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LOW TEMPERATURE SYNTHESI S OF LAYERED LI THI ATED
TRANSI TI ON METAL OXI DES 5 ' BACKGROUND OF THE
| NVENTI ON The increasing conmercial inportance of

rechar geabl e ¥o9mizesshi um ion battery cells has pronpted a dgSinisefioss1
I dentify and to prepare cathode materials better able to reversibly

ntercalate |ithiumions atyfyohatestOliAGe SynthESrs B ldilEn
prom nent reversible lithiumintercalation conpounds use or

I on rechargeabl e batteries; AZTEIATED TRANSITIOND METBLNOKIBES]| 15
conpounds, and LiMf[err](err] spinel. The present invention
relates to a nethod of making hexagonal lithiated netal oxide
materials at reduced tenperatures. More particularly, the invention
rel at es tosa 20 met hod of synthesizing lithiumcobalt oxide or lithium

ni ckel oxi de products which is econom cal and which yields products
havi ng good el ectrochem cal propgarkERSUND Se ITRiEe R 0 relates to

l'ithium

=) 3 1 KOUIN = A1l - %¥/>
a nethod of producing a cobalt hydroxi de precursor. 5 Li Cog err]
cells are of particular interest because of their ability to
I nsert/deinsert lithiumreversibly at voltages greater than 4V,
resulting in batteries that have an out put vol tage and an energy

density three tines ThedrsmregsingNco@dercial daiplogtabiehdfinrectzaideatiiede
adopts a ag < SEryct ur nsi_stin f rr.] layers separated
by Van delrl%?(V\aa 2 @idjé%ﬁ %hhe%a%tego%?ﬁaﬁse PAl pglglf’égecv?m%tqﬁ%ﬁ ﬁeg%a’n %fbtrlpﬁ@&i“

gap are occupi €d byepare cathode materials better able to revdrsibly

intercalate lithium ions at higher voltages. There are three
prominent reversible lithium intercalation compounds used for
lithium ion rechargeable batteries; namely, LiCoO, and LiNioO,

15 compounds, and LiMn,0, spinel.

The present invention relates to a method of making
hexagonal lithiated metal oxide materials at reduced
temperatures. More particularly, the invention relates to a

20 method of synthesizing lithium cobalt oxide or lithium nickel
oxide products which is economical and which yields products
having good electrochemical properties. The invention also

relates to a method of producing a cobalt hydroxide precursor.

25 LiCoO, cells are of particular interest because of their
ability to insert/deinsert lithium reversibly at voltages
greater than 4 V, resulting in batteries that have an output
voltage and an energy density three times greater than Ni-cd

R cells. Lithium cobalt oxide adopts a hexagonal structure
30 consisting of CoO, layers separated by Van der Waals gap. The

- octahedral sites within the Van der Waals gap are occupied by
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Li ions. This results in the reversible intercal ation of l'ithium

LiNNerr] is isostructural with LiCo(Qerr] and is commercially vi abl e
for use in secondary lithiumion batteries. 5 Li t hi um secondary

batteri es arewlpemmi@ed for instance in U S. Patent NeCTASIZH841318
and 5,418,091 to Gozdz et al., both of which are incorporated in

their entirety hareinifys. rhig ©2ke1€8Cen did NV BEAL: EhEEcd DO of
chair" batteries may 115e viewed as conprising two |ithiumion-absorbing

el ectrode 10 lispéngestiNihalatiapapyrugtirehi Wit diiCodhandt Lagcemmendisiive
usual Iy conpri %»iagngo{e&e&sé P dehasol Vet fin 1RANHAAHELHSs SOl vent

or m xture of suc vents. Numerous such salts and sol vents are
known in the art as evidenced in Canadi an Patent Publication No

2,002,191, Mated Janﬁﬂﬁiéﬁ’ !se%%%ﬁargtléadt by STUEL For\Onst nc;e in

5,192,629, "which is nerern incorpor tenesb?rﬁe‘?erence Inits entirety,

provi des a cl ags sof petest syt &,296,3180apd5 1418)991hab ebeaexeepil .gnaldth
useful for mnimzing .electrol yte, deconposition in_secondary
batteries conpfsih§choare sinergoFasefdizi Hpido satirety BerebRdat eri al s.

These . el eQlee@bNEES B Ehii HeRhY -8RRAD! £ 88 RN ARG LR TpA Plelidd Gy bR
and inproving the tenperature perfornmance of practical "rocking

chair" cells. THewedepe cermpnissingoFyesiitahanHare apspaRéRg oplectrode
effective 5 abiulgpbyq ext eé;%sg!&m b9 ]agszyéhm@-i\ér@tcoiéhgey&%seféc%ﬂyté5 |

as at roomtenperature (about 25[efr ) ] ] tantial "cost in
the fabricatiomsyRllit¢pmpnising askit'osadt \dissolyetetn s nopeagueousfsolvent

T T

precursors plus the processing or me hesi zing
Li Cod err] i nclaredckhea iimgthe art as teifenctd iesCahadiamba@eper Pl iacation

900[err] C. Redygtign,gh 18 SYNEYaSuary 30, 1991.
15
U.S. Patent No. 5,192,629, which is herein incorporated

by referénce in its entirety, provides a class of electrolyte
compositions that are exceptionally useful for minimizing
electrolyte decomposition in secondary batteries comprising

20 strongly oxidizing positive electrode materials. These
electrolytes are uniquely capable of enhancing the cycle life
and improving the temperature performance of practical "rocking
chair" cells. These eléctrolyte compositions have a range of
effective stability extending up to about 5.0 V at 55°C, as well

25 as at room temperature {(about 25°C}).

A substantial cost in the fabrication of lithium
secondary batteries is the cost of electrode material resulting
from the price of Co- or Ni-based precursors plus the processing

30 cost. Prior methods of synthesizing LiCo0, include heating to

temperatures of from 800°C to 900°C. Reduction of the synthesis
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PCT/ US96/ 10541 tenperature of LiCoJerr] would result in significant
savings in the energy and cost in the production of these el ectrode
mat eri al s. Bar boux et al., Journal of Solid State Chem stry,

94, 5 (1190 924 have reported a | ow tenperature sol - gebcrsdsaesah to
the synthesis of LiCoQ2, but tenperatures greater than 700[err]C are

still necessar | fs Cc | L L . . J.
Qumow ot b, apetRbare Br okl R g s AR D W B S PE L Shringe 4n T
Solid State | omr@gg%anélm 138 ther pedductid) of phhepar electotfiemidteatidlew
tenperature (400[err]C) from CoCd err] and obtai ned a conpound whi ch
they called "LT LiCoerr]". This material adopts a spi nel (cubic)
rat her than an hexagBazbost retctalr.¢. JohenkI &f Gdl#I Idtate Chephessy, Wi ch
does® not pr el ectrochem cal point of view,

f
transforns o Rﬁ'&gﬁéxgg%ﬁéfa%’telﬁre&r’nf?&ﬁ M CEMREEALHTS Eoderst (RRRIPU ter

t han, 600[ err] Cthsuepnahés@qfemd:ooz, but SPeMSdrahirdst Hr8at&s WHah 7B8tC are
likely fromthe fact, as ggested by Barboux_et al., that the ghase

grows or nucl edtdd! necessf‘?‘@fntph@ ﬁb‘i‘cp‘l‘iﬁléfr crepteiiinginpders of Li

Reinmers et al. g.iN dumkb®Cdt QANEMUaBOCReE Moy 111993)27 1992 re??ft
| owt enper at ure synt hesi s net hod f gr Li ﬁ/hq eLrIr] ( ) mat'er’ %qldSrEoduced

by Reinmers et &ossgn ebval enpialdduségteeIgnics, 62 40@?@1”551& tholesl dro,  was
unlike ity U%%ggégeﬁfcwladcel%oe&g@&aa&}re (200591 éo% 854 turcg ﬁ?ﬁ

exhibited 1nfefio ecirochem cal opertres.

processes have ahegempound whiichehpee dalfled exmrmai.enozlferm:{jmtanﬁialmﬁ a

glt t érr;)tnslvat ' spinellQe?cubBluc!)l ratl\:{gi' thza?’ri a%phegagggc_mga 4st§:8 glg%e Ul ueC(I:J%SE:tLCl:Jclboz
phase, which does not present any interest from an
electrochemical point of view, transforms to the hexagonal

15 LiCoO, phase at temperatures greater than 600°C. Such a LiCoO,

spinel structure results most likely from the fact, as
suggested by Barboux et al., that the phase grows or nucleates

from the cubic Co,0, spinel.

20 Reimers et al., in J. Electrochem. Soc. {May 1993),
reported a low-temperature synthesis method for LiMnO,. The
material produced by Reimers et al. at low temperatures, e.g.,
400°C, however, was unlike lithium manganese oxide produced at
high temperatures and exhibited inferior electrochemical

25 properties. Other low temperature processes have been
attempted; for example, Fernandez-Rodriquez et al., in Mat.
Res. Bull., Vol. 23, pp. 899-904, report unsuccessful attempts
to form LiCoO, from HCoO, at 200°C.

30



‘to formLiCoQerr] fromHCoQ err] at 200[err]C. 30
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-PCT/ US96/ 10541 SUMMARY OF THE | NVENTI ON
Applicants have di scovered an advant ageous net hod of 5 formng | ayered
structure |itiwouweankal t di oxide and |ithium ni ckel dipgrusesmoesaeri al s
whi ch enpl oys | ow tenperatures, i.e., _not exceedi ng 150[err] C, vyet
provi des good el ectrochem cal aTre =¥ Rt erials. The present
invention is directed to this sinple and cost-efficient nethod of
making lithiated 10 transition netal oxides at |ow tenperatures.

In one aspect, the invention relates to a nethod of making an al kal i

nmetal oxide of the formul a
H err] Al err]-[ err] MAppkicants haberdiscoreredmnabvantageals cntfetg:oobpfl a, X

|sanunberfrm . 0.99.to. 0 engdi t I SS

synt hesi s 8 Hgolrﬁyerfﬁdsmét‘élp?%‘ﬂ“g H@?glg ’g’e‘fﬁ’nﬁrgo 12dum
conpri si ng n:.éﬂé‘I:tdﬂﬁcl% abkatiaT®twiidRnpleyeelon Belnadatuir@syt hoB. ,
Wi t-h MOOH, wherein Mis as defined above, in_the presence of water at

20  a tenper aPREcc¥Feeding B8R, FtePrpridssagerd elsuitsiocperifalat a

pressure great ?J:oﬁ@ﬁ@lé’é rﬂﬁ&ﬁ@%&terzals. The prelsanénﬂ‘ixt@r{tl%?ip%“st dﬁr@%ted
i nvention relates to a met hod making a lithiumtransition netal

oxi de of the ftenthis xsimple and cost-efficient method oi{m;qug [éthlinepdr r ]
e ol N o o, A BEREE 4 MO8 B AIAM anpelhansld ! o metal, the

nmet hod corrprl si'ng reac 'am10n sourc

In one aspect, the invention relates to a method of making
an alkali metal oxide of the formula

BA; MO,

15 wherein A is an alkali metal of group Ia, x is a number from

0.99 to 0 {depending upon the progress of the synthesis
reaction), and M is a transition metal, the method comprising
reacting an alkali metal ion source in a basic solution with
MOOH, wherein M is as defined above, in the presence of water at
20 a temperature of from about 50°C to about 150°C and at a

pressure greater than atmospheric.

In another aspect, the invention relates to a method of

nmaking a lithium transition metal oxide of the formula

25 .
HL1,..M0,

wherein x is a number from 0.99 to 0 and M is a transition

metal, the method comprising reacting a lithium ion source in a
basic solution with MOOH, wherein M is as defined above, in the
bpresence of water at a temperature of from about 50°C to about

30
150°C and at a pressure greater than atmospheric.



basic solution with MOOH, wherein Mis as defined above, in the 30
presence of water at a tenperature of from about 50[err]C to about
150[err]C and at a pressure greater than atnospheric.
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PCT/ US96/ 1054 W0 97/62214 In a further aspect, the inventimfxsassmas to a
nmet hod of maki ng lithiumcobalt oxide of the formula

Herr]Li[err]CoJerrin a furt‘fl@%réé;?'?é%' S BHUBAL: I 4102 18 Q llt}f’c%d of

nmet hod conpri si n% reacting a hium i on source Th a basi ¢ &

wi th CoOOH i n makingt hitlpiuss cobalsf omiderofitthe thorpelat ure of from about
50[err]C to about 150[err] C and at lpr&§(§ure greater than

at nospheri c. In a still further™® asp‘ect the invention rel ates

10 hoslegL he §0 -
Hert] Li [eg,re} NP SR 1) rnb kBP0 S B0 BE 8 he pacett pdristes

met hod conpri sivegeting a rlaadnnumga.@n | 8durideminoa ]samirc:e.-dmtaohaﬁi@h YAsH 98
with NiOOH in ence of water at aterrperature of from about

5 h
50C to aﬁéﬁt p’iéﬁferé%r] grGeat 2h reRIEYrEaPer TP RRRHoSNE Fe.

BRI EF DESCRI PTeEbuOF1 5% BRAVADG pifbssure greater thh Hi@iaphekiuention
W Il be described with reference to t he acconpanyi ng drawi ng of which:

25 FIG 1 shows X-ray diffraction patterns of LiCo(Jerr] prepared

according to the presend JuivenELLrnet Y&adtNd t8e05R68nPIohTAITdRs to a

10 method of making a lithium nickel oxide of the formula

H.Li, NiO,
wherein x is a number from 0.99 to 0, the method comprising

reacting a lithium ion source in a basic solution with NiOOH in

the presence of water at a temperature of from about 50°C to

15
about 150°C and at a pressure greater than atmospheric.
BRIEY DESCRIPTION OF THE DRAWING
20
The present invention will be described with reference to
the accompanying drawing of which:

o5 FIG. 1 shows X-ray diffraction patterns of LiCoO, prepared
according to the present invention at varying degrees of H,0
saturation.

FIG. 2 shows the X-ray diffraction patterns of the
° 30 respective precursor and reaction products in the method of

preparing LiCoO, according to the present invention.



‘saturation. FIG 2 shows the X-ray diffraction patterns of the
respective precursor and reaction products in the nethod of 30
-preparl ng LiCo err] according to the present invention.

WO 97/ 02214
PCT/ US96/ 1054 Wo 97/02214 FIG 3 shows the simlarity of X-PCiyostsméssncti on
patterns of Li CoO2 prepared according to the present invention and

accordi.ng to prior higd tpelat the élnﬁ.@.ta&(i%y of B ray diffrEbGiod QAN
X-ray di ffraction pattern of Li N Q2 ared according to the present

pre
i nvention, al oR§ WEPOn Prepared: aagRFding NOFhSaPrefant invention andrig 5
shous (Ne i1 { bBkoF@Yss Sidlfioichinh elmerddire Gesbesggabl e bat tery cel

conprising an el ectrode of gerr] prepared according to the
present invention. FIG 6 shows the initial reversible cycling
of .a

15 * preparba accor dT R th DR i B LRSI 40P, REEFREn of nimidy 1]

FIG 7 shows eﬂ:@ﬁdﬁédr%ﬁilbigetﬁ)/ﬁhérmréﬁexﬂ: inventhieahaseed ittt ery

cel'l conprisin an e ctrode of Li CoQ2 prepared according to the
present invent LiNiO; patter®y g g shows extended reversible cycling
of a rechargeable battery cell conprising an el ectrode of LiCo(Jerr]

prepared according to another enbodi ment of the present
FIG. 5 shows the initial reversible cycling of a

10 rechargeable battery cell comprising an electrode of LiCoO,

prepared according to the present invention.

FIG. 6 shows the initial reversible cycling of a
rechargeable battery cell comprising an electrode of LiCoO,

15 prepared according to prior high temperature practice.

FIG. 7 shows extended reversible cycling of a
rechargeable battery cell comprising an electrode of LiCoO,

prepared according to the present invention.

20
FIG. 8 shows extended reversible cycling of a

rechargeable battery cell comprising an electrode of LiCoO,
prepared according to another embodiment of the present
invention.

25

IP I TION
30 According to the present invention lithium cobalt oxide

and lithium nickel oxide having desirable properties can be

2



i nvention. 25 DESCRI PTI ON OF THE | NVENTI ON 30
According to the present invention |ithiumcobalt oxide and |ithium
'ni ckel oxi de having desirable properties can be

- 6- WO 97/ 02214

PCT/ US96/ 1054 wo 92218y nt hesi zed at tenperatures well bel ow Wmf] C.
Thi s has been acconpl i shed through the use of an MOOH stfarti ngI mat eri al
in  which MciarfelfA08idd BngRL 11 below A08SRRE Il 2l 10
al kali et al of?%te:ﬁﬁ%t%?eﬁd o%mgﬁeg{ures v?eor A +S _ en
H err] Al er r | MOpeepplished wWigosgh thesuse of leal MOOH! atant imy ma[tdﬁ,aﬁ.x ilns io
nunmber from . 0 ependi ng u the progress of the synthesis
reaction), andwbﬁgls'}glg %gaanstl(rt%‘lngggﬁg?g??g%{a]‘n be synthesized by

reacting an alkali nmetal ion source in a basic solution with MOCOH

wheréin Mis a transjtion t,al , ipn the presence of _an ion _exchan’e
nedi um such as wat eﬁg?r%tpa}etﬁfé‘g'?ﬁig' g?réaﬂ:'g?a%tlh&’ﬁtal oxpidguiRIad. of the
Preferably Mi $ogmlitsted from cobalt and nickel. 15 Preferably Ais an

al kali netal of group Ia selected from lithium sodium and
potassium Mre preferably, the alkali H®-#al for use in the present
I nvention is lithium The tenperature of the reaction is

preferably froWPsE8iR Bols asppdkp}E metabaif grsOpeir] G Hwrae mmblear fiop

from about 80[ eredGd o ai [ nggt |4 from
about 100[grr]C to 130[err C.n %ﬁg upol? rée]efgtoiggjr%glss prggée?g&%{%gcarsrl ed out

at a pH of froReasbient tand M isapotwansttinremetabl ycin dpe shouthebdzed hpout
14. Cenerally, rEQSting ad @A%Gh 9"mi AP S & Wt LY igeaI BNE{E dso lftriolnngvri%gsed
pH of the 25 conposition.
MOOH, wherein M is a transition metal, in the presence of an ion
exchange medium, such as water, at a pressure greater than
atmospheric. Preferably M is selected from cobalt and nickel.
15 Preferably A is an alkali metal of group Ia selected from
lithium, sodium, and potassium. More preferably, the alkali

metal for use in the present invention is lithium.

The temperature of the reaction is preferably from about
20 50°C to about 150°C, more preferably from about 80°C to about
130°C, and most preferably from about 100°C to 130°C. The
reaction is preferably carried out at a pH of from about 8 to
about 14, preferably from about 12 to about 14. Generally, the
reaction temperature may be lowered with increased PH of the

25 composition.

The pressure is selected to maintain the presence of
water. The pressure of the reaction should therefore be at least

- greater than atmospheric. The pressure of the reaction is
30 preferably from 1x10> Pa to about 3x10° Pa, more preferably

between about 2x10> Pa and about 1x10° Pa, most preferably



The pressure is selected to naintain the presence of wat er. The

pressure of the reaction should therefore be at |east greater than

-at nospheric. The pressure of the reaction is 30 preferably from 1x10[err]
Pa to about 3x10[err] Pa, nore preferably bet ween about 2x10[err] Pa
and about 1x1Gfesrdz2fda, nost preferably PCT/US96/10541
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PCT/ US96/ 10541 betwe@f:t %gﬁt a@%ﬁs 8% 19L8" dhorRa BAGSAPLULy IOl e #ogélbié

may be possi bl e, Hto run the reaction under ref

skill ed aniting hilgh enieta? |1§umrt@er Feanyieoncurden tyafiavh. pThe skllled
temperature, PrisguLg %E?}p&ééﬁg%d&%@hhﬁ §ﬁéefé1£t&95 r'b%?

condi ti ons. reaction 1s carried out at the se ected

t enper at ur e tenpetapure s upredamursy ahticpl zand lwandesadbly alédsict appabpokate.

The actlo% L, rre Is preferably fromabout 1 day to about 20 days, 10
nor e prefer BSut 2 days to about 10 days and nost preferably
from about 3 days to about 5 days. This reaction may be
carried out at a 1 to 1 ratio, of alkali metal to transition netal;

however, it is prefeTHS yeastiom is carsded qui &k oiheishected Eomeesatyre

al kali netal . f €5 el el ZeC Bk Q8si gn I
excess of I\4}1%{'31I't?lrersrgtgglg ﬁom about z% %%Etﬁ g %ﬁéaéiﬁ(??qnggzzapr%?lé%b?{/hel n

a mol ar exceesstdpngbiue is prefeysdly Zrom abogt 1 day toTthuEa%@lmﬁ S
further prefer gLy, caLtledh fyteidh Anout 258bYEALL bl YAl BaysTHEaGhI et Of

the degree of wa I on on Ion produ shown 1n the
Li Co( err] X—regreferabdlyf trmtahnutpast idayss tof abbax: id/dyisch were obtained in
a series of syntheses where the anmount of water ranged fromO to 0.8
m/ 25 0.4 grans of CoOCH. A substantially total saturation of the
reaction conpositi OnTQQGUfé@dti—kin alkatbel cAriied Ther St |ld @dto 1 ra&tiésen can

readily determ e a riate water content necessar rry the
reaction to su Eﬁeg ng?e‘ﬁé}ﬂ?ltéém metadaBoYRNRE. 3¢ 15 %regergb 3%/ has
been denpngdr atg-riled ot €a@Na RerSitlotethic excese Bl el kanoMmnbt L0 mude | €
mai ntai ning a | alyered structured. 8
eferably the reaction is carried out in a molar excess of
alkali metal from about 1.05 to about 5.0, most preferably in a

molar excess of about 1.5 to about 2.5.

20 The reaction is further preferably carried out in a
saturation of water. The effect of the degree of water
saturation on the reaction product is shown in the LiCoQ, X-ray
diffraction patterns of FIG. 1 which were obtained in a series
of syntheses where the amount of water ranged from 0 to 0.8 ml/

25 0.4 grams of CoOOH. A substantially total saturation of the
reaction composition occurred at about 0.4 ml. The skilled
artisan can readily determine the appropriate water content
necessary to carry the reaction to substantial completion, as
described.

30

It has been demonstrated that Li can be completely

removed from LiCoO, while maintaining a layered structured.
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El ectrochem cally synthesized CoJerr] powders are able to

feintercalate lithiumin a secondary battery to give the LiCo(err]

phase, a direct indication of the fully reversible Li insertion

process wthi wamo22CoO2 phase. 5 The Co( err [pcaiusegiosky ch i s
made el ectrochemcally at a voltage of 5 Vis significantly unstable
in a noisture- his_p gacts as
ina moi ElectrSOMR AUING %%kf@@ﬁf%&_q{@%&b r;] h¥e P_Fe” el or ]
(1) 10 reintercalate litBaQhein]a setsindar)y batquxéy rfo gisre>the LiCoO,
H err] CoJerr] LN rr] Co

phase has the ggﬁééfaa dlr(? ct mdl?%ﬁ’(‘: Ig?o}ugs 1 erérv r%ﬁée rél k’ﬁ’cﬁﬁ%}{h
the literatureprecgss nilmﬂs the LPaedgrpHadd.r action Fi I es, under the nane

of het eroggmte (3R). The heterogenite phase reported i n Kondrashev
and Fedorova Dokl ady AKaD. Nank., 94, 229, 1954, was prepared by
boi | i ng [err]- Cv&&xbc[oarﬁﬂaséwmbar is made electrochlsfnﬁééii:p%?rar ]
formed from el ectrochenicall y synthesized Co(err described in

reaction (2) aBB¥Eageoh XVais faopificantly vmst te” »m. %an:iqtmnm cobal t
oxi de can be at RELQLC
peeﬂusﬁﬁlﬁg{ drRM LBHRAES ﬂi&éed thlﬁaﬁé%hg% %! \?M%%h

can be effected at enperatures b reacting
LiOH err]H err] O according t IIovvl_n rea 1on
H err] CoOggrr] + LiC]-l[err]H[gzr’%“i3 iﬁ éeLlCoqerlr)] + LioH in

wat er (3) The tro hem pre i.on of CoCIerr] bei ng
im i ?e%: So* f?%d “alt g?ﬁ’g{

vol une limted, it was Siere °%e Mélhods of
preparing the Herr]CoJerr] precursor phase. It has now been di scovered 30

that large amounts o glhecPRE%E.cbs! & R08H! | pidlk B8.Rha ISEL Yhyerea

PCT/ US96/ 10541 structyres sl LoReGat aod 0§ Krewn] ifofi@HN[ieerhtundere axy,goopDpas

fol I ows: ?ser r}?owder Diffraction Files, under the name of heterogenite-(3R}.
The heterogenite phase reported in Kondrashev and Fedorova,
Doklady AKaD. Nank., 94, 229, 1954, was prepared by boiling

B-Co(OH), in water.

H,Co0, formed from electrochemically synthesized CoO,, as

20 described in reaction (2) above, is a starting material from
which lithium cobalt oxide can be produced at low temperatures.
An exchange of the proton can be effected at low temperatures by
reacting H,CoO, with LiOH-H,0 according to following reaction.

25 H,Co0, + LiOH-H,0 + H,0 ----> LiCo0, + LiOH in water (3)

The electrochemical preparation of CoO, being volume
limited, it was desired to find alternative methods of
preparing the H,Co0, precursor phase. It has now been discovered

30 that large amounts of single phase H,CoO, can be obtained by



Terr]-Co(OH)[err] -------- > Herr]Coerr] (4) [err] The
reaction is preferably carried out at a tenperature of from about
-120[err] C to about 130[err]C for a period of from about 10 hours to
about 2 days. The reaction is nore preferably carried out at a

t enper at ure ofw@duskisl25[err]C for a period of about 24 PATIUS/10541
preferred enbodi nents, the material is renoved and ground at

intervals. The gesplyi ?%iﬂﬁr&] ROBERboB AN HANrDEYSEH, a8 tAs1 1 s

precursor in reaction ) to obtain single phase LiCo(err] at a

tenperature of about 100[err] & . ing t9the nt i,;pyention.
After the lithiated oxide is ?o?%ggﬁ?’t mayA be rTﬁés’b%ég?n éﬂ‘/ sui tabl e

rinsing agent, for exanple, water, acetonitrile, an 15 aqueous sol ution of

tetramet hyl ammoni a roxide, or. m : tah age. ' S
renoved du%{)ng t he w?s{ i’%és eoﬁl. ls”bé.%‘rgg%/b]éa(f?arxg:ﬁefdo%ugo%e?%at e}r&nﬂsugfgor
the [err]-Co(Odf| €xoh FBAKINIAOPC to aboutel BOWOHoand pexiotd @fr Erpmoalomits 1dX

reactions (4) and (3 nd the shed Li CoO2 are _shown_respectively at
(oot n' H hogrbobo 2Bdut ' aavp, o IBR, FRarbiPhaonoae REGEFIRNG Cafg ted
heated to a  outt aEPar séhis&rdtairecod aBOheridsccardr9a0heridd dfoabauli DR
sufficient to drive off interfering g;oups. Li t hium ¢obal t oxi de may

al so be akRuEFed 1B PELERRS SPEPELIBENLT edths MAkSR 19501 8 FEROYRSY and
period of 25 {#Quhd agh%%%ﬁaisF.oTﬁHrfMIHiw AVE3,NGarf FAC bhYustd tAe the

material. 44 € owi ng are exanples of the practice of the
pr esent | presursar in xgadtisa 43pr ke elbdimEingdsersree| kICe: akeaart

30 that these r 0 ° | Lyod, t. R .
t%?%?%ﬁé‘i §f Biei;ﬁutrtlze &ggyé: i Jféﬁggaﬁo £ ﬂf@bérh? invention.

present invention e appended cl ai'ns.
- 10 - WD 97/ 02214

PCT/ US96/ 10541 After the lithiated oxide is forx%&rg:l. ?na%r be rinsed in a

suitable rinsing agent, for example, water, acetonitrile, an
15 agqueous solution of tetramethyl ammconia hydroxide, or mixtures
of the same. Excess LiOH is removed during the washing step.
X-ray diffraction powder patterns for the B-Co(OH), precursor,
the CoOOH and LiCo0, products of reactions (4) and (3), and the
washed LiCoQO, are shown respectively at (a)-(d) in FIG. 2.
20

The lithiated material may further be heated to a

temperature between 100°C and 950°C for a time sufficient to

drive off interfering groups. Lithium cobalt oxide may also be

annealed at a temperature of greater than 950°C for a period of
25 from 1 to 5 hours to further improve the capacity of the

material.

The following are examples of the practice of the present
invention. It will be appreciated by those skilled in the art
30 that these examples are not to be construed as limiting the

present invention, which is defined by the appended claims.

- 10 -
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Lithi um cobalt oxide was prepared froma m xture 0.4 g of CoOOH and
0.4 g of LiOHHerr]O(2 tines nolar) with 0.4 m of Herr]Q 5 providing

a pH of about 14. The mi xture was sealed in a quartz anpoule (25 m
capacity) and the synthesis reaction was carried out .at a tenperature
of 100[err] C, W@pm22t4i ng a cal cul ated pressure of aboutpda/iset@ésasr |

Pa, for about 5 days. 10 FIG 3 conpares X-ray diffraction
pattern (a) of the LiCodJerr] for ' hi s exanple at 100[err]C
with X-ray diffraction pattern (b) of an TiCogJerr] fornmed according
to prior practices at about 850[err]C. The lattice paraneters of the

exanpl e material ar eLithiﬁrgzcé&Jé‘a]?t oQiQQleQ\CR%% "eglf' §%%§ A8 .14- 963 godpl

for the "c" 15 val ue. These val ues agree
Exanpl e 2 CoOOH and20gdof 4f dLOHCHESP et [tin@sgmoflak) Giriter r(.4 eilr b®, Eaod

I T N T AT, P RN

receptacl e whi was ace an "au
heated for 2 dampoallea(2BMmikbrcaibareéty] @bduthel 49hehes e afdhction was PESSSIKE

of 30-35x10[err] Pa., An X—ra#diffrgciaop pattern of the Li CoQ2
produced was s Bt PaFFYPEIRFEANRT aL00 Fat I6PSFREIDS 2 GRACHLALLA BPTESEUASR o
1. of about 6.6x10° Pa, for &AWV ddys. An LiNi(err]
material was fornmed in the sane manner as in 30 Exanpl e 1, except that

Ni OOH was used at a reaction tenperature of about 140[err]C. The

?(' &i‘)’_m ffi@ction pa%@rég? B%nﬁﬂe% FaLgy| 8l ffraction pattern (a) of the

PCT/ US96/ 10541 LiCoO, formed in this example at 100°C with X-ray diffraction
pattern (b) of an LiCoO, formed according to prior practices at
about 850°C. The lattice parameters of the example material are
2.8163 %+ 0.001 for the "a" value and 14.069 % 0.01 for the "c"

15 value. These values agree with the JCPDS.

Example 2

2 g of H,CoO,, 2 g of LiOH-H,0, and 10 ml of water,
20 providing a pH of about 10, were measured into a glass
receptacle which was then placed in an autoclave. The mixture
was heated for 2 days at a temperature of about 140°C and a
pressure of 30-35x10° Pa. An X-ray diffraction pattern of the
LiCo0, produced was substantially the same as that of the
25 material of Example 1.

Example
An LiNiO, material was formed in the same manner as in

30 Example 1, except that NiOCH was used at a reaction temperature

of about 140°C. The X-ray diffraction pattern for this material

- 11 -



"and a standard LiNNerr] reference pattern are shown respectively at

(a) and (b) in FIG 4. Exanpl e 4

-To exam ne the el ectrochem cal efficacy of the synt hesi zed |ithium
nmet al oxi de conpounds, sinple test cells wer e assenbl ed using as the
positive el ecty@omgzsql i | M of conposition cast from a fpcingkogesREr Si on

conprising the finely- 10 di vi ded oxi de conpound with about 10% car bon
and 5% bi nder : ' ' 0L+ | i c
6 apd = gg%g(g% b a2 Pat it IMldedRen. Lhuom Jhsy

solvent, e.g., roli di none. oro-silicate glas

separ ator el enatt (gt endt 8ol viint FIgndel ectrol yte sol ution of 1 M Li PF6
ina 2:1 mxture of ethylene carbonate and di nethyl 15 carbonate was then
arranged between the positive el ectrode el enent and a |ithiumfoi
negative electrode elenment in a SwEgshwbk 4 est cel |l which conpressed
t he el ectrqde and separator elenents into intimte contact. The

resul ting cel | was then tested in the usual manner over

charge/di scharge 20m, g¥ghfise ithd Beekopstnahi @AOWr£3ccyOof Ehd/.
The results of test cycling indicated that the initial reversible

i ntercal ati on syosbesieedotithiurcaetalr pxifezempunds, simebe dresf (qplls
Exanple 1 (FI f. e\ Y ¥kt BoSHEHY QEQ%F par ed
at about 850[5??%% gggg?%?%aIgﬁg%fg%rt%%ag?lce Egel%éfﬁ?%gm%). 'SH?
exenpl ary resulcomposiextenchst drom agflesd sdbdparsion compri€u®f ethg finely-

mat eri al qg Ex |, % nd.of the sane.ppterial epared | n.Ex le 2

are shown Oespgg't%i@(? ygfhd‘le‘i?&po}u@nglg.ﬁ aeb%;gt ¢ cargalh%?de?%}cﬁ@%)s of

the invention wdlymbe, apgpeti e golyvinylidémws efRiddilded if &heorgdnid om

consi deration of _the specif&g t5on andlgéactice oLﬁthe jhvention

di scl osed hereﬁﬁ}vent, e.g., 1-methyl-2-pyrro inone. A bgpo-silicate glass
paper separator element saturated with an electrolyte solution
of 1 M LiPFg in a 2:1 mixture of ethylene carbonate and dimethyl

15 carbonate was then arranged between the positive electrode

element and a lithium foil negative electrode element in a
Swagelock test cell which compressed the electrode and
separator elements into intimate contact. The resulting cell

was then tested in the usual manner over charge/discharge
20 cycles in the range of about 3 V to 4.5 V.

The results of test c¢ycling indicated that the initial
reversible intercalation properties of a LiCoO, prepared
according to Example 1 (FIG. 35} compared favorably with such a

25 compound prepared at about 850°C according to pfior practice
(FIG. 6). The exemplary results of extended cycling tests of the
1.iCoO, material of Example 1 and of the same material prepared

in Example 2 are shown respectively in FIGs. 7 and 8.

30 - Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the

specificat%on and practice of the invention disclosed herein.

- 12 -



What is clai med is: 1. A rret hod of making a single phase | ayered

alkali nmetal oxide 5 of the for

Herr]Alerr] MJ err] wher ei n A e ; Tﬁres S%HE?;;EETﬁg g,BEENi
a nunber from 0.99 to 0, and QNM on mata sel om C
and Ni woor02214 C h ar n t h ﬁcfmsggﬁn“ﬁn

al kali netal ion source is reacted in a basic soI utlon with
wherein Mis asgpgﬁf l%b ?gg én t he presence of water and at a
tenperature of Troma %ﬁer r]C to about 150[err]C and at a

()

pressure greater than at rmspherl C. 15 2. The nethod of claim1l
wherein the al kali rce 1S | OH,or Li 110 2

3 The mothod bt A BeRPRdFEFERYSE 4 Hngte: phecs Jovered alkelfneear oxfde
1x10[err] Pa tanaﬂtmitaBbe{:nérﬁoﬁmla 4. The nethod of claim1
wherein the reaction is carried out at 25 _ a tenperature of from about
80[err] C to°about 130[err]C. 5. ¥efa-Mehod of claim1l wherein Ais

sel ected from tCe iR is an aGRASE Shétih ¥f bhe Poud, Kk 132 number from
- B 0.99 to 0, and M is a transition metal
characterized in that
an alkali metal ion source is reacted in a basic solution with
10 MOOH, wherein M is as defined above, in the presence of water
and at a temperature of from about 50°C to about 150°C and a

pressure greater than atmospheric.

2. The method of claim 1 wherein M is Co or Ni.
15

3. The method of claim 1 wherein the alkali metal ion source is
LiOH or LiOH-H,0.

4. The method of claim 1 wherein the reaction pressure is from

20 about 1x10° Pa to about 3x10° Pa.

5. The method of claim 1 wherein the reaction is carried out at

a temperature of from about 80°C to about 130°C.

25 6. The method of claim 1 wherein A is selected from the group

consisting of Li, Na, or K.

30

T




