16 AUG 2005 WD 01/44113 PCT/ KROO 01470 1 A METHOD FOR PREPARI NG LI THI UM
MANGANESE SPI NEL OXI DE HAVI NG | MPROVED ELECTROCHEM CAL PERFORMANCE
BACKGROUND OF THE | NVENTION (a) Field of the Invention 5 The present!t AU 2005
invention relates to a nethod for preparing |lithium nanganese conpl ex

oxi de, Liwoawa11i3o4 (0 x 0.12), with a spinel structure uBeHKREPOWTEat hode
active material of a lithiumor lithiumion secondary battery. (b)
Description of the Related Art 10 Li CoO2 compound is nost commonly used for
a cathode active material of a lithiumor lithiumion secondary battery
havi ng an electrigc otential of Y ék : Les for
ot her active W%TﬂQPQF%VgﬁP&HﬂQGrQﬁ Q%ﬁ@%% @(@%2

- conmpound i s expeitAVINGAIMPROYEDBREEIERCHEMICH FQRMANCE, A 1ithium
manganese conpl ex oxide, 15 Li"xW2_1O4 (0 < x 5 0.12), with a spinel
structure, is one of the nost actively studied materials, because it is

i nexpensi ve and stabl e durBAGKGBOUNRGF THEIINVERIIONn environnent al
affinity. The conventional nmethod for synthesizing |ithium nmanganese

conpl ex oxi ] spinel structure conprises mxing a mnganese 20
conpound ang'sﬂ?wﬂ?m#&‘ﬁmm so as to adjust their chenical

conposi tions, andThéabLésre‘?ﬁtihOQnﬁJi? rBlaxés!e at nicthod ok girepadhg r BhiukbP
5,718,877 discloses a heat-treatnent process for obtaining chemcally

uni f or m spi mangamede Rordple@oxidey 6f, Mh,,0.58 ixl &12).ewithrg spinebgtrueiyra 994)
state that a c ound wth a ine) strugture, is not . limted t S

st oi chi onet p§e8%r 13 (gdede z?r?geﬁ @%Teﬁ@)‘ ‘gft?u@‘m QVOP{,%UTEV'@H %?"QPW

Li1,, Mn2., Cgamgﬁji es fromO to 0.33, and, as x i.ncreases, the valence of M

reaches 4 an t'he crystalline structure becones stabilized. After it was

reported that the deterioration of el ectrochem cal
(b) Description of the Related Art ,

10 LiCoO, compound is most commonly used for a cathode active
material of a lithium or lithium ion secondary batiery having an electric
potential of 4 V (voltage). However, many studies for other active materials
have been conducted recently, because LiCoO, compound is expensive and
disadvantageous in terms of stabil'rty.' A lithium manganese complex oxide,

15 Li,Mn,,0, (0 £ x £ 0.12), with a spinel structure, is one of the most
actively studied materials, because it is inexpensive and stable during its
usage, and it has an environmental affinity.

The conventional method for synthesizing lithium manganese
complex oxide with a spinel structure comprises mixing a manganese

20 compound and a lithium compound so as to adjust their chemical
compositions, and heat-treating the mixture at a high temperature. USP
5,718,877 discloses a heat-treatment process for obtaining chemically
uniform spinel, and R. J. Gummow et al., Solid State lonics, 69, 59(1994)
state tﬁat a compound with a spinel structure- is not limited to the

25 stoichiometry of LiMn,O,, and a spinel structure forms even if x in Li,,,Mn,, 0,
varies from O to 0.33, and, as x increases, the valence of Mn reaches 4 and
the crystalline structure becomes stabilized.

After it was reported that the deterioration of electrochemical



1 6 AUG 2005 WD 01/44113 PCT/ KROO/ 01470 2 characteristics of lithium
manganese conpl ex compound with a spinel structure is pronoted by 1§ AUG 2005
nonuni formty of spinel conposition, various studies ' for synthesizing nore
chem cally uniformspinet using a |iquid phase nethod have been attenpted.
However, wWwOW1maeHDB |iquid phase nethods, a spinet 5 conpourrCTHERNY4HE
particle size of several gmor |less is obtained. Such mcro particles are
difficult to use as a cathode active material of a battery, because they
have poor particle flow characteristics,_charge density, tap density, and

wettability for solvent, and,thus they have many problens in the electrode
prepar at i on @rgetesistiey pf {ithiwmc manganese e CARMPIR coMrawnd jwith a spinel

mater al o, parae Bl RGeS TERnforiy SE5pb8l HirobPdliof Aot 1 nise
nonuni f or m tigr @yntHeeizisg M| dhepiically Wit gsihertsingfa Fduid prdse mesiad
synt hesi zing spinet, and deteriorate the electrochem cal properties of

spi nel . | nsihaveEheen atiempted. mitowever, with reeglalinid phaseamethogso shifelct s
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conpound of hecaudetidid hate petsti paricle Sowhclsizetdristids, oRargéedensiof,afap
performance when used as a cathode active material of a Ilithiumor [ithium

: on ;ecogd?r@ﬁm éf‘?,"}@ﬂﬁm'ﬂgéﬂ’tMV@}‘nﬁﬁﬁihﬁ%H‘m@mn}Ty@bﬁm%MF y
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and the partélettrbaid¢mival prfpeeties.i nhi bit the nmovenment of mlithiumin the
process of insertiogn and deintercalation, as well as react with lithiumto

decrease the amounfesEnHpyBpwas| fouRduthat Arieetsnie fauninajenalsc padisataryne
gggsg' %nf{ Oér]lggtri?@‘ii&ewanggﬁ%rss NGO FEMBINY pRIHGEP tor@hitbRARY | BF e
composition or local defects of structure when synthesizing spinel, and
deteriorate the electrochemical 'properties'of spinel. Inside EMD, a raw
15 material of mangénese. a variety 6f defects introduced during the process of
synthesis (impurities, absorbed water, crystalline water, hydrogen ions, and
other ions such as SO, Cl, NH*, etc.) exist. Such impurities form a stable
mesophase that exists as impurities during the heat-treatment process for
obtaining the spinel compound of Li, ,Mn,,0,. In addition, such defects
20 may deteriorate performance when used as a cathode active material of a
lithium or lithium ion secondary battery, because the synthesized compound
has internal lattice defects, even it it has a spinet structure. Specifically,
lithium diffuses into a lattice of a spinel compound when
charging/discharging, and the partial lattice defects inhibit the movement of
25 lithium in the process of insertion and deintercalation, as well as react with
lithium to decrease the amount of movable lithium, and consequently
. decreases the capacity of the battery.
There have been many atiempts at removing the above-mentioned
defects. The most representative method is acid treating or base treating

30 the raw material powder in a strong acid or a strong base. The acid



defects. The nost representative nmethod is acid treating or base treating

30 the raw material powder in a strong acid or a strong base. The a‘?'ﬁq\UG%ﬂﬁ
AUG 2005 WD 01/44113 PCT/ KROO' 01470 3 treatnment nethod is used to renov
impurity nmetal ions existing in the raw nmaterial, and the base treatrrent
met hod | swosed4mt® substitute hydrogen ions in the raw natRGTKREHIIM
lithium Since these nethods are used with aqueous solutions, they involve
the risk of nmoisture infiltration into the raw 5 nmaterial and the absorbed
wat er may be incorporated therein. In aadition, since particles strongly

IR T YT AL T i P A
t t t
neor Do 2 A AN bASK TR fothF UEHH e ApBgesdreeat e

-cannot be co treat nen renove the

| npuri ti es. inAqRé hedw | MBRITRIT whik Oithiim.i S Silce thepe mEthdus see ouskat with
aggregate of the manganese raw material. VWen the nxture of nmnganese
-di oxi de andaqueeus ﬁtﬁl-ﬁl@npoﬂmv lryoh@athet Figla Ok Aoistureintiiration |"ﬂtPa¥185fa¥‘he

pi nel 1 9 nEEPYEEhhis ALSPRECL AR R drmsatarated BeRRf,gln sldbR, ™
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t he shape o particle nanga ese di oxi de should be controll ed.
SUMVARY OF EbEmbNVIﬂhE’Ide\LEO methods dnvalbe e tpuverizing proeess, duringhwhigh t 0

provi de a net hod of preparing a n anese ¢ ound havin |

secondary REFESFathe H’EB-@“W?H@M &gfmoé%rEﬁ% i AP %r'ﬁ%l& of the

nmanganese ﬁgf&% r(cé“fh%%%‘ﬂ bl trétnerit Sarindt MY 2bAddctkd tdimulaRBognnese
oxide wt e

conpl ex a spin structure having inproved perfor mance
consi der iong withea baSe dieatreenttd rconexe theobipawigiesf the prior art. S

't hi'um nanganese ARG PRGN grMBILSdnt SeRPS e Se 1Y £85 BT 10
the manganese raw material. When the mixture of manganese dioxide and
lithium compound is heattreated, lithium infiltrates the manganese
compound and a reaction proceeds, and the shape of the formed spinel
15 nearly maintains the shape of the particle of manganese raw material.
Therefore, in order 1o control the shape of the spinel particle, the shape of

the pariicle of manganese dioxide shoukd be controlled.

SUMMARY OF THE INVENTION

20 it is an object of the present invention to provide a method of
preparing a manganese compound having an improved secondary
aggregate shape without defects existing in the particles of the manganese
compound raw material, in order to obtain a lithium manganese complex
oxide with a spinel structure having improved performance, considering the

25 above-mentioned problems of the prior an.

It is another object of the present invention to provide a method of
preparing a lithium manganese spinel having improved performance using a
manganese compound prepared according to the above method, which has
improved panicle shape and which does not have internal defects, as the

30 manganese raw matenal.



manganese conpound prepared according to the above nethod, which has

| nproved particle shape and whi ch does not have. internal defects, %s t he
30 manganese raw material. 16 AUG 2005 WD 01/44113 PCT/ KRoO/ 01470 4 16/AUG;2805
anot her object of the present invention to provide a lithiumor lithiumion
secondar y Wsaeérv#4tid havi ng i nproved el ectrochem cal charact #CTHROS14I8i ng a
l'ithi um manganese conpl ex oxide with a spinel structure having inproved
per f ormance, prepared according to the above 5 nethod, that is obtained
fromthe manganese conpound that has inpyoved particle shape and which

does not have internal fects, .a cat hode.acti.ve , materjal..ln order to
achi eve these obj ectsa? grﬁ)&’é%‘érﬁf &'ﬁv@rﬁlsf’ﬂﬁ' F&@PB&Q Rfov ﬁgJHh'Hf“ or
preparing aj{Raeansss ce yt N@htibsy 2 Ha’%‘)%%ﬁtﬁﬁ[ﬁrﬁlleﬁorePectr'oehéﬂ'nFéﬁlum
manganese conpl ex oxide, conprising the step 0f sinultaneously applying a

mechani cal theacactenstics bsialy endittgymt enangameganesmplexToaided witho a apined
defects present in particles of said nanganese conpound, and to control

the aggr egaSIyRIWE hawing dmpsoved) nerloraRee. BreRated ARFOERICQ e ebeves. The °

present inv ' ' re ' Lt i - ganese
conpl ex 3xi @Ea\ét\b/.'vlg{]’hﬁ.‘aai g%:%%e 'hgﬁﬁruo??u %W%\Oq%nre%g [ é\%ﬁ#%dsﬁ%sﬁ% m’:;frg?@ﬁi Xi ng
(1) a mangapasicle 8hREY BhaPVRIRArETesAseHalieBitdrAal defet®] A8G caPBBE attivg t he
step of sinultaneously applying a nechanical force and a heat energy to

renove def efRa@lefaksent inside particles of a manganese conmpound and to
control the aggregation of rticles and the shape of .the,20 aggregat ed
particles, and (i1 oL0F {hPRAICVEBERREDIasts: 15 PRl MYEmipn HdvidERa |y o
obt ai ned i nns@hddSétepreliling TAmBhGaREe COMPRUNENNAL 39 aPFAY IAS&nal fdrt &I um or
lithiumion secondary batfery conprising a lithium anode, an electrolyte
and a catthodithiums magpganese womplexaoxige, comgrsing thel stepvad esimuitaneausipi net
structure a anZS active na}Fria%hdwh re;n saidtcathode active nateéial S
Lithium mngxgﬁ g a mechanical force a heat energy to @ manganese compoun

to remove defects present in particles of said manganese compound, and to

controd the aggregation of particles and the shape of the aggregated particles.

The present invention also provides a method of preparing lithium

15 manganese complex oxide with a spinel structure, comprising the steps of
(a) mixing (i) 2 manganese compound prepared according to the method
comprising the step of simultanecusly applying a mechanical force and a
heat energy to remove defects present inside paricles of a manganese
compound and to control the aggregation of particles and the shape of the

20 aggregated particles, and (i) a lithium compound; and (b) calcinating the
mixture obtained in said step (a).

The present invention also provides a lithium or lithium ion
secondary battery comprising a lithium ancde, an electrolyte and a cathode
using lithium manganese complex oxide powder with a spinel structure as an

25 active material, wherein said cathode active material is lithium manganese
complex oxide with a spinel structure that is prepared by the method
comprising the steps of (a) mixing {i} a manganese compound prepared
according to the method comprising the step of simultaneously applying a
mechanical force and a heat energy to remove defects present inside

30 particles of said manganese compound and to control the aggregation of



conpl ex oxide with a spinet structure that is prepared by the nethod
conprising the steps of (a) mxing (i) a nmanganese conpound prepar ec{
according to the nmethod conprising the step of sinmultaneously applyi rﬁgA'-lﬁ 2005
mechani cal force and a heat energy to renove defects present inside

particl eswofo1siid nanganese conpound and to control the agREBYROIVOA0Of 16
AUG 2005 WD 01144113 PCT/ KROO/ 01470 5 particles and the shape of the
aggregated particles, and (ii) a lithium conpound; and (b) calcinating the
m xture obtained in said step (a). BRI EE DESCRI PTI ON OF THE DRAW NGS Fi gure
1 shows the result of analyzing the disfri butlon of defects, s present in
the particl partisiesvand dbe eshapth fdnthee agomgaled upaRigies. tang nfl) a higm

anal yzer, accordln e f oti of gure 2 shows
the thange Srprung: Ba (B cAFBHle BRZ‘?HE m%éiﬁ%éﬁ%ﬁgékese di ox1 de
raw material, according to %p reatment. 10 Figure 3
shows a scanni ng el ect r B ehl arged 500-fold

‘expre55|ng t he sh i
treatment. Figure d omsp&‘q‘got‘%sggrﬁém e%u’el eanctﬁés@%tpe@?E%\? lyEtot ogr aph

enl ar ged s50@rdsdrfl iAxtPleepartioRst dreMsapgteof rrmghneteamfldemwasmednaku de
1s after treatnent. Figure 5 shows the size of nanganese di oxi de

particl es bweight analyzer a'éfFOleHQttﬂébe U of timeeolMit Fe#mMeBn t her eof .

Figure 6 shovs & NE oo I505l hedlnbhdd ot THITARARES S SBIChy MY T 4RS! 220

treatment. {regiec Harﬁdﬂﬁé%etdiﬁmﬁé@aﬁ%ﬁiéﬁﬁl Cﬁcdohﬂlh UEIHB RERGRR ©f Liphen of

synt hesi zed using the MH treated raw materi al of anple 1 and Exanple 2,
accordi ng t MHieatmendt of tinme of MH treatnent.
10 Figure 3 shows a scanning electron microscope (SEM) photograph

enlarged 500-fold expressing the shape of particles of manganese dioxide
before MH treatment.

Figure 4 shows a scanning electron microscope (SEM) photograph
enlarged 500-fold expressing the shape of particles of manganese dioxide

. 15 after MH treatment.

Figure 5 shows the size of manganese dioxide -particles before and
after MH treatment and the distribution thereof. _

Figure 6 shows the irue density of lithium manganese spinel
synthesized using MH-treated raw material, according to the amount of time

20 of MH treatment.

Figure 7 shows the tap density of lithium manganese spinel
synthesized using the MH-lreated raw material of Example 1 and Example 2,
according to the amount of time of MH treatment.

Figure 8 shows the charge/discharge characteristics of batteries of

25 Example 1, Example 2 and Comparative Example.

Figure 9 shows the life characteristics of batteries of Example 1,
Example 2 and Comparative Example.

Figure 10 shows a typical mechanofusion mill, wherein reference
numeral 1 indicates a mixing chamber, 2 indicaies a chamber wall, 3

30 indicates a fixing axis, 4 indicates the direction of chamber rotation, 5



Figure 8 shows the chargel di scharge characteristics of batteries of 25
Exanpl e 1, Exanple 2 and Conparative Exanple. Figure 9 shows the lifgﬁ AUG 2005
characteristics of batteries of Exanple 1, Exanple 2 and Conparativ

Exanpl e. Figure 10 shows a typical nechanofusion m|l, wherein reference
nuner al 1Wdli/eaies a m xi ng chanber, 2 indicates a chanberceatroeoda7630

I ndicates a fixing axis, 4 indicates the direction of chanber rotation, 5
16 AUG 2005 WD 01/44113 PCT/ KROO/ 01470 6 indicates a thernoelectric zone,
6 indicates a scraper and 7 indicates an external heater. DETAILED

DESCRI PTI ON,. AND THE PREFERRED ENBODI NEN'IGS The present invention prepares a
nmanganese ¢ f8 3 fhermaelgctyc zans,f dndigatescr SCraparnangh frindjeatescam onpl ex
oxi de by apglig-Rgi at chanical force and a heat energy to renpve defects
present insrde pariicl'es of the manganese conpound, prepares a lithium

ggﬂggﬂﬁze aﬁgm&%ﬁ'ﬁﬁﬁlﬁﬁh fé'huﬁnégkg %ﬁ%«ﬁé‘ dﬁlgﬂaﬁn'g%geﬁgl ng
cat hode active. mipgprasent HRnGEn sl WnndBheeq cabipind s

appl yi ngsmecvanimateriflorfoe a alithiume amariganeyei eofrpled reidé Ob@s applying a
treatnent”. The nmechanical force is applied to a particle of nanganese

conpound r al® 1Gah| forgg @nd apheaticenergy t ramevendelestaiqyesent dnsigearticl e

moverent - P, 3¢ mpAdndd ARG Cerandid € TR rProb R n: ~anc
evapor at e absmpledoxdearith aapiiel @tructurgsid b3dtrmangadbyd esRpoLIRASardd

ot her evaporabl e i ons,R_r esent inside the secondary particles of the raw
material . 2BrosiRes vy Wthium neindithign deer seeendany bafenusing sRidflittismect s

Present 1pN ilhoRlebbCtEmplix bt WA % Wik "BAIthe HICLRYIYE SRELLY the

material,

In the present invention, the operation of applying mechanical force
and heat energy is referred to as “MH treatment”. The mechanical force is
applied to a particle of manganese campound raw material, and it produces

15 strain in the aggregated particle 1o increase driving force that can rearrange
the atoms according to their moveﬁlent. -Simultaneously, heat is applied 1o
promote the rearfangement and evaporate absorbed water, water of
crystallization, hydrogen ions and other evaporable ions present inside the
secondary particles of the raw material.

20 Such MH treatment may decrease the concentration of defects
present in the particles of the manganese compound, thereby increasing the
average vaience of Mn therein.

The results of MH treatment are proved by the following explanations

- of the drawings.

25 Figure 1 shows the results of analyzing the defects in the particles
before and after MH treatment using a thermal gravimetry analyzer,
indicating that the total defects largely decrease after MH treatment
compared to those before MH treatment.

Figure 2 shows the average valence of the Mn according to the

30 amount of time of MH treatment, and indicates that, as the amount of time of



average val ence of M therein. The results of MH treatnent are proved by
the foll owi ng explanations of the drawings. 25 Figure 1 shows the results
of analyzing the defects in the particles before and after M treat heAdG 2005
using a thermal gravinetry analyzer, indicating that the total defects

| argel y degd epsai1after MH treatnent conpared to those bef PCEKMO0/O0WHAL NNt .
Figure 2 shows the average val ence of the Wh according to the so anount of
time of WMH treatnment, and indicates that, as the anount of tine of 16 AUG
2005 WO 01/44113 PCT/ KROO' 01470 7 MH treatnent increases, the val ence

i ncreases. This is because the vol atil e_7 lons that exist as inpurjtjes such
as NH4 , H30AH tretment bctiasesalgeplence inGeaasese tTHiS ipdesapsedhe valalls gur es

3 and 4 show t he shapes of. manganese  di ox|,de. i cLes after
-MH t r eat ment®g e@ﬁﬁ\/@lsy',m%gﬁ'géewqm%u'gﬁ a Ig{?T' E&nﬁ’ga?ﬁ?’%géﬁ?gt%t he
shape drasti g{@@g ki€ 5 shows the result of analyzing the size
of manganes('ar&glké%({tl3 e pgﬁ?legr?sﬁbefore and after MH treatnent and the

di stributions theFgiresss apdad shondifng shapey of rmanganess diaxidegarigleser M

treatnment, the size of nanganese to di oxi d_e.vsﬁ&condar%%ﬁa}[_‘t icles i ui tabl e
for use d#s deferensnd afer MHndeaknent, respeFIMAlY.t AR PERMMINIAVE, & ent

i nvention can;he. | : [ fie apparatus that can apply shear
stress to tﬂgd@%?@{g‘%?g#eeg%érﬁ% Q%&i&lﬁ@%ﬁd&? gpbal | mll, attri t!ognym' 1,
jet mll, centrif wygires showsths resuit offanalyzing iheddize of mangantse dicxide
attached. Such shear stress applies stress to particles is to increase a
drivi ng for @arficies beiorawnshefter MH Ee@ment@ﬂ%@erﬁﬁﬁ&auapﬂs dhgreot using a

si mul t aneous| y... eat_ener i ' (0 '

romot (g SrEeRd AT PR R HECMIPRbiment WU kiad Somifiggfece
I's surfage cHakdesesonddrgipsticiesls sultable forcisersy asatwde dctivesnatesidl.i n t he

Exanpl e of the pr eSSu%rr]atMH treatment of the present invention can be conducted using
a specific apparatus that can apply shear stress to the surface of particles,
such as.a ball mill, attrition mill, jet mill, centrifugal mill, etc., to which a
heating apparatus is attached. Such shear stress applies stress to particles

15 to increase a driving force for the movement of atomns in the matenal, and
simultaneously, a heat energy evaporates volatile impurities while promoting
the movement of material.

A preferable example of said apparatus is surface coating apparatus
called “a mechanofusion mil’ as used in the Example of the present

20 invention. Said apparatus has the advantage of being capable of applying

| mechanical force such as shear stress, compression stress, etc. to a particle
and extemnally controing the temperature, and it is generally used for
coating fine metal on ceramic powder. The principle of the operation of said
apparatus is shown in Fig. 10. Specifically, the manganese compound raw

25 material, is introduced into the mixing chamber (1), and the manganese
compoﬁnd gathers along the rotating chamber wall (2) by centrifugal force
and receives shear stress and compression stress at the fixing axis (3).
The scraper () scrapes the manganese compound attached to the chamber
wall (2), and the thermoelectric zone (5) controls heating of the outer heater

30 (7).



20 invention. Said apparatus has the advantage of being capable of applying
mechani cal force such as shear stress, conpression stress, etc. to

particle and externally controlling the tenperature,-and it is geniﬁ&“ﬁﬂmm
used for coating fine nmetal on ceram c powder. The principle of the
operation Wo®4a#d3 apparatus is shown in Fig. 10. Specifi capdyKROGEIT0
manganese conpound raw 2s material, is introduced into the m xi ng chanber
(1), and the manganese conpound gathers along the rotating chanber wall

(2) by centrifugal force and receives shear stress and conpression stress
at the fixing axis (3). The scraper (6)Sscrapes_the manganese conpound
attached to the chihff2® PraEeMt [N¥pntiangmanganase ndieKise: pueh Amelgciodisnt r ol s

heating of t 231 S 2CT/ / 01470
S n the pr BBoRENBRe SRR €M PhouL dofl SRegita, MRngahgRe Hiply (DY 21470
nmanganese di MHOLE, KiE)D), dAitPRin,@0dak berisedl asmedanesatdtizixi de (CVMD,  MQ ,
Mh203 and M30O4 can be used as the raw material. The nmechanical force
applied to sai d nahbanmeshaoiepbdortei appledgtef saidomanganesei samgopnd. i t o
1000 dyne/cn®, .in ich ran t he . three- di nensional destruction of the
aggr egat ed pBﬁf?@b&aHB@"nge%rcbchrm @fbr% V”‘r’@%rfﬂc‘ﬁﬁ"c Eéngs €€ edge
parts of 1 heaindhdiBhA'deltniclofiRf Sht taggle @it HartitBEHAUSCRAN ELraN St rode
fromlithi um manganese spi ne conpl oxl de 'that I's prepared using a
M\-treat ed nereghaaical caovepgy memavess edge gpartsatodr ihe rawhenatendlatoe rhakestit on
bet ween parti eases and the rue density. can be inproved. Th

d .
oount of 2t 1 GIBbHTare SHNGA & RBEREn PR ISIREE . o AR EYRE0Gpese. SPine

preferably. : ; 3 | R
particle shag%mggg% ﬁfé'dtﬁﬁé‘%ér%gg Fe:??ﬁggnl}eégg %oﬁpsogﬁéﬁﬁﬁg%ggg@ 9%?:60 rﬁs%ﬁ"enrq cal,
but the diosadsanrawaesateriat, dhesurizcedfedctidn bgtvweer padickes] decreasesaricdthehi gh.

If the tine is less_than 5 mnutes, it is difficult t suf ficieptl) enmove
defects. Thelbg D e TmRoeth e JhecamPyy pEime: of apabing Swcnanisah

energy and heat energy is preferably. 5 minutes to 5 hours. If the time
exceeds 5 hours, the particle shape of the prepared manganese compound
becomes more spherical, but the disadvantages in terms of operating cost
15 and time are too high. If the time is less than 5 minutes, it is difficult to
suiﬁcie_ntly remove defects. The temperature range of heat energy is
preferably 50 to 200 T.
In said MH-treatment, preparations that make the treatment easy can
be added. Preferable preparations include a lithium sait such as LiOH,
20 LiOH- H,0, LiCH,C00, LiCHO,, LiCHO,- H,0, LiNO,, and Mn(CH,CO,),,
Mn(NO,), having a melting point of less than 200°C, and mixtures of other
metal compounds and the above compounds. The amount of the
preparations is preferably 0 to 20 wi% of the treated mangénese compound.
In addition, in a method of preparing lithium manganese complex oxide
25 Li,,Mn,, 0, (0 x 0.12) with a spinel structure comprising the steps of mixing
lithium compound and said manganese compound and calcinating the
mixture, said lithium compound is preferably selected from a lithium salt
group consisting of LiOH, , LiOH- H,0, LICH,COO, LiCHQ,, LiCHO,- H,0
and LINO,. In addition, the temperature of calcination is 400 to 900 C, and

30 the time of calcinations is 1 to 30 hours.



In said MHtreatment, preparations that make the treatnent easy can be
added. - Preferable preparations include a lithiumsalt such as Li OH,

Li OH H2O, Li CH3000, LiCHO2, LiCHO2 H20, LiNG3, and Mh(CH3CO2) 2, l\/h(l‘ll(ﬁaﬁuﬁ 2005
having a nelting point of | ess than 2000, and m xtures of other netal
conpounds vandi4hes above conpounds. The anpunt of the prepRCAKRONSIATE

preferably 0 to 20 wt % of the treated manganese conpound. |In addition, in
a nmethod of preparing |ithium nanganese conpl ex oxide 2s Li1"M2."04 (0 X
0.12) with a spinel structure conprisi ng)the steps of mxing [lithium
conmpound and sai d nmanganese conpound anda cal cinating the mxture, said

|'i t hi um conpounthe dithiuet enanganese| eRMpEXf 9>6ﬁ¢awlthtﬁnsﬂmeézﬂ“tumtyﬁogbthe

addi t on Ot ReeseareRliG S roRlsdhion A CPRIPIS AR08 tmaterit e BRUPHEERE | e
of eal ci nal i i for! Sathy/ing Ao RARGaNRLP e don ST BBRUEH 470 ©

The |ithi um mnganese co wth a I net structure of e present

i nvention idn a‘pp'iethyl pvrrahdlaé I‘(W)atsbiveat sirgy igaaphife aslatdmndlmr:tt&tarw y or
lithiumion battery ing Lithi um nmanganese s | ne %ound powder in.

n- et hyl Sy W*WW@”@MWPV '%I(%’Rﬂ@ﬁ AP m%[ﬂﬁuﬁfs Faeding S
pol yvinyli d%ﬂfr;ﬂg Bh%h%rg] P ﬁa&.@ R8hod CaRIRPaNE ﬁuﬁ% ot ,Pé}aaar' ng

said slurry o um num y a casting ne ying urry to

prepare a eathwils atheppRitiyy 588 @ahede &b lzoktRiUN s@cbnménywatmyqagamr
battery together wth an anode and an el ectrolyte. Thus obtal ned battery
has much betWiBy ancanedr ARdsaM glagtrobier atihds iobfaingd hadery hasJRHERDERET st i cs

the non i NSRS RS cher T RABIFS EnaRicionsre aH 2 oBhERAITH0 | (7T

mat er i al 10 The iipigfemMangaress ispineMdompbuureX ptepared fram rtheamfewltreatéd]
reference to the foll ow ng Exanpl es and Conparative Exanples. However, the

Exanpl es ar Na03nesgseerapeund ef B'teeB"étha'T ﬁ%@rﬁqtﬁﬂde aftve mat¥ialsent i nvention
is 15 not 1imgd dasdiefention will be explained in more detail with reference to

the foliowing Examples and Comparative Exampies. However, the
Examples are to illustrate the present invention, and the present invention is
15 naot limited to them.
[Example] |

Example 1
MH treatment of manganese compound raw material

In order to remove defects present in electrolytic manganese dioxide
20 (EMD; MnQ,), EMD was MH-treated. Specifically, the weight of MnQO, raw
material was quantified, and the guantified amount of MnO, was introduced -
into a mechanofusion mixer (Japan Kosokawa Company product AM-15)
shown in Fig. 10, and shear stress and compression stress were applied to
the particles of the raw material while applying 100C of heat thereby
25 preparing the modified manganese dioxi'de.

The change of the distribution of defects present in the particles of MH-
treated manganese dioxide (surface absorption, volatite ions, crystalline
water, or structural defects) according to the amount of time of MH treatment
is shown in Fig. 1.

30 In addition, the change of the average vatence of the Mn according to



[ Exanpl e] Exanple 1 MH treatnent of manganese conpound raw material In
order to renove defects present in electrolytic manganese di oxi de 20 (EMD;
Mh02), EMD was M -treated. Specifically, the weight of MiO2 raw ndtbellbadlls
was quantified, and the quantified anbunt of M02was introduced into a
mechanof uwonwimnar (Japan Kosokawa Conpany product AM 15) pcimorewd:froFi g.
10, and shear stress and conpression stress were applied to the particles
of the raw material while applying 1001C of heat thereby 25 preparing the
nodi fi ed manganese di oxi de. The change of the distribution of defects
present in the particles of M+ treated lﬁanganese di oxi de (surface

absor pti on, tN@RFReYR of dine otMytreatment is shown in &ig. &.r uct ural defect s)

di to th ' f t t t h in Fig 1. .30 |
addi tion. ¢ he olangath Skat bR Bt LR EiPes o R W ek triBieand "aue.
2005 WO 01/ 4kt MAGFéARMM &1 SRodA intmgs.a@%au,oénd tHE sk Mh%rﬁ%iaﬁﬁt IS
shown in Fig. 2. In addition, SEM photographs of the shapes of 'the

particl es behgrheadistribativarof the tsizeaamalyreciby pamicte size ShalyzeBasnshewn and
t he size of .tl?_.e grticles and the distribution of the size analyzed by
particl e i o 'yzer are shown 5 in Fig. 5 The preparation of |ithium

manganese conpl eye Oxici@ratidn) of IRRLAE mark] dritdel tEmbis RbGRANath Mtduigat ed

manganese di oxi e Taw nmat errat—was Nt xed — wWrth— -t -ty eoxt—oe

nonohydr at e sfriictile H2O) while controlling the ratio of to Mi/U to 0.538.
The suffici entl_ﬁ m xed powder was heat-treated in a furnace at 400 to 500
C under an air hPSd¥gRat Mii-reales, manganese cligxide dawematenial cvasarixedol ed

and then m gt Afid HyBrSidemondhydrate (LIOH- H,0) while controlling the ratio of
10 Mn/Lito 0.538.
The sufficiently mixed powder was heat-treated in a furnace at 400 to

500 T under an air atmosphere for 7 hours.
The heat-treated powder was cooled and then mixed again in order to
make the chemical composition uniform.

15 Thus obtained powder was secondarily heat treated in a furnace at
750T under an air atmosphere to synthesize lithium manganese spinel
powder.

The change of the true density of manganese dioxide in the prepared
spinel powder according to the amount of time of MH treatment is shown  in

20 Fig. 6, and the change of the 1ap density of manganese dioxide according to
the time of MH treatment is shown in Fig. 7.

The application as a cathode active material and the evaluation of the

battery characteristics

The prepared lithium manganese spinel compound powder was used as
25 a cathode active material to prepare an electrode. Graphite was used as a
conductor angd polyvinylidenedifiuoride (PVDF) was used as a binder. The
weight ratio of the active material, conductor and binder was 85:10:5.
A binder was dissolved in n-methyl pyrrolidinone (NMP) and then an
active material and a conductor were added to prepare a slurry.

30 The prepared slurry was coated on aluminum foil by a tape casting




make the chem cal conposition uniform is Thus obtai ned powder was
secondarily heat treated in a furnace at 7501 under an air at rmsphel(r]ﬁe @0 005
synt hesi ze lithium manganese spi net powder. The change of the true eﬁ |%y
of manganese dioxide in the prepared spinet powder according to the anount
of tine ofvo\iakfgat nent is shown in 20 Fig. 6, and the cheowrrodowve | ap
density of nmanganese di oxide according to "the tine of MHtreatnent is
shown in Fig. 7. The application as a cathode active material and the

eval uation of the battery characteristics The prepared |ithium manganese
spi net conpound powder was used as 25 H cathode active material to prepare
an el ect r odmethadpdrid thewadt wasdiriesl i acaeduot drieaati 130 'C for 2 hours to

pol yvi nyl i denedi fl uori de (PVDF) was used as a binder. The weight ratio of
the active PrePere alcathefifiuct or and bi nder was 85:10:5. A binder was

di ssol ved in n;get hy! i dj d ' i,al and
5 conduct or e HIBWR (B as. Hs88"gs A hoes THE htflond A In ikl "
coated on aldpd Buof& hppropliateBReC aad itigh & Bitkhlse i8R GecURYAry tattbh) as

PCT/ KROO 01470 11 nethod, and then it was dried in a vacuumdrier at 130 C
for 2 hosir scarstrysteg ase 2a coit lelle. Limdleudh kfal sekdionswasaysesh améde. The

hode and th d . i i A a.ld thi
Con secondarcabie, ensndnes Tlaty Bl L EBlhe GpoRlts, @), Agl b
sol uti on W?%leyﬁﬁéth?ﬁc%oﬁa?étﬂémcfjtiﬂdhéf‘rﬂtibftﬂ f*))z% 8864 ds08n @eaidr%tlﬁgg

car bonat e and” et hyl net hyl carbonate (EMC) in the ratio of 1:
used as an kgwdirolytic liquid. The prepared cell was represented by

Charact eri ot | cdnEnaraaiot; eel ota seeaspaied By GMBRL LU BN 8 tat ca.
The evalyat bpMciill "eneatairgéiskharge ehsicRstiskEs and the life characteristics
of the cell were evaluated. The evaluation of the capacity was conducted at
the range ot the charge/discharge ;roltage of 3.0 to 4.5 V, and the evaluation
of the life characteristics was conducted at the range of 3.4 to 4.3 V.
The charge/discharge characteristics are shown in Fig. 8, and the life
15 characteristics are shown in Fig. 9.

Example 2
MH treatment of manganese compound raw materiat

EMD was MH treated by the same method as described in Example 1,
except that 0.03 mole of LiOH- H,0 per 1 mole of MnO, was further added

20 as a preparation o enhance MH treatment.

The preparation of lithium manganese complex oxide with a spinel
structure '

Lithium manganese spinel was prepared by the same method as
described in Example 1, except that MH-treated EDM to which said

25 preparation was added was used.

The change of tap density of manganese dioxide in the prepared spinel
powder according to the time of MH treatment is shown in Fig. 7.

The application as a cathode active material and the evaluation of the

battery characteristics

30 A battery was prepared by the same method as described in Example 1,



the range of the charge/discharge voltage of 3.0 to 4.5 V, and the
evaluation of the |[ife characteristics was conducted at the range %f gzﬁ
to 4.3 V. The charge/di scharge characteristics are shown in Fig. B,1 NG Whe
life 1s characteristics are shown in Fig. 9. Exanple 2 M treat nent of
manganese wenfiodnd raw material EVMD was IVH treated by the sagekKwet/mate as
described in Exanple 1, except that 0.03 nole of LiOH H2O per 1 nole of

* AnQ2 was further added 20 as a preparation to enhance MH treatnent. The
pr eparation of |ithium manganese conpl ex oxide with a spine) structure
Li t hi um manganese spine) was prepared by'the same nethod as described in
Exanpl e 1, eS¢GEN thaklithimmanganesechning! piepared i the aboye ¥yas ¥3ehHAS Bas

added was us t Lty of R aneed|OX| e.in the

pr epar ed spiﬁ‘g?°3‘g%&§2§r’]’g§‘88%h aﬁ'g tﬁ%%ﬁ@?ﬂ‘ﬁ;'c&f r“éeéf"r?é’ E\t§dsh0\/\n in
Fig. 7. The applineathany e%is&:é‘r%é%aét@hbﬂ@s HPé%hb?Jn mn#.gtha? akneatifgon of
the battery characteristics 30 A battery was prepared by the sane net hod
as descri bedcharaglesistice ate shewnWGFDE WO 01144113 PCT/ KROO/ 01470 12
except that bithi ugg.ma&ganeie spinet prepared in the above was used as a
cat hode acdti xa the characteristics thereof were eval uated.
The charge/di sch-wég g . , C : .
characteristics™a

of 1ithium nstngetuesse conpl ex oxide with a spr ne) structure A lithium

manganese spi nel was prepared by the sane nethod as described in Exanple
1, except that %HBHH&SQEWWeFP'&F V Was Preraieg: by the same method as

described in Example 1, except that manganese raw material that was not

10 MH-treated was used.

The application as a cathode active material and the evaiuation of the

characteristics of the battery

A battery was prepared by the same method as described in Example 1,
except that lithium manganese spinel prepared in the above was used as a
15 cathode active material, and the characteristics of the battery were evaluated.
The charge/discharge characteristics are shown in Fig. 8, and the cyclic
performance are shown in Fig. 9.
The fithium or lithium ion secondary battery using lithium manganese
complex oxide with a spinel structure without defects of the present invention
20 has excellent charge/discharge characteristics and cyclic performance.



lo MHtreated was used. The application as a cathode active material and
the evaluation of the <characteristics of the battery A battery was
prepared by the sane method as described in Exanple 1, except that! 8 AtGhillm
manganese spinet prepared in the above \as used as a 1s cathode active
material, and the characteristics of the battery were eval uated. The
charge/ di scharge characteristics are shown in Fig. 8, and the cyclic
performance are shown in Fig. 9. The lithiumor lithiumion secondary
battery usi\ﬂg tliis mrﬁ%ﬁganganese conpl ex oxide with a spinet structure

wi t hout defecfs™§ e present invention 20 has excellent charge/di scharge
characteristics and cyclic performance. 16 AUG 2005 13 What is clained is:

1. A nethod for preparing a manganese conpound that is used for preparing a
i t hi um mariganesrg magthed & PIRPHHIE & FABEINGSH GompauRd thet &y usedndor PEFRIBDE 13y

applying ay; ' r 0 10 r
From 50-t o ‘4R Rhgales; S5 flck (URC cdmbflsthg ok HYBSH SmIBACRIY BV BR% O
conpound t anéchanical fdedeckérn (O €5 £0A0 dyne/gaeranicl et eivegye frbm Sthtb 2@0°Coattar ol

t he aggregation of _mcro particle and the shape of . the aggregated
particles. M€ FRE FBpiRBYES QP horEierd W%&ﬁﬂ@@déemaﬁ%dﬁg%mm@t to
claim 1, wﬂgagiaihs%gﬁsﬂ%aqa'coﬁﬁaxqﬁe ag%egadb%asf 1188 irtiRleCartd thelshagteaps! y

applied to s manganese conpound w addi ng one or nore Kkinds of

addi ti ves g<b¢ aggreghtéd partieles.gr oup consi sting of Li OH, Li OHH2O, Li CH3COO,

Li CHO Li CHOH2O, Li NGB, and a transition netal salt having a nelting point
of 200C or less. 3. The nethod for preparing a nmanganese conpound accordi ng
to claim 22 wherg mdihg %F)Eﬂ:?mﬁ’ﬁ 2irdnaaitsé icoRipold Qcldrding &P cWidp of the
manganese conpound. 4. The netho %or prepari ng the manganese_conpound

accordi ng twhereini anmrechanipalr Wiree 8ud @ hash gaeey care gipultansondy applied dg spidom t he

group consi st f r PG e P i i cal
O oo aPAleBfe o SR B SpfioB N s 47 sbARR: SR
group consisting of LiOH, LiOH-H,0, LiCH;COO, LiCHO, LiCHO-H;0, LiNOs, and

a transition metal salt having a melting point of 200°C or less.

3. The method for preparing a manganese compound according to claim 2,

wherein the amount of said additives is 0.01 to 20 wi% of the manganese compound.

4, The method for preparing the manganese compound according to claim 2,
wherein said manganese compound is selected from the group consisting of
electrolytic manganese dioxide (MnOz;EMD), chemical manganese dioxide
(MnQO3;CMD), Mn,0; and Mn;04.

5. The method for preparing the manganese compound according to claim 1,
wherein a manganese compound having a shape without edge parts is prepared by
using an angular shaped manganese compound as a raw material and applying

mechanical force and heat energy.

6. The method for preparing the manganese compound according to claim 2,
wherein a manganese compound having a shape without edge parts is prepared by
using an angular shaped manganese compound as a raw material and applying

mechanical force and heat energy.



5. The method for preparing the nanganese conpound according to claima1,
wher ei n a manganese conpound havi ng a shape w thout edge parts is reﬁar ed
by wusing an angul ar shaped manganese conpound as a raw nateri al aﬁﬁlA b 2003
appl yi ng nechanical force and heat energy. 6. The nethod for preparing the
manganese conpound according to claim 2, wherein a nmanganese conpound
havi ng a shape w thout edge parts is prepared by wusing an angul ar shaped
manganese conpound as a raw material and applying nechanical force and
heat energy. 16 AUG 2005 14 7. A nethod for preparing |lithium mnganese
complex oxide with a spinel structure, conprising the steps of: a) m xing
(i) a manganese AonRMHIAARI 1 Hmiﬁrhemﬁii%dﬁeﬁ compleksSbXige tWith 4 @pinelf
si mul t aneously applying a nmechanical force from0.1 to 1000 dyne/cn2 and a
heat ener gystiUEwKe. SOMPHISIPQLE sepsofiine from 5 minutes to 5 hours to a
manganese conpou dntﬁgirermve defects present in the particles of said
manganese conpound andet o control the aggregation of mcro particles and
the shape of thgipggr ggahgshepatdrmpded; prépided by jheandthddtomprising thensiep ad b)
calcining the m xture prepared in step (a). 8 od for preparing a
@9%8 "‘i"gz claim

. A h
li t hi um manganese confiMakapsausly applynga %%h?é‘l‘cal &fggé'f’{?r%lé%é g
7, wh inth i) it Jd | od f
(i Chiam sal ¢ g oup comid R ERTRP TRt £ HRPCRh tink S0 Shrfles G 1 oo

and Li NO3. 9. A net hoth 4§ mangmmegacdnmmpuhlido rerhdneudafemnpapeg én denparédeosf de
wi th a spinet structur.(g according to claim7, wherejn the tenperature of

e
cal cination of said s¥&p P4)E2N4SE ougd BeCe %H‘P(ﬁmﬁ t?laggzgggtpo 8f IR | on
is 1 to 30 hours. 10.p44ifRE BRPtht Qhapge! STRRE AddPedalif paridlési@hdRNganese conpl ex
oxide with a spinel 'structure according to claim@8, wherein the
tenperature of cabci natithivmepmpauaf;enép (b) is 400 to 900C, and the tine
of cal cination ibs)

:(L:altcﬁﬁggo m@%&ﬁm prepared in step (a).

8. A method for preparing a lithium manganese complex oxide with a spinel
structure according to claim 7, wherein the (ii) lithium compound of step (a) is
selected from a lithium salt group consisting of LiOH, LiOH-H,0O, LiCH;3;COO,
LiCHO, LiCHO-H,0 and LiNO3,

9. A method for preparing the lithium manganese complex oxide with a spinel
structure according to claim 7, wherein the temperature of calcination of said step (b)-
is 400 to 900°C, and the time of calcination is 1 to 30 hours.

10. A method for preparing the lithium manganese complex oxide with a spinel
structure according 10 claim 8, wherein the temperature of calcination of said step (b)

is 400 to 900°C, and the time of calcination is 1 to 30 hours.

11. A lithium or lithium ion secondary battery comprising an anode, an electrolyte
and a cathode using a lithium manganese complex oxide powder with a spinel
structure as an active material, wherein said active material is a lithium manganese
complex oxide with a spinel structure prepared by the method comprising the steps of:

a) mixing



11. Alithiumor lithiumion secondary battery conprising an anode, an
electrolyte and a cathode using a |ithium nmanganese conpl ex oxi de E%ﬂﬁ?@ﬁ
with a spinel structure as an active material, wherein said activé
material is a |lithium nmnganese conple soxide with a spinel structure
prepared by the nethod conprising the steps of: a) mxing 16 AUG 2005 15
(ii1) a manganese conpound prepared by the nethod conprising the step of

si mul t aneously applying a nmechanical force fromO0.1 to 1000 dyne/cn2 and a

heat energy from.50 to 200C at a ti from U h

mnganese. compotlih t o PRRARE S eabt B b b hRod Sorfrihk e S
manganese conpound andmufRaenslyQbplyiify 28@cRGdal icofrofi 6.1 ¢ 1060 dymi@s and

t he shapes of the aggregated particles; andO((:i v) a lithium conpound; and

b) cal cining the ni xtandea heppenergefippr Hbte 3007 C ot a ime froma iMRsHR SdoBBpound

according to claima1, i.0.sal CRQ%%F%F' . ﬁ%ﬁ-{? m a
group consi sting of eﬁoea\é@?ﬁ%%ec&%%gggg%ﬁ%%m e %’3“@%} cﬂ%gnéigal
manganese di oxi de ( Mhhe; ehfdaneseModipowiidd aldh 3@ 4ontrol the aggregation of micro
particles and the shapes of the aggregated particles; and
(iv)  alithium compound; and

b) calcining the mixture.

12. The method for preparing a manganese compound according to claim 1,
wherein said manganese compound is selected from a group consisting of electrolytic
manganese dioxide (MnQO,;EMD), chemical manganese dioxide (MnO,;CMD),
Mn>03 and Mn3Os.



