s selected fromthe group of,

| ant hani d€P Cobaifox HCGPW@gﬁ%YhﬁFnVFW%%%?BYee@@EEF 091,’“323,“4 and
X are selected so as to produce desired stoichionetric ratios in said
particles of doped Lithiumcqgbalt oxide and wherein said dopi ng agent
MO i s nariB s ontxt g feheropiset of the pesse wxentiop s to praiide g ligjum iop pattery compnising
" nanopar ta eh& Sne Rhative BRARAE aEleast biGflsilive SEEHRNSRAPR Y5t B Bpatatiofl BE AR e,
controll ed geonetrical_ size of particles below 100 nanoneters (nm
(see " NarfttcEdhiie Peséfive sleeirode eqapnriges thepathodgrygording to the invention.

http.//ww. epo. or g/ about - us/ publ i cati ons/ general i nf or mati on/ nanot echn
ology.html) The originality of the invention lies in the fact that
such dopi erweﬁaﬂﬁg%m%at inyeREMAR QPreyidedanaiiad @hinanagyang the sibditnandstorage
been previapis ¥r BidMizsio@1Rtud Mh 1RRARE hid tg }Sr&rv]{degﬁm:a&}{ﬁ%o&lﬁﬁ@ parkibid! &
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especially at form of nanoscale particles, in the absence of any
indications in the literature of the inplications of such doping. The
rare earths (lanthanides) (e.g. Ce, La, Nd, Eu) conprise 15 scarce

el enents of atom c nunbers i nBrieédesarigionsof-thelFigdrant hanum t o
lutetium), having simlar chem cal properties. They conprise the 15
menbers of the "internal transition series” in Mendel eev's table of

the elen Eﬂ&g&x‘e 1 shows the crystalline structure of the CeQ; lattice;

Figure 2 (a and b) is simplified flow chart of the method of preparation;

Figure 3 shows charge and discharge capacities of LiCoyO,, 0.02 CeOy without nano-sized cerium



Preferably, the doping agent MO in the doped lithiumcobalt oxide is
selected fromthe group consisting of oxides of Nd, Eu, Sm Ce, Tb,
and / or conbinations thereof. In the inventive particles of doped
lithiumcobalt oxide (LiCoyOl t M), the preferable val ues of the
nolar ratios are: 0.7 <x< 1.1 7 0.005 St < 0.3, nore preferably 0.01
St 50.2 1.55<z <1.993y =1 -t The nDI%r rati on x of Oxygen content
inthe lattice of the | ant hani de oxi de depends on the non
stoi chionetric behavior of nano-sized | anthani de oxi de. The nol ar
ratio z Qf;dXygen in lithiumcobalt oxide is such as to ensure
el ectrical neutrality of the particles. In particular, the nolar
ratio z (wgggw%@s@@ z?ctiBﬁ'Bét!%ﬁxs IPHE bymbi Jeﬂi&ﬁr xidB& %&@agpic aas,; v)
an increas t essentially 1 ncreases z;” since the doping causes
st r uct ur alenoseerenCé@s st Rxystnvacanciesd of |ithi um cobalt oxide. In
practice, the value (nmolar ratio) of z wll be in the range of 1.55 <
z < 1.99%Figyxe Schalvsthe tlorgingand fdechaegingrvibes fardititiuny fobiah exide sapple compinedwith
dopi ng ag&ggﬁﬁgg; kS ce?iun1(Cb) oxide (ceria). Most preferably, the
or e
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potential uses in nunerous industrial sectors. This interest is
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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 nove! 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.



Cerium di oxi de, Ce02, commonly called ceria, crystallizes in a
structure of the fluorine type (CaF2), in the space group Fn8Bm over
a wide range of tenperatures up to its fusion tenperature (M
Mogensen et al., (Ref. 5)). 8 The crystalline structure of this
oxide is presented in Figure 1. Ceriumdioxide is characterized by,
inter alia, its non-stoichionetric behavior, which allows it to serve
as a reservoir of oxygen, which has effects on the m xed el ectrical
conductivity properties (electronic and ionic) of this oxide. A
summary of physical properties of ceriumoxide is presented in Tables
1 and 2. Thedhention refhigstionavel paragiesrof depsd Ghivgeedbalfmdden{ifamula LiCo,O, t MOy

Crystall g ' t | syste I ro
R e s
ratios expressed by v, z, t and x are selected so as to produce desired stoichiometric ratios in said

particles of doped lithium cobalt oxide and wherein said doping agent MO, is nano-sized.

The terms “nano-sized” or “nanoscopic” or “nanoparticles” or “nanoscale”, used interchangeably
herein, define controlled geometrical size of particles below 100 nanometers (nm) (see
“Nanotechnology and patents”, EPQ 2009, http://www.epo.org/about-us/publications/general-
information/nanotechnology.html)

The originality of the invention lies in the fact that such doping by nano-sized lanthanide oxide group
dopants has never been previously envisioned and especially it has never been studied as to the nano-
structural properties and the resulting electrochemical 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 lithinm 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,O," t MO,), the preferable values of the

molar ratios are:

0.7<x<11



0(1/4,1/4,1/4) Inter-reticular distances which relate to the nost

I ntense bands (urn) d111 =0, 312 d110=0, 383 Table 2: Physi cal
properties of ceriumdioxide Property value Density 7,22 g/cnB8 Fusion
tenperature 2750 K Thernmal conductivity

0.005 <t <0.3, more preferably 0.01 <t<0.2
1.55<z2<1.993
y=1-t

The molar ration x of Oxygen content in the lattice of the lanthanide oxide depends on the non
stoichiometric behavior of nano-sized lanthanide oxide. The molar ratio z of Oxygen in lithium

cobalt oxide is such as io ensure electrical neufrality of the particles. -

In particular, the molar ratio z (or index) depends on the molar ratio t for the dopant, and an increased
t essentially increases z; since the 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 cerivm (Ce) oxide

(ceria).
Most preferably, the formula for the doped lithium cobalt oxide particles is LiCop930; 97 * 0.02CeO;

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:

¢ Ceriumn 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 Trof 2750°K);

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

+ 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)).



12 Wnfl.K4 Specific heat 460 J.Kg-1.1Cl Young's nodul us 165. 109 Nan-
Il 9 ions (indicated as Ce'ce in the notation of Kroger and Vink),
wherewith the Ce3+ has a charge which is negative with respect to the
Ce4+ of the normal lattice of Ce02. It is generally accepted that the
princi pal means by which the oxygen vacancies in Ce02." are
conpensated for is the creation of Cetce defects (Zhu, T. et al.,

(Ref 7); Trovarelli, A et al., (Ref. 8 and |I. Akalay et al, (Ref.
11)). The process of reduction of Ce02 is represented as follows: 1

, 2,y N U" + 2 Geo,u2 tgaz) -r-r z eci 2 wherein : Cece : represents
the ceriumpresent in the normal Ce02 lattice, 2-

The crystalline structure of this oxide is presented in Figure 1. Cerium dioxide is characterized by,
inter alia, its non-stoichiometric behavior, which allows it to serve as a reservoir of oxygen, which
has effects on the mixed electrical conductivity properties (electronic and ionic) of this oxide. A

summary of physical properties of cerium oxide is presented in Tables 1 and 2.

Table 1: Physical properties of cerium dioxide

Crystallographic data CeO,
Crystalline system Cubic
Space group Fm3m
Lattice parameter (nm) 0,5411

Asymmetric units Ce (0,0,0)

O (1/4,1/4,1/4)
Inter-reticular distances d;;=0,312
which relate to the most
intense bands (nm) di10=0,383

Table 2: Physical properiies of cerilum dioxide

Property value
Density 7,22 gfom®
Fusion temperature 2750K
Thermal conductivity 12Wm'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 lithiurn cobalt

oxide may lie in the fact that, when CeO, is reduced to CeO,., defects appear in the form of ce’t



00 : represents an oxygen in the normal ceria lattice: nanely an ion
0 Vo- : represents an oxygen vacancy The introduction of these oxygen
vacanci es can both inprove the electrical properties of the materi al
by introduci ng 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 |ithium oxide and
therefore the introduction of nano-sizeg ceriumoxide in the

devel opnent of el ectrochenmically active conpounds have a double
effect: Inprove the safety aspect by the restitution of oxygen
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| ead to the inprovenent of electrical transport properties and_ the
subseque n‘ilef@Fsg%ﬂqs Scat alriRefl Dpdravarchiafcd al-:r{Rt’fgg)r?Ed gfb‘kélﬁh‘?téh Retdil¥char ge
capacities. The nobility of these oxygen species is becon ng nore

i nportant _when mniaturizing the average size of crystallites to the
nano - scaegprocess®f reduction af GeO: Trrerresepiad pufllovs in properties can be
expl ai ned by the nunber of surface atong greater than 70% conpared to
the nunber of atons in @l unk Cegr—thernanosiged) ¢ Hatte? Cat.s, resulting
in an exceptional inprovenent of all thé& phenonena of surface

conpar ed wheréignventi onal materials (m croscopic scale) (NG MII ot
(Ref. 14)). Carrying out electrochemcally active systens involving a
cat hode whit arecavEPEyaisdiersiyn prepeat g enomyl CeOpitishgi ng to the nano
- field and the conbination with the effects resulting in-integration
of a catal yti cOplrepseseniaen presgen injleanprmgl ranielpiticeaeweldianpntd our

know edge. In this context the present invention deals with proving
that the perf ofdraFfPESHS IHIIEENTEHEY st ens in terns on the safety
aspect and charge / discharge capacities are greatly inproved
conpared to conventional products (mcroscopic scale). The particles
of Li CoyCFhd introtimotioh dfitelsé onygeoakitcies xardmilaicporweitiregeldctrictpeoriertiee of thon
have a nean di.anmeter. of eferably 5..200 nm.. re ;
nn (See EREHHEY pofie R dpates St RIS el Rapf B opbBor
t han or eepi@en takinPlace and filitternpae to ebaste edxtudld pablility dflsystemsdadzdioh cobaitde
according,.to the,invention al.so have difference.between. .th har gj
2nddi sc Rl gt Btroror R am e aliich oF nproriel s M erifucontlent &9
di schar gecleapaitdntiyallg hctive@oppountichaes aidsubte dffbt: MAh/ g. The particl es of
doped lithiumcobalt oxide according to the invention show a high
structural stability and have been characterization by various

t echni ques. oThigpelve eelsafehieBpeety MO ALROERT dfDky RS reléasql ragntithgipmithese

mat eri al s denonstrate_ that dqping P ano-si zed rare earth oxides,
particul arly cBEfGHRgREFgen ‘&f@%ﬁ%?%e ®the material an inproved

char gi ng/ di sc¢ hﬁ[p@dv@%e(‘cﬁ&%@i di¥chaRP Pafabitles @RmipRiel fd dhdenBafe froditts Habddiodm
cobalt oxide which have been studied in the |jiterature. u_rtherm)r%,
the smal |l capaéiuip ebatoxids e srrondalvanassys A Wrd bnte ipdpclgrotas™ pabes
is one of the GhALARIt®alS e ifirotERial bR rREIGRMHAPrdpertieM RS BRbuent
i nvention neans that they have a high reversibility in battery

cycling, and |@eriorhemical parfosRanes etsmes s shasger/elischyiee caprificd olhe giobility 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



11 for use in storage battery technol ogy (secondary batteries).
According to the invention it is proposed to provide a cathode
(positive electrode) as an active electrochem cal material for
lithiumion batteries (also called rechargeabl e el ectrochem ca
lithiumbatteries), wherein said cathode conprises the particles of
doped lithiumcobalt oxide according to the present invention. In
particular, the particles of doped |ithgum cobalt oxide according to
the present invention may be used for the manufacture of cathodes of
lithiumion rechargeable batteries. For exanple, an el ectrode

accor di ngnattmatsh'éheismvmhbm pmpanémﬁ bac@hﬁnidcby kheamusibfrind sirfaBe fting greatsr

a power ¢ gtor which is coat electrochem cally. active
R T C P e B A e
a bi nder eafaﬂumacmmmeu@mmﬁphaimeﬁh@fspﬂmrcoﬁp&rla&@tceﬁvenﬁouarmﬁte;&aa@l y

a two-di nensi onal con tlve such as a solid strip of
mat er i al EW“%%W?%?%FE&E @%w%“§FPﬁgéerlal whi ch is containing carbon

or netal, e.g. copper, alumnum nickel, steel, or stainless steel.

Preferabl positive el ectrode conprises a collector in alum num
In the eé@@f?ﬂféﬁ%@%ﬁwam adinapgieRy MyPlvVingAsRdrdmwhi an aysragpgrydlljte size

one thus fﬁ%@eﬂﬁgﬁé‘% the FdnbG YWeld aﬁ@thlé)éoxgﬁﬂﬁfoht\ﬁﬁl (R efRBRPRNIELYMHY e r 2
occur if the collector is in copper). The binder may contain one or

nore of tchelytipphasahasgeres bpasidicd, q@mr‘;vmg tpyur yegvdedgeuor i de (PVDF) and
its copolyners, polytetrafluoroethylene (PTFE), polyacrylonitrile
(PAN), polynethyl methacrylate, polybutyl nethacrylate, polyvinyl
chlorideIg ﬂlwgonteﬁfdhypﬁemt mmﬂﬁnﬂealwmo‘pm t}aetsth@per@ntmg ofthepe new systems
pol yet her:

aci d, ano’lIl ﬂ%%ﬁ?%gg% gagéﬁ% thk&m%% éf %%%ﬁhﬁFnﬁ%ungaﬂﬁ mno
t he numne WQWDMIHISMQMSSIMD@WW@D}IGM used are:

et hyl ene- propyl ene-di ene rubber (EPDM, styrene-butadi ene rubber
(SBR), acrylonitrile-butadi ene rubber (N 3R),

st yr ene- Bt gaftidersn! $1Gy,Onia dopeddithign palialf medsacc @88} fo the invention have a mean

St yr one- SR ER RS 20RO Bt AR RIS G Rtble )

styrene- butadlene V|nylpyr|d|ne terpol yners (SBVR), polyurethanes

i xt t o5 1 PPRRGR G QA R B or BB B Chosen among

for exanple carboxynethylcellulose (Mo,

hydr oxypr. | et IceII ose P hydr ox [0 IIqu

o7yt orAPEBHT L i R Bl st 8 U 0of R My SFiemncane
anmong gr amahihb@ng(aﬁni dilsuhmigh@&kpacﬁﬁofa:dm"/y |Peateratily, aledepécid) dischdrgedapdcitadii tve S
and/ or xthes % i s anot her object of the present

i nvent i R ggugﬂglthIUﬂllon battery (al so know as secondary or

st orage battery) conprising at |east one negative el ectrode, at |east
one p05| Iectrod ..and | east one separation el ectrol ; -
wher 61 ' (HE PROYR 4P UERR SOt S5 R o SBOE R e R PHOR oS R e by
present laﬁ&ﬁmrbeamchaﬁaé@mamymmma@ml on electrolyte is a |iquid,
a gel, or asolid. Mre preferably, the electrolyte is chosen anong a
non- agueous el ectrolyte conprising a lithiumsalt dissolved in a
sol vent ; ‘@RdledrdeBnyipR Chérach@lsticd dGPIAFH Bl theg: Bat8ifals YA aidiaCfbping b9 Rano-
i oni ¢ conduct or of lithiumions . g. . pol yet hyl ene oxi de (PE The
it hi um ket rareeapth g%ides. TRV Pmmﬂw%eweﬁrm@ @ee@reegm)mprpmdm um
hexaf | uorpaEss | Elﬁr%ﬁérﬁ? co&gﬁa&éﬂ't&ﬁh@%@gagéwnqm&ﬁQgﬁft%m@&{ﬂﬁ'é@)lave been
uor o

l[ithiumtetra hi um

trifl uor cthsiedamibs literage. nf equn@m@,b@p@)ty {ass patwen thejcharging/discharging

] SR Ml 4 RSt

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




Preferably, the solvent is a solvent or m xture of solvents, chosen
anong usual or customary organic solvents, particularly: saturated
cyclic carbonates, unsaturated cyclic carbonates, non-cyclic
carbonates, al kyl esters (such as form ates, acetates, propionates,
or butyrates), ethers, |actones (such as gamra-butyrol act one),

t et r ahydr ot hi ophene d|0X|de (comrercialized as SULFOLANE), nitrile
sol vents; and mi xtures of these. Among ilhe cyclic saturated
carbonat es whi ch m ght be nentioned are: ethyl ene carbonate (EC),

propyl ene, car honat e O, t e carbonate (BC); and m xtures
of these. CARSHYSIREE b g%}’i‘eﬁhnﬂﬂgﬁtlﬁ%ﬁ‘%&baﬁtﬁ?aﬁbnat es whi ch night be
mentioned are, e.g., vinylene 13 carbonate (VC), and its
derivatives; and m xtures of these. Anpng the non-cyclical carbonates

whi ch mi ghecorkingie e fraprsian irispropose to peAvide A Kithode oS HEY PR an agiist hy |

car bonat e;édbGkmicaBhdi a1 B bhinfih B&tﬂﬁésetalécﬁh@d re&@l%eﬂe@iéaﬁcycherﬁﬁélmaﬁ e
(DPC); and m xtures of these. Anpng th ﬁ%qp esters which m ght
o 3

ment | onedpagipres), wheyein saieatipde sqranrigesche partiplas Gitbiumppbaifypxide according tO

propi onatg, x%§eﬂ%£vegﬁ&o' onate, butyl propi onate met hyl butyrate,

et hyl butyr propyl butyrate; and mi xtures of these. Among the
et hers which m ght be nentioned are, e.g., dirnethyl ether (DME) and

1o o P S0 A SO it

2- net hyl tused fonipd mafiufachms om&o&sméhmmmnﬁeMgm%mﬁmesJ n general, the
negative el ectrode conprises a conductor support serving as a power
collector, which is coated with a | ayer conprising the

el ect r oc héowecamipley arpgl¢cirode aredirding sl m@mehnﬁbrrnoh@nsasenmdh@ivn glmoﬂoi;amdg asand
gecgrgggch#o\\/v%r g?lé:&or gr?ucr}ﬁ{%%feﬁgggl\? Slee ﬁotgo&e%n&é ' %%tlgrg enal%?] c?es accor&m&? Mhe
el ect rochﬁmnuai ht}dﬂmlnewmpmegrbmierml@bmmemmmml ment he |ithium
lithiumalloys, a carbon material wherein |ithiumcan be inserted in
the structure (e.g. graphite, coke, carbon black, or vitreous

car bon), Hreoaertoiethr preferallf a bid- mhmmzcaﬁrboadﬂcﬁmpﬁchmtaabhcssﬁﬁﬁbfas
ni ckel, cobal or, t CGener.al I mpr ov d el ectrochem cal

per f or marf8&® ‘H‘Pbrr %ﬁéatEB Pg]mﬁ%‘f‘%le‘?ﬂ?@s’ %31’1 OLINER} ot & opper, aluminum,
rever si biditkey stedl, drbtﬁmmms ?réf%rabl@lﬂi’o@ﬁb@élto&ﬂda&ﬂﬂlpﬁ@s b edTest6eh albin@mO in
Li + in the batter ich resul.ts in ifference between.th
char i ng. HREreEl & BHRETE A RIS O e oDy Bt one b BRHSRPOpRErCHCBR Y A
maj or pr odehedieed dieasbedwhich weght bt itk collddtor RAMEIphérpl exploiters is the
operational safety of rechargeable batteries. Wthout adequate
safety, the range of applications is limted. This applies in

parti cul arhehindetBaytdttafdionaoiase efihe aLbRIng eabpRndapbvih@RlerdHuoride (PVDF)
el ectrical and hybrid vehicles. Safety is factor of major concern
15 geie

in additi¥H 6o Yﬁﬁ“r%ﬂﬁ"?ﬁg“‘?tﬁ%ﬁ%@ TPt SRY: Pelyaredh  uni t
vol ume,  aRethidyiSE pYlyBifyl &ﬁé&aoﬁﬁ&eﬁ&wm c&&ﬁie@?@)efi Wﬁi I%Exﬁaittﬁ&k§olyester

COI’TpI’I se three st eps.: Proogressi ve i ncreasing otenti al

di f f er enc@Besand Belyelive amidss: aolymem sfrsylic a%éﬁ@h@t‘d@f Itasw a5k andysplfonip agid;
naxi mim t QaReha; e MISHKConpethdor the safety testing; Perforation,
by prescribed neans. Three sets of data are recorded, nanely the
potential difference 14 (Volts), tenperature (O, and power (Anps).
Exanpl e 2 hembatet

t he mven??lgﬂ?ﬂlﬂgh&rr@% betteFHISEWMF\atc‘r?{ll{i,][fl gt’fgu% alFset gng eﬁ@&%&%@%ﬁ%ﬁqe{]@ﬁ
cobal t bastyrend-tasadiene rubber (SBR), acrylonitrile-butadiene rubber (NBR), styrene—butamene-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 Applicants have shown that the tenperature increase conpared to
the increase with standard Li Co02 batteries is mnor. In particular,
the tenperature increase wwth the lithiumion battery according to
the invention in classical safety tests is |l ess than 15C (generally
in the range +7C to +15C). The doped material of the present
invention leads to a tenperature increase which is slightly nore than
hal f that of a battery using non-doped£ithium cobalt oxide. The
lithiumion battery according to the present invention have the
specific discharge capacities of cobalt lithium oxide doped with
nano-si zed ceria greater or equal to 165 inAh/g. The lithiumion
battery amgeeslHildie cbRpduie my BS@bien iaﬂuﬁgi’lbf SAmPRREbayaRthieatilod (AMO)S
than 50 J/g. The invention additionally proposes a nethod of

i npr ovi ndYimEyPswRethyicoliuiess (BRMEh Brlregprpyleiuiope (HEEH oF BuEmyhselgpssm
ion battegres wherein, the positive el ectrode (cathode) of said
batteries conprises the particles of doped |ithiumcobalt oxide
according to the invention as the active el ectrochem cal material.

Anot her L - j i ! i

art i ol oo Torogad bl BUPRL R bl MM talln B RHSHMak IBs 48
t he i nverdeiicativesBhd/er mixtumsdhecrofipri ses: a) the preparation of

nano-si zed dopi ng agent MO x (I ant hani de oxi de) conprising the steps
of : (i)obtaining MO x precursor starting fromacetate or nitrate of

| ant hani déis byotloelpect of thé pragentunvestionso proygk a thiunown batteky (alad knoy abdcondary
pr ecur sor i ano-.sj Vi optraglle i
R e
cobal t oXt¢asteonCedparitiov didvirblytewhemein i bosithteelebirECBr3esihd @ihndesaccording to the
honobgenous L%Cb 1l particles, 15 and wherein said particles of doped
Iithiun1é%ﬁgf€w§ e Li Coy0O, t MJ' are obtained by: 1) m xing the

Li CoyO, particles of step b) with the nano-sized M) of step ali), 2)

2 g_lmé ? ﬁ Q_It ?ﬁ‘g:g?ﬂg %F?g{l%a%lglg?lg%?é%elﬁ:?ﬁ&(&&: g%el?c]:r assgl?cP l\quré praefégabgg the electrolyte is

chosen among a non-aqueous electrolyte cormprising 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 (LiClO;), lithium hexafluoroarsenate (LiAsFg),
lithium hexafluorophosphate (LiPFg), lithium tetrafluoroborate (LiBFy), lithium
trifluoromethanesulfonimide (LIN(CF350;);) (LiTFSI), lithium trifluoroethanesulfonemethide
(LiC(CF380,)3) (LiITFSM), 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



Addi tives nmay be used in step 1) and m xed together with Li CoyO,
particles and nano-sized MJ' to influence the size and shape of the
particles according to the invention. Several additives were studied,
especially of organic nature such as acetone or PVA. Preferably the
calcination of step a.ii) is carried out at tenperatures in the range
of 450C to 700C;, the calcination of step 3), is carried out at
tenperatures in the range of 600C to 1280C during a time conprised in
the range of 3 to 40 hours. Co- precipitation method: a) The

starting terl uch as.nitrates of _ceriym hexahydrat.e

i o5l vedars G i deabaivep e iart ot ATODE eabscsatl ifbctates which
preci pi t ahighGbe a@8iined 8t - MR KBaib@ﬁdté{'JDM@l) AetaA dafees (DED), ety Dethyl
until a determ ned val ue of pH 12 he obt ai ned precipitate is

then subj@PPre @M@@é@%@%&g@éﬁg he&é FCHEeR RSt M BRe B IRREES | n
order toO WigdmMghiHe leHlicHed bibAGE: &Em&zmeefﬁé e Rbét@c&'rﬁ’éﬂl}@ﬁ%?‘ibnatéj):mﬁhen

t he washed precipitate is dried at tenperature rangin romto 80 to

130C. e) Propiongie; gyl propiongsp. mapthyl bmte,mﬂ%m@?,)anq @romébwat @ migures of

obtain n S

controll ?(%QC r{&/lgt&% tF{Q%t%ésfé gﬁﬂzﬂgﬂ%g% ‘%lé‘g‘ﬁh r}a% ?é %dﬁﬁl@d‘%ﬂ Fgl\%re and diethy] ether
i nvol ves: (Dﬁﬁ) @%@@M@Slthﬁnefxﬁf Otharnsohvants wbickhméghblreamensionsd agesi %@Wﬁhﬁx}’eﬂlﬂnﬁ
acetate, i O?aé §3 {iigﬁ!é ke, lafid Bl 1-1t,3T Ex%xé%%}g?" ned sol is

contlnuouéyswre C|p|tdt|ng ag I'S added unti |l
formation of gel for a value of pH varying between 5 and 12. c) The

2? ai ned H Eénefaf ﬂg ga%vggleéﬁ%ﬁpc?ornﬂ)h%s% c¥%¥t5%p&%s@ﬁ'ﬁl% a? 9 gov%i] golﬂagtgrcwhlch

is coated with a layer comprising the electrochemically active material and further comprising a
binder and a conductive material. The collector of this negative electrode may be made of copper or
nickel, advantageously copper. The electrochemically active material is chosen among metallic
lithivm, 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 isa
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



d) The dried gel (MO, precursor) is calcinated to obtain nano-sized
MO (| ant hani de oxide) particles having a controlled cryst2llites

si ze. The above-nentioned precipitating agent may be NHAOH sol ution
or any other suitable solution Inown to the person skilled in the
art. In a preferred enbodi nent of the invention, the chosen

| ant hani de- oxide is cerium oxide. The invention further proposes to
provi de particles of doped |ithiumcobdlt oxide of forrmula LiCoyQz t
MO obt ai nabl e according to the nethod of the present invention,
wherein the doplng agent MO being selected fromthe group of

| ant hani d&°ks) terereratyrh & Gnd Powes {ABRS}expr essed by y, z, t and x are
sel ected so as to produce desired stoichionetric ratios in said
particles of doped lithium cobalt oxide, and wherein doping agent MO
i s nano- dixgeple 2 gmorsratgs thafitherspletyfof thieibstterias/asperiog foi the inveationripmuelthstter than
first UMbt sdaREOUGGLBhubihARpblcl es of doped | ithi um cobal t
oxi de wi th nano-sized dopi ng agent ex it exceptional properties
conpared to conventional products whose average particle size exceeds
100 urn

of the p{%%eﬁ@ﬁ%ﬁég%%?%ﬁagggaggaé#%%ggﬂ%&%%%&kﬁg?vgﬁ%%#%bnen S: %%%

t he part ilgCe@; lofterics Goyi@or. hwﬂ@m%%m@amgwem&eﬂﬂdmnnmbmmal to

i anet or TRNENER R BB e bR D BB e B Rl el
conponentid St@adse ddped imeteﬂ:ﬂ etthe pmkearmmhbglleaistto ¥ emparitive diceeaselvhichrigslightly
H gh t her nal L flectin ed fet aspect conpared to -
t he convéﬁﬂ?GW%ﬁﬂgL ﬁ%@%t %‘%?F%f%ﬁ?ﬁﬁﬁﬁfﬁ xi de, - Very high
char ge! dlscharge capacities (about 165 mAh / g). Those skilled in

the art w t hat i nventiop scri bed h s ..
Suscept i byt iERRE R Bttt dngtoi e PRty it 5o pioe eI g et of
speci fi cabbat lillfis@iokide dopell trith Rardotkided cetadedatt oradudl balssixgvd. nvent i on

i ncludes all such variations and nodifications w thout departing from
the spirit or essential characteristics thereof. The invention al so

i ncl udes Tk litioim ioh®atére pecordigab tHe@Fesan Ghve ARG ey IRAQIT [e8EthaD5 00N g,
indicated in this specification, individually or collectively, and
any and all conbinations or any two or nore of said steps or

features. Th?hﬁreﬁl{oﬁ%@cﬂﬁorﬁllﬁﬁfoﬁfsbﬂaﬂnétﬁoddf%ﬁ-f)ﬂﬁgthb @tablﬂd amt&@a%aﬁaw as
Ilustrated and_not restrjctive, e of 'the

in all

i nventio ﬁ %éﬁgFFé’ § T rm Aprchytt B phEreR BRRRREE eesrode (caté?ﬁ?) spid bpjigFgreemprises
whi ch conge pirticis Bf ddped HBARI ddBalbdketic 888@nOh 1A MAIER G4 a8ive elebRRABS
to be enbraced therein. Qther characteristics and advantages of the

i nvent i orf™#13 be apparent fromthe foll ow ng exenplary enbodi nents,
which are presented for purposes of exanple and do not Ilnit t he
scope of the inventjion, and in the acconpanying Figures. anples (1)
Exper i merfuotherehisctef thepuentan isiagnedd of pradicing thamegiclegiafdoped lélaummmltpwée
use of arL1C8§pﬁrttMOXﬁcE§r}1m§'tcf thé ﬁa@&rﬁﬂi‘?t Bhis mbflod éUn?p icennection, the

| attice paranmeters were cal cul ated and refined mnth the use of a
program based on the nethod of |east squares.

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

o obtaining MO precursor starting from acetate or nitrate of lanthanide by co-precipitation
or sol-gel method,

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

b) the preparation of LiCo,O; particles comprising mixing of cobalt oxide Co0304 with lithium

carbonate Li;COs to obtain a homogenous LiCo,O; particles,



The nean lattice size of the crystallites of the particles used as
cathode materials was calculated fromthe X-ray diffraction spectra,
using the Scheerer fornmula: k.2 D- fl .cos e where k is the shape
factor ( 0.9 if the width is half the height); Dis the nean lattice
paranmeter of the crystallites (A); is the wavelength of the incident
beam (A); and Bis the width at half height, corrected by an
apparatus factor relating to the broadéhing of the diffraction rays.
Ref erences for the Scheerer fornmula: - Miuller, C, (Ref. 15); -
MIlot, NG, (Ref. 14). 18 The norphol ogy of the produced sanpl es
was characterized wth the use of a scanning el ectron m croscope. The

el ect roc"aﬁﬁf\w‘ﬁ@rjem%&g&ﬂ&@kﬁﬁoﬁéﬁ 11 E@ﬁ&eeﬁﬁ S U] Habsindibyt st s

on batteries conpri usi ng art C es aCCOfydI ng to
the inventi @n)rnmgithahl(bgp@anmcwp%ﬁmbémtﬂosheamoe;iméi\«icmoystép.afﬂhe safety

of SynthESiff%gﬁ@%&ﬁﬁ%%&i%ﬁﬁ@&%ﬂﬁ%ﬁhﬁgo?&&ﬁﬂﬁghfferentia' scanni ng

Calorimetry
3) calcinating the result of step 2).

Additives may be used in step 1) and mixed together with LiCo,O, particles and nano-sized MOy to
influence the size and shape of the particles according to the invention. Several additives were

studied, especially of organic nature such as acetone or PVA.

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).

c) 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) .'I'hen, 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 MO, (lanthanide
oxide) particles having a controlled crystallites size.

Sol - gel method:

This method involves:

a) Dissolution of lanthanide acetate, such as ceriumn 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.

c) The obtained gel is dried at temperature varying between 50°C and 100°C.



Exanple 1 This exanple illustrates the structural properties of
cerium oxide crystallites, which have a nanoscopic size conpared to

m croscopi ¢ cerium oxi de sanple. The preparation of cerium oxide can
be achi eved through co-precipitation process or a sol-gel route. The
starting material can be acetates or nitrates of cerium The
precipitating agent consisting of NHAOH solution is added to the
nitrate or acetate ceriumsolution untitk a pH reaches a val ue varying
between 9 and 11. The obtai ned precipitate (Ce02 precursor) is then
washed to renove residual NH4+ ions. Drying is then carried out at
opt i mum t enge Tat dried gelwmiprﬁauIBwhis calbihased to hetaie afrtoesized MGri(lanthagidvanige)
crystallites ce OXIde ed average size of crystallites

i s governed b m% %%ﬁgiga erasﬁ%% and the duration of

cal cinations (K CUZaOU|t and al., (Ref. 12)). Calcining tenperature
ranges fr mA450C to 7 ordin r.eci pitation or
e OG0 9 8508 el b N OB RESELRL Sha Sl B 95887
si ze of amywh&lthd jetSn 8sllddmatedtaccording to the sem - enpirical
relationship: D = Do exp (-Ea/kBT) where Ea is the activation energy
of crystallization, kB the Boltzmann constant and Do the

pr e- exponga biethred @fbddiment HRhdInGdnFéh, HRRBSed RnthitideUxidy isfcefiurd oxide.
tenperature near the nelting tenperature of Ce02 at 2750K (S.

Saitzek, (Ref. 16)). Figure 4 shows the X-ray patterns of two sanples

of ceri unme¥veRioR HeRes Reposedio Hovidk SIrAIGIP S8 lilfhPdobhlt §SdeDf ZBmuRLiCo,0,
nanoscopi c_crystallites size. 19 ones which are the JCPDS file. Thi's

st udy shoW¥QGxRbiringblcacegrding forthe Hethed ofdhie pagsent dpysptions wieredt the depingagené MO«
Ceri um OXjefle selbcfeddionthé gﬂa&‘p& Madiinidb smaésaqﬂsi%ﬁr A@%&gsé@oy(ﬁh RBP4

for both sanples a) and . There is_al S0 a peak broadening observed

for a prodededtrossipireduss desrmli séoiahiqnepiiip Ttins ilbwKiagicles ﬁ@ogﬁdmwa?wtp@de

expl ai neqng%@rglgldg%néaégeﬁt\q@oe; Lhaplseqt he size of crystallites or
mcro-strains int IJattice. In the Applicants' case, the expansion

is minly attributed to the average crystallites size. Table 1 lists

the aver agg (GEYSRbf thisGSveRtidfis Blat Y e BRE ik & 1&&6&&&%&&1@%’: eSO éh in

t he nanoscopl ¢ form corrpar e((%ﬁ toam croscopi c sarrp e an en re I ned
cel | s parldhemepbalt ofids|vdth nan@eired dopingené exhiibitriceplionsd gepotissroaphied &

si ze of %ﬁ@egﬁédafﬁ—gdﬁ&ﬁlgﬁg olsll f cl@ SROSLORL Fos&h! 1Y Iﬂlfticgeg of doped lithium
e

M Croscopli c sa noscopi c ceria
cobalt oxide (LiCo,Q, "t MO,) of present invention are developed based on two components:

(1) the particles of LiCo,O; having a mean diameter less than or equal to 200 nm, and (2) the
particles of doping agent MO, have a mean diameter less than or equal to 50 nm. The combination
of theses two components leads o 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



"Ce0241:16 >> (b) Cell paraneter a (A) 5.405 0.002 5.391 0.005 Cel
volume V(A3) 157.9t 0.1 156.7 0.4 Avearage cristallites size (nm
162.2 0.1 32.4 0.1 The Applicants note that the cell paraneters of
di fferent synthesized cerium oxi de sanpl es nanoscopi ¢ and nicroscopic
size are in perfect agreenent with those of literature. Procedure for
obt ai ning cerium oxi de having a controlled average crystallite size
was carried out through specifically chagice of el aboration paraneters
(see above-nenti oned co-precipitation and sol -gel nethods).

Control ling preparation conditions allow not only to control the

aver age dreyensdearidias én &l agpecisullustrhtedand topwstrietiveothe pagpe ef the invention being

non- st oi Ghi. : 05< ' - 'gnigm% i
behaviorq?%8%§§éé%9%%%§%?é%%%?ggﬁggﬁﬁﬁg?ﬁ@hgﬁgggwggﬁg%r|un1 é@géﬁ?gf
t he sour cguvhlencytasd iytended e ogeertraced theeim r eser voi r of oxygen that can
present this material.

Other characteristics and advantages of the invention will be apparent from the following exemplary
embodiments, which are presented for purposes of example and do not limit the scope of the

invention, and in the accompanying Figures.
Examples

(1) Experimental method:

The particles produced were identified with the use of an "Xpert" X-ray difiractometer. 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.4
N B .cos 6
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);
A is the wavelength of the incident beam (A); 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).



20 average crystallite size of about 32nm as presented in Table 1)

is used in the method of producing the particles of doped |ithium

cobalt oxide of formula LiCoyOz t MO z for performng

el ectrochem cal ly active cathode and safe conpared to conventiona

products. Exanple 2: The second exanple presents results

corresponding to two sanples of cobalt |ithium oxide prepared with

m cro-si zed and nano-si zed cerium oxi dag as described in Exanple 1.

The particl es of doped l'ithium cobalt oxide were prepared in order to

have a formula (Li 0.02 CeQz) chosen after a series of tests,

t he coef fiheimombology ogj/thmdd@ectmbﬁwmheraﬂweémthﬁ e diestaneingigiecien

preparedIL&%g;@yntheS|zed cerium oxide referenced by a) (m croscopic)
d b) (nanosc pic) in the first exanple. Several sanples were

synt hesi zed with different values of x, y and z varying within

defined ran esen 0 e.sa

have bee nﬁs g%jg%)c Bd caﬁgg’gm?l er 8 ntg rtltgrrleasg%aséer“faiz/uéa eflg {S;'Sts 0% %tenes C&R nsmg the

structur whthadac[u;eﬂ@hé patidientoadingre tHedtveriivapandwuh andde. a;b;bammdaytah electrolyte.

AT B Pl S i 5

prepare particles of dopes lithiumcobalt oxide (Li CoyOz, 0.02 Ce0z)
in formof nanoparticles inplies a solid - state reaction adopting a
specific thermal treatnments and using a specific additional in

m xt ure vﬂxtah,pspaﬁrti ng precursors consisting in cobalt |ithium oxide
and diff ent S esi zed cerium oxide as descr.ibed i nBIe |. The
honogeni ﬁe&ﬁm Eiey 196 PEuCHEa AroPFrteY R CRuEh SR Srytal ]&Fsﬁf"%@ have a

el ect r ochemtsestid sizehipiRd Ri@ftfostopicieiing bide Yindld. Ne addi tion of a
specific organic additive. The purpose of this additional organic
product was to have conposites presenting highly honogeneous

nor phol ogig preparaticst Sflbekimh Bkids BARGHREVeS aﬁ@% cEJpE:'d%ﬁatyon%ehﬁ% ora so1/38Y

patterns of dopes | it hi um cobalt oxi de
al ready rfee-i10A&ataEsAerial ¢ bepestates owﬂ'e'iemffeﬂumowr@wt%@gem consisting

achi eved o%NfﬁOHSs%M%ﬁis 284 tS %e%ﬁtraft@&taéeté‘t@ Eb?i%mr s%ﬁlﬁbﬁ antit Q@H%Qaché&%tvalue
Li CoyQz, 0.02 resent the stoechionetry leading to a 21

structur 34%1%1‘%5@@61 Zah d%@éﬁé ereeipifate((Etr PEHEH @éheﬂd‘ﬁ@?d togemove
Rays pat trggidia1 Qfr*libds0 g £t o&HEH oelat &Hﬁrﬁm? EmpOAR. IdA1AHHbds 05 t O

the diffraction lines a rlbuted to cobalt |ithium oxide, additional
peaks asdheerdigr ehsainiag pene C@s;@raélées eruBegdr The dstitediarerageeizs oferystallites is
per f or rm%eénecfﬁ}ﬁchm%tof%fmp%ﬁﬁﬁ%lth&ﬁdtfdgbﬁ etcifsibdl (kDB AORE tnd ol (Ref
l'ithiumcobalt oxide 1s optirmzed. I|ndeed e anount o cerlun1OX|§
was chose@ §-alséning lemperrturdrarges fem/4pRRct to 3p0°8 asesirdlics todhed-precipitatoy@sol-
CeOz wit t lists the average
crystalli ?%ﬂégSézreo %f&éynt e%rggggta%%%ggéfﬁ |62um cobalt oxi des based on
cobalt Iithium oxide and cerlun1OX|de

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

D =Dy exp (-Ey/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 terriperahlre nesr the
melting temperature of CeO, at 2750°K (8. Saitzek, (Ref. 16)).

Figure 4 shows the X-ray pattemns 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 '



Table 2: Cell Paranmeters and average crystallites size of synthesized
doped lithium cobalt oxide based on cobalt |ithium oxide and

m croscopi ¢ or nanoscopi ¢ cerium oxide Structural paraneter LiCoyQz,
0.02 CeOx " Mcroscopic " (a) LiCoyQz, 0.02 Ce02.606 " Nanoscopic "
(b) Structural ordering factor R=0.52 R = 0.46 Cell paraneter (A a
= 2.813 0.001 ¢ = 14.042 0.001 a = 2.806 0.005 c = 13.996 0.002 Cell
vol une (A3) 19

ones which are the JCPDS file. This study shows that the diffraction lines are characteristic of
pure cerium oxide, in accordance with the standard JCPDS file (34 — 0394) for both samples a) and
b). There is also a peak broadening observed for a produced sample b). This strong increase of
the peak width is explained generally by two effects: the size of crystallites or micro-strains in the

lattice. Inthe Applicants’ case, the expansion is mainly attributed to the average crystallites size.

Table 1 lists the average crystallites size of synthesized cerium oxide prepared in the nanoscopic

form compared to a microscopic sample and their refined cells parameters.

Table 1: Cell Parameters and average crystallite size of synthesized microscopic and nanoscopic

cerium oxide

Microscopic sample Nanoscopic ceria
«CeO2» () « CeOy.5015 » (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 32401
(nm)

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

nanoscopic and micioscopic 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 conirol a non-stoichiometry oxygen (0.05< §<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



V =96.2 0.5V =96.1 0.3 Average cristallites size (nm D= 173.7
0.2 D=89.2 0.3 c/a 4.99 4.99 By analyzing results listed in Table
2, one can conclude that cells paraneters of all the doped lithium
cobalt oxides containing mcroscopic and nanoscopi ¢ cerium oxi de (a)
and (b) are in good agreenent with literature data. The factor
describing crystalline order of the sanple prepared using nanosized
ceriumoxide is |ower than that synthegbzed via m croscopic cerium
oxi de and thereafter the lithiumcobalt oxide particles doped by the
nano-si zed cerium oxi de exhibit a nore ordered crystalline structure.
One r ecalaveragearystakige $Iaft@fcaboutéflme,cﬂs presenteddn Tehje 1db ged é&n e sethadef freducing

are respasriisly of kel skl BB ot 3 R e85 { G00)
and (101)eIec1fbnhm3a11y agvev\eithodasnctshé compared tofcoﬂehamabptoabinw acteristic

of crystalline disorder decreases, the order crystalline becones
better. 22

Example 2:
The second example presents results corresponding to two samples of cobalt lithium oxide

prepared with micro-sized and nano-sized cerium oxides as described in Example 1.

The particles of doped lithium cobalt oxide were prepared in order to have a formula (LiCoyO,,
0.02 CeQy) chosen after a series of tests, the coefficients x, y and z chosen were the same for both
samples prepared from synthesized cerium oxide referenced by a) (microscopic) and b)

(nanoscopic) in the first example.

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 (LiCo,0;, 0.02 CeOy) 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,0,, 0.02 CeQy). As already
mentioned above, the choice of LiCoyO;, 0.02 CeO, was achieved after several series of tests

whose results showed that LiCoyO,, 0.02 CeOy present the stoechiometry leading to a best



The average crystallites size of lithiumcobalt oxide is nuch | ower
in the case when doped by nanoscopic (b) conpared to the m croscopic
ceriumoxide (a). 2 - Morphol ogi cal characterization of (Li Coy0O 0.02
Ce0 wherein Ce0O is nano-sized Figures 8 and 9 show t he nor phol ogi cal
characterization achi eved by scanning el ectron m croscopy of Li CoyQz,
0.02 CeQz particles having mcro-sized or nano-sized cerium oxide.
The i mages show that the norphol ogies afi those two types of particles
are honogeneous, the coal escence of grains exhibiting a well

determ ned sides. The Li CoyQz, 0.02 Ce0Q" particles, prepared with
cer i um oxirdeuni rerioswog andornsparodcdgiochepi@bars. regul ar forns (pseudo
hexagonal ) which reflects a better m crostructural organization of
the system The particles having mcroscopic ceriumoxide exhibit a
qui te varX aBh pgtahns L6, 0FR2gle0g (Hjure Thhows Radditen wfthediffastidnylines

quite notlc e in e .e Wi t h anosco eri.u
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165 mAh / g for the particles containing nanoscopic cerium oxide. The

obt ai ned _di scharg%mcapam ties for both particles are higher than the
val ue of Tb206pERRrEnqers anf Aersas eyoulitgesizephsyndhesizaddyr ﬁ%ﬁ%}n colpppoxide
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Average cristallifes size (nm) D=173.7+£02 D=892 +£03

cla 4.99 4.99

By analyzing results listed in Table 2, one can conclude that cells parameters of all the doped
lithiurn 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) + I(006)
I(101)
diffraction peaks (102}, (006) and (101). However, as well as the value of R factor characteristic

of crystalline disorder decreases, the order crystalline becomes better.,

where 1{102), I(006) and I (101) are respectively the intensities of



Consequently the el ectrochem cal properties show a good i nprovenent
as a result of conmbining the two effects: introduction of catalytic
product to the el ectrochem cal system and synthesis of nanoscal e

el ectrochem cally active materials. Synthesis of electrochem cal
system for rechargeable batteries in formof nanoscale crystallites
present a key factor to a significant enhancenent in terns of
charge/ di scharge capacities. 4 - Safety2of LiCoaicles The operationa
safety of rechargeabl e batteries continues to be the main chall enge
for researchers and industrial users. Safety is so inportant because
i nsuf fi ci Bretaveragesrystallitesi sizs of hibivasenbalt oxideia ekl lower indhaastivhenidepeddyi es
I N nuner r and hybrid vehicles.
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reaction is very exothermc and is actlvate by heat and presence of
oxygen. THuFredpots abelfermicrosEegiyplpagaaizeinn of fresysiemn Sirrarticlsn hdtng i ¢ hi um
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%S 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 mAL/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):



24 4- Heat evolution (DSC). Differential scanning calorinmetry can
detect the thermal effects (endo or exotherm c phenonena) occurring
during a transformation or a structural transition. The used neasure
consists in determining AR enthal py (the quantity may be positive or
negative) when the material is subjected to tenperature change
perfectly linear with time. Regarding safety characterization of
rechargeable lithiumion, two quantiti 8 are essential and provide an
i ndi cation of the thernmal behavior of the rechargeable battery,
nanely: T,,n set tenperature ( C: indicates the start of the

reacti on between the electrolyte and cathode. More the value of this
tenperature is high; the better is thermal stability of battery. AR
(j / g): is the energy rel eased during t+e reaction electrolyte -

cat hode_; bgr\é\feLﬁL_t;i@ds\La.ﬁ_Ue,dgs ihe g@;dshod:&becqz@%ermre stabl e -
concerning reactivity with T'ihe el ectrol ybe. Figure 6 shows the
characterization by differential calorinetry (DSC) of particles based
on |lithiumcobalt oxide and cerium oxide prepared in the form of
nanoscopi ¢ and m croscopic scal e respectively. The main information's
t hat can (vescnently tie adettrbdhemicnbiryeerties cfiowra gnod émfiroesneent ass reghltiofi cohetiihieg

3. Table 3: (D t f Li . 0.02. Ce0x: \zed
) m or odiut ST RO T AL O e CRRPAT B T S Sy o
0. 02 CeOnakebale elbcfookdnziedlly 3éhie hiderials.

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 LiCo,0,, 0.02 CeOy 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 CH,0O, may be oxidized in the presence of O, and release heat energy in the future

according to the reaction: CyHyO, + (2x+y/2-2)/20; ———— xCO, + y2H,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.



Li Coy02 - 0.02 Cep802-5 228 35.6 Ce 02.8 nanosi zed Literature
(Ref. 13) 176Li Co02 2102 1In order to prove the originality of using
nanoscopi ¢ cerium oxide in doped |ithiumcobalt oxide particles as

el ectrochem cally active cathode presenting high performance, the
characterization of the safety aspect of the particles (using

m croscopi ¢ and nanoscopi ¢ ceri um oxi de) shows that reducing the size
at the nanoscale formleads to an excekhkent inprovenents in terns of
thermal stability of

4- Heat evolution (DSC).

Differential scanning calorimetry can detect the thermal effects (endo or exothermic phenomena)
occurring during a transformation or a structural transition. The used measure consists in
determining AH enthalpy (the quantity may be positive or negative) when the material is subjected

to temperature change perfectly linear with time.

Regarding safety characterization of rechargeable lithinm ion, two quantities are essential and
provide an indication of the thermal behavior of the rechargeable battery, namely:
o  Tonse temperature (° C): indicates the start of the reaction between the electrolyte and
cathode. More the value of this temperature is high; the better is thermal stability of battery.
o 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 Figuré 6 are listed in
Table 3.

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

Sample Onset Temperature (°C) AH area (J/g)
LiCo,0; - 0.02 CeO, 240 191
CeQ, microsized
LiCoy0; - 0.02 Cel1504. 228 356
Celd30,.5 nanosized ' :
Literature (Ref. 13) 176  LiCo0O2 2102

In order fo 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



25 el ectrochem cal active systens based on cobalt |ithium oxide as
seen in Figure 6. The heat energy released by marketed |ithium cobalt
oxide is: LiCo02 (4.2 V) = - 770 j/g. Conpared to the marketed

|l ithiumcobalt oxide, it can be noticed that LiCo, (02 - 0.02 CeOx
particles having mcroscopic cerium oxide exhibit a nmarked decrease
of about 4 tinmes regarding |iberated heat. A significant decrease of
the heat energy released during the re&étion between cathode and

el ectrolyte of about 22 tinmes for the particles having nanoscopic
cerium oxide conpared to the nmarketed ones. In the |ight of these
resul ts, dectrechamisal ashyecysiemsdased an cotight Lifitm e seipihEigdRbscopi ¢
ceriumoxide leads to an excellent thermal stability and consequently
to a high safety conpounds for cathodes of rechargeabl e batteries.

Anot her pdredeatien¢rz¥ wisesed dy ofarketed ligdum pabab oxide istbifed: (42 Y) Tn ®dizal t

oxi de of | i: | t. . ti

encti vi (GO et e AT B0 iy Rt FOREE BbEpAl LR R ey
net i ncr eagieleshaBidmiorpeiearin orke kdtikta padddiddcsasetnf ebput é filnestegarding
anot her cel l.ent, perfo nce rel ate 0 a safe i of
O e R L G S

i nvent i orcathedeid eldctrolye df hbvusZ0peestfar thdymrithdesdievibecshnestopid cerbnt exideut

extends to nunerous varjants acgessib to one.skilJled.in the.art...ln
par 1 cal GPTPEE W EHAReR AL BUB6 BF of HEerFObnE oheq S ety g phrick
conduct i weitlehapedchgid Cerftnp@idd leals toanthixédlifitadrmalatability ardctosdequentiyitoa Highan
descri bed. .Further,. various inpgredient be enpl oyed in preparing

t he honnd@ﬁ@ﬁ@?mﬁggFéFcpﬁm%ﬁPF%ﬂgqﬁggﬁﬁggg%hs. In particular, various

additives may be used which facilitate form ng of the el ectrode, such

as thickeners and texture stabi|jzers. . Ref erences - " Synt hesi.s
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of LiCo02 starting from carbonate precursors®, A Lundblad, B.Bergman
Sol i d St dtebnFISRTecS 396 cpmpRyy to pregketed paodugts which &fifpts auqtier gxfryllep Berfppance
Stabi | it yreRfedkd £08ely of the PiHi€lbd dFitheQresait inved@ial nal of Solid State

Chem stry 117, 1-7 (1995) 4 - "Synthesis and el ectrochem cal of

Li xCo02 for lithium- ion batteries ", Serk-Wn Jang et al. Materials
and Reseat gdes Rihbi kiying3Bat (2 fedint frveion is not 1Sk G&lpe tothedBsGRkd @fthdiments

el ectrochem cal properties of pure_and doped cetia”, M Mgensen, . .
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Cat al ysi sin 124 pplhoftb An pBikulRP ¢arious additives may be used which facilitate forming of the

electrode, such as thickeners and texture stabilizers.
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2. Particles of doped lithiumcobalt oxide according to claiml,
characterized in that the doping agent MOis selected fromthe group
consisting of oxides of Nd, Eu, Sm Ce, Tb, and / or conbi nations
thereof. 3. Particles of doped lithiq4m cobalt oxide according to any
of clainms 1 to 2, characterized in that the doping agent MJ' is
cerium (Ce) oxide. 4. Particles of doped lithiumcobalt oxide
according to claim| to 3, characterGlamsl in that the nolar ratio t of
t he doping agent MO' is in the range of 0.005 to 0.3. 5. Particles
of doped. | it Raticecdliapdd lnkindeokaticaiddionfprihalaany of clains 1 to 4,
characterized in that the nolar r?%%o Ltgk)the doping agent MJ' is in
the range of 0.01 to 0.2. 6. Par ‘PQE doped |ithium cobalt oxide
a;: cor di Rgefetn tat @dﬁrf]ﬁ,‘g afertt MO, i? %ﬁf’;"m tillla gxgg}b aflt;:hadgjdemgidlag bﬁd\;vlie@dézh theZ

of oxygen.is jn the range o : to 1. . rticles,of doping
agent  atRO NG XREPSRA s 1 2 & seeidee PR oiPrRstics desirgyoighipmatig rafios 1n
rati oy sl pafbiad d&f dofedditiBm coléhlt JRAke! dnblaBteriRl _mﬁ%gidldb%m% ©abalsthano-
oxi de according to clains 1 to 7, characterized in that the particles
consi st sized audeoereggtha moiar rago gof cxbak is y 28- t, ghe palax fatie paf exysedpagh as to

l'i thi um.gohal j ; di ol al : G rirzed
in tha?kthe g%??%%ﬁ%gﬁgg%ﬁﬁé%gﬁggﬁggﬁmﬁ@%@%ﬁbg?gﬁg%%ﬁgFgss t%§%§3#
equal toxgR0isfrom 0.7% l.Rarticl es of doped |ithium cobalt oxide
according to any of clains 1 to 8, characterized in that the
particles of LiCoyOz have a nmean di aneter |ess than or equal to 180
um  112. Par Partitlesof dbpeddipiécin lcottahti cotithe acdoading toxlathe 1 auheractelizad irt thatathy  of

have = eife tieare PShBUT Fim R aro R et trb SEh r ANE B SR TR o
doped | céhibinatioaothadedf. oxi de according to any of clains | to 11,

characterized in that the difference between the charging and
di scharging capacity is less than 0.3% 13. A cathode for |ithium

i on bat geri eBarfQERUridSHIATIHRING coHliokide @Ecotfingto ReFof dididt UM X elddcterioad ide
according to any of clains |to 12 as an active el ectrochem cal

mat er i afhat thg dopigageMPnis cprmm (9 8%9%f doped it hi um cobal t oxi de
according to any of clainms 1 to 12, for nmanufacture of cathodes for

rechargeable lithiumion batteries, ) )
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 (.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 t of the doping agent MOy is in the range of 0.01 t0 0.2.

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 of 1.55 to 1.993.

7. Particles of doping agent according to claims 1 to 6, characterized in that the molar ratio y of
cobalt is 0.98.
8. Particles of doped lithium cobalt oxide according to claims 1 to 7, characterized in that the

particles consist in LiCog 93O 97, 0.02 CeO,.



15. Alithiumion battery conprising at |east one negative el ectrode,
at | east one positive electrode, and at | east one separation

el ectrolyte, characterized in that the positive el ectrode conprises

t he cathode according to claim13. 16. The lithiumion battery
according to claim15, characterized in that the separation
electrolyte is a liquid, a gel, or a s®id. 17. The lithiumion
battery according to any of clains 15 to 16, characterized in that

t he speci¥ic 8utddsaf dppediitiiam icttiak sxidefacepoliglte arlyiof ¢laimsi ©8; cheradegedinwi t h
nanosi ze rig.i 1o 1T The lithiumion
battery glé%glre h%ﬁgéstogﬁgcﬁ{ggﬁc}?\gg gl ns e&?%e%s%?ﬂéﬁ%}oazéﬁ 31%1 i zed in that
said battery generates heat of less than 50 J/g. 29 19. A nethod of

i mprovi ng gt hepst:ahi.ki i : r gt hi um
on bat ol oo Tipa Ll A 1Rk BRR £ RRAR ) ty Bl ale AR B
bat t er i esha Bapatideof Likeyy tve p sleandiasfetey lsgydiam of a0l tAi88 8bal t oxi de
according to any of clains 1 to 12 as an active el ectrochem cal
material . 20. A . nethod of producing particles of doped |ithiumcobalt
oxi de Li GdO tpmfesaﬁ‘lo@?q}ftﬂbmf@alé egpeopding oy pf glejmg bto Ssclpigeterizedin
CONpr i SeShat A} pirfidesPf &PaE AbnONOPKavO R em Fiarkeer 16k0 P cd@ents0 My

(I ant hani de oxi de) conprising the steps of: i. obtaining MO

precursor starting fromacetate or nitrate of |anthanide by

CO- pr eci it at iPadticled of 8ared biumrebditetide &adrdingra tmynd clMos 1 5o B¢ thametérizad in

t enper at yr LAt he.range.of 450C to,.700C to.obtain n -sized MO
havi g ECRE PlFRRS PSS e Re el Gty S B Bl BR R n of Ll oy
particles conmprising mxing of cobalt oxide Co304 with |ithium
car bonat g,Li 2 in; j {61 :
wherein Said parrr g AR e M Ko s SERE R By
are obt aidfferlingfo anyyof plpiss b ép Rlaean dcbwploptroskamicabngeriabf step b) with the
nano-si zed MJ'" of step a.ii), 2) honobgenizing and mlling of the

m xture OIEI st %ge g'f) the p?urt]icciies 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 mAh/g.

18. The lithiwm ion battery according to any of claims 15 to 17, characterized in that said

battery generates heat of less than 50 Ve,



3) calcinating the result of step 2) at tenperatures in the range of
600C to 1200C. 21. The method of claim?20, characterized in that
additives are m xed together with Li CoyQz particles and nano-si zed
MO' in step 1). 22. The nmethod of claim 20, characterized in that
the calcination step 3), is carried ou%gduring atinme conprised in
the range of 3 to 40 hours.

15, A method of improving the stability and storage capacity of rechargeable lithium ion
batteries, characterized in that the positive electrode in said batteries comprises the particles of

doped lithium cobalt oxide according to any of claims 1 to 12 as an active electrochemical material.

20. A method of producing particles of doped lithium cobalt oxide LiCo,0;, " t MOy according

to any of claims 1 to 12, said method comprises:

a} the preparation of nano-sized doping agent MOy (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 at temperatures in the range of 450°C to 700°C to obtain nano-
sized MOy having a controlled crystallites size,

b) the preparation of LiCoyO, particles comprising mixing of cobalt oxide Co3O4 with lithium

carbonate Li;COs to obtain a homogenous LiCo,0, particles,

and wherein said particles of doped lithium cobalt oxide LiCo,O, - t MOy 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) at temperatures in the range of 600°C to 1200°C.

21.  The method of claim 20, characterized in that additives are mixed together with LiCo,0,

particles and nano-sized MOy in step 1).

22, The method of claim 20, characterized in that the calcination step 3), is carried out during a

time comprised in the range of 3 to 40 hours.



