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net al oxi de positive el ectrodes for non- aqueous

lithiumcells and batteries. Mre specifically, it

relates to lithium netal -oxide el ectrode conpositions
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been observed by the partial substitution of
with other trivalent cations such as nickel [DeI rras

Sa?ﬂgggg%%ggaliigag%cﬁ{/ of dhe, FRREd TG Retaf é%'xideﬁyé‘éa@é used as
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and out of the structure. For example, LiCoO, has a theoretical capacity of

274 mAh/g but the capacity typically achieved in an electrochemical cell is
only about 160 mAh/g, equivalent to 58% of theoretical. Somewhat better
25 capacities of up to about 180 mAh/g have been observed by the partial
substitution of Co® with other trivalent cations such as nickel [Delmas,
Saadoune and Rougier, J. Power Sources, Vol. 43-44, pp. 595-602, 1993].

Materials in the more complex Co, Ni, Mn systems, and in particular the

30 composition LiCoqsNiisMnys02, have been studied extentively by Ohzuku.
He has reported capacities of approximately 200 mAh/g with good thermal
stablility [Ohzuku et al, US Patent Application 10/242,052].
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Ohzuku, Journal of Power Sources, Volunes 119-121, 1
June 5 2003, Pages 171-174. Wang et al, Journal of
Power Sources, Volunmes 119-121, 1 June 2003, Pages
189-194. and Lu et al, Electrochem cal and Solid
State Letters, v4 (2001), A200-203. 10 Nunerous ot her
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ge;mﬂ ally been between about 110 rrAh/g and 170 mAh/ g.
However | ayered structures fornmed from
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Li ¥hcRanes O?EPraln's]fH‘oﬁ rﬁ %ﬁgnQ Withy& bUSra@%thﬁé‘é{Io%- %ate of 3+
and 4.6 volts un and Am ne, “Journal o
Pdvave Seem petsposemf@r appl@:za)tloﬁaxs padlive Slagirbde inhaterialg for lithium

A8 a5 [ PetaL B HA002 B2 8, Thakokay,at 1l US patent

negsp h%gf?orim/gggg%dof@a@%h eNRe éﬁ@mrﬁﬁﬁhéééh] The capacities
con‘p03|t| ons of solid solutions of Li2MhG3 and Ni O

whiepottad foethesewmeterigitavgadwidelyi wthwvesinapositstn paehave generally
CHpaG] hbGRAOREI 390 MARK I 976 MR gSame materials

However layered structures formed from solid solutions of Li-MnO3 and either
NiO or LiMngsNips02 containing manganese as Mn4+ and Ni in the 2+
oxidation state have shown exceptionally large capacities. In particular
capacities up to 200 mAh/g at room temperature and 240 mAh/g at 55°C,
were observed for some compositions of solid solutions of Li:MnOsz and
LiNio.sMno 502 on cycling between 2.5 and 4.6 volts [ref. Shin, Sun and Amine,
Journal of Power Sources, v112 (2002) 634-638]. Similarily, Lu and Dahn [ref.
J. Electrochem. Soc. v149 (2002), A815-822] demonstrated that reversible
capacities near 230 mAh/g could be achieved from certain compositions of
solid solutions of LioMnO3; and NiO when the cells were charged to 4.8 volts.
The capacities observed on cycling these same materials between 3.0 and

4.4 volts were much lower, varying with composition from about 85 to



4.4 volts were nmuch lower, varying with conposition
fromabout 85 to 2 WD 2004/107480 PCT/ CA2004/ 000770
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occur on charging solid solution phases of Li2WVh(3
and either Nl O or LiN 0.5M0.502 to voltages greater
than 4.4 volts. The resulting materials were found to

have a ch hi gher reversibl| e ca Cit
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aCEblﬁﬁSﬁ* a%és%rs 6Pas NG, 4R ¥RhERPRE ar a_aN% MnB 8o, 4o4voltages
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the material’s reported were solid solutions
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chharvmgllaymted atrueturédadnidiimg M iatthe Watmthw @ Ni in the
15 capacities for reversible lithiumins
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Iarge capacities after being severely oxi di zed by
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ging to vol tages greater
t han GX-r$Ituvnyt scheancaixomdamoby thate rdatadnsisatel aekegptionally high

ermnst exceptio capacities for
re9%‘?% %r r‘?Yﬁrqu ﬁggﬁn{f qrh particular, in this
|nvent|on it is disclosed that conposi tions containing

no 30 N2+ at all, such as solid solutions of Li2MC3
anln patisgiarc iinthis invsintion 4t iaalisdoaed dhraiggompositions containing no

PCMM&{)%{ OSQJ%WQS solid solutions of LixMnOs and LiCoO, can exhibit
unusually large capacities after being severely oxidized by charging to high

voltages.
SUMMARY OF THE INVENTION

This invention discloses new compositions of lithium metal oxides formed
in-situ in an electrochemical cell by charging to voltages greater than 4.4
volts, or ex-situ by chemical oxidation that demonstrate exceptionally high

capacities for reversible lithium insertion.

In particular, in this invention it is disclosed that compositions containing no

Ni** at all, such as solid solutions of Li2MnO3; and LiCoO, can exhibit

3



unusual |y large capacities after being severely
oxi di zed by charging to high voltages. According to

woneodaspsaet of the invention, we provide novel PCTAAR20131000770

10

15

20

25

30

nmetal oxide 5 materials of general fornula
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canposition and.structure further . by.in-situ or
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in-situ transformation, which occurs on charging

solid solution phases of Li2MhO3 and either

Li Aca@raingotosyst anothipioaspectvafl thegimweglierata predess or smaking the

2B IR GPAE B BaGBRE S Camtpre/oftadle DTz . where o
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t he anomal ous capacities previously reported in the
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charging solid solution phases of LixMnO3 and either LiNigsMngs02 or NiO to
voltages greater that 4.4 volts, preferably in a range of 4.4 to 5 volts. The

resulting materials were found to have a much higher reversible capacity.

We have discovered that the anomalous capacities previously reported in the
Mn-Ni systems are a more general process than previously thought. There are
a number of metal ions that can be substituted into such materials in place of,
or in addition to, the Ni cations. These choices are based on “ionic radii’, i.e.

whether they can fit into the structure without unduly disrupting it. Cations that



row transition netals, Al, My, Mo, W Ta, Si, Sn, Zr,
Be, Ca, Ga, and P. The preferred cations are the

wonrangint48on netals of the first row such as TPCTNA2M4/000770
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Fe, Co, NI and Cu, and other netals such as A, M,

Mo, W Ta, Ga and Zr. Such 5 conpositions can exhibit

unusual I'y high capacity, in excess of the conventional
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le ST NREnTs Brasle Ladn imidleStBueS imlude aag of the first

OfroW(trQﬁélil&Fﬁ]eiélgt RS- Mé: OMoeW"’Pée& idn, i&, Be, Ca, Ga, and P. The
conventional [y assuned that neithér N4+ nor 02. will

beprefardidzeations due thenwarsitien metals obthe tirst raxp suck asilonV, Cr, Fe,

¢ e oA PucAngd SRt dfelals Ol SSAE ME R, T B GHERE suen
pasgFhdSiticre @aﬂbéimbmumsv}dnghugm@épam? lhfésécégb Bgthe conventional
el ectrochem cally inert Al 3+ and sti 1 obtain

c gbg@;qtlp@lscaéqagltlegtﬂa@ qge(ga(lgqla{gd (O@Xtaﬁ'dipaé‘:lssyf conven? onal views on
F#@%E%fscl@%élﬁ %P@e%g 8%85' SC{ggﬂéQe I'-ec{ f@)&tmorﬁé h is conventionally
gé 'voltage t

medssuinadd thﬁheenmh‘an *smorf ©F will be gxidigett Uhder it ddmﬁi&:)ns of the
toljie with the Li2MWMGC3,
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reduction in capacity on the addition of M4+ [Numata
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[ Jndesihblefrefstivee vﬁmmé@ectrolyté at RRP3Joltageq - 142] have
descri bed the behavi our of rraterl als where M is

repl aced by Ti. The addition of '"inert' Li2Ti O3 was

t
|43\ PR, YN0 AL 88, S0l S8l SRy been
Lir2pbed byregiddistyi. oﬂ—l@iﬁ/e\kerMEQ phavestuéﬁ@sbﬁmfs%hwtenale were not
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%an%élt%'oﬂriﬁe hidRidheyEnbe @uﬁﬁ?@éﬁ@@é?ﬁ&ﬂél&“%dld@gte lonics,
epresent a series of novel naterials
vol. 118 (1999) pp. 117-120; Numata, Sakati and Yamanaka, Solid State

lonics, vol 117 (1999) pp 257-263]

Zhang et al [Journal of Power Sources, v117 (2003), 137-142] have described
the behaviour of materials where Mn is replaced by Ti. The addition of ’inert’

Li>TiOs was found to have a detrimental effect on the discharge capacities.

A broad range of chemical modifications of Li-MnO3 by addition of LiMO, have

been shown to have exceptionally large discharge capacities. Most of these
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di scharge voltage through relatively small variations
in the conposition. Sonme of the nore conpl ex novel
rmteri als have 5 different species shari ng a single
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20 Figure 2. X-ray diffraction patterns for materials

in the Li 2WMhQ3- Li Ni 0. 75C00. 2502 solid sol ution

sebome. offhgumereXompleayodelf matettalohaysbtdifferent gpecies sharing a

| he Li 1. 2MhQ. 4Ni 0. 4
ga él'je'}éllgg?'%’%#éroéfﬁgﬂlésﬁf &ﬁ@@f Isiqnd@ééjo thtlgntﬁépglgue% would not
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o BHY S UG o SR e Bed | Brserh ABPPEIQY Lomblsit facBisiaue and high-
Li dnetbfpBatMifihg- | Co,, 02 cal cined at 740C as

calcuggted fromthe mass of the lithiumnmetal oxide
before charging and as a value normalized to the

A% PESCHIPHQNGIFIFE PRAAGST, o, © =" o°

Li 1. 2WnO0. 4Ni 0. 4-

Figure 1. Ternary phase diagram for the Li;MnO3-LiCoO»-LiNiO, system.
The diamonds represent single phase materials synthesised and

characterised.

Figure 2. X-ray diffraction patterns for materials in the LizMnOs-

LiNio.75C00.2502 solid solution series.

Figure 3. X-ray diffraction patterns for materials in the Liy 2Mng 4Nip.4xC0xO2

(0 =x =0.4) series.

Figure 4. First three room temperature charge-discharge cycles of materials
in the Lij 2Mnyg 4Nip 4xC0402 series calcined at 800°C. Cycling was carried out
between 2.0-4.6V at 10mA/g.



XCox@2 cal cined at 800C as cal cul ated fromthe nass of
the lithiumnetal oxide before charging and as a
woabaomsonal i zed to the transition netal conPemtCA23d03/000770
Figure 7. Discharge capacities for materials in the
series Lil.2Wn0. 4Ni 0. 4- XCox02 cal ci ned 900C as
cal cul ated fromthe nass of the lithium netal oxide
and as.a normaljzed.to
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Wa@@@fgrdaﬁ%éwht 240°0 ds 8%9%@90%6“@&35 Beth3 ItNichEmetal

as indicated. Figure 8. Capacities and average
d| @Xﬂﬁawéorecﬂmg@eg ahdlgsia value.noximalizab® thedransitian metal
t ?ﬁg& when cycled at 55C as cal cul ated fromthe mass
[ithiumnetal oxide before charging and as a
5value normalized to the 20 transition netal content.
Figure 9. X-ray diffraction patterns for materials in
g'QHf@ﬁ’h @scmem@ caeamitispior maferiglsdnithe peresbh pMgo.4Nios-

?a)lf I)I‘therl aI S In (%Cﬁé {é gﬂB%}{d N%\S@&qﬁg%%gq‘tﬁlgﬁ‘smetal

sobxitie befarerchesginglbadzsch ahlu8Hdtnakizeitcethbransiticrymetal
dlffractl on patterns of a number of substituted
Mglles cal cined at 800C. 30 7 WD 2004/ 107480
10 PCT/ CA2004/ 000770 Figure 12. Charge-di scharge voltage
curve for different materials calcined at 800C during
t hieigaee 1. @isdhargé caEa’dﬂie;SEfDrméi@RaBThme 6ErigdHH1 oMng 4Nip 4.

This i t | at.e lith
o RO 14 SBKE B sl 155 1 st Jd Firfymgnotal oxice
CelbéfoF@&hé‘@r@ Ay 85 ad;ahid HEIHAIRcANE tRe GaRSTtIBH rﬁé’t‘éﬂb‘btﬂent A
after in-situ or ex-situ oxidation, of LiXVhyML_yQO2

whigte excursion, te BOmdviggua sarried qu onrl-it AdnaxCaoxOdFot e 3 cycles
st " Mis one or nore transition netal or other

15 e aﬁ]d&%??%‘ns havi ng appropriate ionic radii to be
inserted in to the structure

Figure 8. Capacities and average discharge voltage of Lij 2Mng 4Nip3C00.102
calcined at 800°C when cycled at 55°C as calculated from the mass of the
lithium metal oxide before charging and as a value normalized to the

20 transition metal content.

Figure 9. X-ray diffraction patterns for materials in the LioMnO3-LiNip5C00502
solid solution series calcined at 800°C.

25  Figure 10. Discharge capacities for materials in the LiMnO3-LiNig 5C00.502
solid solution series calcined at 800°C.

Figure 11. X-ray diffraction patterns of a number of substituted analogues
calcined at 800°C.
30
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Mo, W Ta, Si, Sn, Zr, Be, Ca, G, and P. The
preferred cations are the transition netals of 15 the
first row, such as Ti, V, C, Fe, Co, N and Cu, and

ter als such.as A, M, Ta, andZ..he .
noSBUs B ePhatitedionieayautés clkye o iferBnt walariald Saipined a

Th@@o@urﬂ{g thee3bth Bygkect rochenm cal properties between

w de ranges of 20 corrp05|t| ons described in the

exanpl es woul d suggest a conmon rmechani sm The
capacities observed in these materials are anonmal ously

c PBEAIER BERCARNON E e MPBRTIORG .1 o' ot at es.

This is esPem ally so for conpositions that are solid
soligi Bwentiget iRkatRs LI Niltgrmnaetal cexidei Rogfive helRrrades for a

noi’iorprr@ﬁ? gt{h iuth! eEI‘Inﬁja\m H{%lréd sﬂ"a e ldhd Q?eneral formula,

triva or conp ns In ese

Li éftéirNh&ﬂdquOeﬂsa(OoXﬂ&nonhef LigdayM1. yL(Dgsdlvheaaom:sl 012®s manganese
shoul d be; MA4++MB+ -> I\/h4++|\/l4+ - 125mAh/ g t he
cd§éndheL4"1°§'9ﬁB°Q(§5@)te4@? ‘Mals R Qr gt\orgot@@sntron meta' or other

tarﬂ%feﬂ RR6HS Badin é}W)ro H tree% o dft-18'e Ina8rbl"igtio the sfructure
\%la b / g, 8

charge capacity e 345 eavi ng
\A@vmm@memsra@rmgm owumﬂm hadé beep piamru;/asfposable fits into

- e Syl eE ot dh g st RokuERouRREvciER, A B8, w, a

t 0gi, bhlz2 M40 eEh ?an'dzls Th@p%’ﬁ@\@é@@@ﬂ&% #3AR&\alsition metals of
Li 0. i oMho4C004 1. 65 Li 0. 1Mh0. 4Co0. 401. 675

c athetiisstaqwi eu@haa$ 157 \ae@rc Fﬁb@@ blsaud Cu1 26Mtethaapetakosych as Al

AL ol B sBh e S RSL RS M B s CRrl bl ou anc

of At he original active material. This nechanism would
account for the different voltage profiles that the
materials exhibit from cycle 2 onwards. An

|0 SSRRIERR SRR by bR B fanoes o
Si corhpaositiend haddésavibeer VIBd ther examples would suggest a common
mechanism. The capacities observed in these materials are anomalously
large in relation to their composition and the conventional views of accessible
oxidation states. This is especially so for compositions that are solid solutions
between Li;MnO3 and LiCoQ in which Ni** is not present at all and the cobalt

is in the trivalent state.

For compositions in the series Lij 2Mng 4Nij 4.xC0404, the theoretical capacities
should be:

Mn*+M3* = Mn*+M*  ~125mAh/g
In the case of Lij2Mng4Co0040; calcined at 900°C taper-charged at low

current to 4.6V, the first charge capacity was found to be 345mAh/g, leaving a



Li Co0. 5Mn0.502 [Kajiyama et al, Solid State |onics,

v149 (2002) 39-45], the snull |low voltage feature
weand4o7480t he charge curve bei ng common t o bot RCT/CA2004/000770

materials. In addition, the voltage curve of

Li 1_2Mh0. 4N 0. 402 once the formation step is finished

i s simlar to that observed for LiN o.5Wn0.502 15

Kimura an V4 ournal of  Power. Sources, . .
16eiERAReR0h 35 0mE., AR et SRR Foresia gxice rather
f r prancdiReBeSI0crRpShdtis ild RO [ehdi€:new i n-si tu
produced cat hode material can cycle with up to 95-98 %

reversibility over an 20 extended period of tine.

Th |S4+ | Capfahy bett hay ounr,hAan . 4 4t
L @@2 prep)grégL e Oal meanzg >diletoMB04 G040 65
remOﬂS’@nt of Li Mn2D4 spi neI produced in-situ by
cycling o-Li Vh02 [Gummow et al, Materials Research
5 BuleeMnm Q2®165993N hze49qmzs@ptlyTdesczyibeelh@nSgélo125Mn05000502,

SR 3 Sl PUEON B8 Bhab AR gy pgoman
aswhen rRYriesting for thermasd ehthef omglhlalcadiﬁé Gn&érall 0ThizSH&chanism

with a theoretical capacity of 204mAh/g The incl usion
of WRHIghaggeunk tarihe cifrieativelageictiaseihek tarinaterials exhibit from

St@fBle i 36n\/\}é%§ ag D f] Qét'idgi%bsgllvghoﬁ qgﬂgégtt%evoltage curve of

abi |1 and ar ge acitres
10 2004&?&1634[8@) 4E@Ta{f(e4@)wll' Oﬁlﬂég G}S résnakably sitmdlambo ¢hat observed for

mat |.s made, hav fferent speci
PR aMBos S aibalr o B Sohaible Ioes, VY, a0z aag-4s1, the
Syé}hﬁﬁtlb\ﬁ \vc% Bi f@eftie 4 ,rm}fe cﬁﬁ % éﬁv@%élhg c‘?ﬂ?ﬁmon to both
honogenei ty achi eve a’sin mat eri a The
symmameile témhaddmers, mlsedvmltageatoer\teo adchiteMmouNicgaO. once the

t 5 h based rrb' d
o pEPR PR ar S B HIPUGE Tanihah; GPSSINER gfp LINiosMna Oz
15 bafMakimiutad éd OheukE! DOGMBRDf tr&wemedufdeed vf1|‘I9n1'Z1h(32003) 156-
sucr ose- based synthe3|s originally reported in th

| i1€Q9lat ure [Das, Materials Letters, v47 (2001),

344-350], and is easily capable of produci ng conpl ex

oxi de materials with crystallites of sizes < 100nm

10After the formation step from charging to high voltages, the new in-situ

produced cathode material can cycle with up to 95-98 % reversibility over an
20 extended period of time. This is significantly better behaviour than
LixMnosC00502 prepared by chemical means, and is reminiscent of LiMn,O4
spinel produced in-situ by cycling o-LiMnO> [Gummow et al, Materials
Research Bulletin, v28 (1993) 1249-1256]. The discharge capacity and
capacity retention of the Al-doped material (given in table 1) are exceptionally
25 good assuming in-situ formation of LiNipsC0g375Al0.12502, with a theoretical

capacity of 204mAh/g

The inclusion of Mn** has been reported to increase thermal stability, voltage
stability, high temperature cycleability and discharge capacities.
30



The follow ng exanples of lithiumnetal oxide positive
el ectrodes for a non-aqueous lithiumcell having a

woOayariedisst ruct ure and a general fornula, aftecT/CA2004/000770
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in-situ or ex-situ oxidation, of LixMiyML_Y02 where
x:5 0.20, manganese is in the 4+ oxidation state, and
Mis one or nore transition netal or other 15 net al

S A e RORRE S B e G s s o
i ns)lﬁ%’lé Oé@stahbﬁrablﬁi@)’s@f e Méﬁy %&H&‘ér&@yﬁﬂ{eﬂQQecﬁﬁlques would not
i ng” exanpl es. EXAMPLE 20 Thi s exanpl e

dd@@wﬂeegufﬂn@nt yisineegensyiit t@e:ﬁCQIeN@uae stolenploase anaterial.  The

t hs‘:i/n @etngﬁ?a%%gysgﬁt eqqt%gg%gﬁ)n S/%désszleg'e_b%f &(')mggeﬁelxl are a

Ni Q0B et92a, cérabiNed) dispir@ioarnsbribuNidnwecEnigLs sand/ ﬁtgh -energy
fully in water in the required nolar ratios. Sucro

wd%a"aaﬂim i hamedhed has @@eem@ﬁ%ﬁem@q %}Jc‘g@%{aewd synthesis
mD g;rr?%@ﬁré‘ﬁéﬁéd ﬂ%ﬁ@ﬁ.&érw{’é FJ[E? Hal%?_leﬁtaﬁs Ly 2001), 344-350]

i'on content e sol utidén
adandsiseshdilp qapablel dfhprodocing rdonail@d onndermatmlalsdwnﬁ'knwstallites of
sol.utio s heated to evaporate the water. Once the
Wetl €S ‘ﬁge MBst |y evaporated the resulting viscous
liquid was further heated. At this stage the liquid
f oamed and began to char. Once charring 30 was
cohe dolowihg emmnlesaobdihlaiuafbmnetahthide Fsitiven etactioges for a

conbggé%dﬁg gtﬁﬁ res Iottpl\argg] Iéyvé’?‘qfqé éturr]%%r{g&agenera! formula,

Z%l“érlﬂ-éﬂﬁ%rwél@&@éﬂ&@o&fﬁg Mnﬁhﬂ}@‘g Whérd 2 <"@RY, manganese
phase di agram descri bi ng 't he - Li 2Mh3B: x Li Ni |

, @8\yinthe dt+ axigation istatesanddd, Is\mehOIt moradtangitigns metal or other
sy c
LT A PRGE, Bl DO orfcHIS of e
diifveraivhoaetertensilaiedBiKme hadhiadrs,ut thég ads hot to be construed
precur sors vvere found to contain unreacted Li2CO8.
fing gxaElesal ci nati on at 800C in air for 6 hours,
there was no | onger any evidence of Li2CO3 in the
diffraction patterns of the product materials. 10
FiEXAR®LE ind 3 show the X-ray diffraction patterns
for materials in the (1-
This example describes the typical synthesis route of materials in the (1-
X)Li2MnOg3: xLiNi;4yCoyO2 (0 = x = 1; 0 = y = 1) solid solution series.
Mn(NO3)2.4Ho.0, Ni(NO3)2.6H.0, Co(NO3)2.H,O and LiINO; were dissolved
fully in water in the required molar ratios. Sucrose was added in an amount
corresponding to greater than 50% molar quantity with regard to the total
molar cation content. The pH of the solution was adjusted to pH1 with
concentrated nitric acid. The solution was heated to evaporate the water.
Once the water had mostly evaporated the resulting viscous liquid was further
heated. At this stage the liquid foamed and began to char. Once charring
was complete the solid carbonaceous matrix spontaneously combusted. The

resulting ash was calcined in air at 800°C, 740°C or 900°C for 6 hours. Figure

10



X) Li 2Mn@8: Li Ni 0. 75Co0. 2502 (0 <_ X:5 1) and
Li 1. 2Mh0. 4Ni 0. 4_XCoXC2 (0 < x < 0.4). These series

woaonaspsnd to the vertical and horizontal tiePCT/AR004/000770

10

15

20

25

30

shown in figure 1. There are no visible reflections
due to Li2C338 in any of the calcined materials,
i ndicating that all of the rmterials were fully

react e e, materials 1 ure .2 show.a .c .
f rbehosvhEstaRY phace diadrhe (8emhifo RIS PYLEIRDS: x Lini.

p"é‘,@onQ%ollJ BSIuﬂBﬁ %%h@é Swith‘ td ﬂié'i&léis §%XA[9§&QH 'beinzgoindicated by
atdres of a Li 2MhOB-11 ke pattern. MPLE 2

Elkdack diaswngsr e fabricated from materials prepared as

in exanple 1 by mxing approximately 78 wt % of the
oxide material, 7 w%graphite, 7 wt% Super S, and 8

Wf'ﬁ@ﬁ{aYéﬁdlé‘Wéré’%ﬂﬁyze&aI%ihd@a Xar%%&bo%\l'dérrdfffﬂaﬁtometer using CuKo
1-nmet hyl -2- pyrroli e slurry was then

caatjlabloho a1hemaehn1mfenursor$\fw«ane tbqnmgo Xoraain8bkeastetl Li>COs.
SSi g% ﬁl rc l.ar el %ﬁé@@‘qf we nche . The
%‘ﬁ’? edite %'”QH% Kt r %réh re yyasag janger any

i rb\ﬂab@regam{o@ RAthg! d?fﬁ%ch@?f pﬁﬁéﬁ% of%ﬁé’ r6QhA? neRblials.
har dwar e hiumtoil was used as node, porous

poI ypropyl ene as the separator, and 1M LiPF6 in 1:1

o1 BuIRY 2 YL iy, 16 Mooy iftrdiiodh SRR 1P RtBridiS h the (1-
CPPEMPOULINITCURE0, (0 SRR Lh%lvﬁﬁamoa&ebxo T(Bs x5 0.4).
at f 0 my

cells were ¢ constant current o g
acThQﬁ@ gories |C@Iffe|§§©Wéetﬁ thep varigah e b@nz@uﬁi t@im@@ shown in

&ifr&qmﬁger 9%%’1%0%9@90@ g&%‘&(ﬁq eT of he calcined

Cities observed I'rs

arrﬂatejiamﬁhdldsattr@oﬂhat all oIFltImJI‘r@télnaIQWe L{U1]:7 reacted The materlals
el ectrochenm cal behavior of the first 3 cy

el HIUEE & SROWHR cmanggl\fﬁ@nmmn@s%&@mte(ros o Iaxergd R-3m-like
gd%%te?[%' eFhe" HRARAS |ﬁsflq&ee§aé7plr§t n &fBQtug@é ‘angg_l%nos -like

e voltage curves 1n frgure show t hat
f gratern.on step occurs during earIy cycling. For x =
0.1, 0.2 and 0.3, this fornmation is conpleted after
the first cycle, after which the materials cycle with
highagmRacsty and reversibility. Consequently, the
desired material is that formed during oxidation
rat her than the chem cally synthesized conposition.

Electrodes were fabricated from materials prepared as in example 1 by
mixing approximately 78 wit% of the oxide material, 7 wt% graphite, 7 wt%
Super S, and 8 wi% poly(vinylidene fluoride) as a slurry in 1-methyl-2-
pyrrolidene (NMP). The slurry was then cast onto aluminum foil. After drying
at 85°C, and pressing, circular electrodes were punched. The electrodes
were assembled into electrochemical cells in an argon-filled glove box using
2325 coin cell hardware. Lithium foil was used as the anode, porous
polypropylene as the separator, and 1M LiPFs in 1:1 dimethyl carbonate
(DMC) and ethylene carbonate (EC) electrolyte solution. A total of 70 pl of
electrolyte was used to saturate the separator. The cells were cycled at

constant current of 10 mA/g of active material between 2.0 and 4.6V at room

11



For x = 0.4, this formation requires nore than one

cycle, with increased 10 |ithiumextraction also on
woheosgieTsnd charge. The cell pol arization of XPET@AQ004/000770

indicates that the formation is extrenely slow, and

woul d require higher voltages, or smaller particle

size. Figure 5-7 show the discharge capacities of

BOSTIISGIDC RS SEBEEJEr, b AnpiecBsh ARG Sycles are

t r i8S i Rablei BChARER 2apRbis theVaB¥déHdieat Behawor of the first 3
conposition and calcination temperature. The

rra@)éd&’&apfs mpdeidals e dhé é411@l\/irmr4Nm4ank£Bs(@ﬁt xa 0 ¥) Iseges prepared

coehhE PR Bl Cekitan S RKET TR il VT e 4 show

5 comtaeatfomalidn @t@b&ﬁbc&kdo@mm’(g ealy sydiiag! Mr&aso.190.2 and 0.3, this
product.i on, i s useful to conpare the capacitie

i nforaten i Ct?meleltecaﬁﬁwt ih@rflrﬁb@s&le @fter whish @mmatenals cycle with
|
rml:ngﬁ z%b cﬂy%d 'Pe%irbﬁﬁ%o bl tpfﬁ/t ﬁ{%ldt%?for%cgﬁﬁa erial. is that

nseque

arbrmbdvdunng bxidatics rathér tltmfsthe blnesrglctah}e sydiheslmdgmmposmon
amty(ﬁ) r trapsition netal equivglent. In the ¢
L

e

of PO 2104, SR0IOIRALON Reulen TBeie than ORe FYlgWER ncreased

10 L htEMn‘n %Etjfaﬁld?r Ssodh tﬂ%péé%%ﬂdtéﬁai‘gel Tﬂe@llgﬁf‘é/%tnbﬁrlﬁ'x 0.0,
I um bat a

tery cathode materi
scmbllcagea‘ ahatotheofformatmrﬁ is= exiremalyn stowleandowoutb weguire higher

the aci t r T uival ent. For another rmateri al
in 9 ?1 &%TEM'C%%B% 1 yCoy®2 (0:5 X5 1; 0:5 y:5
1) solid solution series, e.g.

Li 1,i 58Mn0. 316Ni 0. 263C00. 26302, the scaling factor
wokigeren 57 /shospthe-dischage. capaditiespf iLireMinoaNarage@xO2> materials

1 SO 24THOR R ThP, | De AA wencs

I r diediedirge kddpacity vang withsbbthscorhodGor i 81¢kdlion temperature.
PCT/ CA2004/ 000770 obtai ned from atom c absorption
spHee madedps deseribed hea ronfalbayksiaatially dAesgiransition metals than

?&%v%hggﬁale% ‘ﬁ‘ﬁlregl gﬁﬁltﬁéﬁaeatrﬁ%@%{ h t@ﬁfent Bt HePtransition
rraMetalsxlcsniemt tcbatrmnesesulbs,tamm tolLihksi do@K@ﬁWducﬁm@ it is useful

Catgcgplg%a@%éﬁlgpgggaﬁﬂat &%80%% te%rr]]g aﬂrﬁe uelzttrsanglftlonh%etal (TM) content

normally found in current lithium battery cathode materials, i.e. LiMO..
Consequently, additional plots are shown in figures 5-7, describing the
discharge capacity per transition metal equivalent. In the case of the
Liy 2Mng 4Nig 4.xC0xO2 series, the ratio of Li:TM is 1.2:0.8, as opposed to 1:1 in

25  conventional lithium battery cathode materials, so there is a scaling factor of
1/0.8 = 1.25 in order to produce the capacity per TM equivalent. For another
material in the (1-x)Li2MnOa: xLiNi;yCoyO, (0 = x = 1; 0 <y = 1) solid solution
series, e.g. Liy.158Mno.316Ni0.263C00.26302, the scaling factor would be 1/0.828 =
1.188.

30
An ultimate charged composition may be calculated using the total charge

capacity taking into account any early cycling irreversibility, and results
12



The results show that the conpositions with x = 0.1,
0.2 and 0.3 produce charged materials with lithium

woami4ants0< 0.2, and x = 0.4 very close to 0. 2PCT/TA004/000770
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material with x = 0.0 did not achieve the sane extent
of delithiation and 10 exhibited | ower capacities on
cycl ing. EXAMPLE 3 Many lithiumbattery cathode

s .d f t el t 5 .
ChRiE 8 "RloaE " BBATRIY cotiastRstPPucos, ha. catigng contents.

Cy}‘ddn‘ﬂ@ dradimibr %&idﬁ Were TARuRItEE tdRANBIAR GRe t@l%h%‘éh@rﬁ content
of the materials of the invention were eval uated

eI %(Wﬂl%a in@nkidt@s tarenat.| Fenmaarialsdn the geries LiabinQao Lan xC0x0»

g4§%%k:&ﬁ§e£‘8g?8@%gh% 5%%“1% %ﬁhégg ‘ﬁ%lchvaenons are shown in

thhbmo 4N 0. 3Co0. 12 at 55C. The voltage limts
after the first cycle were 20 reduced to avoid
el ectrol yte deconposition. The material exhibited very

Stf‘l% Sgtﬂ%agh&}velﬁ?mﬁ% \?‘éﬁ?ggmoﬁg \R/ﬁr;(t%{ si @il igly 4y o 3 produce

ycle onwar d di scharge voltage al s
r ectaarge@l maietlalsswalh)lllmuﬁmrccﬁfiéhtsyc DtajganoEXA&VB’lAEvélw (ﬂﬁse to 0.2.

ctroche cel | re fabricated as in ex le 2.
v St BB Wb es 0 okhadiadews fie Safe,edamcs delipiation and

L| ﬁ‘—ééolg\/\%rbﬁ bei ed as in exanple 1 and
cl ned at 800% “ﬁese%g S were tested as in

exanple 2 between voltage limts of 2.0 and 4.6
vOoEXAMPUEE3di ffraction patterns for various 30
conpositions in the series (1-x) Li2MQO3: X

Li Ni 0. 5Co0. 502 are shown in figure 9 and the

POMbﬁ?plﬁﬁﬂlg??on #é?'gtéé%ﬁ!?@é“ aterR® TS 'ﬁ%‘i‘cﬁe 09rm well at elevated

illTustrate ure 10. An additi onal
c olengsratutes) dheio disebarjescdpmcijiescapextenied cy@lmm“admorap:dly

07480, PCT/.CA2004/ 0007.7 t i ti
el e REIRPRTAER RN ioF PoPan e ARl PirdbySEoavEr evaluated
cagraeldvatsd tepfRHaliife.CONYEMidPNEdllsY v Obe@CREIBO4Y @t room
oxi dation states and structure as well as the

aclemperaived cligye 8nshaws ithat dischaigeurapacitedf §00°Chealcined
full_iL%/ln& 5,&?@0,18261&6 588¢. lTi‘cl'é %ltb&etlf’#ﬁltse aﬁer %e first cycle were

reduced to avoid electrolyte decomposition. The material exhibited very
stable capacities with very high reversibility in cycle 2 onwards. The average

discharge voltage also remained quite stable for 55°C cycling.
EXAMPLE 4

Electrochemical cells were fabricated as in example 2 from compositions in
the series (1-x) LioMnQOj : x LiNipsCog» that were prepared as in example 1
and calcined at 800°C. These cells were tested as in example 2 between
voltage limits of 2.0 and 4.6 volts. The diffraction patterns for various
compositions in the series (1-x) LizMnOg; : x LiNig5C00502 are shown in figure
9 and the corresponding electrochemical performance is illustrated in figure
10. An additional plot corresponding to the discharge capacities normalized
13



EXAMPLE 5 Conpositions with additional substitutents
have al so been investigated. 10 Figure 11 shows that

worb@Erivaise with Ti, Cu and Al substitution coubPdTalA2@4/000770
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be produced singl e-phase. These nmaterials were
produced using the sanme chel ation-based process, but
with the addition of the required nDIar guantity of
precu The [ecurso used

( NERY %%ﬁ%}'eﬂp@? i IS0 %ﬁ?NﬁB‘PZ 01%ndThe theoretical capacities

Al p2E&D 8n Men%\ﬁaldhéﬁé‘@f AdecE&sHMEIe | dxidRioPPERIEANd @fructure as
15 the AI, Cu and Ti-substituted materials after the

f'“’@“ amdhe hagaunslategly shargeapad ylimatetlidium coatsing in. the fully
%@eggtgtgegp%qggetd Iﬂ%@g% Ti - dopi ng i npacted the
€s 0

rge capaci ned, but these materials
cycled Wth very stable capacity. G ven the very high
amount of Al doped into Lil.2Mh0.4N O 2Co0_1AI 0. 102,
the di scharge capacities obtained are quite high. 20
SUEKAMMiER | evel of Al in a conventional |ithium
battery cathode material would be expected to inpact
severely on the discharge capacities obtained. Figure

12Cshpasitione oJitar addiiopahaiupetivedritegRavalr 4166 beén tihgestigated.
sane materials on the 30th cycle. It can be seen

t hat
t hbigwre ddptheyaithat aneterlﬁlsc\mﬂa bvaind Shsubstisition could also be

d t h
O SERREAS SHEIAS D Sl M braREER LIRS came
t hmaa‘nmagasehi pebEEsge bubWhthgbe ciddition obther regjuiredGnelan quantity
t he, ve h a nt of Al do
16t S Rrepulkdlo. 20abhS Aealsors nuseli SRt gdNETIPGaby)eH:O,
b
0 C@mg 3 PnghHeAlgtl/ F)SQ\MQW JH 8@5%%‘% Eﬁféﬁﬁésy oBfained for

186 30 The theor
caiﬂﬁacAt, |Ceus anﬁo'Fl substinited mat@iials aftari thet firdt and dhirtidtl cycles are

| f bl id
o BB 4 JPEC YL Bt 18 Beh BRicCh TR S0 hRaged the
PCAitEMa9BALA0ULITES ob it BltethesBam@termd dybledRitR very stable

lithiumcontent in the fuIIy charged stateare |isted
i ncapgsity. 3. ERNGPLEtBe Sverie high ofameuntat @ i Al ngloped  into

nefn aﬁﬁokf\llo%o Il\efo 1'6 qutdl&ﬂ‘la?ée Sda%% %egh&?tgmed are quite high.

Such a high level of Al in a conventional lithium battery cathode material
would be expected to impact severely on the discharge capacities obtained.
Figure 12 shows the charge-discharge voltage curves for the same materials
on the 30th cycle. It can be seen that the Ti-doping has a particular effect on
the discharge curve, with a distinct kink at approximately 3.3V. The Al-doping
has the effect of increasing the average discharge voltage of the material.
Given the very high amount of Al doped into Lij2Mng4Nig2C00.1Aly.102, the
discharge capacities obtained are quite high, with a discharge capacity of
186 mAh/g after 30 cycles.

The theoretical capacities, for the Al and Ti substituted materials, based on

conventional views of accessible oxidation states and structure as well as the

14



Li 1. 2Wh0. 4Ni 0. 3C00. 102. The X-ray diffraction verified
that that single-phase materials can be produced

wa00goadsh acetate salts or a conbination of | PCHiQA2V04/000770
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formate and netal acetate salts as precursors. Al of

t he other processing 10 conditions were identical to

exanples 1 and 2. The discharge capacities obtained
' ni t.r and mfarmate With

;J tsé&%gm%%}fﬁa&?‘%fg%ﬁgd éﬁ t{,rg e; lithip,eantent |ﬁtﬁ@§Hl?yD§1@ggq state are

t hated f&aBRY30r mance is actually inproved using the
[ithiumformate with acetates. After 30 cycles the

di scharge capacity is approximtely 20mAh/ g hi gher

t @Lg nitrate precursors. 15 EXAMPLE 7 This

e %Wsthat materials with simlar performance
may be produced by nethods other than a

soI uti on-based chel ati on nechani sm Li2MO3 and
sgePb Nirateg isnnat necesasiryrfor ethEoprO&Wthwcpfeamgle phase

N eslﬁ‘il{Tn%'ﬂﬁ(b%}’mb?J {/vag%lcla 8l tgﬁfa%'ilgh %rf%ghggtsthag_ Whgle-phase

f anateriatsucan b¥-praduced Usingtaloacethte baltarat arcoahmn@tmmof lithium
before and after cal ci nail on showed no q ?I cation

t HepRigsand dnglel gesivesalivine REACHFIP- Al gf the other focessing
Caé&fdﬂp%bowevz@%d@tﬁal o RIaRpIANG BRA.Cr YR Alisda ?%é R@Bacities

the m recursor ar ge capacitie
I |dtte|dedm3|ra@lréiraiescm"tcbhﬂ1&nin votrhatehwithveddetates las the precursors

pr oduced unde t he condi tions as
D iheiebls T Eithe saen g HertonpabRs dactiall fiproved
ohjsd aHe WithfurBfopiafd WP Heetfes'S| MGk N80 cycles the dlscharge
sol ut1 on- based chel ati on process. 30 15 WD 2004/ 107480

PCRPaAy B4AmuoxinttelyaiineAl/g higherthag sisingpaitiate precutsors.
the first and thirtieth cycles for various
conmpositions of x Li2MhO3: (1-x) Li MX2. The capacities
arEexXApiPe ated first as mAh/ g based as on the wei ght
of the Iithiumnetal oxide as prepared, before
in-situ oxidation, and then normalized to a per

LA bk APISEA s GRRFTAtHalsSwith similar performance may be produced

by methods other than a solution-based chelation mechanism. Li;MnOs and
LiCoO, were mixed in a 1:1 molar ratio, and milled in a high-energy ball-mill
for a total of 9 hours. The resulting powder was calcined in air at 740°C in air
for 6 hours. X-ray diffraction of the materials both before and after calcination
showed no indication of the presence of LixMnOs. The material after

calcination was single-phase and more crystalline than the milled precursor.

The discharge capacities, listed in table 1, obtained with the ball-mill
produced material under the same cycling conditions as example 2 were
substantially similar to those obtained with material produced using the

solution-based chelation process.

15



Conposition 1st 1st 30th 30th discharge discharge

d

i scharge di scharge

capacity capacity capacity

woapEcot40 (mAh/ g) per TM (mAh/ g) per TM ( mAh/ gET/0ARH04/000770

EXAMPLE 2 -

Li 1. 2Mn0. 4Ni 0. 3Co00. 102 175 219 192 240
Li 1. 2Wh0. 4Ni 0. 2Co0. 202 232 290 192 240

740C Li 1. 2Mn0. 4Ni 0. 402 134 168 184 230

Lil. 0.4Ni 0.1 Co0.302 18Q 225 177 222 .
Li ﬁ‘?é%ﬁ 0. Q'éﬁ'b‘i‘@@?afé‘ég'ﬁé it gﬁﬁ%gnd E’iﬂhﬂﬂﬂ gygles feipeous
Li s AN O AD: . 1 - .
i (%or%%%tlﬁr% gf )g%%léﬂ%‘g)ggz(grﬁéj\ggé gl?)ez c%%%cmes are calculated first as
Li rmAbihbasrd as 2adbe 2@iohitad tieet Bthk00 neetal oxide as prepared, before
Li.1. 2Wn0. 4Ni o. 1 . 302 207. 2 186 233 .. .
s Raditlod: 269 theshofmdizedto Bberisstion metal gapecity.
5 Li 1. 2Mh044N 0. 402 154 193 152 190 Li 1.2 M n0.4N
152" 100 ST S U7 1 oMb AR Rl b e 197 g 505 30
i 1. : 92, B
254 Li 1. 2Mn0. 4Co0. 402 26 g% o.ﬁg %’?ﬁl« (go'] discharge
L 1. 2Mh0. 4Ni 033Co0_102 b wﬁ 28T RYEY 244 | EC3Pactty
Li 1. 158Nh0. 316Ni 0. 263Cop. 9) 186 pf‘%% 73 9BANg) |~ per TM
Uil 135Mh0. 270NL0. 297Cob. 29802 175(MAB/H5d 134 (mAh/g)
i 1. dAMBLEIRN7AB G140, 41402 197 209 147 156
Li Ni 0. 5GeMreaNion62 162 143 1843 168 184 230
Li1,gMno_4Nio,3COo_1 02 175 219 192 240
Li1 .QMno.A,NiO_QCOo_QOQ 232 290 192 240
Li1_2Mno_4Nio_1C00_302 180 225 177 222
Li1_2Mno,4COo_402 189 236 164 205
EXAMPLE 2 - 800°C
Li1_2Mn0,4Nio_402 143 179 159 199
Li1_2Mn0_4Nio_3COo_102 183 229 202 253
Li1 ,2Mﬂ0,4N io,gCOo,zOz 199 249 200 250
Li1_2Mn0_4Nio_1C00_302 207 259 186 233
Li1.2Mno.4C00.40> 193 241 172 215
EXAMPLE 2 - 900°C
Li1 ,2Mn0.4Nio,402 154 193 152 190
Li1.2Mﬂo,4Nio.3COo,10g 148 185 147 184
Li1.2Mng.4Nip.2C00.20, 152 190 174 218
Li1_2Mno_4Nio_1COo,302 192 240 203 254
Li1 oMng.4C0g.40> 206 258 203 254
EXAMPLE 3
Li1_2MI’lo_4Nio,3COo_1 02 (5500) 225 281 195 244
EXAMPLE 4
Li1_158Mn0.316Nio_263000'26302 186 221 173 205
Li1 _135M no.27oNio,297COo'29302 175 202 159 184
Li1.056MnNo.118Ni0.414C00.41402 197 209 147 156
LiNio_5COo_5OQ 162 162 143 143
EXAMPLE 5
Li1,zMno.QTio_gNio,QCOo_QOQ 156 195 175 219
Li1.2Mno.4Nip.2C00.1Alp.1O2 179 224 186 233
Li1_16Mno,4Nio,QCOo_1GCUO_04O 150 188 150 ! 188
2
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EXAMPLE 5 Li1.2Mn10. 2Ti 022N 0. 2C00. 202 156 195 175 219
Li 1. 2WMn0. 4Ni 0. 2Co0. 1Al 0. 12 179 224 186 233

wQi2004116M80. 4Ni 0. 2Co00. 16Cu0. 040 150 188 150 188PCE/CABOOND00770

5

10

15

2004/ 107480 PCT/ CA2004/ 000770 EXAMPLE 6 nitrates 208
260 186 233 Li fornmate + acetates 189 236 215 269
EXAMPLE 7 Li 1. 2WMn0. 4Co00. 402mi | | ed 196 245 167 209

1 2Mho 4Co0 - 402sucros 188 235 164 205 Table 2.

T =TVl q O OoCT OUoOF T IO

bhul ati I-I 6hi umcontents for materials in the

ies LiNM@Rs 5 LiN 1 x@¥® (0:52605 0.4)18%] cilned?33

t 800Ermade rraketated af t er 189 sifu f286mtilon 216 an 269

ectrochem cal cell. x|Li contemt Accunullated

ti mat eexAmRgd7Li  (AA) charge|content [(nmAh/g) 0.0

- 197 KRR .C0540, Uniftled)y 16 Z%g U- 20 g 1T/174/5p8 1. 20ng

o

C)

HorcCcoow o4

TS CB 07 (Ao k| T ks SOT 00 10 Tabigy g

IMncurcitt vdal vapgavi I.I CD, acouirron CC4u
charge and lithium contents after in-situ formation

in an el ectrochem cal cell for various conpositions
in_the series x Li2WMCG38: (1 -x) LiMX2 calcined at
gobable i iakalationra dihivmaenteie et makriialsiy thelseves iLipnOa:

t hﬁRﬁEﬁoﬁ@L (@&%%!@tc%ﬁjciﬁ&aétg%°df E@rrﬂgdg gﬁ& %?te'riin-situ

formation in an electrochemical cell.

X Li content Accumulated | Ultimate charged Li
(AA) charge content
(mAh/qg)
0.0 1.162 263 0.32
0.1 1.146 298 0.20
0.2 1.174 308 0.20
0.3 1.158 334 0.09
0.4 1.172 301 0.20

Table 3. Tabulation of theoretical capacities, accumulated charge and lithium
contents after in-situ formation in an electrochemical cell for various

compositions in the series x LixMnOs: (1-x) LiMO, calcined at 800°C.

Nominal composition Conventional | Actual Ultimate
theoretical accumulated | charged
charge charge Li
capacity (mAh/g) content
(mAh/g)

Li1'gMno,gTio_zNio,QCOo,QOQ 127 318 0.20

Li1,QMno_4Nio.QCOO_1A|0_102 97 298 0.28

Li1.158Mng.316Ni0.263C00.26302 | 160 301 0.17

Li1.135Mng.270Ni0.297C 0029802 | 178 323 0.05

Li1.050Mno.118Ni0.414C0041402 | 235 273 0.10
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capacity (mAh/g) content mAh/
Li 1. 2Mn0. 2Ti 0. 2Ni 0. 2Co0. 22 127 318 0. 20
wQi20042080 4Ni 0. 2C00. 1Al 0. 102 97 298 0.28 Li 1prd5&ARN®/000770
0. 316N i 0. 263C00. 26302 160 301 0.17 Li 1.135M no. 270N
i 0.297C00. 29802 178 323 0.05
Li 1. 0591VI n0. 118Ni 0. 41400. 41402 235 273 0.10 15 17 WO
2084/ 480 PCT/ CA2004/ 000770 CLAIMS: 1. A
i bh met al - oxi de el ectrode conpositions and

structures having a |ayered crystall ographic
st ﬂuct uAehtawm altide sledtiedeutemppsiNays/angdostrugiges having a

OXI Ha{ i-on tta%ggrag)hgz %rUCtaTgn%m;&aeni%}eeébfng{ﬂgfam éﬁn%ky92 where

5 or 0&hhe0.28t0 eys< 12mafganéss isdh the dorakidetionastatesarid M is one or
wherein Mjs chosen fromall of the other first row
t r 519%¢ {rapRitiepMagtal orpthercaiggns. Fe, Co, N and Cu, and
other 10 cations with appropriate sized ionic radii:
A, My, Mo, W Ta, Si, Sn, Zr, Be, Ca, G, and P, but
i s2not AahatqriaNiacc@din@ toatlaimal, vﬂwerrdil‘vlgstobnoeéaifmni all of the

Lharo
oot ehdith s adian Ritabnar. ¥ (& Foubor Meard o, and other
10 Megatiohs With a\éproﬂrr':at@r&ze'aelon@rad\“ A"Imlﬁg,a 3Nd T4t @?rSn Zr, Be,

metal cations such ,

mafer Gal and ¢h it N:gthcSO(télﬁNh 1, V\,herel n Mis one or
nore transition netal or other netal cations chosen
fromthe first rowtransition netals and 20 Al . 5.

Ths, useAqhaﬂ;rimmaebmingafd:@raﬂhng WwReriY Mfs bA8 or more transition
precedi ng cl ai s, positive. electrode in a

nomela| s aiBer ¢thn§rﬁ|'t9éﬁ‘n feam e ey firsluow tansition matalsi Ti, V
15 ' O@r,clféJCo,%(‘:l’l and Cu, and other metal cations such as Al, Mo, W, Ta, Ga and

Zr.

4, A material according to claim 1, wherein M is one or more transition
metal or other metal cations chosen from the first row transition metals and
20 Al

5. The use of a material according to any of the preceding claims, as
positive.electrode in a non-aqueous lithium cell or battery, such as a lithium
ion cell.

25

6. A process for making a material of formula Li\Mn,M;,0,, wherein x =<
0.2, 0< y < 2, Mn is Mn+4 and M is one or more transition metal cations or
other cations, comprising providing a starting material of formula Liy.xMnyM.y.
30 Oy, wherein x is equal to or greater than 0, and M is one or more transition
metal or other cations, as a cathode in a lithium ion cell, and charging the cell

to a high voltage.
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6. A process for nmaking a material of fornula
Li,, vnyML_y02, wherein x s 0.2, 0 <y <2, Miis Wt4

wanad4MoT800one or nore transiti on netal cati onsPOT/CA2004/000770

10

15

ot her cations, conprising providing a starting

material of formula Lit+, MayML_y_ 30 02, wherein x is

equal to or greater than 0, and Mis one or nore
transition netal or other cations, as a cathode in a
l[ithiumion cell, and charging the cell to a high

vort ageA mecem 200erIQ7 %8 0laPCTe, CAREG@M BB/ ¢hosen fram all of the

G YA, S, (D, o B 40
CrcatthS\ﬁi% abb c?ﬁ?%té%ze@"i@n%tﬁé‘%ﬁl AFQNEIQOW Wt 1i”a Sl $n. Zr, Be,

appropriate sized ionic radii:

snibaziaa, @ad P, butis natsoledy Ni.p, but i s not soI er Ni. 8.
A process according to claim6, wherein Mis one or
nore transition netal or other nmetal cations chosen

f r@m t he ggécfﬁs ddcoeding e\clair GBS WHepin B ibisé or rore Yransition
and Cu. and ot her cations such as Al

Nbrhewl Gratﬁ%angﬁ@bcatm%hosgn frorp the ether st sewitrapisition metals:
(7‘ @r,t l‘-’\?%g' i Md éHOQﬁd B‘Ehe'fr%ﬁﬁ%ﬁsr @J e%é AN MIT&H3ra%Ga and

cations bSen Trom row
trbnsul on netals and Al. 15 10. A process according
to any of clains 6 to 9, wherein the voltage is in
the range of 4.4 to 5 volts. 19

9. A process according to claim 6, wherein M is one or more transition
metal or other metal cations chosen from the first row transition metals and
Al

10. A process according to any of claims 6 to 9, wherein the voltage is in

the range of 4.4 to 5 volts.
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