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Publication info: JP (Published 12 Nov 2015).
ProQuest document link

Abstract (English): PROBLEM TO BE SOLVED: To provide a positive electrode active material particle powder
having high capacity, a high capacity maintenance rate and excellent high temperature overcharge test, and
also to provide a manufacturing method therefor, and a secondary battery using the same.

SOLUTION: A positive electrode active material particle powder includes: a core particle composed of cobaltic
acid lithium having a layered structure containing element M (M is Mg and/or Al); and a surface layer composed
of the cobaltic acid lithium having the layered structure in which at least Ti is incorporated into solid solution.
The average layer thickness of the surface layer is 0.005 to 1.5 ym, and the BET specific surface area is 0.02 to

0.25 m %g.
COPYRIGHT: (C)2016,JPO&INPIT
Abstract (Japanese): [RE] SRETREHBERELEL. SRBABHARBRIIEN L EETNEN FHR, ¥

OHREFE, REZThZAVEZREBHRZRHT S,

[BRFE] TEMMEMGRT/XIFANZEECBRBEOINILNRYFIOLNSBIBHTE, P<EE
TINXERLEBRBEOINLNBUFIALANSBZIRBEETH>EMENERNTHRTH > T, ZRBOF
HOBEA0.005~1.5umTdH V), BETLLXREMEA0.02~0.25m*/gTH 3 L 2 BHBETH ERTYWER FHR

o

[ERE] &L
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Li1+x(gfjl\/ly)02 TIHERL5R - lﬁi
tREE

o |y msEE T e e

[m] [molit]| [ |[m/g] [EE%)
EHAT 005 | IMgH1AI| 0010 | 09 | 0004 | 100 | 012
EHH2 002 | IMg+3A 0010 | 03 0009 | 86 | 018
EWAS 002 | IMgH3AI| 0010 | 06 | 0005 | 100 | 016
ZHA4 002 | IMgH3AI 0010 | 04 0008 | 100 | 017

EWAS 003 | Mg L0005 | 01 0000 %0 | 0M | Mo | 0l6

A6 003 | Mg 005 | 00 000 | %0 | 0M | W | oM

RHEH7003 | Me | 0005 | 01 0000 | 90 | 03 007
EHAS 005 | Mg | 0005 | 07 0003 | 100 | 013
ERT 005 | IMgH1AI] 0010 0| 06
ER2 004 | Mg | 000 0| 031
RS 000 |IMet2Ti | 0015 0| 03
ERA 0004 | Mg | 0004 | 03 0002 | % | 03

HERS 002 | IMg+3AI 0010 0 | 018 | Mo | 0F
ERG 000 | IMgH1AI] 0010 0| 0%
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Database: Japan Patents Fulltext (1913 - current)
Claims:
Japanese:

AEMMBEMGR /R IFANZECBRBEDOINILNBR)FILNSBEIDHFE, PESEETINFEBRL L
BREEDINILRNBUFILDSBRZIREEZETHIEMEYERN FRARATH > T, ZREOFHOEEN
0.005~1.5uymT &), BETHLREEA0.02~0.25m */gTH 2 _ & 2 HHE T2 EREWEN FH K.

RS EAGEYER TR RN TRAARW, Mo, RUBASEBRENZ DB EE1BORTR)ZETKAARMKD
FOLBIYD SBEIHERAZABL., ZRREANDEFEN0.01~05EE%THS FRE CEBOEEENE
BB Ro

BEEEDOXDT BN 10~35umTH D FBERBE1X(F2 [CEREO EBTYER 78 Ko
BBETILHRDH800ppmIA T, RRSBLI/NIL NA5000pmIA T TH S BERE1~3 OWVWTFhh —HICREH
O EBFEYEN FH R,

BIEERE DO TIRE A 0.0015Ti/Co(moltk)20.02TH % FBERE1~4 OV T hA —HICEEEO EMTYER FH K.
B REBEORE TR FICH T DWBRNB0%ULETH S FREI~5 OVThA —BICEHO EBEYWER T8
HRo

BREI6 OVThY —HICEBROEMEVEN FHRORBESETH>T, UFIVLARBEINILNERE
TEMERMEMgR D/ IGANEEEHE. 800~1100°CTHRRZT> TERBENOI/NILNB ) FULRTFHK
ZERTZE-IRE, F—IBTESNEONILNBUFIVLANFRREFRVEREUTFUVLRREZE
&%, 800~1100°CTHRAZIT>TREBEFRTAIE_IBNSBBIEEZRBETHIEBMENEN FHRD
Bk k.

FRE2~6 OVTNA—HICRROEBEVERN FRROMEFETH> T, UFVLARBEONILNERE
TEMERMEMgR Y/ IEANEEEHE. 800~1100°CTHRRZT> TERBEBENDI/NILNB ) FULRTFHE
ZHERIZDE-IRE, F—IRTHSNLEIONLINRUF VLN FRRETF X VERE TRARRARKW,
Mo, RUBHNSEBENZ DB EELIBORR)EVFIVLREREZREHE. 800~1100°CTHRKEIT> TRE
RUOBKEAFRIDE—_IRNSBDEABBETIEMEYER FRRORES .

BREI6 OVThAY —HICEBEOEBENEN FRRE ERENEOD B EE—FICAHVTHERL 23FK
EMBIREM,

BRE1I~6 OVThA —HICRHOEBENERN FRRICTL, BENFOBBREEDOXDT U ENM~Tumd
Li(Ni___ Co Mn )O (a®&U'blk0.155as0.4, 0.155b50.5)THRDET N D EMENMEN FHREZ3~25FRUN VR
EMEEEENEE L TAVTHERL ERKERBR-XEM,

English (machine translation):

Element M (M is mg and/or Al) composed of a layered structure including a lithium cobalt and core particles, Ti
is at least a layered structure of solid lithium cobalt layer comprising a positive electrode active material having
a particle powder, the average layer thickness of the surface layer is 0. 005-1. 5 ym and, 0 BET specific surface
area. 02-0. 25m %/g is characterized in that the powder particles and the positive electrode active material.

The positive electrode active material particle powder element A (A is W, Mo, and B a kind of element selected
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from 1) containing a water-soluble lithium oxide has a top surface, the top surface content of 0. 01-0. 5 as
described in the claim 1% by weight of the positive electrode active material powder particles.

On a volume basis as described in claim 1 or 2 10-35um positive active material particles of the powder.

The alkali component 800 PPM or less residual, unreacted 500 PPM or less cobalt oxide is an item of claim 1-3
described in any one of the positive electrode active material particles of the powder.

The surface layer of Ti concn. 0. (Mol ratio) 001 = Ti/Co £0. 02 an item as described in either of claims 1-4
positive active material particles of the powder.

The coverage of the surface layer is 80% or more with respect to the core particles as described in either of
claims 1-5 positive active material particles of an item.

An item of claim 1-6 described in any one of the positive electrode active material particles in the manufacturing
method of the powder, and a cobalt and lithium raw material M (M is mg and/or Al) element material after
mixing, the laminar structure is fired by 800-1100 ° C of lithium cobalt and a first process for producing a particle
powder, obtained in the first step of lithium and lithium titanium and cobalt and raw material powder particles
after mixing, 800-1100 ° C is fired in a second step to form the surface layer, and is characterized by comprising
a positive electrode active material particles.

An item of claim 2-6 described in any one of the positive electrode active material particles in the manufacturing
method of the powder, and a cobalt and lithium raw material M (M is mg and/or Al) element material after
mixing, the laminar structure is fired by 800-1100 ° C of lithium cobalt and a first process for producing a particle
powder, obtained in the first step and lithium titanium powder particles A raw material and elements (A is W,
Mo, and B a kind of element selected from 1) and lithium raw and after mixing, and burning is performed at the
uppermost surface 800-1100 ° C to form a surface layer composed of a second process and a method of
producing the positive electrode active material particles.

An item of claim 1-6 described in any one of the positive electrode active material particles on at least a part of
the positive electrode active material powder is prepared by using the nonaqueous electrolyte.

An item of claim 1-6 described in any one of the positive electrode active material particles of powder, on a
volume basis of agglomerated particles of 1-7pym Li (Ni . Co , Mn b) o] ) (aand bis 0. 15 2a=0. 4, 0. 15 =b=0.
5) is represented by the positive electrode active material particle powder mixture containing 3-25 pts.wt. % as
the positive electrode active material which is manufactured by using the nonaqueous electrolyte.

Legal status:

Gazette Date | Code Description Notes/Additional information

DECISION OF Effective: 2019 Aug 20

2019 Aug 20 |JP AOQ2 -
REFUSAL JAPANESE INTERMEDIATE CODE: A02

REQUEST FOR
2019 Mar 15 | JP A521 WRITTEN
AMENDMENT FILED

Effective: 2019 Mar 15
JAPANESE INTERMEDIATE CODE: A523

WRITTEN REQUEST
2019 Jan 11 | JP A601 FOR EXTENSION OF
TIME

Effective: 2019 Jan 11
JAPANESE INTERMEDIATE CODE: A601

NOTIFICATION OF
2018 Nov 20 |JP A131 - REASONS FOR
REFUSAL

Effective: 2018 Nov 20
JAPANESE INTERMEDIATE CODE: A131
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Effective: 2018 Nov 14
REPORT ON

2018 Nov 16 |JP A977 JAPANESE INTERMEDIATE CODE:
RETRIEVAL A9T1007

WRITTEN REQUEST
2018 Jan 26 |JP AG21 + FOR APPLICATION
EXAMINATION

Effective: 2018 Jan 26
JAPANESE INTERMEDIATE CODE: A621

Date of publication of
unexamined document

2015 Nov 12
not granted on or
before said date.
NOTIFICATION OF )
Effective: 2015 May 14
ACCEPTANCE OF
2015 May 14 | JP RD02 JAPANESE INTERMEDIATE CODE:
POWER OF
A7422
ATTORNEY
Specification:
Japanese:

English (machine translation):

TECHNICAL FIELD

ARARG, SIXIF-—ZBEZRI-AESHLAOEREYELL T, SRBRERME. BO>RRERELSE
HICBNECEREYENFHRETORESZ, REThERAVLEZXRERERHET S,
BACKGROUND

EE, BFEFPNVICEOEFHEBONE - BENLICHEN DAY, ChsORBABRELTEIRIL
F—ZEZEITRREUMANOERFEL<B2TVD, CORIBRRATICEVT, THERENKEL, B
DEEMNFVEVWSRAZETDVFVLAAA ZREMAEBEENTVS,

XK, AWVBOEREZEODEIRILF—EHOUFILA A ZREBCEABERENEELE L TR, BR(EE
B)BEOLICoO . Li(Ni. Co)O . LiNi. Co. Mn)O . RUAERLEEENLMN O H—HHICASNTH
V), BATEFVERMENBRZICESNX T, SBEICRENf TaELINIL I\@U?")ALiCoozt;:E/\‘ff)L
HBEORBEROEMENEL L T20FEULEEDNTVD, LALKNS, BICHSBOEMHELICHEN, X
PEHMEBEHNROSIhTVS,

BUHEREO—DIL, ZABHOREEEZ LT T, SIRIF—EBENZRDHFEN D, LALEBANS, &
ZEEET. A5, BREREBICHSEVT, THERYVEULBEORPHARELCHSER/NY VORI DOHE
BN EREhTVS,

—#C. /XL RBYFIALICOO OREEE—EOLI ", =MOCo ™. YA FRA=MNO *THREThTHY
L RBILKBEBRENSLITEBTFe AHBL. V-2 T MHOFRESCo"EZELHYFILREDL
Co0 (a>ONEELT D, TDLSH, LiAM¥FKRIF /LI CoO DEMRLAMILDHEY FILRECHWNT,
ZREDSEMBANINILNA AN BHITZEHE, BZEROMEEGEBYHEENIfr RETEI D, BEHOXRE
BURLBEEEELEE S,
ﬁt\mu%vA%%WUde5@>mcawé&ﬁwtﬁﬁbtﬂmﬁwlin¥—ﬁﬁtoZtﬁmbt
PELE O T R)LF— R BT L 28, BRIFMICL_CoO 0N AU A SEBFEBIER ZE
EBMEAFVDSEFEZSIKKLKIEREMTHY) ., BEASOOANILNAVARERICERE(AF2)E
KEEh?, EMNBVABRECHDE, EREEFEFEESSVRICREICEBHN BEh, £, 8
ROBREENERRCLNECEVRICREE 2V, ERABOEHBC/NI X —2R{LeE. CO F0T
ARENEUTEMERWSETERIRBERAEL S,
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BIZ, BETOEREET TR, ONLMFVABBICHE D EBRIRATV)EERBEDORISH EEEEBL,

TREHELTNREMEZRRITDLHICEK., BLREOONLNBY FUAERENEOBEN KYRET
HDENBEEENATVS, 15, ZEEEEZ LT T. AREICHATEZLOBELSICEYRILHICE
CONLRBUF VLR TFRROBEN BETHD, K, JNILNBUFIVLOR) FILREORENIC
HLT, BEEAZRICKDBRPHBORMAEBRE N TV S (HEFER1~6).

—f&IC, LINi®, Co™, Mn™)0 BLI"ENI"OA A RENEVES, LI BBEEOT A MR 121,

NiZ*HUFITLADYA RAA2E) LT, BEBREENFEVICKVIENHShTVS, £z, ZTREICSV
TNIZ*"ICisL gz e, ONLRNB)FIOLAEBOEHEEICENIEKLS 5D, BRI, 4H03J/N)L N
AFCo"FERLEWV, 2D, O/NIL I\%'J%")ALiCoOQL:tt'\‘\ SEBREBRETOIONILNAF
COBREEBHTAEL, ONILMNRUFILORAMVEE L TRAET TV S (IFFFXE1~5),

o, INLMBRUFIVLAERBICTO ZREIDE, BSNIPRICEI/NL IR FILADOEREICL TIO
ﬁ%t LTHFEL., ZAEBORKRERYBELEERL —MEME, MTICHFKERBREDRISICRD HARE
EMHTDEANBEENTVWD, (EFFXHER6).

CITATION LIST

Patent Literature

«$$3%2002-5293615 A 3R

«4$%5F92006-3319395 12 3k

«4%5F92007-0667455 22 3

«4$%5F92007-2580955 2 ¥R

«4$%5F92008-162435 N ¥R

-EFRABE5E2011/0432965

DISCLOSURE

Technical Problem

BIRILF—EBEZRT_ASHAOEREYEELL T, SRBRAERMHEAHERBELESHICENEE
ENERNFRRETORESZ, RFTNZAVLEZXRBHIZOVWT, BEKEEREATVREZATHD
M REBIZATLAEL,

s, BAFNBICREE N BN TR, FYENFRABIBRECHHENTHEST. SRBRAERMEICE
NEEBEYE., RUBBEENINRAREATVRERFTVEL,

B2 EOEMEINILNBYFILARAOZY TILRI VAV Z2ECHOBEFHEN EATV AV
EOBRENMNH#ELL, BIRIF—BEZRI _RAEHUAOERENEORESE. REZREMNIFERE
NTVWBEREVEL,

BRSO EMEINILNBYFILAFOZEO Y TIILOFENLEOSREMNIBELL, SIXRILY
—BEERTREHMAOERENE. ROZREUMFHATRTEATVREEFTVE,

BEF X4, RUOSTEBOREME. ANILNBUFOLNFOHBEOBELSHENI TETVWIERFEVEL,
SRBREROZEMHICENTVAIEREYERF ZREBNIFERENATVDERFFTVEL,

REF OB O BMIF, 1EORRTHBRNICI/NILINRIFILNFOREICL TO OFREREZHERTZDS
ETHY ., ANLRBRDFIOLNFO—RHFFEECIEL, ONLMADBEHINFHN TET, SRBR
EROZEMICENTVAIERENES I ZREHERFFTVEL,

ZFCT, AREAR, ONLIBRUFOLZENFEL, PEORBBZRBECFHHNIZ LT, SREEZHE
L2272, SRBAERMEAKRER) ELFSHCEN-ERFYEN FHRETORESE, REEhZAV
EDREBHORBEEMNREE T5,

Technical Solution
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BIRCHMTAERER., ROBY OXRRKHAIZK > TERTE B,

Bs5. AKBAR, TEMMEMGRT/XFANZECBRBEOIANILNRBRUFILLSBIBHFE, 2L
EETINFEBLEBRBEOIONILNRUFUOALANSBEIREEZEITIEBENENIFHRTH > T, EZRE
O FYOEEH0.005~1.5umTdH V), BETHLREEAH0.02~0.25m /g TH B L B R/METHEBMEYER F
BARTHD(FFKH),

T, ARBE, SIREREVERNFRARN TREAARW, Mo, RUBASEENZDELSEEI1BORTR)E
BUKABMEOVFUOLRIYNSBIRREZEL ., ZHREANDEFEN0.01~0.5E8% THDAHKB 1S
O ERENEN FHRTHS(RFEH2),

Tz, XRBR, FEEEOXD T ORI 10~3/5ymTH B ARKBF1XG2ICCHOEBRINEN THRTH S
(EFH3),

T, ARBARBEEFETILAHYESH800ppmIA T, KREISELI/NIL K A500ppmEA T TdH % ARFKHA1~30D VT
NACREO EBEYNER FHRTH D (AHKHL).

T, ARBARAEREOTIEE N 0.001sTi/Co(moltt)s0.02TdH B ARKHAI~ 4O VT h A ICEEHO EREYE
TR TH D (AFHAD),

T, ARBRIAIRREOFRZ O FICNT2HERNBO%ALTHZERRKAI~5O VT A ICEED ERTF
YER FHKRTH B (A3EH6).

iz, FRBEEREFI~6OVT A ICRHOEEENERN FHROMESEZTH>T, UFVLRBEIN
L NERETEMERMEMGR /R IFA)EREHE, 800~1100°CTHERZIT> TEBREEDGI/NIL NBEYF
LM THMAREERTZIE-—IRE, F—IRTESNAEINLINBUFILRTFRRETFEVEHREVFIUA
FERle ZBE#E. 800~1100°CTHRRET > TREEZFEATIE-IRHNSBIEEZRBEITHIEREYE
NFBRORIESETH D (RFKHAT),

iz, ZRBEERREF2~6OVTNAICEHOEBENERN FHRORESEZTH>T, UFVLRBEIN
L NERETEMERMEMGR /R IFA)EREEHE, 800~1100°CTHERZIT> TEBREEDGI/NIL NBEYF
LY THMAREZERTZIE-—IRE, F—IRTESNAEINLINBUFILNTRREF 2V ERE TRAR
FAZW, Mo, RUBASERIRNZD DB EEL1BORR)EVTFILRREZRER. 800~1100°CTHEK ZIT
DTRERVERAZFERITZPE_IRNISBDIEEEZFHETIERENEN TR ROBESEZTH D (AR
BA8),

Tz, FRBEEREFI~6OVThAICERHOEEENERN FHREEBEPEN DB EE—MMICAVTHE
U IEKERBR-IREMTH D (XFKHI),

iz, FRBEEREFI~6OVThAICERHOEBENER FHRICTHL, BENFOFRBREOXDTUE
H1~7Tum®Li(Ni _ Co Mn )O (a%TU'blF0.155a50.4, 0.155b50.5)TRHE N5 EAENEN THAZ
I~BEEREVREWZEEMENEE L TAVTER L 123EKERK IRE D 2 (KRFKHE10).
Advantageous Effects

ARAICRD ERENEN FHRE, SRFICSFEZRIANILNRUFVLZAVL, TOXREBIIHED
TiZEAEE, BRBXRBRHOINILNA A OBREZHH L FEEENERNFHRTHD2H, ChERAV
EDRBHESEBAEREEARERBRLUELHICENTVS, 2T, NRAICKD ERIWEN FHR
&, FRERBB-AEBHAOERMINEE L THETH D,

Tz, FRBIIRZIEMEYENFHRE., TOSFREICONILINBRUFIOLALERREDORISZIE TS
ZHHTRCENTE, SRBAERMEARERYELEHIIBhEIZRELERETE S,
DESCRIPTION OF DRAWINGS
ARAOERHIIDEIRTHESNDINFHRROSEMEETH S, (NE—IRTHSNLEIONILNBRUFULA
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MFBR Q-BILFRARBLEENLEIONILNRYFIOLANFHRR Q)E-_IETHS N ZEMEYERN
FHREBHITES N EEMENER FHREMESEER, IWRAAVE—AFIB)TEELL THREL
STEMEE & TRLF—FHEXREDX) TN L EERTH B, +005, +001, +008FMFDHERETH Y,
folE R FAFTH B, RUEFETI/ICo(mol%)TH B, REFINTHS NI ERTYEN FHAREHETER. IX
RAFE—AFIB)TERILL., 7 /E—LADOEFREHR(NED)THHL Z(1)REAH S4600nmD+003,
(QFRMEN 5#250nmD+002, ()R FH/REMEMM+001, ZHF3[0,-1,0 ] zoneDEF/NZ—>THBD., 5N D
BEBEMRER2ICRLERICHBELTVS, RENITES M EEBETYEN FHREREEERZ. JORED
2aVR)Y DY —(CP)THFHEZERL, ERAMHABRA - IBF IR EFE-AES) TRIMLEBERTH
%, RAWICKY ., H0.02umOBEEDO TR BEEEBL, RICRIFE-AESHOES Y, NTFHEO St X TH
FRENPSAIHZTV, NFREHLSOEHICHL., TIOMIEROF—2J T AR NLEEZ7OY MU
o RREHMITESNEEREVER FRROXEEIFT/NE—> ZRietveldEHTL LR R TH D, HES(+)ICK
ULRRTHEBETT, S0ICHB 2 AEEEAHEBOZETRICHETRL L. XBEFNZ—0TFICT
NILRB)FOLAOE—INEZER()T, TIABBLEIONILNBRFIVLAOE—VNEZRF(|)TRLE
o ALEOBBARIXEEHR/NZ—> D20443.50 546.5°FTHEHAEILAL EHHr THY) . MHEETHEL.
Z2HOE—V ZBRMTROLEENDTH D, ERHIITHEShEEREYEN FHREEMLL, J1>EIL
ZAWT25°C, 44VTHABEBRRETOLERTH D, REHITESNEZERMEMER FHREERLL.
Jd42ELZ2AWVWT25°C, 44VTHRARBRYBRLHEREZT LERTHS, BEHICHERLK. HHICHHKE
BEZ100%E LI-HEREMBREZRY, EREYENFHREZERILL., 14> E)LZALT60°C,
A5VTEBBAERRET 2 LERTH D, RENOERZ0.ICEERAEARBBRERE L, 45VICELLEE
 EEEHERCUOYER, 4-T2HBOERENEEEY Y OBEEREL SHERhEREZEHL -,
DESCRIPTION OF EMBODIMENTS

FHEAOBREL)FELSKHATNRERDOEY TH D,

FY. ARALCKDIEMTYER FRRICOVTRENS,

ARBICERD ERENEN FRRETEMMEMGR /X EANVEECERBEOINILI BV FILANSKD
SRFE, PBLSEEFEUNFEBLLEONILNBRUFOLANSHBZIREEZBLTWVWS,

FRACKD EWENEN T OTH T TH2ERBEOT/VL MR FVAOLFRBL | (Co M )0 (xR
Uyld, 0<x50.1, 0<y=0.03, MIFMgRV/XIFAN)TH D, BRHFEINILINBUFIOLAETRZETEVT
FLX—BEEZEOEEINENTHREBDENTES,

AN FOLEREBEQOUFILEZIDNILNERMATEMOMOIBICH L TBRIZCTSZET, RRED
—RRFENFBARL, EHOEERBREREI D LTD, xDEHAVATOES, INILNR)FULO—KK
FHhELZY), BEHOBEEBREREEBLEE D, £, xDEN0.1Z2BX2HE. RENERTET,
BIXNF—BREOEMERTTHIEN TERV, £, EEVEORETILHURSHFEML, Thil
BRT2REROERBIBICRDNTAREN ELU D,

T, AMAEMEINLIBRDFOALICERT S, Mg, AIDSELBLKEEIBTH D, BIC. MgRHER
EEZEFRHREBATHY ., FMAREMELTEIYFELL, FMATREMEBERNTEZEICK>TEM
NERBRERFUZRIFICTDENTES, yOENODHE, EMOSBEBXAEREICHTIHNEN BNk
We o, yOEHN0.03ZBAZ5HE. RERENMERTET., EIRINF—ZEOBMERFT TSN TE
W,

AEBICEDEMENERNTIHARORBIR. PBELKEETIABEBRLEBRBEOINILINBRUFILTH D,
AEKPILED EBEVENFHRORERF. FHORBEAN0.005~1.50mTH D, REDEEN0.005umK5HED
BE. AN A OBRLEZENHTET, SRBEXRERUENI TRETH >z, REOEBENM.5umEBRZX D5
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&, FEORRNIELL, BLIRIF—ZEOBHORFIEL< LD, REOEBERE. #ELE
0.01~1.3um, &V FEL <F0.05~1.2umT&H >,

Bk, TIFERBEODP?BEHFHHMRE/ATVWAENfANSshTVE, SEH, TIZEONILNBRUFOLES
OREBICEBES D CEICKY, ONLM A OBREZB<EZZRE-TENf oA 21, NI NBUF
VLADKRBIZISEVWT=MMNCo > DY A NCEEOTI “AHLMNICEAL., BEXMBEET BLI(O G0 LT
O HEU, BLIRETOREBPHEEHRENHLLLHEHRLTVD, CIT, cREAEZERT D,
REDTIEEF0.0015Ti/ICo(moltk)$0.02TH B C ENFFEL LV, REDTIEEANTICo<0.001TREERBRAE
%ﬁuﬂﬂv%vcit\0w<wam%é\i%@]ﬂnh&U?TAE@$b€5tﬂot¥9>#uz
TiO ZRHKL. REBZETEE S,
REODHFICHTRHEBENBONALTHBDZENFFELY, HEBEEXEN 0% Z TEZISEE. SRBABFMH
FRRETH2 I,

ARBICERD ERENEN FRRETEMMEMGR /R EANVEECERBEOINILI BV FILANSKD
SRFE, FRUFEBULEONILNBRUFOLNSBEIREERE TS, £, THRAARW. Mo, RUBA
SBRENZ DB EEIBORR)ZECKABEO ) FUVLABYA SBHEIREAEZBEL TVTEKXL,
ARBICRDIEMENERTHROBRAICHFET S U FVLARIANOILEREL AO (ABMo. W, BD>5
LR EE1E, AMoXBWDHIERZ=2, 5=4, AFBNHEAZz=3. 5=3)TH 3, B, AHFEDTF>(Mo)®
BEL MoO . AN BRI ATU(W)DHEEL WO . ANKRIRB)DHEL BO THD. chSDILENE
BRTRDABRMBEDINA—ECRDEFETILAIRTORERRL, SEENL 1=,
ZBRRAICEETDIVFVABMYE BRI KICTUABUEEZRT LY., SRBXRBRETEBAIRIC
ERLUEZBILEREPKEREL, EMOHANPERRIBRENFTIBEERTEEATVND, T,
ZRICWMEIEMAICETF. FVEERTIKEERBREORBTELUE7YRICHLMEE RIS LH, OINL
RBRUFIVLRROBREZINFITIBEERTEEATVS, 2T, KUSEETHY, Bo, KVUEEE
ZRERMUECENLLEMRMEZRIENTESD,

BREICFETDIVFILMLEYMDEEER. 0.01~05EE%THAHCENFELLV, ZXHERAVCEETEN
0.01EE%RFENIFZE. TOMRBEBMBFIUEIIESNT, £/, 05EE%ZHEADH5E. RENf KT ITEE
TH3,

AEBICEDEMENER IR RE— AR FNIBELLEZARNTFTHD, — AR TFRFRAREL D EERBES
BOIYVIHNBETE, BEFHAACEVZEN DN D, TOLD, —XINFFAREVEESBBXRERAR
ICHUBETHD, £, —XHFHFAREL KD EFE, BETHREBRIET I EAIICHY) . EFHRE QA
HENRRTE., BRBREARICTULERFEES,

AEBICED EENERTHRO — X FRIREENIMUETHZ ZENFELV. ThEAFBNOBE, &S
ABEL, SRBXRBRETORERFHRLEINFTHIENHLL,
FRBICRDIEMENERN FHRRO RN FOBRBREOXD T U REF10~35pymTH D, XTZT RN
10uMEKFBNHE., ERREGZRERE<AEY., BVIILF—BEOEHORINBEL KD, XSTUEN
BuUMEBZX T, HOBHEBREIRTIVAREBDCERFELV, XZTURE., £UYHEFELLE11~30umT
HY), ESICHEELLE12~25umTH B,

ARFBICFHD EREYER T OBETLL REEA0.02~0.25m /g T&H %, BETLLEREREA0.02m /gRBOR F %
ERTZER, BHEATIRETH D, BETLLREBEN0.25m g2 B 256, EMBRE OBMERN L
V), SRBERBERETCEBENEANSOOANILNA AV AHRPHAREZNH TEB L%, BETLLRERE
&, &KWHEFFEL<F0.07~0.23m%gTH Y, ESICHEL <F0.08~021m*/gTH 3,

AEPICED EBEMENFHRICSETDIEET LA KD IE800ppmATAEEL VY, TOEZEBAZIHFE
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TLAVENELSEY, EBAT ) —FREOTIILOERESRY), EMRHICELEERETL-HTHS
AR ICHD EBEYER FHRICH T B RRSEILT/NILMCo O F5000pmU FALEEL V. TOEER
ABEE. DRBABH/UNBLLY, ZL2LEHORFIHEL B,

ARFEFICHD EREYWERN FBRIZEH (T 32.5ton/cm *T O EMEEEABEF3.5~4.29/ccHEEL W, 3.5g/cck
FNBE, BLVIRINF—BEOSHORAINEL<ED, 429/cc2BXDEE. HOBFME/B L-IRNFIFHE
EBBDEFELL,

EMREAZEEEZ TR0, ZRAICED ERIFUENFHRIC, AEEEOXD T O ENM~TumO EfE
SENEN FHREI~25EE% TRELLEOZERENEE L TR > TEHELZV., AEEEOXD T
EHF-TumO ERENER FHARE LT, EXL <@, LiCoO &Li(Ni. Co. Mn)O DB EHLIETHD
o MBEEDASTUOENM~TumOEEATHNE, EMAEAEEEZ LT eNf#ELL, BLIRILF—
BEEOEMNFESNAEL,

ARHCRD EREYENTHARICTL T, BETIEEWERLI(NI_ Co Mn )O (aRUbE
0.152a50.4, 0.155b20.5)THBD CENHFEL V., aDEN0.15KFENDHZEXRbDEN0.5ZB XD HE. FIED
BRBENSMERENICK K, SHEOEMENEE L THELICK<KD, £, aDEN042BZ D5
EXbNEN015RKENHEE. SEBXERRICLDIEMEYELLY), BETHAURNANEVD, BETS
ERENEOLEONR L NEBIEN CHFERERLED1E2Q0EN STHTEBDL T, BIIRELEWV,
ARHICHD EEEYER FHRICHL T, BETDEMEWHELI(NI,_ Co Mn )O (aRV'biF0.155as0.4,
0.155b=0.5)E HBEED A ST U ENMM~TIMTH B ZENFEL LV, umK B TR EEBRELRI_ENDE
BENERFESNT, T, 7imZBATREMAEGREf B LEL ZEBENEFEShEL,
ARHICHD EEEYER FHRICHL T, BETDEMEWHELI(NI,_ Co Mn )O (aRV'biF0.155as0.4,
0.155bs0.5)IE3~25EE% THD CENFEL WV, SEE%KRE. NEF2B5FEREBA T, EMREGRES
BELAEEBENEFBS KL,

RIZ, AREBICRDIEBEYER FHRROREEIC OV TENS,

ARBICED EMENERN TR RGN TOZSEBEEERE LR LHI2ENORKEECERARIGEERIC
EREND, BHERBEFIBRIZITREZECERNEZREL. BROBLEICL Y BARLTOLEREERLE
T, BNOHEZEDFETH S,

ARBICEDEMEVERN TR ARG IEEORK TSR FEEDBREBEOI/NILNB) FULEERL, 2B
BOBRKTTIZBEBRE G EONILINB)FOALNSBIREBEZNFICERTDETRHETEDS, £, £
DTF, BUTATY, RIROSEDBLEHI1BEEC ) FILRIYA SHBHRER. 2EB OFEK
RICRBERRKICKERTDENTESD,

F9., F—IRICOVTEHAETS, F—IRTRUVFVLEREONILNERE TEMERMEEIMgR T/ I
Az BE#. 800~1100°CTHKET > TEBRBEOININBUFILNFHREERT S,
SRFOOANLNB)FIVLNFBRORBICEEBRATRZETZEYOILEMERAVD ENTES,
SHFORBOESEBEZAVEVENEZICRKDIZENEFELL, ERBROEBEEELLTE, sLW\A L
B, R—ILI), AVZILZFY— NAMAE—RZFH—-ZFZHVBEENTED,
BHFOUFILARBELTRELOH: H O, Li CO AHFELW, UFTAQRERBRE. BRRISHOUF
DALADILEBEZBRZICTHEHICHERENMHEZEOZAVDZENEERLL,

SR FOI/NL M REE L TRCo(OH) .. CoOOH. Co 0 AH&EL V. J/NLhORBBRE, ZHEN A
RATHOSND ERENEN FHRONRICA %giﬁiétw‘x97>ﬁDmﬁﬁ%®E@%%Eﬁ%
BWAROD EEWVETHDZENFFELL.
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SR FORMATEMMBEMGRD /X FANEANILNERARICEEATVWTE, TEMOLEYMERMLTE
BHiL, TEMOLEME L TRHRELY. KELY, REENFELV. FNMYTEMOFEEBKRFEHEKR
BHEOSVHHEEEDANERTLL,
THFZEZ1EEORKDEEIKS00~1100°CTH S, HRETORRFHEIFS~15BHBETHY) . RROF
B, BEEREF100~200°C/HERETH D, BREBENBCCRBTREMRSHA+2THL, BSNEER
ENETOEMORERREL TRV, —A. BEBEN1100°CEEADEE. VFIVLAOERIMAENT,
LZEEOThES|IEREL, T, ERFOHILEREEED, BRBER LY HFEL <F930~1050°CTH
%,

BRFEL TR, AARBRBET Y 7IFE, AARBREEF,. O—F—/N\—AFIL EE2AVREHNT
€%,

BEOZIC., BRUOKH., HHRET2>TEBDLAEV, PREBE LT, sVAVE, FEXNMDEE, FRiE
BRBENFH,

RIS, BZIRICODVTIHATS, FZIRTR, F—IRTHESNLEIONILINRUF VLN FRRETFRY
BREVFILRBEZRER., 800~1100°CTHERZIT> TRBEFLRL T, ARBICEZ EEEWEN T
BREERTS,

T, BZIRT, E—IRTHESNLEONLINRBUF VLN FBREF RV ERE TRARRARW, Mo,
RUBASEFNZ DB EEIBORR)EVFVLRREZRER. 800~1100°CTHEZT> TRERVK
KREZFEELTERL,

KEBEERAOERICEBRARZEI2BELYXDOILEWEAVDZENTESD,
XERUKXREOERBMORERERE, EXZOVTIhTEEDEL,
KERUVEXREDRERBOREZEXNETITOHE. RABKOBEEELL TR, sLWALVHE, R—ILI)L,
ANVVINEZFRY— NMAE—RZIFH—ZFZzHVWBENTED,

RERUBERAOFRHOREZEXNETITOHRE. KBREZAVT, BRTROBY. KBEY. HVEix
BiEe LTHE ., Kk, BAl, E22L TEEEMPREBDZENEELL,

oL, BEREEEAVZBEICE. BULY. KELY. REBEEZFRRETDHEHNERLL, ERXREE
AVW25E,. MBE. HWRIE. BEYERBETHIENERTLL,

KERUCBREO YU FILRBRLOH: H O, Li CO THADZENFHEL L,
KEOF2VEBETIO - nH O, Ti(SO ) . TiCl THBZEAHFEL L,
SRAORMYITEAOFRERGFEY 7T (Mo), BT AT (W), RIOERB)OELY. KEILY. REBIE.
WRERE, WERE, BILUTHBD ENTFEL L,
RERUVRERHEZB22EEOEREBEEIE. 800~1100°CTH D, ZEETOHRKEFEIE~15BEEETH Y.
BREROFER, BREEIF100~200°C/RHERETH . BRARENB00°CRETREEHRSHN +HTEHLS, B5
NEEBEMETOEROREFE > TRV, —F. BREREAN1100°CERZZHE. UFITLORREN X
ENT, LEEBOThESIEEL, T, ERXFOSILEREEED. BRBERLIWHFELLE
850~1040°CT & %,

BRFEL TR, AARBRBETY 7IEF, AARBREEF,. O—F—/N\—AFIL EE2AVREHNT
€%,
F—IRTHBSNLEONLINRUFVLERBOREREZREL., 2EBEOBRRETSCEICK 2T, BHNF
RELCTABERBRLULERENIERE NS, £, ZANLMBUTFVALAERESLUCERAOEREDRE
ZRETDCET, REEARKICARAZEUCKABMEOUFILBILY, SBHIERAN EREND, ZXR
BERLBRNFREICTIALRTEETERENS,
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BROBIC, BRUOWE., BGoTET2>TEEDAEV, BREBLL T, sVAVE, FEXMHHE. &
EHRBEN BB,

R, ERBICRIEEEYVERN FHREEBENEE L TAVLEFKRERBBRRERIZOVTEXS,
ARBICEDIEMEYERNTHRZAVTEBS — N ERETRHEICE., BRICH>T, BEHFEBEHE
RINEE TR, BERELTRA—RYTIVD, IST77ARNENMFELV, EBHELTRARUVTINS 7
LAAIFLY, RUTZVLEZVFUENfFELV, BEELT, flIZE. N-XFII-EOVRZAVSC
ENFELY, EREPENTHREBEMEREBRXFMPEEC AT —2BEBRICBEZETRERT S,
BOSNEEREFR AT ) —& BN 25um~500um®D R Z—T L — R TERAEE (F4960cm/sec TEE K L IZ B
L. REREEFEBRBRILOIZH80~180°CTERT D, EEMXICEFHN200mDAEZA VS, EEEH|ZRSE
UCEEERICHRENA~ScmD AL VA —O—)IBZT>TEES—N2ED,

REAICRIEBTYEN FRREEMRECBZEN B, T, ZERFYWEOBETHREAB/ABRV 2o,
EBEFAZ)—AORFEEFFIMEZERTE, ERELTBEOSVEES —RBEND, £, XDT
UBRFMI~TUmO PR ROEBENEZRETDICETR)ERENEEB —NEBRHENTED,
BEEMEELTR. VFILEE. VFIALITILIZUOALAESR, DFILIAXEE. EREEAVSBCL
HTE, EREABEORIZ—TL—REPEEREEICKVYERS —MNEERE NI D,

T, EMBOBEELTRE, RBIFLOERBPIFIOHEKEDEUMNI, REB7OEL Y., RED X
FILEOH—RFZ—REX, DARNFIIRVEQI—TIINEOLBLLEH1BEEZECERAEZAVSD
ENTED,

TSI, BREELTR, R7YILVBUFILBAL, BERBUFIAL, OT7VLKRVBUFIVLED
DFILEOLBLLEE1EREEZLEBEICBBLTHAVSR CENTES,
AREAICKRDEBRENEZAVTRIEL LWEBLIO ZREMIE, 25°CICB VT, 44VE45VTOFREHZR DL
REREN. £2170mAh/g, 190mAhgELETH B, F, 25°CIZEVT, 44VELEVTORE, 3.0VET
NDHETHS51IEE DREREMHIZTRIE., §4285%. 80%ULETHD, BElIC, BRI ZHMEENERBRERR
ICBWVT, 60°CTHORNEREF25MANGIATTHY), BhEEMIEHERT,

<fEMA >

AFAICED EBEYENFHRE., SHFICEBREZRIANILNBUFOLAZAVSD, ZANILNBYF
DLANFREARHEOTINEBLLEBZERL TWA S, INILN A 0OBHEINHTEIENTE, &
BAET, BREXRERREAKERVELBEICEND AERERETE S,

T, ARBUIURDI EEENER FHRY . RFOKKRAICPEOMRBRILEDE) T BRUGAT, K
VENSBBVFILMANEZETHEERAOIFENHTZ D, SEET. BRBXRERREAKER
VIBUBHICENZ ZXENERETES,

Embodiments Example

EKFEADEFNBEREOFZATICRT,

R F U AL ,CO 3@%@1399.4%@%#’7573)Liﬁiﬁé#iié&ﬁﬁ Wiho FF KBTI/ NCoOOHIE T
RSENMETICHERL, D_=17.2umOBRESFL. BSNEAFIKBRILI/NIL ME, EDTAIFL D
TEIVHEB)ICEDFL—MNEEICRYBAEL EMENMT7%TH 2 2. KBIELY T R I LAMg(OH) 2&151"—%
NTVTNABRALHR, ROKBIETILIZVAAOH) BRFABEEEKRALHREA VN, Ths 0%
RNEMEN SFERMEIAKZEZREL 1,

<8EH >

HRT5652969485, FPHIEKA &4

RFEAO EREYNER FRROBETMMEUTOLSICT £,

.~
o]

T,
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F—IREE_TIRTHBOSNDHBOERIARTHBVF VA, NI, ITRZVA, FILZZU A,
FRY, BVTFV, BVTATY, RVROEBER. ZAARMRE20%EM TEL ICBMHEER. ICPHLED
K2 B (ICP-OES)Optima8300[#k X /N—F 2 TIX— v N | ZAV., REFZETAEL .
FHORAEHETD L EFHEREINTIEDICIILF—FHEXBEI M EEBNEEEETEME
SEM®MJSM-7100[B A E F#k K44 | #B W s

BETHLREBEEERZERST AT T120°C, 4570 BFEBRL 12#&. Macsorb[(BR)ND>Tv U | ZAW I,
o, TRMNAH SBETRENEZEHL Iz, COB, NFREXKRTHY ., ONILMRIUFILODEREL
LT, 51g/ccz AWV I,

BETH2 &% 2 (um)=6/BET{E(m */g)/EZEE (g/cc): - + (1)
HARORBELOFERBELEREHE TS -HIC. BIETRLEEITV, FIBUXRA F>E—LA. Focused
lon Beam)DJEM-9320[ B AE F X &4t | T100nmU FICEHLL 1=, BBHEFEHBTEMDIEM-2100[ B
AEFHRRKH | (CHBEL ZNED(F / E—AZEF#EH. Nano Electron Diffraction)EDX(T &L ¥ —2 8 &
X#& 2 #7. Energy Dispersive X-ray spectrometry)% Fi W\ TEZEL 1=,

ARORBOTIOEBESE, BIETHAEALERBOBEZEL IS -HIC. NFHREMEEICZEL. 70O
At9> 3R Y ¥ —(CP, Cross Section Polisher)dSM-09010[ B AE F# X &tt | TR FELIME, B
RBHEA—> T EFEMBEFE-AESOIAMP-9500F[ B RN E FHRRX £tk | THEL 2. MEEE20kV, BRHFE
FAnAE L, WEEFMO20nmeD #H TRE FRBMER DN TEDLSICLE, IRILF—HEHEL T,
Tilk355-435eV, Cold730-800eV. HX10EBIEL, FHULULIEART NILABS iz, BShIEZARI KNI
BEFOIXILF—ECNTBEENE)DHETHD, 2T, NERIZLF—ODHTHD.

RAMICRI IS ICHBMEICE VT, RFRELSKHTATBAN@MA > TRIAIMZERWICTV, Fo5nik
Til & 3385eVADE £ BN & TBEHTHRDARY NLOBE [E- NE)MEEZAE 1=, A5, R4(1)TR
 KNFREOKZARY NLEERS2TH D, NTFRTICHEDEFE, RART NLBEE33, 20, 18, 16&TF
Aol RAQIICARTERSIC, Mt AONFREAN SOERHICHITIZARI NLEEZ7OY ML, BRAXR
I RNIVEBENVUTZTIORERAE L, RENSTOERZZRZOMRAOTIAEBL ERBEOEREEL I,
BEMFHICLYABEOFHEZRICEL L, AEMKROBICNIZTINREEhLZED, S, BRFICNTS
WERELTRICEL

s EEKIC, BRABOERENI10~14R]ICH VT, R4(MNERKROKRDTERLDOTOY hZTL, FF
BOXRBOFHBELHBERZEH L, R1ICRELL,

ICPRED KD M THS NIFERIDTI/Cotkld, FIRDERRN FLIREL LBETRENEDOREDTI/Colb £
MFOCoRICHIETRDEL L, FIREHDAEZTESNETEHOBEEZEKLLEL T, BRFOEKEERE
DEBZEEHL, KBOTIICo(moltb)ZEH L T, RIICERL =,

FHOFERHEOBRED =S, MARXEETEESmartLab[#k XtV H IR | ZHVTAEL £, XEEF/NZ
—> & Cu-Ka, 45kV,200mADZRHKTT, E/VO0X—RBLTREL. &EE—J58E OcountB
6000~12000(C %% &S5, 0.01°ORTY 7T, FHEERE1.0% T20/15~90°DEE TRIEL 1=, HIPZERR
& L TNIST(National Institute of Standards and Technology) ®SRM660b% F\\, Rietveldf##f 7' 045 5 AlC
RIETAN2000%Z A\ 1=,

KAAMBORERZE LT, HEB59%Z100ccHik T, 2070EEHL LBREERETTHPL. BAIE,.
ICPRED KIS MEBICTAML I, BREEOINILNBRYFILXONILE FREOBUFILRKICT
BTHANS, KABHEOREICL > THRAICEHL EKTAMOILEVOTEEZRNETE S, KAR
MIEE LT, REE ML, W, Mo, BOEERBRTBDVIA—ZICLDBEETIAVRSEN S, KRERMEIC
ERENBIENIHETED, A5, HREEL AO _(ABW. Mo, BOS 505 LH1E. ANWRY/X
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Mo®#$H&Ez=2, 5=4. ANBDHE2=3, 5=3)TRENB{LEWTHY . Li WO . Li MoO . KRU'Li BO TH
%,

BETILHIEDELT, DINF—ETESNLEKBIL)FIVLAERBUFVLAODEZRB) FULEICHRE
LEfEzRAWE, BI5, ER10.0gZK50mIC1RESBEE. TOR, 1KREHEL &, LEXRZIER
TRELE. TOBOBREE7I / —IIL72LA42£70F7 2 /=IL7IL—2RAVKBIL)FILERE
UFILEERL, 2THRBYTFILRICHRELL, AL, #FEL WO . Li MoO . RUL BO OH&EE
BIZ&WUBRALTVTWVS,

ARRISEALD/NLBCo O DEREG. BALI/NLMEDNILMRYFIAL ORBKARICH T D BMEDE
WEFIALE, B5, SREREBERICHBL. 1BERER. KREMRS ZRRSBCINILNEREL
co ZRBBEDEGE71IILE—TREEh, 714 2—LORFNZREBICAES,L. DN NEZICPRES
KAoTFEETERL, BILI/NLKCo O CBHEL I,

HEEOXZTUED _BERXEOL —Y—Ef - HEENESBEOIAIONS Y THRA[R#EKRR L4t

] ZRAWTREL =,

ERBEEABEFSgORAEZE10mmeDEET25/cm " OENTER L, REKOERBEABH,SEHL =,
BoNEERENENFRRZAVT, TREESFZTEEZRARL. CR2032EO (I TOZREMF
MEFMEL 12,
EEENECEERTHDTEFLOTIZVY, 5774 MNRUOEBROR) 7 V{LEZUF >V 2EEL
94:33& BB ELSKBFAL. N-XFI)L-2-EOU RV IZHBEE, SEBRREETHIICRELTERERATY
—ZRBELLE, RILBEFATV—2EEFOTILIZVALABICRIRZR—TL—RTEBAHL, 120°CTEEL
T. 0.5tcmICEL T, #H40umDEEOERS — NEERL -, EEI—NE16mmolciT5RE. EflR&L
/ol

B/RELT, 16mmolliTEHRVESBY FULBMAREE®R &L | ZAVE,

ENL—8—& LT, &L7— K#2400[Celgard,LLC ] 20mmeZ% AL\ 1z Tmol/IDLIPF % &ML IZECE
DMC(IFLVA—REZ—NIXFIIH—REZ— =128 BEBREZERREL THWE, Chsi#iz
AT, CR20ETA VEII[MRNSHLER | ZHERL I,
ERBEPEBVFIVLNARIZEYSBENB VLS, PIDdVFEKOIO—TRY VAR TEMDHEHKIL
TZIT> I

25°CICB TRV HRERE, RUKEREMBRONER. HEEETRZ3.0VEL, RELREEZ44VR
TA5VE L 2% DRBRZET > . EERTRELTELREEICEER., LREETICEVTHREERN
0.025CE TEISEEEERBENKRTE LR, 1. 11, 21, 31, 41, 51EBENXEKEX02CT, TO/HOEHKD
ZEHEZICTHTV, 1EEOHREREZVHPHERE. SIEEOKREREZIEEORNERETE > LEZK
EREBMIETEL U TIMEL =,
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INDUSTRIAL APPLICABILITY

AFEARJREIARNT, REEFTOLBVRETHEREN L EREYVERN FRRE - REHERENEE L TH
WBZET, ALY OIXILF—EENE<. THERVELBHEICEL, MERBREMZHR ZIEKEB
BRZREMEB/BDIENTESD,

TECHNICAL FIELD

The present invention, showing a high energy density as the positive electrode active material for the secondary
cell, temp. overcharge, repetitive characteristics to charge and discharge the positive electrode active material
and its manufacturing method for the powder particles, and using the same.

BACKGROUND

In recent years, the miniaturization of electronic equipment such as a personal computer or cellular phone -
spurs takes the weight reduction, as a power source for driving these secondary battery having a high energy
density, high demands. In such a situation, a large charge-discharge capacity, and is highly safe having the
advantages that the lithium-ion secondary battery are noted.

Conventionally, a voltage of a high energy type having a 4V class of useful in the lithium-ion secondary battery
as the positive electrode active material, layered structure (rock) LiCoO » Li (Ni, Co) O 2 Li (Ni, Co, Mn) O 2
spinel structure and LiMn , (0] . which are generally known, particularly high crystallinity is easily obtained, which
can be filled with high density lithium cobalt LiCoO ) the mobile equipment of the driving power source 20 years
or more, is used as the positive electrode active material. However, according to the performance of the
equipment, a further characteristic.

One of the characteristics, the charging voltage of the secondary battery, a high energy density. However,
under a high charging voltage, i.e., in an overcharge condition, repeated charging/discharging characteristic of
the battery pack or deterioration due to swelling of the gas generator is suspected to be a problem.

In general, lithium cobalt LiCoO , trimethylsiloxydiphenylsilanol of crystals of Li *, trivalent Co *, minus a
bivalent O  is constituted, by charging from the crystallizig Li * and electronic e " is desorbed, an instability of
the teller - yarn Co ** containing lithium state Li i CoO , (a]0) and to change. Therefore, Li * Li through half o5
CoO ) in vicinity of the composition ratio of lithium, cobalt ions are eluted from the crystal, and an electrolyte
solution, or collapse of the crystal phase transition occurs, battery charging and discharging of the repetitive
characteristics are deteriorated.

Furthermore, degassing of lithium state Li . CoO , (a]0) in Co **" incidental to the energy level of the track and
d O % p attached to an energy level of the track for relatively close, electrochemically Li i CoO ) of oxygen ions
and cobalt ions and electrons are drawn out from the electronic equivalent to from the drawing, cobalt ion
elution from oxygen (ion) and is discharged. When the charging state of the battery, the positive electrode is
exposed to a high positive electrode near the electrons away the oxidation state, furthermore, the danger is
inflated with a gas generating cell, CO , by oxidation or electrolytic solution such as a binder and further
oxidation state becomes high, the positive electrode of the surrounding oxygen released by the above
mentioned.

In particular, the charging pressure of the high-temperature, cobalt ion elution with oxygen (ion) and to increase
the reaction of the electrolytic solution is activated, as a secondary battery in order to ensure safety, lithium Li
state of cobalt degassing of the positive electrode active material and it is necessary that a more stable
structure. That is, by increasing the charging voltage, which can be used to charge and discharge in order to
increase the amount of Li safety, lithium cobalt powder particles. Conventional, state of lithium cobalt for
stabilization of lithium, or replacement due to different elements of the technology (patent literature 1-6).

In general, , Li (Ni *, Co *, Mn*") O ,the Li"and Ni > for, Li * ionic radius of close to the site of a transition
metal or, Ni ** enters to the site of the lithium, complete crystal is known to be difficult. Furthermore, in charging
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2+/4+

and discharging Ni takes a potential corresponding to, the positive electrode of the lithium cobalt becomes

lower than the battery voltage. Simultaneously, cobalt ion Co ** 4 value which is not produced. Therefore,
lithium cobalt LiCoO ) compared, cobalt ion elution temp. overcharge condition is extremely small, lithium cobalt
oxide is used as a surface treatment (patent literature 1-5).

Furthermore, when manufacturing the lithium cobalt TiO ) and mixing, lithium cobalt powder obtained in the
surface layer of the Li ) TiO . exists as a crystal, or repeated charging and discharging of the secondary cell rate
characteristics, and to suppress the generation of gas due to the reaction of the aqueous electrolyte reported.
(Patent document 6).

CITATION LIST
Patent Literature

*Special chart Number 2002-529361 publication

*In the patent Number 2006-331939 publication

*In the patent Number 2007-066745 publication

*In the patent Number 2007-258095 publication

*In the patent Number 2008-16243 publication

*First international publication Number 2011/043296

DISCLOSURE

Technical Problem

High energy density is shown as the positive electrode active material for a secondary battery, and a
charging/discharging temp. overcharge repetitive characteristics and its manufacturing method, a positive
electrode active material particles, for a secondary battery and using the same, in which the current is most
demanded, has not been established yet.

In other words, the technique described in Patent Document 1 is, with the surfaces of the layer is not precisely
controlled, an overcharge temp. positive active material, and and the manufacturing method are disclosed.
The technique described in Patent Document 2 lithium cobalt or nickel on the surface of the manganese-
containing phase is not precise control is difficult for high capacity, high energy density is shown for the
production of the positive electrode active material, and and a secondary battery is disclosed.

The technique described in Patent Document 3 of a large quantity of lithium cobalt nickel is difficult because of
the presence of a high capacity, high energy density in a secondary cycle, and and a secondary battery is
disclosed.

The technique described in Patent Document 4, and 5, lithium cobalt oxide particles of the coating layer and the
precise control of lasers, temp. overcharge is stable when the secondary battery and the positive electrode
active material and is disclosed.

The technique described in Patent Document 6, a method of manufacturing a Li , TiO . lithium cobalt layer of
particles of 1 degree by accidental firing, primary particles are very small particles of lithium cobalt, cobalt ion
eluter can not be suppressed, and the secondary battery and the positive electrode active material which is
excellent in high-temperature stability at the time of overcharging.

Therefore, in the present invention, the core and the lithium cobalt particles, a small amount of the coating layer
to be precisely controlled, while maintaining a high capacity, and charge and discharge temp. overcharge
repetitive characteristics and its manufacturing method, a positive electrode active material particle powder, and
using the same, and to provide a secondary battery.

Technical Solution
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The technical problem is solved, according to the present invention can be achieved by means of the
secondary.

In other words, in the present invention, the element M (M is mg and/or Al) composed of a layered structure
including a lithium cobalt and core particles, Ti is at least a layered structure of solid lithium cobalt layer
comprising a positive electrode active material having a particle powder, the average layer thickness of the
surface layer is 0. 005-1. 5 pm and, 0 BET specific surface area. 02-0. 25m /g and is characterized in that the
positive electrode active material (present invention 1) powder particles.

Furthermore, in the present invention, the positive electrode active material particle powder element A (A is W,
Mo, and B a kind of element selected from 1) containing a water-soluble lithium oxide has a top surface, the top
surface content of 0. 01-0. The positive electrode active material particles (present invention 2) described in the
present invention 1 5% weight of the powder.

Furthermore, in the present invention, on a volume basis as described in the present invention 1 or 2 10-35um
positive active material particles (present invention 3) powder.

Furthermore, in the present invention the alkali component 800 PPM or less residual, unreacted cobalt oxide is
present invention 1-3 500 PPM or less positive active material described in any of (present invention 4) powder
particles.

Furthermore, the present invention is a surface layer of Ti concn. 0. (Mol ratio) 001 = Ti/Co 0. 02 present
invention 1-4 as described in any of the positive electrode active material (present invention 5) powder particles.
Furthermore, the surface layer of the present invention to 80% coverage of the core particles present invention
1-5 described in one or more of the positive electrode active material (present invention 6) powder particles.
Furthermore, the present invention present invention 1-6 positive active material described in any of the
manufacturing method of the particulate powder, and a cobalt and lithium raw material M (M is mg and/or Al)
element material after mixing, the laminar structure is fired by 800-1100 ° C of lithium cobalt and a first process
for producing a particle powder, obtained in the first step of lithium and lithium titanium and cobalt and raw
material powder particles after mixing, 800-1100 ° C is fired in a second step to form the surface layer
comprises a positive electrode active material and method of manufacturing the particulate powder (present
invention 7).

Furthermore, the present invention present invention 2-6 positive active material described in any of the
manufacturing method of the particulate powder, and a cobalt and lithium raw material M (M is mg and/or Al)
element material after mixing, the laminar structure is fired by 800-1100 ° C of lithium cobalt and a first process
for producing a particle powder, obtained in the first step and lithium titanium powder particles A raw material
and elements (A is W, Mo, and B a kind of element selected from 1) and lithium and after mixing the raw
material, and the outermost surface layer 800-1100 ° C in the second step for forming comprises a positive
electrode active material and method of manufacturing the particulate powder (present invention 8).
Furthermore, the present invention present invention 1-6 is described in either one of the positive electrode
active material particles on at least a part of the positive electrode active material powder is prepared by using a
secondary battery (present invention 9).

Furthermore, the present invention present invention 1-6 is described in either one of the positive electrode
active material particles of powder, on a volume basis of agglomerated particles of 1-7pym Li (Ni o Co . Mn b)
O ,(aandbis0.15 £a=0. 4, 0. 15 =b=0. 5) is represented by the positive electrode active material particle

powder mixture containing 3-25 pts.wt. % as the positive electrode active material which is manufactured by
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using a secondary battery (present invention 10).

Advantageous Effects

The present invention related to the positive electrode active material particle powder, indicating a high capacity
of the core particles using lithium cobalt oxide, a trace on the surface of a solid solution of Ti, cobalt ion elution
temp. overcharging of the powder particles is suppressed since the positive electrode active material, a
secondary battery overcharge temp. repetitive characteristics and charge and discharge. Therefore, the present
invention related to the positive electrode active material particles, for suitable as the positive electrode active
material.

Furthermore, the positive electrode active material particle powder is related to the present invention, on the
outermost surface of the electrolyte liquid lithium cobalt and restraining the reaction phase can be formed, and a
charging/discharging temp. overcharge secondary battery repetitive characteristics can be produced.
DESCRIPTION OF DRAWINGS

Embodiment 1 of the present invention each of the SEM photograph of powder particles obtained in the
process. (1) obtained in the first step (2) lithium cobalt powder particles coated with a titanium dioxide is lithium
particle powder (3) obtained in the second step, and the positive electrode active material particle powder
Embodiment 1 in the positive electrode active material obtained after resin embedding powder particles,
focused ion beam (FIB) thin film by the taken energy dispersion type X-ray (EDX) STEM photographic and in
part as a result of the analysis. The outermost surface of + 005, +001, +008 with particles, the particles inside
the other. The inclined-Ti/Co (mol %). Embodiment 1 in the positive electrode active material obtained after
resin embedding powder particles, focused ion beam (FIB) thin film by the, nano-beam of the electron beam
diffraction (NED) of from about 600 nm to analyze the surface (1) + 003, (2) from about 250 nm + 002, (3) the
surface of the outermost surface of the particles + 001, in [0, -1, 0] the diffraction pattern of the zone. The urge
of measurement points corresponding to the point shown in fig. 2. Embodiment 1 in the positive electrode active
material obtained after resin embedding powder particles, particles made by [...] (CP) cross section, by a field
emission Auger electron spectroscopy (FE-AES) as a result of the analysis. By analysis, about 0. To obtain a
range of concentration of 02 ym. As shown in the drawing FE-AES image, particles from the particle surfaces at
each point of analysis point, with respect to the distance from the surface of the particle, Ti of the intensity of the
spectrum of the auger gestational differential format. Rietveld analysis X-ray diffraction patterns as a result of
the positive electrode active material particles of the powder obtained in embodiment 1. The solid line indicates
a value calculated with respect to the measuring point (+). The difference between the calculated value and the
measured value in each 2 6 curves shown in the lower stage. X-ray diffraction pattern of lithium cobalt below the
peak position in the short line (]), Ti is a solid solution of lithium, the peak position is indicated by the long line
(I)- The X-ray diffraction pattern is inserted on the right of Figure 2 8 is 43. 5 from 46. Expanded range of up to
5° part, and the vertical axis is logarithmic, the peak of the 2 phase represented by a broken line. The positive
electrode and the positive electrode active material particles obtained in embodiment 1, 25 °C, using the coin
cell 4. 4V abttery discharge test is carried out. The positive electrode and the positive electrode active material
particles obtained in embodiment 1, 25 °C, using the coin cell 4. 4V abttery discharge as a result of the test is
performed repeatedly. The number of times of discharge on the horizontal axis, vertical axis to maintain a
discharge capacity of 100% and an initial discharge capacity. The positive electrode active material particles by
powder as a positive electrode, by using a coin cell 60 °C, 4. 5V temp. overcharging test results. The origin of

time 0. 1C and the constant current immediately after the start of the test, 4. 5V after it reaches, the test is
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switched to a constant voltage, the electric current value calculated by integrating the amount of leakage from
the positive electrode active material pts.wt. 14-72 per time.

DESCRIPTION OF EMBODIMENTS

When the constitution of the present invention explained in detail as follows.

First, the positive electrode active material particle powder present invention.

The present invention related to the positive electrode active material particle powder M (M is mg and/or Al)
elements layered structure including a core formed of a cobalt particles and lithium, lithium titanium is at least
surface layer consists of a solid solution.

The positive electrode active material particles of the present invention in which the laminar structure of the core
particles of the chemical type lithium cobalt Li . (Co 'y M y) 0] ) (xandythe,0[x£0.1,0[y=0.03, Mthe mg
and/or Al). Lithium cobalt particles in the core and the positive electrode active material particles having a high
energy density powder can be obtained.

During manufacture of the lithium cobalt and cobalt mol of lithium amount in excess of the amount of additive
elements by M, the primary particle diameter is increased after firing, an overcharge of the battery temperature
is improved. When the value of x is 0 or less, primary particles of lithium cobalt is reduced, deteriorating the
overcharge of the battery temperature. Furthermore, the value of x is 0. 1 exceeds, can not be ensured, a
battery of high energy density cannot be designed. Furthermore, the positive electrode active material
remaining alkaline components increase, due to the gas generated by the decomposition of the electrolyte
during charging.

Furthermore, the additive element M in solid soln. lithium cobalt, mg, 1, at least one of Al. In particular, the effect
of increasing the discharge capacity mg and, more preferably, M as additional elements. Additional elements of
the battery by adding a very small M temp. overcharge characteristic can be improved. When the value of y is 0,
the charging characteristics of the battery against the effect of excessive temperature does not appear.
Furthermore, the value of y is 0. 03 when exceeding the, discharge capacity can not be secured, a battery of
high energy density cannot be designed.

The positive electrode active material particles present invention the surface layer of a powder, a solid solution
of a layered structure at least Ti is lithium cobalt.

The present invention, a positive electrode active material particles in the surface layer of the powder, the
average layer thickness of 0. 005-1. 5 ym. The layer thickness of the surface layer is 0. In the case of 005 pm <,
cobalt ions without elution can be suppressed, which characteristics are defective temp. overcharge. The layer
thickness of the surface layer 1. When exceeding 5 pm, it is difficult to secure capacity, it is difficult to design a
high energy density of the battery. The layer thickness of the surface layer, preferably 0. 01-1. 3 ym, more
preferably 0. 05-1. 2 ym.

Conventionally, the electrolytic decomposition of the effect of disturbing Ti has been known. At this time, a layer
of cobalt Ti by solid solution, plays a role to prevent the elution of cobalt ions. In the surface layer of lithium
cobalt trivalent Co ** site of tetravalent Ti ** is partially in solid solution, having a structural defect Li (umsquare
v Co e Ti G) 0] , occurs, Li or crystalline phase transition in a disengaging state is suppressed and guess for
collapse. In this case, the holes pmsquare chloronicotinamide.

Ti concn. 0 of the surface layer. (Mol ratio) 001 £ Ti/Co £0. 02 is desirable. The surface layer of Ti concn. Ti/Co
[0. 001 temp. overcharge characteristic is not good i Furthermore, 0. 02 [when Ti/Co, lithium cobalt layer of

titanium is not solid soln. system and others Li ) TiO . is formed, capacity is reduced.
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The coverage of the surface layer of the core particles is preferably more than 80%. Covering rate is 80%
anisotropi, temp. overcharge is defective.

The present invention related to the positive electrode active material particle powder M (M is mg and/or Al)
elements layered structure including a core formed of a cobalt particles and lithium, lithium titanium layer
comprising a solid solution. Furthermore, element A (A is W, Mo, and B a kind of element selected from 1)
containing a water-soluble lithium oxide may have a top surface.

The present invention, a positive electrode active material present on the surface of powder particles of the
chemical type lithium oxide Li , AO s (A the Mo, W, B a kind of at least 1, which inthe case of z=2,56=4,AAB
of Mo or W when z = 3, & = 3). In other words, molybdenum (Mo) when Li , MoO " A A is of tungsten (W) which
when Li ) WO o A boron (B) when Li \ BO 5 These compounds are soluble salt and later by the measurement
result of the alkali component [...] quantitativeness remaining.

Sp. or lithium oxide present on the surface of the carbon dioxide for showing a solubility to water, temp.
overcharge condition or the carbon dioxide generated inside the battery by capturing the water, battery
electrolyte decomposing or gaseous expansion and showing a are considered. Moreover, the oxide remaining
in the cell, and water produced or generated by the reaction of the electrolytic solution for resistant to
hydrofluoric acid, lithium cobalt and acts to suppress the collapse of the considered and shown. Therefore, at
higher capacity, and, from the battery characteristics temp. overcharge characteristics can be shown.

Most existing on the surface of the lithium content of, 0. 01-0. 5% by weight is preferable. The content of the
surface sp. 0. 01 pts.wt. when <%, its effect on the battery characteristics, moreover, 0. 5% pts.wt. exceeds,
capacity is decreased.

The present invention related to the positive electrode active material powder of a secondary particle
agglomeration. Primary particles and larger edge can be observed characteristic of laminar structure, it is
understood that similar to the size of the crystal. Therefore, the greater the primary particles to temp.
overcharging test. Furthermore, the primary particle becomes larger, the BET specific surface area tends to
decrease, which can reduce the contact area of the electrolyte, and good temp. overcharging test.

The positive electrode active material present invention primary particles of the particle size of the powder
particles is preferably more than 3 um. In the case of <, crystal is weak, temp. overcharge of crystal is difficult to
be restricted.

The positive electrode active material particles present invention based on the volume of secondary particles of
powder 10-35um median diameter. In the case of a median diameter of less than 10 pm, compression molded
body becomes low density, high energy density of the cell design becomes difficult. Beyond the median
diameter of 35 um, other characteristics and it is difficult to obtain a powder particles. The median diameter, and
more preferably 11-30um, further preferably 12-25um.

The present invention related to a BET specific surface area of the positive electrode active material particles of
0. 02-0. 25m ?/g. 0 BET specific surface area. 02m /g <and therefore, it is difficult at present. 0 BET specific
surface area. 25m %/g exceeds, the contact area of the electrolyte is widened, the positive electrode active
material temp. overcharge condition or cobalt ion elution from gas generator can not be suppressed. The BET
specific surface area, more preferably 0. 07-0. 23m %/g and, more preferably 0. 08-0. 21m %g.

In the present invention the positive electrode active material particle powder 800 PPM or less residual alkali
components is desirable. When this value is exceeded, alkaline becomes high, and cause the electrode at the

time of manufacturing a slurry composed of a gel, adversely affecting the characteristics for the battery.
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In the present invention the positive electrode active material particle powder unreacted cobalt oxide Co s (0] A
500 PPM or less is desirable. When this value is exceeded, the design becomes bad, safe temp. overcharge of
the battery becomes difficult.

In the present invention the positive electrode active material particle powder 2. 5ton/cm by compression
molding, the density of 3. 5-4. 2g/cc is desirable. 3. In the case of <5g/cc, design of high energy density of the
battery becomes difficult. 4. 2g/cc exceeds, other characteristics and it is difficult to obtain a powder particles.

In order to increase a compression molded material density, related to the present invention, a positive
electrode active material particle powder, on a volume basis 1-7um 3-25 pts.wt. positive active material particles
of the powder are mixed at %, as a positive electrode active material handling without problem. On a volume
basis as the positive electrode active material particle powder 1-7um, preferably, LiCoO ) and Li (Ni, Co, Mn) O
) at least 1. Outside the range of volume basis when 1-7um, compression molding, it is difficult to increase the
density, high energy density of the cell is not obtained.

The present invention related to positive active material particles, the positive electrode active material is mixed
Li (Ni . Co_Mn )O (aandbis0.15 £as0. 4, 0. 15 £b=0. 5) is preferable. A value of 0. 15 when the value
of aor b is less than 0. 5 if, desired layered structure is hardly formed, functions as a positive electrode active
material of high performance. Furthermore, a value of 0. 4 exceeds the value of a or b 0. 15 when <, and
thereby effect a positive electrode active material, which does not appear in the mixture temp. overcharging
test. Each of the mixing amount of positive active material Li and O of the stoichiometric composition ratio of
slightly deviates from the value of 1 and 2 without objectionable, is not particularly limited.

The present invention related to positive active material particles, the positive electrode active material Li (Ni .
Co . Mn ) O (aandb 0 mixing. 15 £a=0. 4, 0. 15 £b=0. 5) the 1-7um on a volume basis. 1 pm temp.
<overcharging test in the positive electrode active material is not obtained and, in addition, the compression
molded body 7 u m density exceeds the positive electrode active material which can not be obtained.

The present invention related to positive active material particles, the positive electrode active material Li (Ni .
Co . Mn ) O (aandb 0 mixing. 15 =a=0. 4, 0. 15 =b=0. 5) 3-25 pts.wt. % is preferable. 3% pts.wt. <, or 25%
weight exceeds the, compression molded product density of the positive electrode active material is not
obtained.

Next, the present invention and method for producing the positive electrode active material.

The present invention related to the particles of the powder particles of the positive electrode active material in
order to form a multilayer structure including a firing 2 based on a solid phase reaction. The elements
constituting the solid phase reaction and mixing the raw material containing, in a high-temperature heat
treatment to promote the chemical reaction between the solid, to obtain a target phase.

The present invention related to the second positive electrode active material particles and particles of burning
powder core 1 made of a laminar structure to prepare lithium cobalt, 2 the details of Ti by firing a solid lithium
cobalt layer can be manufactured by forming on the particles. Furthermore, molybdenum, tungsten, boron,
lithium oxide containing at least 1 from the uppermost surface, and the second layer 2 at the time of baking can
be formed simultaneously.

First of all, an explanation on the first step. In the first step, the raw material and a raw material and a raw
material M elemental lithium cobalt (or Al/mg and the M) after mixing, is fired in a layered structure 800-1100 ° C
of lithium cobalt powder particles.

The raw material powder particles of the core particles in the lithium cobalt having constituent elements of

AMPEREX Ex. 1032
Page 26



various compounds can be used.

Mixing of the raw material of the core particles by a dry method not using a solvent is desirable. As the mixture
of the raw material powder, stone milling machine, a ball mill, henshell mixer, the high speed mixer or the like
can be used.

As the material of the core particles lithium LiOH-H ) O, Li ) CcO , is preferable. The raw material powder of
lithium, a lithium reaction in the solid phase in order to facilitate the diffusion of the fine particle size is desirably
used.

As the material of the core particles Co (OH) » CoOOH, Co . 0] A is preferable. The raw material powder of
cobalt, obtained by the present invention is to calcine the positive electrode active material which is resistant to
the particle diameter of the particulate powder for influencing, median diameter D 5 powder of the desired
positive active material particles D 5 and is preferably a value close.

The core particles of additive elements M (M is mg and/or Al) contained in the raw material is cobalt, elements
of the compound is added to the M is not objectionable. As the compound of the element M of an oxide,
hydroxide, carbonate are preferable. The raw material powder M of additive elements having a very fine solid
phase reaction is desirable.

The details of the core temperature of the burning particles 800-1100 ° C 1. The temperature at the time of firing
is about 5-15 time, firing temperature rise, the temperature lowering speed 100-200°C/hr. The firing temperature
is less than 800 °C solid phase reaction is not sufficient, the positive electrode active material obtained in the
investigation of lower capacity of the battery. On the other hand, in the case of a firing temperature exceeding
1100 °C, lithium evaporation is not completely suppressed, causing deviation of chemical composition, in
addition, to accelerate the deterioration of the electric furnace. More preferably 930-1050 ° C baking
temperature.

As the firing furnace, the gas circulation box-shaped muffle furnace, gas circulation type rotary furnace, roller
hearth kiln or the like can be used.

After firing, firing of pulverizing, classifying even when it is not objectionable. As the crushing device, stone
milling machine, impact type pulverizer, etc. of a fluid.

Next, an explanation on the second step. In the second step, obtained in the first step and lithium and lithium
titanium raw material and raw material powder particles after mixing, 800-1100 ° C in the surface layer is formed
by baking, related to the present invention to manufacture the positive electrode active material particles.
Furthermore, in the second step, obtained in the first step and lithium titanium powder particles A raw material
and elements (A is W, Mo, and B a kind of element selected from 1) and lithium raw and after mixing, and
burning is performed at the uppermost surface 800-1100 ° C may form a surface layer.

In the surface layer and the outermost surface of the various constituent elements of a material having a
compound can be used.

The mixture of the raw material layer and the outermost surface of the dry process, either a wet method.

Mixing of the raw material layer and the outermost surface of the case by a dry method, as the device for mixing
the raw material powder, stone milling machine, a ball mill, henshell mixer, the high speed mixer or the like can
be used.

The mixture of the raw material layer and the outermost surface of the case by a wet process, using a water
medium, of the constituent elements of an oxide, hydroxide, bicarbonate or coprecipitated as, washing, filtration,

drying, it is desirable to obtain a raw material powder mixture.
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Therefore, in the case of using a dry mixture, an oxide, a hydroxide, a carbonate material and it is desirable,
when using a wet-mixing, sulfate, nitrate, chloride and raw material.

Preferably, the outermost surface of the raw material layer and lithium LiOH-H ) O, Li ) CcO 5

Preferably, the material of the surface layer of titanium TiO ) ‘nH ) O, Ti (SO 4) » TiCl "

The outermost surface of the raw material of the additive element A preferred oxide, hydroxide, carbonate,
sulfate, nitrate, chloride molybdenum (Mo), tungsten (W), boron (B).

The second layer 2 and the burning temperature of the uppermost surface, 800-1100 ° C. The temperature at
the time of firing is about 5-15 time, firing temperature rise, the temperature lowering speed 100-200°C/hr. The
firing temperature is less than 800 °C solid phase reaction is not sufficient, the positive electrode active material
obtained in the investigation of lower capacity of the battery. On the other hand, in the case of a firing
temperature exceeding 1100 °C, lithium evaporation is not completely suppressed, causing deviation of
chemical composition, in addition, to accelerate the deterioration of the electric furnace. More preferably 850-
1040 ° C baking temperature.

As the firing furnace, the gas circulation box-shaped muffle furnace, gas circulation type rotary furnace, roller
hearth kiln or the like can be used.

Lithium cobalt obtained in the first step and a surface layer of a mixture of raw material and, by firing the details
of 2, Ti in the surface layer of the core particles in a crystalline phase is formed. Furthermore, the surface layer
and the outermost surface of the lithium cobalt and by firing a mixture of raw material, and the surface layer of
the same water-soluble lithium oxide A elements including an uppermost surface is formed. Also the surface
layer on the surfaces of the core particles is formed by diffusion of Ti.

After firing, the crushing of the calcined material, even if secreening. As the crushing device, stone milling
machine, impact type pulverizer, etc. of a fluid.

Next, the positive electrode active material related to the present invention used as a positive electrode material
particle powder secondary battery.

The present invention using the powder of the positive electrode active material particles when producing a
positive electrode sheet, ph4.5, conductive agent and a binder. As the conductive agent is carbon black,
graphite, etc., are preferable. As a binder, poly tetrafluoroethylene, vinylidene fluoride, etc., are preferable. As
the solvent, for example, N-methyl-pyrrolidone, is preferably used. The positive electrode active material particle
powder and the additive, the conductive material and binder to form a slurry containing a honey. The obtained
positive electrode 25 ym -500 y m a groove is about 60 cm/sec of the doctor blade coating speed applied to the
collector, and a solvent is removed by drying the softening of the binder for 80-180 ° C. The collector of about
20 pm Al foil is used. A positive electrode current collector line pressure 0. 1-3t/cm of calendar processing is
performed to obtain a positive electrode sheet.

The present invention related to the positive electrode active material particles of high density powder
compressed molded body, on the other hand, BET specific surface area of the positive electrode active material
is low, the positive electrode mixture added to the slurry to decrease an amount of binder, and as a result a
positive electrode sheet of high density to be obtained. Furthermore, the median diameter of the positive
electrode active material of small particle size 1-7pym mixture of higher density can be obtained.

As the negative electrode active material, lithium, lithium-aluminum alloy, lithium/tin alloy, graphite or the like
can be used, or a similar positive electrode and negative electrode by the doctor blade method, a sheet metal

rolling.
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Furthermore, as the solvent of the electrolyte, diethyl carbonate and other than the combination of ethylene
carbonate, propylene carbonate, dimethyl carbonate, etc. or carbonates, dimethoxyethane ~~~ organic solvent
containing at least 1 types can be used.

Furthermore, as the electrolyte, in addition to the lithium, lithium perchlorate, lithium salt such as lithium
trioborate tetrafluoride at least 1 dissolved in the solvent types can be used.

The present invention is manufactured by using a secondary battery of Li and the counter, at 25° C, 4. 4V and
4, after charging of the initial discharge capacity at 5V, each 170mAh/g, 190mAh/g or more. Furthermore, at the
25° C, 4. 4V and 4, charging with a 5V, 3. The discharge capacity of the first discharge of maintaining constant
at 51 to OV, respectively, 85%, 80% or more. Furthermore, in the below-mentioned temp. overcharging test
evaluation method, the quantity of leakage at 60 °C 25mAh/g or less, showing an excellent battery.

Operation:

The present invention related to the positive electrode active material particle powder, indicating a high capacity
lithium cobalt core particles is used. The small amount of Ti is lithium cobalt oxide particle surface layer is
formed by solid-soluble in order, it is possible to suppress elution of cobalt ions, high capacity, and charge and
discharge temp. overcharging test can be repeated characteristics.

Furthermore, the present invention is the positive electrode active material particle powder, a small amount of
oxidation on the uppermost surface of the particles of molybdenum, tungsten, boron and lithium compound in
order to suppress the decomposition of the electrolyte, high capacity, and charge and discharge temp.
overcharging test can be repeated characteristics.

Embodiments Example

An example of the present invention to the specific embodiment shown.

Lithium carbonate Li ) CcO s purity 99. Using the Co. the oriental chemicals of 4%. , D o0 17. oxystyrene
CoOOH hedroxide manufactured on the basis of the following bibliography 2 pm powder is obtained. The
hedroxide oxystyrene obtd., EDTA (EDTA) measured by a purity chelatometric titration by 94. 7%. Magnesium
hydroxide mg (OH) ) the ube materials Co., and aluminum hydroxide Al (OH) 3the Nippon Light Metal Co., Ltd.
Co. is used. These chemical type and purity of the raw material from the prepared quantity is determined.
[Reference literature]

The patent Number 5296948, industrial corporation heda

The positive electrode active material of the present invention to provide an evaluation of the powder particles is
performed in the following manner.

The first step and the second step being a principal element of the sample obtained by lithium, cobalt,
magnesium, aluminum, titanium, molybdenum, tungsten, boron content is, at 20% hydrochloric acid powder
thermoelasticity after complete melting, ICP quantometer (ICP-OES) Optima8300 [Co. perkinelmer Japan] is
used, a curve method.

Using an energy dispersion JSM-7100 [Japanese electron Co.] X-ray analyzer for with a scanning electron
microscope SEM observation and analysis of the chemical composition of the sample surface.

The BET specific surface area of 120 °C, 45 minutes, and then drying the deaerated under a nitrogen gas
sample, using Macsorb [ [...] (strain)]. Furthermore, the following (1) is calculated from the formula BET
converted grain size. In this case, the true spherical particles, as a true density of lithium cobalt, 5. 1g/cc is
used.

The value BET converted grain size (um) = 6/BET (m 2/g)/ true density (g/cc) - (1)
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In the vicinity of the surface of the sample in order to confirm the crystal structure and composition, is
embedded in a resin, FIB (converging ion beam, Focused lon Beam) of 100 nm or less in JEM-9320 [Japanese
electron Co.] thin. Transmission electron microscope TEM JEM-2100 [Japanese electron Co.] of the NED
(nano-beam electron beam diffraction, Nano Electron Diffraction) or EDX (X-ray analysis energy dispersion,
Energy Dispersive X-ray spectrometry) by using an observer.

A sample of the layer of the solid region of Ti, Ti that is solid-dissolved in order to calculate the layer thickness
of the surface layer, is embedded in a resin powder particles, [...] (CP, Cross Section Polisher) SM-09010
[Japanese electron Co.] particles of after cutting, a field emission Auger electron microscope observation FE-
AES JAMP-9500F [Japanese electron Co ] Accelerating voltage 20kV, and the applied current 4nA, point, and a
depth in the range of several nm to 20 nm ¢ in the direction of the cross section. As the energy range, the 355-
435eV Ti, Co the 730-800eV, 10 times, respectively, with the mean spectrum is obtained. The energy of the
electrons to a spectrum obtained as the product of E E and N (E). In this case, the energy distribution of N (E).
Fig. 4 (1) as shown in the sample in the cross section, from the surface of a particle particles toward the inner
point analysis is linearly performed, obtd. Ti by 385eV near minimum and a differential type of spectral intensity
d [E-N (E))/ dE is read. In other words, in the fig. 4 (1), the particle surface 82 of the spectrum intensity. As
particles, the strength of the spectrum 33, 20, 18, 16 and a lowered. As shown in fig. 4 (2), with respect to the
distance from the surface of a particle of point 11 the spectrum intensity is plotted, the spectrum intensity is
below the detection limit of 30 and the Ti, Ti of each point of the distance from the surface of the layer thickness
of the solid solution and a surface layer. The average value of the arithmetic average thickness of the layer by
the described in Table 1. The number of measuring points is detected from Ti to the number, covering the core
particles as described in Table 1.

In these and similar, optional 10-14 point in each sample, and fig. 4 (2) fig. 4 (1) and performs a similar analysis
of the plot, the surface layer of each sample and the average layer thickness of the coating is calculated, the
described in Table 1.

A sample of the ICP quantometer Ti/Co ratio is obtained, and it is assumed that the true spherical particles of
particle size and in terms of a surface layer of a BET Ti/Co ratio corresponding to the amount of Co and core
particles. In the method described in the obtained average layer thickness is formed, the surface layer of the
core particles is indexed, and the volume of the volume, the surface layer (mol ratio) is calculated Ti/Co,
described in Table 1.

The crystal phase of the sample, powder X-ray diffraction device using a SmartLab [rigaku Co. made] was
measured. The X-ray diffraction pattern Ka cu-, 45kV, under conditions of 200mA, monochlomator measured by
threading, maximum peak intensity so that the count of the number of 6000-12000, 0. In a step 01 °, 1 count
time. 2 8 is measured in a range of 0 sec. 15-90 °. Using the NIST (National Institute of Standards and
Technology) as a standard sample of external SRM660b, RIETAN2000 Rietveld analysis program.

As the water-soluble salt of the measuring method, a sample 5g 100cc pure water, cooled by the boiling
solution to room temperature 20 minutes, after filtering, analyzed by the ICP emission spectrochemical analysis
device. The laminar structure of the lithium cobalt or cobalt - from lithium titanate insoluble in water, water-
soluble salt by measurement of the most exposed to the surface of the water-soluble compound of an element.
As the water-soluble salt, Li detected, W, Mo, B and by the amount of the alkali component from the remaining
amt. [...] mentioned, formed on the outermost surface compound can be estimated. In other words, the
uppermost surface Li Z AO s (A'is W, Mo, B a kind of at least 1, W and A is the case whenz=2,5=4, AB Mo
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when z = 3, 6 = 3) is a compound represented by, Li ) WO o Li ) MoO " and Li s BO 5

As the alkali component remaining, [...] obtained by the amount of lithium carbonate, lithium hydroxide and
lithium carbonate in terms of using a numerical value. That is, sample 10. 1 time in 50 ml of water dispersed 0g,
then, after a time 1, a supernatant liquid droplets of hydrochloric acid at a constant. In this case the blue
indicator and lithium hydroxide and phenolphthalein orthobromophenols quantitatively using lithium carbonate,
lithium carbonate, all terms. However, the Li ) wO 2 Li ) MoO " and Li , BO . excluded by the influence of the
computer.

Unreacted cobalt oxide Co , o . the quantitative, cobalt oxide and cobalt iron sulfate solution of lithium utilizing
differences of solubility. That is, sample iron sulfate is dispersed in a solution, after leaving the 1, cobalt oxide
and non-reacted regarded undissolved components. The dissolved components are filtered with a filter
relooking, hydrochloric acid is dissolved in the remaining on a filter, the amount of cobalt is quantitatively
determined by ICP quantometer, cobalt oxide Co s 0] . converted.

The median diameter D 5 micro-track of the sample is measured by using a laser diffraction HRA [nikkiso Co.] -
scattering type particle size distribution of the wet method.

Compression molding, the density of 2 to 10 mm ¢ 5g of the sample in a jig. 5t/cm ? compacted at a pressure of,
calculated from the volume and the weight of the molded body.

The positive electrode active material obtained by using a powder particles, the positive electrode is prepared
with the following manufacturing method, CR2032 coin cell battery characteristics of secondary-evaluation.
The positive electrode active material which is a conductive agent and acetylene black, graphite and a binder of
polyvinylidene pts.wt. ratio 94:3:3 and so that by weighing, N-methyl-2-pyrrolidone dispersed, high speed
positive electrode being sufficiently mixed mixing device to adjust the mixture slurry. Next, a slurry of aluminum
foil current collector unvenness the doctor blade coating, dried at 120° C, 0. 5t/cm pressurized, the film
thickness of about 40 um positive electrode sheet is manufactured. Positive electrode sheet is punched in a 16
mm @, and the positive electrode.

As the negative electrode, 16 mm ¢ punched metal using lithium foil [metal Co. honjo ].

As a separator, using Celgard # 2400 [Celgard, LLC]20 mm ¢. 1mol/l of LiPF . EC and DMC dissolved
(ethylenecarbonate: dimethyl carbonate = 1:2 volume ratio) used as an electrolytic solution mixed solvent.
These members are assembled, a coin cell [Co. treasure fountain] CR2032 type.

Electrolyte or metallic lithium is not decomposed by the atmosphere, in an assembly of a battery in a glove box
of an argon atmosphere.

The measurement of the initial discharge capacity, and the discharge capacity at the rate of 25 °C, 3 the
discharge voltage limit. By OV and, to limit the voltage charge 4. 4V and 4. 2 a 5V and test conditions. Each
constant-current after reaching the upper limit voltage, the charging current limit voltage at 0. 025C and below
the lower end of the charge. 1, 11, 21, 31, 41, 51 of the first charging/discharging is 0. 2C and, at other times
the charging and discharging of the 1C, 1 times the discharge capacity of the initial discharge capacity, the
discharge capacity of the first 1 51 to a value obtained by dividing the first discharge capacity as to maintain
constant discharge capacity for evaluation.

As temp. overcharging test, at 60° C, 0. 1C at 4. 5V after charging with a constant current until, 4. 5V while
maintaining, by varying a current value. 14 72 from the integrated current value after time until after the time
from the start of charging, the leakage of the active material and the quantity of electricity per weight. The time

from the start of charge in the battery 72 within the case to cause a short circuit, a short circuit at the time of
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terminating the test.

From the positive electrode temp. overcharge the elution amount of Co. In other words, a negative electrode of
a battery using a combination of graphite, 60 °C, 0. 1C 4 by constant current. 4V after charging, while
maintaining the same voltage, the current value is changed, the time taken after the battery 72, decomposition.
Thereafter, the negative electrode, and a separator of the deposited amount of Co and quantified by ICP
emission spectroscopy.

[Embodiment 1]

(First step)

Li,CO ,, CoOOH, mg (OH) , Al (OH) _ mol ratio of Li/ (0. 990Co+0. 005 mg + 0. 005Al) = 1. 05, the total
weight of a respective material 3. 0 kg and is metered so that the raw material. 20 min. raw material, a material
with no unevenness in the mixture in the volume can be visually confirmed, by the ICP emission
spectrochemical analysis confirms that no deviation in the composition. The mixed material is put in, 980 °C in a
kiln, a baking time 10. - Obtaining classifying the pulverized, solid solution of lithium mg and Al powder particles.
As shown in fig. 1 (1) a SEM photograph, lithium cobalt obtd. unevenness on the surface of the particles is not
substantially observed. Lithium particle powder obtained after dissolved in an acid solution, by the ICP emission
spectrochemical analysis, was measured for the content of each element, the composition of the lithium Li obtd.
1.05 (Co
(Second step)

mg Al )O » From these values and the predicted value matches the material mixing.

0. 990 0. 005 0. 005

Lithium particle powder obtained by weighing 100g, cobalt to 0. 2mol % titanium dioxide (Ti/Co = 0. 002mol
ratio, au-made - - chemicals millennium, PC-500,250m /g) mixed in a ball mill for 1 hour.

In fig. 1 (2) shows a SEM photograph after mixing. From fig. 1 (2) fine particles of titanium dioxide is thoroughly
covered lithium cobalt, covering rate is high.

The covering material placed in the crucible, box-type muffle furnace at 1000 °C, 5 firing again at a time. By
pulverization in agate, sieving 45 y m mesh with, the positive electrode active material of the present invention
(refer fig. 1 (3)) is obtained. Elemental analysis by the ICP emission spectrochemical analyzer, and ethanol and
Ti/Co Li/Co ratio coincides with the ratio is obtained.

Embodiment 1 in figs. 2 and 3 showing the results of analysis STEM-EDX-NED of particles. As a result, the
lithium cobalt diffused particles Ti, toward the inside from the surface active material particles, the density of Ti.
That is, in a surface layer of Ti is solid-dissolved in the laminar structure is formed with lithium cobalt.
Embodiment 1 of fig. 4 in cross-section showing the results of analysis of particle FE-AES. At the point A as
shown in fig. 4 (1) as a result of the analysis, differential form Ti particles from the spectrum intensity can be
detected in the vicinity of the surface. As shown in fig. 4 (2), and the strength is less than 30 A point in place,
i.e., particles from the surface 1. The distance 05 pm surface_layers Ti and the thickness of the layer of solid
solution is estimated. Similarly, even in an arbitrary B-K point, particles in the direction of the internal analysis is
performed, the thickness of the layer of solid ecadotril estimated Ti. The mean value of the thickness of each
layer at the point 0. 9 ym. 9 the BET converted grain size. 8 pm and, forming a layer thickness of the average
particle size of the particles comprising the vol. BET 45 in terms of volume. Equivalent to 6%. Therefore, by ICP
quantometer Ti/Co ratio, the average of Ti/Co Qand the 0. 004mol ratio and the estimated.

As shown in fig. 5, Rietveld analysis of laminar structure obtained by the lattice constant of lithium cobalt and
phase from solid solution of lithium titanium 2 confirms the presence of phase. Lithium cobalt obtained in the

first step the lattice constant of a = 2. 8164 A, ¢ = 14. In 057 A, obtained in the second step, and the lattice
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constant of lithium cobalt a = 2. 8161 A, ¢ = 14. In 056 A, obtained in the first step and to a value substantially
the same. Therefore, obtained in the first step of the core particles of lithium cobalt compsn. regarded and
composition. Furthermore, the lattice constant of the surface layer of a = 2. 819 A, ¢ = 14. This 07 A, a and ¢ the
lattice constant of the surface layer is longer than the core particles, the titanium layer being a solid solution of
lithium and estimated.

As shown in Table 2, the positive electrode active material obtained by powder characteristics of powder
particles remaining unreacted alkali or cobalt oxide is low, median diameter is large, high compression molded
material density is obtained.

The particles obtained by powder as a positive electrode, an evaluation is performed by a coin cell. As a result,
as shown in Table 3 higher initial discharge capacity, repeated charging/discharging characteristics, good temp.
overcharging test results. Cobalt ions eluted amount of graphite 60 °C using the negative electrode to the
positive electrode active material 0. 20 wt %, and, in comparison with a comparative example 1, the elution
amount is suppressed.

The following embodiment, and a comparative example in the same way, powder characteristics in Table 1 and
2, battery characteristics described in Table 3.

[Embodiment 2-4]

The manufacturing of the core particles of lithium cobalt, Li / (0. 990Co+0. 0025 mg + 0. 0075Al) = 1. 02mol raw
material is weighed and ratio. The other conditions, similarly to the embodiment 1, as the temperature of the
second stage, the embodiment 2 1050 °C, embodiment 3 is 1000 °C, 950 °C and the embodiment 4. As a
result, good powder characteristics and battery characteristic is obtained. However, since the embodiment 2 of
a solid solution of Ti is too advanced, Ti is not detected even particle surface exists, and the coating rate
slightly. As a result, the amount of leakage due to overcharging test electric temp. 60 °C shows a value slightly
higher.

[Embodiment 5-7]

The manufacturing of the core particles of lithium cobalt, Li / (0. 995Co0+0. 005 mg) = 1. 03mol raw material is
weighed and ratio. In the first step of other conditions, similarly to the embodiment 1. In a second process,
weighed obtd. 100g lithium cobalt, cobalt to 0. A mixing ball mill. 1mol % titanium dioxide. Mo, W, B an
embodiment 5, 6, 7 and the outermost surface of each phase to become a cobalt, 0. So 1mol % and, submicron
MoO . WO 3, H . BO s and predetermined amount of Li ) CO . mixed with a ball mill. Here, the predetermined
quantity and Li ) MoO o Li ) WO " Li , BO , mol of Li can be formed. As the firing temperature of the second
stage, a 950 °C a The positive electrode active material obtained by analysis of the powder particles SEM-EDX,
Mo, W, B is the surface of the particle. Furthermore, by ICP emission spectrometry, Mo, W, B is a water-soluble
88, 91, in a sample which 83% Mo, W, B of the quantity. As shown in the table 1-3 powder characteristics and
good battery characteristic is obtained.

[Embodiment 8]

The manufacturing of the core particles of lithium cobalt, Li / (0. 995Co0+0. 005 mg) = 1. 025mol raw material is
weighed and ratio. In the first step of other conditions, similarly to the embodiment 1. In a second process,
weighed obtd. 100g lithium cobalt, cobalt to 0. 2mol % titanium dioxide mixed with a ball mill, a 950 °C by firing.
As a result, as shown in the table 1-3 powder characteristics and good battery characteristic is obtained.
[Embodiment 9]

Embodiment 8 lithium cobalt obtained by 85% and a particle powder by weight, 3 on a volume basis. 4 ym Li of
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o Ni o Co o2 Mn o3 0] , S0 that a mixture of 15% and the weight, and the positive electrode active material. 3
comprises a compression molded material density. 97g/cc and high value is obtained. When the battery
characteristics, as shown in Table 4, low leakage and high initial discharge capacity shows a quantity of
electricity.

[Embodiment 10]

Embodiment 8 lithium cobalt obtained by 85% and a particle powder by weight, 3 on a volume basis. 5 ym Li of
1o Ni o4 Co o3 Mn o3 0] , S0 that a mixture of 15% and the weight, and the positive electrode active material. 3
comprises a compression molded material density. 91g/cc and high value is obtained. When the battery
characteristics, as shown in Table 4, which exhibits a high discharge capacity and low leakage quantity of
electricity.

[Comparative example 1]

Embodiment 1 obtained in the first step of lithium and the positive electrode active material. In other words, the
particles of the present invention includes a layer of titanium in the outermost surface or layer compound
molybdenum, tungsten, boron phase does not exist. As a result, 4. 5V or initial discharge capacity to maintain
the discharge capacity is deteriorated, the leakage of the high value of 60 °C shows a quantity of electricity. A
negative electrode of a battery using graphite 60 °C cobalt ion elution amount is 0 to positive electrode active
material. 37 wt % and shows a value higher than that of the embodiment 1.

[Comparative example 2]

Li ) CcoO 5 CoOOH, and mg (OH) ) to Li/ (0. 996Co+0. 004 mg) = 0. The metering and 996mol ratio. In this case,
in order to suppress the grain growth of submicron ZrO ) (Zr/Co = 0. 1mol %)is added. Raw materials are
mixed, 980 °C after firing, pulverized, through the classifier, obtained in the first step of lithium only to positive
active material particles and powder. The positive electrode active material obtained in the powder particles,
solid solution of lithium cobalt compound Zr is not observed. Furthermore, since the primary particle diameter of
2 um and ignites by SEM observation, the BET specific surface area of high, D s is slightly larger. As a result,
the initial discharge capacity of maintaining high or discharge capacity, which was the quantity of electricity
leakage.

[Comparative example 3]

Li,CO ,, CoOOH, mg (OH)  and TiO  to Li/ (0. 985Co+0. 005 mg + 0. 01Ti) = 1. The metering and 02mol
ratio. Raw materials are mixed, after firing at 1000° C, pulverizing, classifying the, obtained in the first step of
lithium only to positive active material particles and powder. The positive electrode active material obtained
powder, was confirmed by XRD, a layered structure providing a single phase, a solid solution of Ti by the shaft
2.8176 A, c axis 14. A lattice constant 067 A and elongation is obtained. Furthermore, since the primary particle
diameter of 2 ym and ignites by SEM observation, the BET specific surface area of high, D 5 is slightly larger.
As a result, the discharge capacity of the initial discharge capacity or maintaining a low rate, the higher the
leakage quantity of electricity.

[Comparative example 4]

Comparative example 2 lithium particle powder obtained by the weighed 100g, cobalt to 0. By mixing 2mol %
titanium dioxide, 1000 °C in firing again. As a result, the surface layer of titanium is lithium cobalt particles into a
solid particles are obtained, the primary particle diameter of substantially the same size and in the comparative
example 2, which is not improved. Furthermore, since the primary particle diameter is smaller, by treating the

surface of titanium dioxide is insufficient, a solid solution of Ti surface_layers covering rate of the core particles.
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As a result, as the battery characteristics, of the initial discharge capacity, and maintaining constant discharge
capacity is good, leakage of electricity is expensive.

[Comparative example 5]

Embodiment 2 obtained in the first step of lithium cobalt 100g to, cobalt to 0. 2mol % of MoO . and
predetermined amount of Li ) CcO , after mixing in a ball mill, fired at 1050 °C. Surface-coated state since it was
in oxidation resistance, high initial discharge capacity, maintaining low discharge capacity, which was the
quantity of electricity leakage.

[Comparative example 6]

Li,CO ,Co O, mg(OH) andAl(OH) toLi/(0.990Co+0. 005 mg + 0. 005Al) = 1. The metering and
02mol ratio. In this case, fine particles of Co . 0] . (D o0 2. 4 ym) is used. Raw materials are mixed, 920 °C
after firing, pulverized, through the classifier, obtained in the first step of lithium only to positive active material
particles and powder. The powder obtained positive active material particles, a high BET specific surface area,
the alkali component high residual, unreacted high cobalt oxide, D " is small, the compression molded material
density. For the burning temperature is low and it can be supposed. As a result, the initial discharge capacity of
maintaining high or discharge capacity, which was the quantity of electricity leakage.

[Comparative example 7]

Comparative example 1 obtained at 85% and the positive electrode active material particle powder by weight, 3
on a volume basis. 4 pm Li of o Ni 0,333 Co 0,33 Mn 0. 333 (0] , S0 that a mixture of 15% and the weight, and the
positive electrode active material. 3 comprises a compression molded material density. 91g/cc and high value is
obtained. When the battery characteristics, as shown in Table 4, which indicates a high discharge capacity,
maintaining low capacity, high leakage indicates the quantity of electricity.

[Comparative example 8]

Comparative example 1 obtained at 85% and the positive electrode active material particle powder by weight, 3
on a volume basis. 5 pm Li of s Ni o4 Co o3 Mn o o , S0 that a mixture of 15% and the weight, and the
positive electrode active material. 3 comprises a compression molded material density. 90g/cc and high value is
obtained. When the battery characteristics, as shown in Table 4, which indicates a high discharge capacity,
maintaining low capacity, high leakage indicates the quantity of electricity.

[drawing]

[drawing]

[drawing]

[drawing]

As a result of the present invention related to a more positive electrode material from the active material, the
core particles using a high capacity lithium cobalt, cobalt oxide on the surface of Ti is a very small amount of
lithium particles into a solid layer is formed, it is possible to suppress elution of cobalt ions, high capacity, and
deposing temp. overcharging test has excellent characteristics.

INDUSTRIAL APPLICABILITY

The present invention at low cost, with small environmental load producing a positive electrode active material
particle powder used as reactants, high energy density per volume, repeated charging/discharging

characteristics, having temp. overcharge-can be obtained.
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