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The present invention relates to a surface-coated positive electrode active material including: a positive
electrode active material; and a nanofilm coated on the surface of the positive electrode active material,
wherein the nanofilm includes polyimide (PI) and a fibrous carbon material, and a method of preparing the
same. According to an embodiment of the present invention, when the surface of a positive electrode active
material is coated with a nanofilm including polyamide and a fibrous carbon material, a direct contact
between the positive electrode active material and an electrolytic solution is prevented, and thus side
reactions between the positive electrode active material and the electrolytic solution may be inhibited.
Therefore, cycle life characteristics of a secondary battery may be significantly improved. Particularly under

a high-temperature and high-voltage condition, cycle life characteristics and conductivity may be improved.
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Surface-coated positive electrode active material, method of preparing the

same, and lithium secondary battery including the same
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The present invention relates to a surface-coated

—~
4
/Ht

positive electrode active material including: a positive
electrode active material; and a nanofilm coated on the
surface of the positive electrode active material, wherein
the nanofilm includes polyimide (PI) and a fibrous carbon
material, and a method of preparing the same. According to
an embodiment of the present invention, when the surface of a
positive electrode active material is coated with a nanofilm
including polyamide and a fibrous carbon material, a direct
contact between the positive electrode active material and an
electrolytic solution is prevented, and thus side reactions
between the positive electrode active material and the
electrolytic solution may be inhibited. Therefore, cycle
life characteristics of a secondary battery may be
significantly improved. Particularly undexr a high-
temperature and high-voltage condition, cycle life

characteristics and conductivity may be improved.
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Surface-coated positive electrode active material, method of preparing the

same, and lithium secondary battery including the same
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KB BZIEHETIROIMES TIFMERZBHEENE—

877224 -16 -
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% :F -~ Cl'> Br -~ I'~ NO;" ~ N(CN)," » BFy ~ ClO, * PFg
+ (CF3);PF4 ~ (CF3);PF; ~ (CF;)4PF, + (CF3)sPF ™ »
(CF3)¢P" ~ CF3S0;  + CF3CF,S05 » (CF380,);N" + (FS0,),N’
+ CF3CF,(CF;),CO" + (CF380,),CH ~ (SF5);C"
(CF350,);C" + CF;3(CF,);S0;" + CF;S0,  ~ CH;CO; + SCN°
K (CF3CF,S0,),N" -

[0086] AHBEAFFAFIERZERENEMN T BERIE
BEEMRE RERTEERE BEEEEYWERE 5B
A EYERE BHREEBERE  LBRERLERET K
FURANRHEE_XEL  BEAZLHLRFRMVIL -

[0087] HARABPZE —_XREMER AR FH E EEF
Rl - ETBREFUOERAEZEEGE - 7K - 8F - HEF
BE -

[0088) A BB IE _XREMAFAERANAMENEE
EZENHENELYE  TUHAFEEEHEEEHLE
B/ KRB B BEEPHNE—FTH -

[0089] ZHF B/ RBEE/ RNEEH IBEEFRBR
REHHE  HERS HEEXAHERSEHARKRES
BELRE -

[0090] T X K2ZEHPIFHBMMAZAURRB
B AR - AT AFEHITLUFSZARAEAAEBLE
FERBERRRNAXFRZEHREE  MERH®HZEE
MEEUHATARAER I ALTETEERAAZHE S -

[0091]

877224 -17 -
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g it I
[0092] TXZSEEHIKERENE —FSHH
BAZHAFRMI -

[0093]
<REKZEBZERGEEM N Z 86>
[0094]
HEEFM I
[0095]

SR BMEIHEBEEERE CNTZEEE K

[0096] # 0.1 g ZFHER K 50 nm HFHE#HEE
B 1 pm BYRKIRE (CNT) RIDZE 20 g £ 1E B FH 14 5 B
Z_HEZEBERREZEZ 05 EEYNEBEE AR S >
DEHEZBZREEER CNTRE99HNEEBR

[0097]
FBR i) FEIEMEMEMBE LB K E

[0098] ik 20 g fE & IEf&R & M # # Z LiNig ¢Mng 2Co,,0,
MTFRNEZRTR i) BENESER REEHS
BHSEHESE AR 1 /N - RREEEEE  TEESER
ZRERSELSHZHE  HEBZARESMEELSH
EMZEMEBRE CNTZEREARENEBEEME -

[0099]
S ETHRLELEEEEFGEER IR KL CNT 25
KR RE K RE 2 IERE MM

[0100) Z X OEEMERE CNT X EEEH2E AR

877224 -18 -
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SE i) PRENESRFEEM S HS L 3C /min Z 0 #
BWEIMEZE 60C ~ 120C ~ 200°C ~ 300C ~ K 400C » 2
B 60T {RFF 30 38 > 1 120C 4 FF 30 478 - 1A 200C
PRIF 60 7388 » 7 300CHR%FF 60 77 8 - R 400C R 10
SEDETTEL BEEEZEBTEER CNT ZIRKBENR
HRREZEBE MR LiNigsMno ,C00.,0, 4 32 fZ 1t
TR ZEHE GEUEBERT ZRABRPZEBRIRY
CNTHYEEE R 1:1-

[0101] |
B2 E B 2

[0102] EEEHMERE CNT 2EXENRELEE
Z IE R 7E MK LiNig ¢Mng.2Co0,0, h{E B EH E H 1
MEFTEHE BB ARMZEHMUERTS | 2L i) F
WEBEEY CNT JEELUFERERKBETINERS
BB CNTZEELR 1:2-

[0103]
BEEH 3

[0104] EAFB MK CNT 2EAXBENERELRE
Z IE & 75 P #F L LiNig ¢Mng.2C00.,0, R HEAKEFHEEF 1
MEGEHE HBEFNNEEN | PR ) PNERE
Y CNT EELLUEEER AR PN TR D Y
CNTZEELWE 1:5-

[0105]
HEED 4

877224 -19 -
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[0106] EE BT E CNT 2R ARENRELEE
Z IEBRJE M AR LiNig ¢Mng.2Co00.,0, h{F FHEAHEH T 1
HEFENE  EBLHNEEN 1 258 ) PHEE
Y CNT ZEBHUESARARAESTNEERET K Y
CNTZEELWLER 1:7-

[0107]
BMEEG S

[0108] EEFFETRKE CNT 2EXENEZTEERE
Z IE 18 75 M # F LiNig 6Mng.,C00.,0, 4 FHEL B B B 1
HMEFEHEG HEBERNUEEN | 248 i) PNERE
BEEY CNT EBHUEERR AKAE PN EET KRY
CNTZEELR 1:10-

[0109]
HEBHEEF L

[0110] HEEEG | KN FARKERAEEZ
1E # & ME A #F LiNig.6Mng.2C00.,0;, ©
C[0111]
HIEHEEFE G 2

[0112] & B EE Sl R EA R HE 2 IE &G M H B
LiNig ¢Mno2C00,0, A {E A HE B EFEEF 1| HE 27k H
g EBASIIMER 1 2 CNT -

[0113]
HIRBEEH 3

[0114] RE &L ERE Z EMRJEM MK LiNigesMn,,Co0.,0,

877224 -20-



201543738

GERAMNERN 1 HEZFEA8E  EBRETHERE
ANMEREREZERBBHETTSRL  MEEH CNT B
R K

[0115]
HEHEE G 4

[0116] fE B EMm B MM B 2 R E &£ 2 EF O
LiNig.¢Mng2C0,,0, hE A HMEES 1 fHE HFEAHHE
# % £ A ketjenblack % CNT PR EBEEFHB I K X
ketjenblack 9 25 3k & -

[0117]
HEWNEEG S

[0118] fFREAEMTK R CNT ZRAKENIEMKE
MM 2 REERE LiNigeMng,Co00.,0, h{ERAENEE
Bl 1 AHE G ERE  HEBZEGFNEEN 1258 i) F1
FHRERY CNT ESLUAFEEARKEPNEEE K
¥ CNTZEE¢tE K 1:0.5-

[0119]
HEHNUEED 6

[0120] PR EFEMTEE K CNT ZRKBENIEMRE
MM ZREHLEE LiNig¢Mng,Co00.,0, h{FFHHEMEE
Bl 1 AEEGERE  HEZEFHEEEN 1258 1) 89
THRERY CNT EELUFEEARTKETNERT K
H CNTZEEtE A 1:12

[0121]

877224 -21-



201543738

<Bl i ZREM>

[0122]
B il 1

[0123]
IE i 2 84 {5

[0124]) FRHNRHEFEED | THENFAEBRZRT
4% % B Y LiNio.¢Mno ,C0020, °

[0125) Z EMBEMME - FAEEEMHNZHRE - K
FEREERZER _HLE (PVDF) &Ll 95:3:2 2 &8
tEEE @ RERIMBZEEWANE N-B E-2-0f 1% o i@

(NMP) BHEIGFLUHEAERBERESY - KB BHERBE
CYMEBEEERY 20 pm ZELBRBE R EH I EH

Bk B 130CHER 2 N ARHRERBEZ BEMRE
7 98 B DA 94 fff I 45 -

[0126]
Bz 8

[0127] EHEEBEERER -

[0128]

BEMREBRRZHH
[0129] KFHEREZWKBEMHELE (EC) RIRE Z
EHE (EMC) Ll 112 ZHERBELLAES » LB #HIEKHEE®E
BIBHE > M1k LiPFg ?RJJD?%%3F7ﬁ'f£ﬁ%%§§i§§ﬂ%§%{%
IM LiPFs Z JE/K M BB K -
[0130]

877224 -922.
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< Z—XREM <z HH>

[0131] FEHEZ% 5% (Tonen Co., F,OBHE » E
B 20um) FHEREAREERNGZEEIRHGGEE
FUOMEEZ EBEZABZHE AEEHER T AR H
ZEMEMN R BFRBEEZIEKGCEREBRAREIZZE
EYE MU HEEHOB B HE _—REHM -

[0132]

Bl 22 S

[0133] EAHEEHE | HEZ A EAHEHE ZXRE
Mo MBS RERBEEE 22 5 o 2 IFEEE MR -

[0134]

HEREF 1 E 6

[0135] ERHEEMKE 1| HEZ2HEZ®EH _RE
it BRI EAEREEEN | 2 6 72 IEM&RIE MM

[0136]

WHREG 1 SEM E M A |

[0137] REEERM 1| UREREHN 1| R 2 PRREHE
ZEMEEMBARRGERNSE N FEHAE 8 MR
(FE-SEM) ot - ZFE&E R MNERRE 1 £ 3-

[0138] RfEmMS |l BN AEHMEEED 1
FhrE 2 B EEEEHB - E CNT E & & E
LiNig sMng.2C00.,0, fI F - T BEHEE RBERRKZ BB
Kk CNT BEFPHHNRAKREBEREPBRENZEEEN

877224 _93 .-
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LiNig ¢Mng ,C0,.,0, #Il F R @ L -

[0139] 2 BruEARNHBRHEETESN | ¢
LiNig.sMno.,C0,.0, H R & F B B B M
LiNig ¢Mng.2C00.20, fiL F - SETRRHEBHERTE 2 &
BEEBEABEZEIE CNT X EEBEHETREEZ2EN
LiNig ¢Mng ,C0,.,0, fiI F o

[0140]

HEREY 2 RERKEZERXENAE/ NEESTER
B R M 2 A

[0141] ESSCTH3IZ 44 VZEBHmENRND 0.5 C
HERG | RHBEEG 12 428 _KREM (4.3 mAh ~
BEHLEFE) RBEKKRE - WU THEAXFTR» C lEX4
ELLO0OS CRBZEMMGL 01l CHBXBESEHE %
0OLSCREBEZEMGLU 2CRERZEFTENL -

[0142] [F 2= 1]

PRCHER Z ERE
0143] CH:®R=
[ I at BLO.ICH B BEEE

[0144]

877224 -24 -
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[ 1]
KR |BE—RE|E—HE| $— |ICHE|CthE | B50x
245y | BFEE | BFEE | XK | BFE (%) BEE
(mAh/g) | (mAh/g) | (%) | (mAh/g) fRiFER
%)
BHHI1 |PI+CNT| 2205 195.8 88.8 182.1 89.5 92
HHRER 1 - 221.5 195.8 88.4 183.7 89.5 75
HIREH 2 Pl 220.3 193.3 87.7 180.7 86.6 90
HIEERI3 | CNT 220.5 196.0 88.9 182.1 89.5 80
HEBERF| 4 | PI+KB | 2204 193.3 87.7 180.7 88.0 90

[0145] MR 1 FAT/R > HBHEHBENREBES 1 £ 4
TZE_KEM BHEA | PE_XREMEFHEUZY
BAE/MEBFE > BHIERME (CELE) RE 50 X
BEFERFRABERER -

[0146] RAEEME > EMO | b2 # — RE MM HE
BO 1 Z24F2EH_REENE SO0 REFERFRERE
2% 17% -

[0147] ft4h - BIFHEREEERBZ E/REEM KB 2
BT EHEFEE CNT REBESR _E2FKE®N
ERGEEMBZEE | P a9 — REM L&A A
RES 1 24P 2E#E _REWNERZTTE 3RNAVWHUE
ERRY 1% -

[0148] A 2HHFEZFTER  HIAEHFLE
ALEEZFHEERERBERBRM IR KERBENERE
MEMBRAREZXRELR  HERFCEEWEM BT —

877224 -25-
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FZER ZE_RELZIHEETESERBNE -
[0149] BB ES 3 REFHMEHEEERRM B
EELENHNEZRE/MNEEFE RN ERFHET G
[0150] FHERES 2 HEAMGKAETHEEEL 22 5
KERES 5 k 6 ZE_RENNRTE/NEESE KN
Rl -ERGBTRR TR 2

[0151]
[T 2]
FE S0
F—RE |F—HE| £— | 1CHE o
s o o o |CtR | BEE
PILCNT| BEEFE | BFE | WX | EF=
(%) | RER
(mAh/g) | (mAh/g) | (%) | (mAh/g)
%)
Ehtf 1 1:1 220.5 195.8 88.8 182.1 89.5 92
EHEF 2 1:2 220.3 1958 | 889 | 181.8 89.6 93
=Yl 1:5 220.5 195.7 88.8 182.4 89.7 92
B 4 1:7 2215 195.9 88.7 182.5 89.5 93
Bl 5 1:10 220.5 195.8 88.8 182.1 89.5 92
HWHEEFIS| 1:05 | 2205 195.8 88.8 182.1 87.0 90
HERES6 | 1:12 220.5 195.8 88.8 182.5 89.5 80

[0152] W& 2 From > Al XM MHBMNHEBER S & 6
ZEZREM B 12 S FZE_CKREMEFEUY
BMAB/HMEEZREEBLERMER (CHER) RE 50 RES
ERFEHBLESR -

BERimsE @ oY SERKME G
KEEHRBNERG | 2 SPZE_REMBAZIEREHE

[0153]

877224 -6 -
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ERBENHRES S K 6 PZE_REMNE S50 RER
ERFTFRERN2E 13%-

[0154] B& > EHH | £ 5 2 # — XRE M 8 H 17
BH 5 k 6 PZH#_REENIERMEEEZRERESTEY
3% o

[0155] Rt e HFEZEFER HIAEZEEEZ
RABFZFBEETEHNBERRI AN ESLEEEEFHE
R ZE_REEZEETESERBNE -

[0156] HAESETEETHEREKREBAFTIETRK
MM AR BRAEBRAFABEIALEBEAETHFEEF
HREAMFAENAZHAFHLEEZ THETEER X 44
Bz & -

877224 -27-
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EH 25 5 K #u[E
| —HEEEKE2B2EBSUEME > Had
EmEMEHN K |
REELEBEUEM B 2 RE LR KE
Hbh s kBOERBER (P RBEREHE -
2. MHFEEFEES | BEXEELERBE X EHEN

Mk HP R SERRM B KBEE (CNT) - Bk

#iu - HERSY -

3. MEEEABRES | BrEEERFE X EHEY
M REKBEOEEGE 1 E 200 0m ZHE -

4 MEFBEARES | HXRAELCRBZ FHEH
M RS RBERR B ERBE RO E R
B 1:1 & 1:10 -

S EHEEMEES | BrEESAB I EHBEY
Mk HP MR B ERN R EEE R B TF
BOEMM N EES R 005SE SEEY% -

6. MEBFEHEARES | BrRELERB 2 EHEH
Ml ED S EREMNZ FHERE S E 100 nm A
EHEHERER 0.1 % 5 um -

7. NEEEARES | HXEELRBZEBEY
MR PSR AR MR 1 E 1,000

S WMEFHARES | BxE2ELEB X EHEHY
M EP R EBERM N A EOHEA T LER 1 B
3 Z &AM ~ V205~ TiS -+ & MoS Fr# R Z B4 b > {F —

877224 -1-
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HFOR_HBENRSY

<t 23 1>

Lij+x[Ni,Co,Mn.]O, ( -0.5<x<0.6 ; 0<a, b, c<1; H
x+a+b+c=1)

<L 2R 2>

LiMn, M;0, (M HEEBHTIHFRERZHENED
— 3  Ni~Co~>Fe~P+ S+~ Zr~Ti~ F Al;: H 0<x<2)

<t 25 3>

Lij.oFe1xMx(PO4p)Xpy (M R B B T 5 A7 4H K Z B
My E/V—% : Al- Mg~ Ni~ Co> Mn- Ti* Ga~ Cu -
V~Nb-Zr~Ce~In~Zn-~ K Y: X B#HEHHTZI Fr4 Rk
ZEHENE/NSL—F F~S- Kk N; -0.55x<0.5; 0<x<0.5 7
H 0<b<0.1)

9. WHFHENHEESF 8 HLRELER ZIEHEH
Mkl bz EmEMEME T RESSR TIMEKZEA
FTHE—F B WL EZEREY ' LiCoO, » LiNiO; »
LiMnO, * LiMn,;04 ~ Li[Ni,Cop,Mn.]O, ( 0<a, b, c<1  H
atb+c=1) -~ Kk LiFePOy, -

10, —EHERESCEEFEZ EMREEM BN TE  #Z
A ETE

@B ERRKMBRESE N E WE R EK®
( polyamic acid) ZHAHBER FLUHEERE S B K |

4 TE 18 5E M A R 4y BERY SOR & R b LU IE 3 IF FE M
MRtz RE LKA EZ R KB & Z S &R MR

877224 -2-
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B LR

EFEAEZBE2ZEBIEMBOTEL (
imidization)

1. M FEABES 10 B FE > Hob%mmgit
EFELE 300 F 400C X BN &R 10F 120 98 -

12, MESEARES 11 By HiE bz apit
#— S AEEEREE AL 3T /min ZMBEKD S50
Z 100°C 2 B % 034 Z 300 & 400C -

3. MEFEEANBES 10 B 5 20286 %ER
BRI BT  BEKEE NEEEY -

4, MEFEEFNRES 10 B FiE o Hb 2% HeR
AR PHERSE SE 100 nm ETEHEHEESR 0.1
£ 5Spumo

15. MEBFEEMBES 10 B HiE o 52 8e %
BAT R Z BEAELEE B 1 E 1,000 -

16, MESHFBES 10 B Hik o 5% 8% %
AR ARER 100 EEHZEBEEMBE B 0.05
ESEEY

17. MESEANBES 10 B FiE o L0 EHE
B ER 100 EENRERBEHNE 01 F 1| ERHEK
B

18, MRS EAWES 10 B Fik o L0 THE
BGEREARNEE Y SRR - R IE R E

19, MESEFBES 18 By Hik» &% ERN

877224 -3-
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REBHTIRERKZHENE—F H_HHEHEZERESE
Y ERERET - EE LB Z B ( pyromellitic dianhydride)
334 4-IRE R EE B - 44-8 " BKEEET - 3,3'4,4'-C
A UZRE B - 1,24-F=FK2Z ZFE (trimellitic
ethylene glycol) -~ 4,4'- (44-BRNEP X EE ) Z BB E
( 4,4'- ( 4'4-isopropylbiphenoxy ) biphthalic anhydride )
- RER=ZBE -

20, WEHHBHEFNTEEE 18 Hr ik » HbZ% -k
EEHTIFREKZIBFEHNE—F  H_HZEBEZRSE
V)t 44-F Kl - BERE K 2,2-% (4- (4-FEXEE
) -FE) Al BHEFEZREK  REODREZWEH
e~ BT HER - 44 -"REZKRE - 22-8 (ZEFE)
44 - TR AR R O3,5-TREE-1,2,4-=Z0 o

21, WEHBEHEMABESE 10 X H%E > EPZBER
B% 6 ¥5 1O 4% B B B BE -

22, MEHFHEFBEE 21 B ik o H oo
MMEREEEEORE B  BHEE_N XK K&
Ao

23, WIHBHEFHBESE 10 B 5% EPZEHE
BlafEmEEd THRmERZEENE—F HIHNZSEZ
mEY BOK > HN&EEKR & Z&F k- ZHFEH
fahg ~ —HEZERE - Kk N-B A0 0% g fE -

24, —RBIER HEGUHFEMNEES | HZERHE
CREZIEMKIE MR -

877224 -4 -
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25, —EE_XREHRL  HESUNFHFENZEE 24
IHZ IER e

26 WHFEMNAERESE 25 HxE_REL  HAB
EERAE 42F 5.0Ve

877224 -5-
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i
H

. 4 . AR ¥
B e PO Nt e o ey et

5 0KV 11 B 120 Ok ot 504V 11,8 x10.0%
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