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and the conpounds so produced, which are particularly well-suited to
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produci ng Li Mh204 invol ves the solid stgigrggaction of a lithiumsalt such
as Li 2003 with MiQ2at terrperatur?ﬁ ig tFr_]ﬁ égggg ﬁﬁ 700-1100C. In a typical
process for 315 produci ng Li Mh204; 0 Nyi th Li 2003 and react ed
at tenperatures abovEhe/dV&ntionrgeaerpity tetulesab apescessafor podudng tithiwwed by
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manganese 25 di kidénaGiiByelveathe soli state regetion of adithigm sglf sudy asLigfOpwith
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provi des superior performance’in [ attery applicatio e désired
surface area i sSugkRIase©8s gAR have @ yidsapee! nawtirdefigesdependent on the patuserof ent

grindings at roeastaftiigahabile, andiéhctiod tefiperafilrovndomt. P@ductdcd gyt i vel y,

Tarascon 94/ 2666 di scl @ses, a | engt rocedure Jd nyol ving heating at
s00c for afih BRCAELS TSREGE FRE 1o P ale PESAS 408 | nding.and
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The present invention further provides for a process for proglrlc.lj= I n 73&‘8 net -
Li | +XMh20a~t he process conprising Conbining a |ithium corrpo % h a

ranganese cwoponnd; 25 (11), the nole ratio of Li from (1) tpc.pmsg‘gquggg(ll)
being in the range of about 9:20 to about 12:20, and a third conpound

(I1r1), selected fromthe group consisting of alkali or alkaline earth
hal i des, sul fates, Béeteledapaness Kakai Patent Nordleb®fl 99WhEKG4BY. disdoseagi o of the

sum of the mol gg dt‘o+ {:Jaawhéﬁeme&é& uamntfm sRkEsxial, AT GRBREEa f r oM

(11 totherm 1S in out 100: 1, to
for%n a reactio tCGF’@OU‘F%%'Fhﬁﬁ &‘H‘E" %‘%W%“gﬁt‘ﬁf;@mﬁg’ea"f‘@ﬁperat ure in
the range of 5%@%@&0&@&&9@:%3@&1@8&&6&&&@6 armangaheseaxgthydroxide,

t enper at ur & m%@mﬂr an%e 350%%158 gt J(}tah% Sfeo. (;(?gllr-egnﬁgg?egglj’gei%qn a(r;d

nor phol ogy are ATt of i Xt
greater than 60&balledoflux mfénbammfm liim berats. epomixteeolgredfotheduxd by

cooling to roog& gpegéﬁtnh“irﬁ ratfo ofd-35 Frie s 6@ brdre? :x)’noT@Sfﬁxraﬁé%ﬁ%c IHB4eiRE! On

L1 poxbmz0a, ¢ o HSEELO0RS e éw%u%%%%atﬁerﬁégﬁeweé FRICLOEOERIY (1) with o

manganese conpteacisks(thdt)in tHeabsakeof et flox die dpinef Living O )istachibdedf r om (11) bei ng

[ the range o ahotly 9205 1Nt % A0eaNe rdrddiehdt GRRALN, (111)

conpri si ng era Zithiumfrom

(1) and the noles omwme@éarercmmqun?sm@mﬁbﬂ&f%&%m@m isin the
range of about cdmpodnds aRoHs néi%véthctdéﬁf:x%éﬁsaorrp?ﬁﬁémQBfﬂﬁb huf& barting the

reaction m xturg oat in the ra 800- 90 HoIdlngthe
heat ed reacti ofPIAFL AL & vggmgestcg‘rﬁlgeeprgfem E’VF?f'og'h‘@ﬁrb&ﬁ%’Be GPP%% oB68e 10 unti |
t he desired coskitled Mtbﬂaxanﬂomqummlem@;heamclmdﬂrmegkaxﬁaolthmtdxlh& heat ed

reaction m%gg@;&"ﬁ%ﬁ‘ hggllg}gm Péé@&&&é‘}%{?{m to a tenperature | ess

t han abou y cool 0 room erature. 2a 13 February
2003 04-09- 2000 Us 009917759 N nvention is an

el ectrode conpri si nghé prsdat invextdidsvidés fob @ chmy&sitidrddmpiideery¥mifiRs PTI ON OF

THE FI GURES of spinel Li;.xMn;O4, wherein -0.5<x<0.2, the crystallites being characterized as

well-shaped octahedra with average maximum crystalline dimension of greater
20 than 2 micrometers, the crystallites being formed into agglomerates having a
surface area of less than 1 m2/g,
The present invention further provides for a process for producing spinel
Li}+xMn,0,,the process comprising
Combining a lithium compound (I) with a manganese compound
25 an, the mole ratio of Li from (1) to Mn from (II) being in the
range of about 9:20 to about 12:20, and a third compound (III),
selected from the group consisting of alkali or alkaline earth
halides, sulfates, borates, and mixtures thereof, whereby the ratio
of the sum of the moles of lithium from (I) and the moles of
30 manganese from (II) to the moles of (III) is in the range of about
1:1 to about100:1, to form a reaction mixture;
Heating the reaction mixture to a temperature in the range of
500-1000°C;
Holding the heated reaction mixture at a temperature in the range
35 of 500-1000°C until the desired composition and morphology
are achieved;
Cooling the heated reaction mixture at a rate no greater than
60°C/hr to a temperature less than about 500°C, followed by
cooling to room temperature.
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Figures 1 and 2 are photographs illustrating the difference in crystallite
S size between the prior art and that of the instant invention

respectively. The product of the process of Tarascon consi st'3 Fefpruary 2003
crystallites smaller than 1 microneter in size, shown in Figure 1. DETAILED
DESCRI PTI ON OF THE PREFERRED ENBCDnVIENTS The present invention provides

for a novel for l. + I zi ng

Li | +xMh204 in Iiﬂéy S!allt]n%E{{ra}%lq‘?sgdU|r |n R egg? é@@E@ Sgﬁafﬁég%gﬁgf art.

The produchwdﬂnﬂhshpm@g@ﬂcmmmvegt|on is a I|th|un1|ntercalation conpound
wherein the Li: :0.0.9:2
to 1.2:2, with 1 os “'ﬁ%“'prg’f3 "t"ir)po‘c‘i'c ae‘H‘I"{ '%Sééo J@%E@ﬁe%{m
practi cal lint on twélIﬁionml)lm%tfmﬂl)rbamgdnthbea@amfeibattt 9\2&9”@@5’%\‘2 30, gndeat er
than 1% about 0,2 th I pr esent
i nvent ;%on begins to i?rggs éorlﬁgggﬁﬁl(gﬁ;ﬁég@qjépv%h%%@gﬁ% é’?@f’oo%h yeone of
ordi nary~ski Il in theolgs of lithiam frome(¥ and thel molefeafimpnganessrirani (10 4ot mOs of
represents an approx t. I

associ at ed I|th|un1|%?§H%@Fg%?3%hﬁaﬁﬁ%gﬁh B£%§k@?n?e nyg&y BngpmgmatUCCI
al., op. cit., the Idﬂatm&theeazpimmrmallurdtolammhmraamdlnl\vhp @1geaaf|8@0 P@°C1 kely to
vary slightly depe I t he
material is for rrednl—dlqlﬂqg P@%at%mac\ﬁg{’ !)@xet@‘]; Rer ei ﬁeriritgl%é'gﬁ"sq P agl téEr)lﬂtqg()\;\ll\.’{ytﬂﬁdtcorrm)n
usage 1h the art. Th@ﬁtﬂm{kNNQQWﬂmﬁﬁweamhmemhwmawmt@umSﬂhs aggl oner at ed
crystallites, the [ d as having
surface areas in tﬁ%xﬁg é@%%?éﬂ%ﬁm&?ﬁ%%ﬂga %Pg ﬁ%ﬁﬁ@%@&@& éhégT nmet hod
usi ng nitrogen absorwmm@ﬁwﬂvhéﬂwnwmmﬂﬁ@”@n@“@v@HnH®0hwtbenmtwmnﬁmemnponent
of conpound (111J in the process hereinbel ow described at a concentration
of at least 2% LiCl on the weight of the total conposition, the
crystallites so fornmed are characterized by their octahedral 30 habit and
average maxi num crystalline dinension of greater than 2 microneters. (see
Fig. 2) The size of the crystallites of the Li 1+xMh204 of the invention is
entirely without precedent in the prior art Al though not bound by this
theory, it is believed by the inventors that the unusually | arge
crystallites of the invention are a 35 result of the previously unknown
process of the invention hereinbel ow described. In particular, it is
bel i eved that conpound (1I11) in the process of the invention acts to
greatly accelerate the effects of annealing. Long annealing tines are
required for the formation of large particles of high purity in the
processes of Amatucci 3 AMENDED SHEET 13 February 2003 04-09-2000 US
009917759 et al. or Tarascon, op cit. Further, it is known from Zhong et
al. that synthesis of Lil+XWh204 with values of x greater than about 0.0S
effectively precludes exposure tenperatures in excess of 800C because of

t he undesired formati on of 3A AMENDED SHEET 13 February 2003 WD 00l 09447
PCT/ US99117759 Li~lvlin03 at those tenperatures. In the process of the
present invention, however, tenperatures of about 900C can be enpl oyed

whi ch further accel erates annealing, and concomtantly results in a higher
purity product in less tine) all with negligible formation .of Li, V03
because the duration of exposure to high tenperature is so nmuch shorter
than in Amatucci et al. or Tarascon. In the process of the invention, a

| ithium compound (I) is conbined with a manganese conpound (I11), the nole
ratio of Li from(l) to Mh from(Il) being in the range of about 9:20 to
about 12:?0, and a third conpound (111) whereby the ratio of the sum of the
noles of lithiumfrom (1) and the noles of manganese from 10 (I1) to the
noles of (I1l1) is in the range of about 1:1 to about 100:1, to forma
reaction m xture. Conpound (1) is selected fromthe group consisting of
lithiumsalts of organic and inorganic acids and oxyacids, and m xtures
thereof; preferably lithium halides, acetates, carbonates, oxyhali des,

am des) hydroxi de, azide, borate)
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15 carbi de, and hydride, and m xtures thereof; nost preferably Li~C03,

Li N03, and Li OH, and mixtures thereof. Conpound (I1) is sel aegtRebiufidyr2008 t he
group consi sting of manganese salts of organic and inorganic acids and
oxyaci ds, &4l9-2800des, and mi xtures thereof; preferably nanganssmowwirses,
carbonat es, halides, hydroxides, sulfates, acetates, 20 nitrates, sulfides
and phosphat es; mfsMhprﬂo&icbﬂligrﬂxeNh%ﬁoMs@&le@mdcbhﬁﬁﬁsmgm m Xt ures

t her eof . I &gied fromthe group consisting of alkali or
al kal i ne eamlmll c)fﬂleg’rnf%gl!f ‘h bor at es and m xtures thereof.
Preferably) conpound (111 p OFTTHHE HIG 8f al kali netal

hal i des and sul f at o7 ngm A
m xture of Li ¢l an%gﬁegg%%dgf?%ﬁg%x t%ﬁ].l lﬂgsci]ffkn!e}méﬁldr%orrpound (rre)

m ts are preferred for
when the Bi -SiZaetweerthe REAr 4thay atr%éé? stant @vention, rrspetiyely ddei n 1 t hi um

batteri es rﬁo&ﬁﬁ@tt@rprmeswfha@oheaﬁmsbrhrystﬂhtessmaueme:ﬁature in the
range of 500-1000C and.held or agerl d sufficient for the formation of

t he spinel prol¥¥P™% rBtS’%fhé YRSt o ch| orretry and surface area. Wile
A - ) - z '

t he optimum heat @ DS chi onet ry,

and conpound (I'1) g, éeteﬁtd%ﬁﬂmt,gwoﬁegf&mbawotp?%grgm%gﬁ af, the

i nvention that processing t he ran results in
hi gher suk® acrovst E@C@ssafwmsméemm 4rin %éumﬁg@muwbmltbeoc ot her

Lo about e'lggh@“F?“Sptﬁ%Wﬁ THARGIR O bl PResch i Oenidn i A AAROLT Phoot"®
u u u i [ i
| oner reacti otarealagnAom H%’sma H’%S Thct?-dﬁ%m"tsﬁggﬂie g‘?féhe wyeRtignds dp the
]pr oducts, i ]E taﬁgﬂofo Bmegsmywnmmsrzr&mg preferied. Revaiud dsﬁkos:htuptesgﬁhe o ah
ormati on o t ctions i ava at hi gher
t enper at ur e tR’%ﬁ %FZ%TEP ﬁonb D ggﬁloggg’ff 1 09447
PCTI US99/ 15775 8bdut Oriathe blaacl phasmd;bstrnd fdméhqxvrach@é' thef preseat investion eginshen

tenperatures g & d<fdd¥6 i @ of 700-1000C, the particular benefits of the
process of the invent]aon g bserved nost markedly in batches of about 2

kg or larger. In tﬁé”’élrﬁ?dmd taod byrone 19k opshingry skill dp thepst that e fersmlavher ei n

tenperatures aésﬁgﬂdﬁoh mﬁl+xﬁHQ@4Qépr5&9ts%QQ§pro§1&1£tﬁmtt@ fied adugal Phydit Process
are realized even in %} reaction rrhxtures [,n thegﬁsceferred process

of the invent PERFMERE eeaa?ﬁctqlfdﬁ ]rﬁhk‘ttﬁr“gec%l QL EURPTYRd, 45 RO erature of
about R50Z anekdmtmln tial., apoeit., the hetualempitieah forent 2and Mn90 G4ficas dikblyltd an

addi ti onal % s%g@ﬁ'*’ P%gwg%ﬁgg ﬂiy} Odf dlife %%r% whidhthE iy More

t han about 60 y cooling to_about room
tenperature. foraedbThe formalaremplo heepin isppnsisteabwith commonusaggrinitess.  The

cool ed pr oductmrray then be washed prinmarily to renove residual corrpound
(rr1). However, rred enbodi nent of the invent wherei n
about 2% by wei ght T&‘Fﬂl*@ﬁ% &%W&?P“&Q%‘dﬁﬁﬁ%?ﬁf%‘t‘?‘ﬁed G¥s t’eﬁ’eﬂ‘? eved
that sone2sr aggloaferdtésefobminyi partoles ahhmcmhzabamvn@(dukﬂaace arsad indls papat ed
into the 15 pr C e t hus
| eavi ng negl | ?glqe{ r%$u(}§t%&d&%bsb&ﬁg€ ﬁg‘ﬁ%}a‘&?}'&@ X%hfb%%%&g
general |y, thd.i€l kmplm@bhaalmﬁngnlpmbmmwﬂﬂm&l@ therprbegssed over
the alkaline :ﬁ tscﬁva@a B N dEeRRIBABERLISadk DY Licl BAIthd fitkeft dptnal the

hi gher conpoun | evel s suitable for t e practice_of the’lnvention,

because of thdo OSW%H}GIWS\PWWS%{EWc ﬁqw&"ﬁﬁbiﬁ‘%qcﬁhre@@bect to
the latterp |thabﬁ%n@§@é} aﬁm sﬁrlﬁeﬂi@sﬁstmﬁgmit&&hwmﬁémﬁm&hat t he
enpl oynment of r@gu&d ( resuIts in a cleaner (i.e., nore fully
reacted) pr odU& Iower tenperature than can be achieved with a given
conposi tion at the Hangize cfithe cystalipesadftbalLi; ¢ dvinsOinaf the iﬂv)entﬁtus&nhmljeven

true for the %dtﬁéﬁcgéen?%@?R@Htoﬂlt%ug%%mgﬂrOce}’SSZS 8 e for the

practice of the inv eprlor art,
ali of which ocbelievesbipibaieventars shat téapwawa Iy dpsee @ryatalhtgqrérthq ewpetmtaar 8
and/ or : gr ext e[rc%ﬁlf’@f thep f&tuufe, A gmtegse&uhé 1@&#}1%&11?1%195?% d@écr%bﬁ@
present inventjon ity o uc 0 i uence the

per f or mance ofh‘tpr‘?gl‘?gﬂi_‘r W@ﬁedi@gwmméném rPr?‘??s%?QJé‘ IYERROR 2t
applicati onfs vt@egr@t@mea&atedﬁagffmebmeﬂ&gu rtdmglahﬁéﬂtmgmuﬂ awmqaitaﬂ si de
reactions o ts n degrade perform ro

present |nventf)5$1b|r% r@ﬂ@%‘ﬁf’@%’tﬁ‘:&éogﬁl fhrp PﬁBeBm&%ﬁ?%fe‘SW&@@mproduct
under highly favorable conditions conpareg to the prior art, either in
shorter cycles or at |lower tenperatures, or both. Purity is normally 35

determ ned by x-ray powder diffraction, using techniques well-known in the

art. The products of the process oi th es EE'L i nvention exhibit only the
characteristic x-ray powder diff Dg n of Li ~+XWh204. The Li

~+XIVh 04 product of the process of the |nvent| on occurs as aggl oner at ed

oy -, " T r . o . o =




PCTNS99/ 17759 having surface areas in the range of 0.1-20 mlg. It is found
in the practice of the invention that under fixed conditi ond3®tbridiecoos
exposure and nale ratios, the surface area can be made to vary by an order
of magni t ugkeodEg@endi ng upon the al kali netal cation enpl oyedusmogganpssund
(1'1f), higher surface area being 5 associated with higher atom c nunber of

the alkali %@l orh%:as&mf, H%Zﬁemmm@lmome&aﬁ hﬁ@té!fthhth@ntﬂéyﬁfﬁfl on
8&

that, other t el n particles of

ced at
reaction tenpel 5 e%‘éfdtgfﬁ%‘?r é@@b‘&‘t ‘é‘??%BP‘?‘f fy ten times
greater than éﬂb@hu@&erﬂ@driﬁxfbb%eﬂk@bf@ﬂd%abec&ﬂﬁbGﬂﬁéiuﬂ@@ﬁadifotglaﬁﬁnfoﬁe nat ur e
of the starting manganese conpound. The choice of compound (I11) (i.e., 10

Li, Na) or K containing conpounds) affects the surface area in a nore
general manner. In a preferred enbodi ment of the process of the present
invention 1 part by nole. of Li2003 is conbined with'about 3.8 parts of M02
and about 0. | to about 2 parts, nost preferably about 0.1 to about 0.2
parts of Li in the formof LiCl. It 15 has been found that at |east sone of
the LiCl is consuned in the reaction, possibly altering the stoichionetry.
It has further been found in the practice of the invention) that at
reaction tenperatures in the range of 500-600C it is preferred to enploy
the eutectic mxture of LiCl and Li2S04 in place of the LiCl because the
eutectic mxture is 20 nolten in that tenperature range and LiCl is not. It
is further observed in the process of the invention that the process of the
i nvention using LiCl-containing conpound (l11) at reaction tenperature of
890 1000C, where LiCl is present in levels of about 2% by wei ght or
greater, results in larger crystallites than those obtai ned by the
processes of the prior art. 25 In a surprising aspect of the present

i nvention, it has been found that incorporation of as little as 2 weight %
of LiCl or the eutectic mxture of LiCl and Li2S04 in the reaction m xture
permts the synthesis of a product of equivalent conposjtion and surface
area to that of Amatucci et al., op cit, having distinctive crystallites in
a nmuch sinpler thermal treatnent cycle. A preferred thermal 30 treatnent
cycle of the invention conprises the follow ng steps: a) Heating to about
850C at a rate of about 4.5/mn and holding for 8 hours b) Heating to 900C
at a rate of about 1.5/ mn and holding for 8 hours 35 ¢c) Cooling at a rate
of about 0.1-I/mn to QQOC d) Allowing to cool to roomtenperature. The
resul tant product is characterized by a surface area <1 nR/g, and x = about
0.05. Wien LiCl is present at |levels of 2% by weight or greater the
resulting product is further characterized as agglonerated crystallites,
the 6 13 February 2003 WD 001 09447 PCT/ US99117759 crystallites being
wel | -def ned octahedra having an average na. ~ci mum crystalline di nensi on of
greater than 2 mcroneters. It has been found in the practice of the
invention that the choice of conpound (I1l) has a very large effect on the
surface area of the resulting product. This is shown in particul ar

her ei nbel ow in Exanples 10 and | | . As presently contenplated. LiCl is
preferred. More generally) it should be borne in mnd by the practitioner
of the instant invention that individual conmpound (I11) exerts a particular
i nfl uence on surface area and c_ystallite size, and that when conpound
(I'11) is conbined, the results nmay not be predictable. 10 The product
produced in the process of the invention is particularly suitable for use
as an el ectroactive material in the cathode of a f ithiumor littuumion
battery. For such applications, preferably x is about 0.05, and the surface
area of the Li 1+xMhz04 less than 1.0 nR/g, nost preferably about 0.7 n2/g.
In a preferred manner found suitable for the practice of the invention, a
conposition is 15 forned conprising Li ~+XWh204, and a binder, the
conposition fornmed into a shaped article, preferably a filmor sheet, npst
preferably a sheet having a thickness of 250 m croneters or |ess, the
shaped article being useful as a cathode in an el ectrochem cal cell.
Sui t abl e bi nders i nclude EPDM rubber, polyvinylidene fluoride, and 20

copol yners thereof, polytetrafluoroethylene and copol yners thereof the

bi nders being present at up to SO% by wei ght, preferably up to 20%
Prefera~ly, the conposition contains abou? 5% of a conductive carbon bl ack.
An el ectrode further conprises an el ectrolyte.

AMENDED SHEET



EXAMPLES 25 The invention is further illustrated by the foll ow ng
non-rimting exanples set forth hereinbel ow EXAI\/PLE;l AND COiPARATA00E
EXAMPLE 1 To formthe reaction mxture of Exanple 1,76.4289 g Li 2003,
40.0000 g WX¥9%443 13 g LiCl, and 3.48 g Li ZS04, were gr ouRETASYEIHEr in a
nortar and the 30 resultant mxture pl aced in an uncovered | owform al um na

cruci bl e. The reﬁ@@ qlEa@gé%ﬂ@ra%fscqmﬁ&e‘é?oﬁ?ﬁ@ms&txn\yﬁ%lﬁ) R@C@rd ina

manner identi caf E ept t he LI Cl an ~SD~ were
omi tted. Both ‘Ampergruses afabeut; 9898k ean heremplexsdvdneh Bigher 3¢ F%"‘E‘isvel y heat ed

box furnace by;u'li\@ﬂidgn%d ddndbrhitArdl yG (s QV@ﬁlgﬁer%uﬁﬁuﬁroﬂ@dfth@[tss timkdiing at this

terrperaturefor f ol b 3 ool.ing.at_ a rat /mn
to 500C, and: fl‘r‘iléPFﬁj bﬁ?{) Boq ﬂPL %’I“@ég’gc%ﬁe ‘?‘8@”?’8"?68¥R°F%rﬁﬁ%ﬁ§ﬁure The
reacti on psoduempefaturx arspinsuch shorterwaeahie dmydtedei etcal.cor Taregcatri ed under a heat

lanp. The surface aj,qp é}x@@és%hhe%%ﬁﬂ&‘?q mu&'aomendﬁ i colffbined witH®/ 9. An
X-ray powder di ffractl 0

Y“H‘E tern o é {SE erli\%)3 con rrred that it
was cl ean by SHBREIRESCSAMPO h‘ﬁé@%ﬁ'%@ﬂ ciaemdl) from( 13
]Ifebr ua][%/ 2003 M@rﬁfg/c%ésbm PQOI&JEBsU 1 T: Z591n8'f§;thh€d wrﬁpddnﬂt(ﬁr)ndtdnﬂﬂahe Centre

or Diffractiaon,.

reaction prodJ@f 8? ar g?ﬁr\?geﬁxhp th1um %gmﬁ%ggui rgol%% esTAt a.n%-ﬁe flf\%'ﬁ% and
Li , Mh03 i l0addilDito thetroolesef (LN 20the rﬁXANP&@UEIANDaWARAHO\fEnEXANPLE 2 The
fol | owi ng exanph&dnihixkssat € how the presence of a conpound (I11) decreases
the reaction tine andl yi el 26 %en | e conponent produc To formthe
reaction mxture of Cempapgddlss gy thej greyn consigti “B“Wh@h 06.36 g
LiCl, and 2. 7?orgatht m@ﬂaobg@me agrdeuﬁdioiyhgﬁﬁ hund miRtuesthereelt prefepsbiplige@d i n an

uncovered al urﬂaﬁml ce&atgsr rcr;_r%ya%;o halg%% mg%g{ 89?" Q{déb#’m%xﬁf 0 Conpar ati ve

Example 2 was pre nner ica % 2 except
that the LiSCI @rmdmaae;hxdw@s a;nctmwwthersgf imasi jreferably W éd%@g@ndis in

Exanpl e 1. Thqlm%uqﬁx@k@%&fof Exanpl e 2 was washed and dried as in
nitr s 1.S

Exampl e 1. The sur her ur ed b en BET,
m/g. An X-ray po ?mﬂq*‘gigi’ts 6 Ctﬁ%\frP CSP“Pﬁggs‘mé‘? mapesse 13t ¢ hat
it was cl ean Idrgimic ajfd)tnbrgnmrabt}ishhdeo’tyanﬂs antl okides, and ndxtaws nisdredf] Mn204

t t I nt
sructure (1o pagh bRl G o AL Shdn Fa JCiR G,
showed t héOpr states Sél‘ﬁdﬁmmf@ﬁnhamszwnﬂwaﬁablddmnMPGQJh@d_MMQﬂ4 .

EXAMPLE 3 20 AndasififedféedbOn of the reaction m xture of Exanple 2 was
processed in the magner of 2, t that the r 1 on, was hel d at
600C for only 30 m ‘Eff‘%‘g‘“dfﬁé ‘g%h?cé‘ifie&%{? &R T"S’Sﬁ@g%fe%éahbo taﬂg e ay
powder di f f r acdarthrhajiddst siifatesf bdrites apd milktates teseo€| Peferably tdomtpoenddil) er n
Showing only 1i8SelbliB@fofiliné ity gHPglﬁ%lan'e&?ﬁad}d'ferom ‘hhé{eﬁ st befergbly EXAVLES 4

AND 5 After the surprisin serve e react ons Ph Exanpl es
1, 2, and 23, tgeanosad (s kiChpes puxme ofddClandd, d-idegewsalisase an

essential |y Iqﬁefeh@alfom&nqmmd (Mo mﬁﬁmetm«;; MR CY, |f@t&1e’d‘1iﬂh€r@a@|fon@<a”p| e 4,
6.4289 g Li~ t ﬁ P aﬁ;}ul\/}%3 8.13 L|CI and 3.48 g Li 2S04 were
ground toget he'P""i'1 daofrﬂ‘?et Ay paeries, o |n an uncovered al um na | ow form
cruci ble. To form tTe reasioningixtund istheated of aifioartphperdtureindireStinge of 2C03,

30. 0000 gNNO 001 e b il €3 pePiod hufcleh 3P th'tiaBh QAL HAREDDEE 1 2

mortar) and placed in an uncovere umna | Qwform cruc ey wer e
heat ed i n3%i r qidhesdesiredstaichiometyand syréace area. (While the optrpembgatingeyglenoyr s,

then the furnaagy vas vath oRE of feac@nts, SGithibAbIY, ah@cmp@midqmm)enaiayb&n The
reacti on prod wer e .was nde

The
react | on pr odugt e bEeuas IRt AL MR ARd i rabes e ePolfBt i BT
MhC03 and MnhOZangmef 300r0°C essplieini highey surfice apéa thap deos\procesdingfin thet i on

patierns of bofeor s0b%0B0% by RSB HOHM O hheCHARBR AET AP ot s

showed no urity, substance he cubic splnet

Li Mh204 st3r5uct 8 afeite hou ﬁbw SEélé\OBE*A%“GHMQAﬂWPé 3FSAMPLE 3

feasible at the lower reaction temperatures in order to form the higher surface area
products, it is not necessary that the times be held that short. The formation of
impurities by competing reactions is more aggravated at higher temperature than
at lower temperature.



. The benefit of using even | ow conpound (111) levels (2% by weight), as 5
wel | as the hi gher | evel (25% by wei ght) used in Exanples 1- @)de@a@lmyssed
next . g} 59 deponstrated that these compounds (I111) are beneficial on
a lar ger pro %7 scal e. The conposi tions fornmed in Exanpl RsTEOYIHRY
Conparative Exa: ~ple 3 are shown in Table 1 below. 10 TABLEt Examle 6

Exam |l e 7 Exam | e 8Cqiiparoen YounEXmiRe! Ehcﬁl;d ofGRE (k@) bnABR. 13rhBEtaRre8 Are3iA8 VN0

kg) 1.3001. 6401, 01 64 0400. 0l 6-

Ekggo 119-0, 024! e el R L"d{)n% 858“% 157 Segetis OF e pRRdess of s frventipn g4, -
1.10~2~4L" 1. 07Mb2@dedmbstanakedly 8Chatches 08abgr02 kg pr lrgr.Tinethe empodimentsiod wer e
m xed by shaki n@th P& %?Em}\moﬁ%&@gf@mexfaeﬁes%% mtaé%ge oPSEh. RRRL

m xture was trans rred to an uncovered al um.na crucLe 15 The m xtures
were processéd ithe Benefitsofithy Progess ardealized evsnds gramysrale FEackioR MIXUESy i od, hel d
at 850C for 8 hours, [hewd gdfered PRI2EssQY tie iAvedtiontithefeactprmixtre isedtedtin 900C

for 8 hours,  and;sh¥pfRRkes Abuleh®. SuPfeid TR GenBhaldls PO T

t he power was t Lﬂ"ntg&' cool 64 hat
tenperature. |n YWALG anhbeld anladdippmad umutﬂchpmdoléﬁw@rb)'r@abng S0REE al & rate Vn~04
as 20 shown in c?fl?xlogndlre trmedbawm@ fem&wéacin a&zﬁgeamhfg 6 aeautyodeﬁts washed

with water and drie cts of 6\%&?5 own XPD
anal yses to We flr@aerars. n‘ffﬁfeﬁq Ydhe ’@S‘?@éﬁt’mf‘@rls ahaut nOklesy L| ~SO't in
Exanpl e 8 because it Thedoblt paaiuot masihes bOwashel prifmanily @Itmotdvesidedct i on

product of CorrpaEr §1t ' bud Eﬁznﬁo%e?ervﬁﬁhe rgos%??"m‘re% erﬁﬁpﬁxr#aé%}:ﬁ?[}}eefn%fd*gz'\’h‘)?’ in

addition to the |red aceé areas

products are al S‘tilﬁsmoabplltﬂ"/ﬂ'bb}”elght of B Melempioyafias capaRrAIINE Bbeliprad 4

glhlf ?ereé ﬁtrrplste Ir It :tHhﬁtsbﬁE ®eall Bﬁﬁﬁﬁilﬁﬁmﬁrgtm&&y%ﬂc%tgydlﬂgaﬁimﬂg&yﬂgtreﬁ ideh tnei th
001 09447 PCERS9JF di“?S!Y ?'F@F?ﬂcﬁlf‘é‘ |“MCW&Y38P%Z%‘E‘588%P%“@%3§13 1000 g

L|h NES 15. 000? gedithisQidd obvihtigg thieGleed fonavadhid® Mlote genrhllyathe alkalitiemsdd aﬂd ]
-

fegc flr‘o'n”max ?uf‘}%gﬁaﬁun%q: D@lﬁg?@n ﬁxgpef%lr?e%ﬁa@ fd aﬁéahﬁéléagﬁx rﬁ!:t&l%’ﬂ%uﬂhi €

identical tot hypwnmﬁﬂb,@wwla@lﬂ@ém highgr cqmwund GIII)MGISLSPNQd}fMGe

onmtted. Both rq:’xlé‘étxbé)aﬁthw&nﬁ&ﬁ fRédiesofite Righéd sBMbility & WatePoSROforEer a 2
hour peri od.,,hol dln at this, tenperature for 4 hours, and finally allow ng
t he furnace 2100 c‘?S‘HT olh? aé‘ﬁ‘berature The reaction product of Exanple
was washed with Waterlt la?ascbedm pesirved diethe i deeied of therinverition thatrthacreplayreerst f or

the reaction pr )’;\%95 [ ured
by nitrogen BETQ#%{“E 18‘Id0(§>f % 332@%‘ e(;??ge)g%grtgtf?{ efeg‘:tgdpﬁm?éﬁ éi/a lg%\;\aﬁer
di ffraction pat tePperasre than cande achisvest Meswsacmam@ajtwmer med that it

was cl ean by shawhpéard abstdieom Eﬁﬂﬁi @f). t1gs \eérCrsefon e shiallestp5|\/h204
structure. reaction

I t
Showed 1 he gRecdnnienrta Scremasuay P hsibledos e SreblesTRoBHEndes. Bty e 70
AND | | This exdopdy thelmpossssdsaf yheiprioastdialli afiwhich dmit béropound{fId)i alivags conpound
(rrr), other al ‘?&deﬁﬂ‘%hgﬁ ﬁﬁéﬁtﬁ}e%dﬁpgk%mmé ld dchich@ e MR TOLAHGE ufel €an Li

1+XWh204, but ace areas
process 0 the present invention.

Purity of the product is thought to influence the performance of the
30 Lij+xMny04 of the invention in electrochemical applications where excess “dead”
weight is undesirable, and unwanted side reactions of contaminants can degrade
performance. The process of the present invention is highly effective at producing
a single phase product under highly favorable conditions compared to the prior art,
either in shorter cycles or at lower temperatures, or both. Purity is normally
35  determined by x-ray powder diffraction, using techniques well-known in the art.
The products of the process of the present invention exhibit only the characteristic
x-ray powder diffraction pattern of Li;+,Mn;0y4.
The Lij+xMny0Oy4 product of the process of the invention occurs as
agglomerated crystallites the agglomerates forming particles characterized as
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To formthe reaction m xture of Exanple 10, 7.0903 g Li2C03) 30.0000 g 20
M102; 5.19 g NaCt, and 4.08 g Na2S04 were conbi ned and shakrFebray 2904ss

jar. To foggdosssscacti on mxture of Exanple 11, 7.0903 g 5581798 0000 g
Mn02, 5.19 ¢ @?4 and 4.08 g KZS04 were conbi ned and shakeht}zn a glass jar.

Both reacti on m xtures were |oaded into uncovered circul ar al um na di shes
and heat ed i n having surfaceyysesiin theaaage atifel 20 mi4: ot isfourhingbe PapusePidboc over

a 25 3 hour peihb&dnonhﬁét@n@ér t&é@%mﬁor& dTQkérfal xpoRee antbmble @@&Cmver 10
m nutes, held at.900C fo Sloﬂﬁ’tfisr Ied to

t arate
/nin, and therr"’“éﬁaf’%ﬁ\fﬁﬁlc?bbec% “ﬂ ta{?'rtéﬁ W{tg%cgerpgxgcﬁp%umﬁ?% reactl on
product s wer e alkahmdtahtdtion\eaipbyyed ma campanhdi{Hehigher surficecareatbeimgat | anp. The

surf ace ar aas o 95ARKE Gln i HbARERFET of et e iR el hche

reacti on product r espect Ive X-ray powder
di ffraction paRreetiosofdhe 'Btﬁ“ﬁobﬂt?dtmh@ thingwkeing el ﬁemchéﬁef Lhied¥dngids e

present, wit h hucemerdatm&emge@h@emtsoo -6909(May hhvearsuracOdres hédiBt ur e

b d EXA 12 AND .13 .T 204 d
O e ek 3o it o S B s 0bos MRS vod,
have good el ecrhatmermémmmxpgamangmmmundat'ﬁhml@mlqemfnevhamge(ﬁb) @el,it h| um
cells |0 BYamp R é&zxi%g&glnglig%%nlbd HYaR0ds R YHERRSA ook BedetAPl © T,

was conbi ned w comer cli a y avai | abl e
from MW S. A. B886n, Brussels, Belgium and 2.5 m of a 4 wt % sol ution of

EPDM 10 13 Febr uaile haea/@ne@m&agang@aob@aafthemsemrmmbn il part by
CyCl ohexane. exan ure was
chaken T n s capleERE S SaRBmR B ok 38 P liign pilioobi T Jb Shati

resul tant sl urZ partsamostpreferhtyoatmus 0.4 o alpfut 0&f gants of EPingthel foagmanfih.iGb vt to form
a filmusipg ahag%éx?fbtﬁh ﬁﬁ?athé%'t %@ome InJIClth@&sm-rrxlag irfithe $&hcfibd, %%ISC ‘o

hot - pressed in b5 ol |l er, between Kaptori eets at 2000 psi
forma consol |ﬂ§f‘§lt§°rfé‘é“€ IQME¥¥%bl e for use as a cathode in a lithium
battery. The thickniéas ﬁnﬁhérhxeesmﬁfdmp}a&mabﬂmemﬁﬁsn thavabpeactine 13, the

Li ~+XWMnZCa synthesi.zed. &) t hode sheet 80
m croneters t% “"g'%%g qﬁ]cngg?ggdﬁéﬁb @gl Cm@sf’ffg‘fnn%ﬂ‘ fﬁtp%%%g ec%f The
resul tant conswixteratoédiClrodis;Sria mloﬁmnabbmmmwmmmus met al

anodes in x e%&n&h&%&a&m Adu% Lle EHoPVC (et hyl ene
car bonat e/ di net hyl car as e e ectraql yte. Porous
pol yet hyl ene or gl a ETO\RE?S@ %éW%@PU\E@h“FW&DCSF%‘&‘P%deS

Di sks of cat h(]deentﬁalﬁcldﬁxg I.161 mdaxﬁﬁﬁ@&bﬁlbeﬂnd/\@m?at%dcnm tempetangBes. The

cat hode and s r b soake Iut| t hen
stacked al ongegve%t ﬁédtah% fﬁ&gﬁio agre8°"§‘%%lvfls§§ n%(%sb&a‘? S%e?peﬁ’r essure
usi ng the 2325essdtsnndxg¢r coistathites ﬂ@pshc@qph@mdézﬂmchewspﬁ&empr artal
Resear ch Ggunci | nsmg%ge&amememgvmeﬁl ifRRdckd ouAdthat ever si bl e

fraction a hown nTab aml|e x
o B Ra b BHids B 170 P et bl Scfht sqamcuseirbe bis3d o™

Al though par t ikiy$@y ireti ochicti@ninsxtofe ;Iehﬁxtpmesmhestsmfemrodlm bfegaivatemn 25

described 11 indodl RAORGuARS G0 LMo hinallchles B AL AP OSE.

skilled in the ar nventi on flcations,

substit uti ons wvdallitesin aﬁgléhrﬁlmmewl@mdltrcmatrqyphg A prefermed ghegplr i t or
essential gt t reddeth@® c9tlelohfhe invention comprises the following steps:

a) Heating to about 850°C at a rate of about 4.5°/min and holding
for 8 hours
b) Heating to 900°C at a rate of about 1.5°/min and holding for
8 hours
35 c¢) Cooling at a rate of about 0.1-1°/min to 500°C
d) Allowing to cool to room temperature.
The resultant product is characterized by a surface area <1 m2/g, and x =
about 0.05. When LiCl is present at levels of 2% by weight or greater the
resulting product is further characterized as agglomerated crystallites, the
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.invention. Reference should be nade to the appended clains, rather than to
the foregoing specification, as indicating the scope of the 13 MeBRAkiyoIn03 30
11 13 February 2003 WD 001 09447 PCT/ US99/17759 CLAIMS: 1. A conposition
conmpri si ng QW47 tes of spinet Li ~+xMh20,t ,wherein -0.BEXAISIPTIFhe
crystallites be| ng characterized as well -shaped octahedra wi th average

mexi mum crystal t:tv@euftésrtﬁt}fg @an-etﬁ&a%etaﬁédrt IR&¥Ing anTh ek PR B Bumt digstdline
crystallites forfed jnt %&ﬂ}r%arates havi ng a surface area of less than 1

e/ g. 2. A proc8¥rensigp ofersd PR Erystal lites of Lip+Xwvh20,t, the
crystallites being chansbéerfoasdinabe pratdcestialpeidvention thed the ohpick 0§verage

maxi mum crystal | g,qgoﬂ,dr[ﬁm[agﬁ 8/9"%/ lﬂ{g [’fﬁ& dn s fal %QHﬂh@rr@sulttﬁeproduct

crystallites f orne %a surface, area of l'ess than 1
n2/ g, the pr@cegblsos)mm\smrp@mcmbrtwmbﬁpwgn xpmplgs bkrebhbodharessntlywi th a
nmanganese CO”po'éﬁ‘ﬂethlLﬁedt bi@mpﬂxefeheal Ropd éderatu'yomﬁdu)d beobdvhe tmmd(ayl) bei ng
in the range of abou t 0 about.

conprising LiCl )‘hevm%‘?“é'ﬁyertorféher‘af‘?%‘ ‘B‘fenf‘ﬂ%t%fﬂ%b‘t‘d‘fahgo%qu gl?@b exc‘i(l?? hi um
from (1) and t heanillesinfiienengandse ateacand (clysjallite sizheandShatwthes compéwr@ is in

th f ab , t t Heat i
he 1 oacti on mi S Bt that ool & pRURLEIE °5F" 100 S‘o;g:r Hol di ng t he

heat ed reac#Pon mi xt dhepepduet Pcf%fhf’ﬁéfi ti‘ttl]?' Echﬁsstolﬁéher‘a\‘f’g‘é‘°'2€§ ReFuawslyo00C untii |
the desired conggitdbled fopusnd aﬁQld@ﬁ@icﬂSJUnﬁi&xaﬁﬁthh@&z&kibde@@@|[1Itfﬁﬁmtdi'¢ul’ﬁﬁxﬁt ed

t t t Cl.hr, t t |
Lhan about . S00CIoT BIFBET S UBIEG™ G atghy ey 0TS SDBE s aredC oo
of O ai m2 wher ef thetllig MmO iless than i t0Lmé/gj mobteutfedbly@bawcﬂﬂ nﬁtg)(lp af ol I owed
by hol ding at al %rfegw&nfcpfougﬁ?%{aggt fgpif'h%ﬁyracfngé Bﬂﬂ’?ﬂtvgﬂttéhegtcbtgiﬁosﬂ@orﬁgom

900C fol | oned b process of
Gl ai m 2 whel&in @rﬁ@dtcameneflg EbiokMAgO4, @nd @ bindes thagomposigien fergigdiinto3zp s A

process for prog meniaw Bﬁferhﬁlyaﬁlﬂ&@ﬁeshhﬁos?p&f@aﬂyﬁ@mt hatifga Conbi ni ng
allthlumcorrpo lcl Iertoof Li

the
from (1)t o Nn LRk gblspdrfMRASERERE, AERGIAapld Sapd e pl %
and a third corrpoamdec(txtolchgr)ucsledeﬁct ed fromthe group consisting of al kall or

al kaline earth 35 hab{l?ﬁﬁ%blﬁaé&es Rie I%?@Mtrﬁ@oeﬁﬁf&vmfﬁﬁéﬁe?%otrﬂgrﬁﬁg wher eby

the ratio of the sum hi_um es of
manganese f#®m CoROlymers thegeafralgetilyorqethylene and Wt&lyrpea&s ‘EF;} thebinders: 1 ¢ o
about 100: 1, tobtiagfhtelerdtadap too30% by ineight, pteferablydipte ROUArPrefef208,, W 00/ 09447

of 2859?63325%5“?%%%9% R0 B bl Aub BRI b 0%, TR

range of 500- 106@denenmprisehen dlestrolid. conpositi on and rmrphol ogy 5 are
achi eved; Cooling the heat ed reactlon PXANPEEQt a rate no greater than

60C hr to a_fenperat | ess t.h a o0l i room
t enper at ur e2 g6. The ’t’olﬂé@%“%‘f‘ %sﬁ -ﬁsg H‘etflﬂle°‘?“8§8?‘¥5ft“'r‘ﬁ‘%<‘t‘%w?qs
heat ed t o about sé@oiohégeinbelbivowed by hol di ng at about 850C for about 8

hours, followed by heati ngﬁwpﬂ)@qt %pr Ilom%ém\ ¢ g at about 900C

for about 8 hours. 7. The of cooling to

500C i s 10C/ hr or sl daderm the regstion mipuesi afiExample ICO 4287 gmﬁfé?aeﬁﬂ 000G g about
0. 05. MnCO;3, 8.13 g LiCl, and 3.48 g Li; SOy, were ground together in a mortar and the

30  resultant mixture placed in an uncovered low-form alumina crucible. The reaction

g

mixture of Comparative Example 1 was prepared in a2 manner identical to that of
Example 1 except that the LiCl and Li,SO,4 were omitted. Both mixtures were
reacted in a conventional resistively-heated box furnace by heating in air to 600°C
over a 2 hour period, holding at this temperature for 4 hours, followed by slowly
35  cooling at a rate of 1°/min to 500°C, and finally allowing the furnace to cool to
room temperature. The reaction product of Example 1 was washed with water and
dried under a heat lamp. The surface area thereof, measured by nitrogen BET,
was 5.7 m2/g. An X-ray powder diffraction (XPD) pattern of this material
confirmed that it was clean by showing only the lines of the cubic spinel LiMn,0,

7



15 9. The process of Claigrs 2 or 5 wherein the Li:M nole ratio is about -
1:1.9. 10. The process offClainms 2 or S wherein the lithi um3dehpey?d03 s

sel ected fr@udofissd’ 0Up consisting of lithiumsalts of orga
i norgani c aci c}ﬁs) and oxyaci ds, and m xtures thereof. 20 11. %ﬁmgﬁraggggs of

Clainms 2 or 5 wherein the I|th| um conpound is selected fromthe group
consi sting of kiredtimgrdrhernauies} Cersest fat BiffraciéaniidatatJ& DSobGHA Nodd% 7821 des,

hydr oxi de, azi th@B{hééﬁ dca{ebe&ﬁonamu&y&rdoq?auawEmb!érles‘ﬁoiv&ﬂtr%of 12.

The process of al s wherein th ithiumc is 25 selected
from the groupPESRRGEN M‘@ijanﬂll’ZIMB% i ?@3 °“aﬂ§‘q_[r &Hﬁ 4and m xt ures
thereof. 13. The process EMAMPBE@ABD(IEOMMM“ENE EXaMRirifanese corrpound is
selected frgmthe grou

Thorgani o ol ds ang DesAkRARe SOl IRRERNTRE BREAE o BRBSNEARTT,
process of C aidaere@eptheZeaghion&ime aﬂﬁe'lqmrﬁganﬁlseommmowfddﬂ% sel ected from
the group consisti n@l"o%rrﬂﬁfé%élﬁx%ﬁ nﬂ%ﬂu?@éfﬁ:&ﬂ{pwn%tﬁso gquJ»Cge%O 00p0goxi des,
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reaction products were washed with water and dried under a heat lamp. The
surface areas, measured by nitrogen BET, were 6.8 and 0.8 m2/g for the MnCO;

and MnO, reactions, respectively. The X-ray powder diffraction patterns of both
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The compositions formed in Examples 6-8 and Comparative Exa:aple 3

are shown in Table | below.

10
TABLE |
Comparative
Example 6 Example 7 Example 8 Example 3
Li»CO4 (kg) 0.280 0.378 0.378 0.378
MnO, (kg) 1.300 1.640 1.640 1.640
LiCl (kg) 0.277 0.040 0.016 —
Li»SOy4 (kg) 0.119 — 0.024 —
Surface Area (m?/g) 0.5 0.4 . 0.3 0.3
final product Lij o6Mn204 | Lij,1oMno0O4 Liy g7Mn204 + Lij 03Mny04
trace LinSOy4 LisMnO4

The compositions were mixed by shaking in polyethylene containers for
30 minutes, and each mixture was transferred to an uncovered alumina crucible.
15  The mixtures were processed in air as follows: heated to 850°C over a 3 hour
period, held at 850°C for 8 hours, heated to 900°C over a 30 minute period, held
at 900°C for 8 hours, and slowly cooled at a rate of 1°/min to 500°C. At this
point, the power was turned off, and the furnace cooled naturally to room
temperature. In each case, the product formed after reaction was Li;+,MnyOy4 as
20  shownin Table 1.
The reaction product of Example 6 only was washed with water and dried.
The products of Examples 6-8 were shown by XPD analyses to be free of
impurities. except for the presence of Li;SO, in Example 8 because it had not
been washed out. In contrast, the reaction product of Comparative Example 3 was
25  shown by XPD to contain Li;MnO; in addition to the desired material. The
surface areas of the reaction products are also shown in Table 1.
EXAMPLE 9 AND COMPARATIVE EXAMPLE 4
This example illustrates the benefit of employing a compound (III) with
different starting materials, LiNO; and MnCO3.
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that it was clean by showing only the lines of the cubic spinel Li; gsMn,0,
structure. In clear contrast, the product of the no-compound (III) reaction showed
the presence of Mn,Oj3 in addition to the Li;,Mn50,.
EXAMPLES 10 AND 11

This example shows that, in addition to lithium-containing compound (IIT)
other alkali-metal-containing compound (III) easily produce clean Li;,MnyQy,
but with higher surface areas. -

To form the reaction mixture of Example 10, 7.0903 g Li»CO;3, 30.0000 g
MnO,, 5.19 g NaCl, and 4.08 g Na,SO,4 were combined and shaken in a glass jar.

To form the reaction mixture of Example 11, 7.0903 g Li;CO;, 30.0000 g
MnO,, 5.19 g KCl, and 4.08 g K;SO4 were combined and shaken in a glass jar.

Both reaction mixtures were loaded into uncovered circular alumina dishes

and heated in air in a box furnace. The furnace was ramped up to 850°C over a
3 hour period, held at 850°C for 8 hours, ramped up to 900°C over 10 minutes,
held at 900°C for 8 hours, slowly cooled to 500°C at a rate of 1°/min, and then
allowed to cool naturally to room temperature. The reaction products were
washed with water and dried under an infrared heat lamp. The surface areas,
measured by nitrogen BET, were 3.9 and 5.5 m2/g for the reaction products of
Examples 10 and 11, respectively. X-ray powder diffraction patterns of both
products showed that no impurities were present, with only the lines of the cubic
spinel Li;4+,Mn,O4 structure observed.
EXAMPLES 12 AND 13

This example shows that Li;,,Mn,0, derived from high and low levels of
compound (III), i.e., 25% and 2% by weight, have good electrochemical
performance as cathodes in rechargeable lithium cells.

In Example 12, 4.00 g of Li}+,Mn50,, synthesized as in Example 7, was
combined with 0.215 g of Super P carbon black commercially available from
MMM S.A. Carbon, Brussels, Belgium, and 2.5 ml of a 4 wt % solution of EPDM
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In Example 13, the Li;,,Mn,0, synthesized as in Example 6 was formed
into a cathode sheet 80 micrometers thick in a manner identical to that in

10 Example 12.

The resultant consolidated sheets were employed as cathodes against L}
metal anodes in electrochemical cells. LiPF¢ in EC/DMC (ethylene
carbonate/dimethyl carbonate) served as the electrolyte. Porous polyethylene or
glass fiber separators were used between the electrodes. Disks of cathode, anode,

15  and separator were cut with punches. The cathode and separator pieces were
soaked in electrolyte solution, then stacked along with the Li into a coin-cell pan
and sealed under pressure using the 2325 Coin Cell Crimper System manufactured
by the National Research Council Canada.

Both cathodes had good capacity and reversible fraction as shown in Table

20 2 below.
TABLE2
Capacity Reversible
Example x in Li; . Mn,0, Temp(°C) (mAh/g) Fraction (%)
12 0.06 25 1214 91.7
13 0.05 25 121.2 92.0

Although particular embodiments of the present invention have been
25  described in the foregoing description, it will be understood by those skilled in the
art that the invention is capable of numerous modifications, substitutions and
rearrangements without departing from the spirit or essential attributes of the
invention. Reference should be made to the appended claims. rather than to the

foregoing specification, as indicating the scope of the invention.

30
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ing characterlze as well-shaped octahedra with average maximum

crystalline dimension of greater than 2 micrometers, the crystallites formed into
agglomerates having a surface area of less than 1 m2/g, the process comprising:

3.

Combining a lithium compound (I) with a manganese compound
(1I) the mole ratio of Li from (I) to Mn from (II) being in the
range of about 9:20 to about 12:20, and a third compound (11II)
comprising LiCl, whereby the ratio of the sum of the moles of
lithium from (I) and the moles of manganese from (II) to the
moles of LiCl is in the range of about 1:1 to about 100:1, to
form a reaction mixture;

Heating the reaction mixture to a temperature in the range of
800-900°C;

Holding the heated reaction mixture at a temperature in the range
of 800-900°C until the desired composition and morphology are
achieved,

Cooling the heated reaction mixture at a rate no greater than

: 60°C/hr to a temperature less than about 500°C, followed by
cooling to room temperature.
The process of Claim 2 wherein the reaction mixture is heated to about

850°C, followed by holding at about 850°C for about 8 hours, followed by heating
to about 900°C followed by holding at about 900°C for about 8 hours.

4. The process of Claim 2 wherein the rate of cooling to 500°C is
10°C/hr or slower.

5.

A process for producing spinel Li|.,Mn;04 the process comprising:
Combining a lithium compound (I) with a manganese compound

(II), the mole ratio of Li from (I) to Mn from (II) being in the
range of about 9:20 to about 12:20, and a third compound (III),
selected from the group consisting of alkali or alkaline earth
halides, sulfates, borates. and mixtures thereof, whereby the ratio
of the sum of the moles of lithium from (I) and the moles of
manganese from (II) to the moles of (III) is in the range of about
1:1 to about 100:1, to form a reaction mixture;

12
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8. The composition of Claim 1 wherein x is about 0.05.

15 9. The process of Claims 2 or 5 wherein the Li:Mn mole ratio is about
1:1.9.

10. The process of Claims 2 or 5 wherein the lithium compound is
selected from the group consisting of lithium salts of organic and inorganic acids
and oxyacids, and mixtures thereof.

20 11. The process of Claims 2 or 5 wherein the lithium compound is
selected from the group consisting of lithium halides, acetates, carbonates,
oxyhalides, amides, hydroxide, azide, borate, carbide, and hydride, and mixtures
thereof.

12.  The process of Claims 2 or 5 wherein the lithium compound is

25  selected from the group consisting of Li;CO5, LiNO3, and LiOH , and mixtures
thereof.

13.  The process of Claims 2 or 5 wherein the manganese compound is
selected from the group consisting of manganese salts of organic and inorganic
acids and oxyacids, and oxides, and mixtures thereof.

30 14. The process of Claims 2 or 5 wherein the manganese compound is
selected from the group consisting of manganese oxides, carbonates, halides,
hydroxides, sulfates, acetates, nitrates, sulfides and phosphates, and mixtures
thereof.

15. The process of Claims 2 or 5 wherein the manganese compound is

35  selected from the group consisting of MnO,, MnCO3, and Mn;03, and mixtures
thereof.

16. The process of Claim 5 wherein compound (III) is selected from the
group consisting of alkali metal halides and sulfates, and mixtures thereof.

13



0 & 10% $ () Z OPXX@0 0 & 10%$ & ()-Z & 10%$' & ()-Z 0 & 10%$' & ()-2
& 109 $' & ()-Z 0 PTpX<50 & 10% $' & ()-z 0 & 10%$ & ()-Z &11B8hrirg2d0B- Z O
&&10%$ g, é%}lO%$ & ()-Z QRYSWI50 & 10% $' &()-2&10%$ &()-20 &
10% $' & () - 19803 & ()-Z 0 & 10%$ & ()-Z sSW50 & 10% PRNFILTEY
10%$' & ()-Z 0 & 10%$' & ()-Z 9 <10%& ()-& 10%$ & ()-Z O Nor mal "

"Heading 13]c" " Hedli rthe3upeess of ERtth Bavhdadif comﬂg&d'(ng) i¢8IC{ or a"}ﬁf?(?‘hgg 53] ¢”

"Headi ng 63]c ]c" "Heading 83]c ding 93] c" ul t
Par agr aph Font<lg§?g@3§§ $<SKd: UVWKYZ[\] =P

#$&) H, 5128<?B( FG eﬂ\RTO/'EK{e’qroce s§ of Claimq{ 2 orlfy Rothat tamprisingrehé sSPOf wablkdgf ghi j kI m

nopqrst uvmyz{d},}r&'&eg’iggodﬂgy\fhgggpnArl al Courier New'h Root EntryWrdDocunent D
"HEUR ()*+, -./012

<=>? @\BQDEléGHI JKL RAERRRe Zomprising Krerompositien RGeSt uvwy z{ | } ~

20. An electrochemical cell comprising the electrode of Claim 19.

21.  The electrode of Claim 19 further comprising a binder.

22. The electrode of Claim 21 further comprising carbon black.

23. A spinel Li,,,Mn,0, produced by the process of Claims 2 or 5.
10 24.  An electrode comprising the spinel Li,,.Mn,0, of Claim 23.
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