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(57) Abstract: The purpose of the present invention is to impart an irreversible capacity to a negative electrode active material at a
low charging voltage level. A nonaqueous electrolyte secondary battery of the present invention comprises a positive electrode con-
taining a positive electrode active material, a negative electrode, and a nonaqueous electrolyte. The positive electrode active material
includes: a first positive electrode active material having an initial charge capacity of 180 mAh/g or less and an initial charging and
discharging efficiency of 70 % or more when a positive electrode voltage level is charged from 3.0 V (vs. Li/Li®) up to 4.3 V (vs.
Li/Li") using lithium metal as a negative electrode; and a second positive electrode active material having an initial charge capacity
exceeding 180 mAh/g and an initial charging and discharging efficiency of less than 70 % when a positive electrode voltage level is
charged from 3.0 V (vs. Li/Li") up to 4.3 V (vs. LVLi") using lithium metal as the negative electrode.

(57 B#:

[(fEH]



wO 2012/165212 A1 WK 00N T VR 0

R ARELE
— ERRERE (FHE21%0)

AEBAOENE, EWVREBATAUFREZEBWEYEICEZHET HdH, AFEBEDIEKERE
BZrEME, FEEFYVEZSOERE, BB L., FKERELZHASEKERE_RELTH-
BEMEN., VUFILEEEEHE LCEBBMMAS3. OV (vs. Li/Li*) hid>d. 3V

Li s Li* I &éiff@b:&%®\@%f%@%ﬁ18dmAh/gUTf\#O\@
MN7TOWBUETHALIE1EEBEYEE, VFOLERZABE L TEBEMAS. OV

. 1E
vs L
Btk B &

vs. Li /L|+)75\'o4 3V (vs. LisLi*)lI
1180mA

LT

{I
n\e)l

h/ g#Z&8BZ. hD, mﬂfmzm$m70%*£

L W3,



WO 2012/165212 1 PCT/JP2012/063000

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

B oM s
SEBOLT : FAEREKE

Rl S

AR, FKRERERBRICEAT2HDTH 5,
R B

MERDIFKERE_RERTIE., AREROBBRENEORTEBTEN S
Wes, BBENEOADNEEENE LY ERRNEDEMEL KD, TOHE
R, BRERICSVWTEBRENENBREREICQRY ST DN FKE
BEZRELOY A JIVFHEDOETERD 1 DI TWS,

ZIT, B TROBRETEDS WV EREYE % ER O EREY)
HISRETDIEICLY., MHRERICHARECTIYNRE S ABENE
WKSA. Y14 7VEEZRLEIETVNS,

LALRBAS, FIXE 1 OLDI, FAPRELXEBBEWNEICSZ 5
DICKERLEEMZEZS<HRELLEZE., RERLEEUIEADIEICLD
FKERBBRDDPEI R LERFHICEREEZS5X 5,

FeqT R >R

R SRR

Rkl 5BI2009— 158320804
FEAOBE
FEANERL LD & T 255E

AFEROBENIE. BWREEBMTAATREZBRENEICEASDI LT
H5
RBERRT BI-ODFE

AFEROIKERERERIE. EHREFMEZSLEBE., BiRE, FK
EME L RmADIKERBEZRERTH> T, EBENEN. VFILE
BEAMHE L TEBEMA3. OV (vs. Li Li*) b4, 3V (v
s. Li/Li*) ICRBPETHRELAEZD., HPRXREBTEN180mAh



WO 2012/165212 2 PCT/JP2012/063000

/S gUTT, »o, METEREDENT O%LULTHZE 1 EEENEE.

DFoL&EaEmE LTEREMMAI3. OV (vs., LiJLit) b4
. 3V (vs. Li/Li*) ICRZ2FETHRELELEEZD, ¥HRERFEN1
80mAh /g%BZ. N2, HRKENENT7 0%KBETH2ZHE 2 IEE
SEMEEASD., ZEEBHELTWS,

[0008] HE2EREMEOCHMHEERTENEWEE. B 1 EBENEOENNLRE
P T IENTE, YHIRREROBREZES TEHIIENTIDDIFE
LW, LED>T, UFVLeRBEZEHBE L TEBEMMS. OV (vs.
Li/Li*t) »d4, 3V (vs. Li/Li*") ICh2ETRELLEE
D, B2EBENEDOMRREREN300mMAh gUETHNITFZL
K, 400mAh /" gUETHNIETISITEHFFELL,

[0009] 551 EAREMEE LT, REOEBENEERAVD I ENTE, ZOF
ELTR. VFILEEEBRRBRILYIETFONE, VFILEEERS
BEAEMODPRLEEH—BIEIBROERBEEZET DI ENTFE LY, A4d
THELiCo,M,;_,0, (0. 3<z=1, MiEN i, Mn, RUA | Hdh
DENLEINZ DR EE 1 DOTBR)DFE L L,

[0010] SE2EBEMEDOHELTUE, Li A0, (x y>1. 05, AlFFe,
Mn, Co. NiRUCuNSARZIENSBIEND DR ED 1 DOTTHR)H
Blfonsd, #HhTH, LisFeO, LigMnO, KRULIisCoO,h
BFE LWL,

[0011] H2EWEVEOEIR. FRTIABENEORTHBTEICESHLE THE
THIENTESD, FETERENEE B2 ERENEEDOEELL%90 :
1T0~99:1&FHZ&MIFHRLLY,

[0012] AFKBHATHWSLNDIFKEREEICIE, FIZIE, FEKEMRE REMICHR
FRINTWEIIKERELZRAWVWDLIENTES, TOHE LT, BRKER
IRFI, ERKREBIZX TV, T—TILEIEFOND, BRIRKEBIX TV
OBEIELTR, TFLYA—RR—IMRUOCTOEL Y H—KRR— MNBETFH
hd, HRRBIRTILOBIE LTIE, YAFILA—RR—b, IFILAF



WO 2012/165212 3 PCT/JP2012/063000

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

WA—RR—=—PMROIIFIA—RER—IDEFLNZ, T—FILEOHE
LTk 1, 2= X RFIIHIVODNETFLND,
AFERATHWONZIEKEREICIE. AL, FFKEERE REMICHEK
FRINTVWDYFILERBEN EENS, TORAELT. Li PFRUL
i BF ,AZiIF5n 3,
AFERATHAWLONZABEMEICIE. fIAIE. FKEERE ZREMICHEK
FRINTVW2EBIEEYPELRWVSLIENTES, TOHELT, 28V
FoL, Y)AVROY)AVEEDEITLND,
AFEADOIKEREREMICIT. BDEICIHLCT, AR, EROIEKE
BE_RERICEAINTVIEMEBREM2EAT &M TE S,
A [OFYIES

AFEBICENIE, BOWREEMTE2 EEREYEISSVWHBERESTEN
BlEHE L. RERLEEMEZEHRET DI LA ATHTELE
MEICEZADIENTES,
BT O & & 7 EREA
(IR 1iF, AL &Gl RUSEFTHERLZZREILOBERXRTH
%,
FHAZEET H7-HDOHRE

PR, AEBORBEOFREDO—HIC DO WTEEMICEREE T 54, AFBIEZ
NSDEBEHICLYREINDHDTIERL,

(HERtz )L DIESL)
<FEhfl 1>

Li,CO;&C0,;0,&%RBAEL, ZEXFICHBVWTI00CTT ORFREIR
FHI52&IlE>T, ETEBENMETHEL iCo0,2F%, BohiL
i CoO,ld. MAXIBEITEICL Y RMEToMER. BROBEREEEH
THEIENTM o,

LiOH-H,O0tFeOOH&AZEILWLNL :1&RB2LIITTEEL. 7
LIVERSRICEVWTL400CT24BBREREL, IHIC600CT24



WO 2012/165212 4 PCT/JP2012/063000

[0021]

[0022]

[0023]

[0024]

[0025]

BRI T2 &ICE > T B2ERENETHDL i ;Fe 0,455k, &
bhfLl i sF e 0,413, MARXBEIGRICLY DM ETo>LBER. BARIC
BYoERESERATIHII LN DL o7,
FETEBEMECFE 2 EHBEME L ZEELHNI 1 : 9B LDITRE
L TERENEZFER L, BonAERENELEER L TOT7EFL
VIS v O ERBERELTORY) vk ) FUEaEEHA8 1 1 1 1
ERDBEDITEE L, TDE, TOREMIIN-—XFIL—2-EOY KV
EMATEREHIRZ) — %R L, BONEEREGHIRS ) —%2T7ILX
ZOLEHISHRDIESKICERL, 11 0CTEEGIRT S ET. ERIKE
12ERL T,
PIVIVEREKITT. FRAE1. {iE2, SRE3, 2 L—4—4. 3k
KERES, RUBRROEZHAVWTHTICRIHARBREZILA T ZER L, H.
YR 2 ROSBBIICIE Y FoLERERAW, /AL —4—4I1C1F, R
IFLYVEEAL - —%ZAW, FKERELICE, TFLYH—RR—
NEYIFIA—RR—NEZHIBLENS 1 7ERDBEDITRE LAIEKE
FRIC. LiPFe&1, Omo | /| MEBEILRZLIISEBIELEDE
AWk, fERAEBT., W2, RUOSEEB3ICIE. ThETNEES 77 5 EY
FFohTWD,

<Ehwfl 2>
FE1TEBEMECFE 2 EHBEME L ZEELN 94 : 6B LDITRE
L CEMEME ZFER L7 ELAE, EREAF 1 SRRICL TEEBREIVLA 2
TER L 7,

<Ehfl 3 >
FE1TEBEMECFE 2 EBEME L ZEELNIT7 : 3ERBLDITRE
L CEMEME ZFER L2 &S, RS 1 SRRICL TEHEBREILAS
TER L 7,

<tBERA 1 >
B1ERENEDOHEAVWTESEYEEFER LI LML, EREH T



WO 2012/165212 5 PCT/JP2012/063000

[0026]

[0027]

[0028]

[0029]

[0030]

ERFRICLTHRBREILB 1 AR L,

<&EHFI1 >

B2 FREMNEDHE AW TESBEYEEFER L LML, ERER T
ERBRICLTHRBREILC 1 2R L L,

(FEA T E HBR)

HBREIAT~A3, BIRUCTICDWT, 5mA g (C1i&10m
A/g) ODEERTEWERMMN4. 3V (vs. LiJLi*) ILETBET
ZTELR, ZTD%E. 5mA /g (C1IE1T0mA " g) DEERTIEHREA
A3, OV (vs., Li/Li*) ICETEETHEZTo>72. CDEZETDTA]

HRERE., VHIREST=E. RUCHHTERENEEZX1ICTT, 4H. #H
RENISUHRE L EEMDOHIBICRMICIT O REIIHRED I EZE WD
o Fl. FHTEHEMNEXR LI, N EREZ T ESTE=ETHRLAEICT
O0&EMNIEDZ &EEWD,
[%1]

SRt | YVHFTEERE VUHRERE | HTEREME

(mAh/g) (mAh/g) %

A1 188 133 71

A2 174 133 76

A3 167 137 82

B 1 153 137 90

C 1 478 15 3

R1DCI1HLNDBEDIC. AFEPHFRL i Fe O, ZEBEMEE L
THW:SE, EBEUA 3. 0~4. 3V (vs. LiJLi+) OEDA]
HREBF=ENT180mALh  g%zEBA, MU FVLEREZABE LLEE
DHMBTHEMNENT O%KRBETHD I EERE L7,

ZLT, R1TOAT~A3HLLNELEDIC, EBMEMA3. 0~4. 3
V(vs. Li/Li*) OBOHBRAEFTENT180mAN " glLTFT. »
D, UFULERBEAHBE L TDOMBERRERNENLT7 0% ULETHDE
TEMEYEE, LisFeOL.talAabEDI&ICL>T. EHIELE



WO 2012/165212 6 PCT/JP2012/063000

fiiz4. 3V (vs. Li/JLi*) SYEFdZER<, EROEBEME

ZRAWEB1 LY BHREREEZSDDIIEHNTE,
Rr= DEREA
[0031] 1 - - - {FFA&
2 - - - XIE
3 - - ZRE
4 - - 2R L—FH—
5 - - FKERE
6 - - - B
78857



WO 2012/165212 7 PCT/JP2012/063000

[E5KIR1]

[E5KIR2]

[E53KIR3]

[E5K1R4]

[E53KIR5]

[E53K1R6]

[E53KIRT7]

FEk DEIH

FEMEZSTEHRE, BiBE, FKERE L 2HA DIFKER
B REMTH> T,

RIS EMSEMEN,. VFULEEZEHE L TEREMAI. OV
(vs. Li/Li*) »B4, 3V (vs. Li/JLi*) IKhD
EFTHRELEEZD, HARET=N180mAh " glLTFT, B2
. VIR REMENT OBULTHZIE 1 EEENEE., VFVLE
BEABE LTEREMMN»3. OV (vs. LiJLit) »nH4,
B3V (vs. Li/Li*) ICRBETHRELELEZD., HHRER
EN180mAh/ giaiBx. D, HIHEKENENST7 O%KHT
HEIE2EBEMEEAED, JL2/FHMET HIEKERERE

FISE 1| EHEMEN., VF I LAEERSERILYTHDI L%
B ET D, BRRTICEHDOIKERE REM,

AIECEE 1 EREME DD &6 —8D. BROBRBEEZET S
JEEEHET S, BRE2ICEHDOIFKEREZREH,

BIEEE 1 EASEMEN, LiCo,M,_,0, (0. 3<z=1, M
@ENi. Mn, RCA I DHRBJIFENLBEEND DR EE T DD
RITHDIIEERBET D, BREIICEHDIKERE _REM

HIECSE 2 IEMEMED. L i ,AO0,(xy>1. 05, AlEFe
. Mn, Co, Ni, RUCUDNLAZENLEIENZDRIED
DORR)THDIEERFHETZ. BRER1~400WThh 1IRIC
SREDIKERE IRE M,

HIECSE 2 IEAEMED. LisFeO,. LisMnO,. RUL i,
CoO LR BEENSBEINDZDREETDDLEMTHD &
ERHE T . BERIES ICEEHDIKERE ZREM,

AIECEE 1 EREME SIS 2 EREYEE DEEEN90: 10



WO 2012/165212 8 PCT/JP2012/063000

~99: 1 TH2IEeHHETH, FBRKEI~60VWITNH1IHIC
S DIEKERE ZREHM,

(55K 1R8] EBORERIEEFMA4. 3V (vs. LiJLi*) UTFTHD
CEERHET S BRE1I~TOVWTNN 1 IBICEHOIFKERE
—REM,



11

WO 2012/165212 PCT/JP2012/063000

[E1]
6 3 5

AN / e
=

e ——"

T T T -

e
s //////////////////////’//////~~.>\\<“‘4

WIS R D R TREHRn

\\\\\\\\\.\\\ \\‘g\\\\ \\\ \Q\ ) :‘\Q:Q; \&\ = \}2\\
NN \\\ \\\\\\\\ R \
\\“ \\ > A \\\‘-‘\s
\\\ \Q{\&\N%w Nl N

\\‘\ AN 3&\}\\\}\\\ R &\\3

RO




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/063000

A. CLASSIFICATION OF SUBJECT MATTER
HOIMI10/052(2010.01)1,
(2010.01)41, H0IM4/505(2010.01)1,

HO1M4,/131(2010.01)1,
HO1M4/525(2010.01)1,

HO1M4/36(2006.01)1, HO1M4/485

HOIM10/44(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1M10/052,
HO1M10/44

HO1M4/131, HO1M4/36,

Minimum documentation searched (classitfication system followed by classification symbols)

HO1M4/485,

HO1M4/505, HO1M4/525,

1922-1996
1971-2012

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2012
1994-2012

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X Jp 2007-287446 A (Nissan Motor Co., Ltd.), 1-8
01 November 2007 (01.11.2007),
paragraphs [0011] to [0035], [0050] to [0059],
[0074]1, [0075], [0121] to [0135]
(Family: none)
A JP 2006-294272 A (Nissan Motor Co., Ltd.), 1-8
26 October 2006 (26.10.20006),
entire text; all drawings
(Family: none)
A JP 2004-207055 A (Sanyo Electric Co., Ltd.), 5-8
22 July 2004 (22.07.2004),
paragraph [0028]
(Family: none)

|:| Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

07 August, 2012 (07.08.12)

Date of mailing of the international search report

21 August, 2012 (21.08.12)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)




[E PR RS FEpsHE%s PCT/JP2012,/,063000

A, EROBETLBOSR (HERFF2E (IPC) )

Int.Cl.  HOIM10/052(2010.01)1, HO1M4/131(2010.01)1, HO1M4/36(2006.01)1, HO1M4/485(2010.01)1,
HO1M4/505 (2010. 01) i, HO1M4/525(2010. 01)i, HOIM10/44(2006. 01) i

B A 21T o ooy B

WA AT - T/ NRE R (HBRRRF 8 (T PC) )
IntCl.  HOIML0/052, HOIM4/131, HO1MA/36, HO1M4/485, HO1MA/505, HO1M4/525, HOIM10/44

/NGRSO ER CHRAEZ T 0FIZEENL O
HAREERAFEAR 1922—19964F
HAEARRERFEAR 1971—201 24
HA[H FE A 28 5AH 1996—201 24
HAE B EFE AR AR 1994—201 24

EFRAECHEMLEFT —F X=X (F—F = ADLAFF, HEICHEM LI

C. BES 5 LD L5

BRSO RS 5
BT — % BIFSCING RO O AT AT 2 & & 13, 20T 5 8F0E R HRIE D T
X JP 2007-287446 A (HpEHBEEASH) 2007, 11.01, 1—38

[0011] —[0035]), [o050] —[0059]), [007
4), [o075), [0121)] —[0135]) (Z73IVU—7"L)

A JP 2006-294272 A (HpEH B EMSH) 2006. 10. 26, 1—8
A A (I —72 L)

A JP 2004-207055 A (7R A L) 2004. 07. 22, 5—8
[o028] (77#IVU—720L)
T CHIOREE IS L TR STV D, ™ ST R Ty 3 U C T AR A B R,
* BRSO DT Y — D A OBITAE ST ST
A BHCBED S 5 R T . —RIOHHIAEZ T [T EEHRE A O3B A RICAR SRR ThH -
) HEEE FIET 50D TIA L . 0B T BH
TE | [E R HEE B AT HEE £ 72 1382 b A8, EREHEEE DERD 1= DB BT 5 H o
Pglc AR S L O (X | BB 3 2 ST G - T 43ESTHR D B CHH
(L | e IR 38 2 4 3 5 SO b o SRR OO 31T DI ISR 2N L EZ HND B O
B U< 1285 22 B i 2 Fe i T 2 7203 B3 1Y) $HCBEDH 5 R CTh o, SL i Lo 1 L4
AT (FRE & A1) FOXEE D, BEEIZL S THHTH LA
(O NEEC L ABR, i, BR%ICE kT 550 Lo THESMERRVEEL LNEHD
P EEHEERT, DoBEEOFREOEBERLIHE (&) A— 72 b7 73 U —ik
EEsRE &5 T Lz A [ A A RS D F %
07. 08. 2012 21. 08. 2012
[ B A B 0> 48 B % U T 4 TR EE (HEROD DIRE) 4X | 4040
AARESZFT (I1SAJP) HE B
BH{FEH£H5100—8915 =
HREIBTRAXENE=TH4% 35 EEEEE 03-3581—-1101 WK 3477

HREXPCT/ 1SA/ 210 (FE2~~—) (200947H)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - drawings
	Page 12 - wo-search-report
	Page 13 - wo-search-report

