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(57) Abstract: The present invention relates to a cathode active material, a method for manufacturing same, and a lithium secondary
battery having a cathode containing same, the cathode active material comprising: lithium transition metal oxide particles in which a
part of L1 1s substituted with Na and which contain Ni and Co atoms; and a coating layer contaiming cobalt disposed on the surface
of the lithium transition metal oxide particles, wherein the lithium transition metal oxide particles comprise a concentration gradient
region in which the concentration of Co atoms decreases from the surface toward the particle center.
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AT}, EESE Cilas 1090(scinco
%32 ¥ 20 A el Qle)

O

A28 sty Al 19 @Aty FEEEdE Co

[ a1 3]

D o(1m) Dso(1em) Dogo(1em)
H| 1l o 1 3.2 6.4 10.8
24 1 3.3 6.5 10.9

#7013:01UXOE H o —-7

Aol 1 vl ale] 1o A & == ol thste,
a1 A 5 5314 X @ 1] 7 (high resolution transmission electron microscopy
(HR-TEM))S- o] &3to] AFHS A Q) a1, of| L A] F-418] x-d| o] £33} (energy
dispersive X-ray spectroscopy (EDX)) WA Xttt 1 A= 5] 42
5,2 % 3 % 404 HolHt}

[3£4]

& %) Ni(mol%) Co(mol%) Mn(mol%)
1 79.1 9.9 10.0

2 79.5 10.8 9.7

3 79.7 10.3 9.8
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Mn(mol%)

10.1

10.0
9.7

9.7

9.9

9.8

Co(mol%)
23.7

=, Col| &+

L A~

18.3
15.6
13.5
11.9
9.8

23

N1(mol%)
66.3

gFo 72 7+ AE a1, Ni9 5= v =

S—

72.0
74.6
76.4
78.4
30.3
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resolution transmission electron microscopy (HR-TEM))-2 ©|-&3}of A}
of| I X| -2 x-#| o] w-23 SH(energy dispersive X-ray spectroscopy (EDX)) w-

2
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6 X 52 5(a), 5(b), 6(a), 6(b)ol| A H.of X T,

sh7] 1%

) S
1.

FRTH 1 4 3}

s

[3£6]

'(H

Mn(= %)
7.5
8.1

Co(=%)
314

30.7

Ni(=%)

61.1

61.2

&
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71 5. AL = 3] 7

A ol 4 7] 6 2 mlate] 1112 20004 A2 3242 104 7E FA A7)
2, 0.1CE 4.3V7HA] CC mode®= 4 gt |, 0.05Col| s @Esti= AF7F4 CV
mode= =4S #3519 ), o} &, 0.1CE 3.0V7FA] CC mode = "2 slo] A
yA 2 otz aloln)

o] A, A2-(25°C) 0l A 0.5C=E 4.3V7HA] CC mode = =213+ 5, 0.05C¢])

sl sk AF7HA CV mode® 571 -& zl8stSl ). v, 1C= 3.0V7HA] CC
mode= W5l & X3t o, o] 33 & 503] HH55HA T

Z7] &5l thato] 503 T R HH o §% Al a2
Aab= 87] 3 7904 o X gk Aol Eof| nhE 88 §-X

3= 57 WA 1004 Bl X
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[269] [3%7]
F BB A/ FTHEA | 24 FE | 504}o]
4 e | 2%
515
LEAR:
(%)
/\E]/\] 01] 1/ }\E] }\] Oﬂ 4 Lio.99Nao.01W0.01Mg0.003Ti0.003Nio.781C00.119Mn0. O 99.0
084001.99990.001 -LixlcoylM 1,10,
/\E]/q C’ﬂ 2/ }\E] }\] Oﬂ S Lio.99Nao.01W0.01Mg0.003Ti0.003Nio.876C00.061A10.0 O 97.1
4701.999SO.OOI'Lix1C0y1M1zloal
}‘3—_1/‘] C‘ﬂ 3/ }?—_1 /K] 05” 6 Li0.99N30.01W0.01Mgo.003Tio.003Nio.87C00.11401.999 O 96.3
SO.OOI_LixlCOylMlzloal
‘j] ! C‘ﬂ 1/ E] ! 05” L1g.90Nag 01 Wo.0:M&0.003 T10.0031N10.791C 00 10:Mny, X 97.3
11 0901.99990.001
3] ! 05” 2/ E] al C‘ﬂ Lngo.003Tio.003Nio.797C00.098Mn0.09902 X 94.5
12
A nl o] 3/H| 2l o L19.96Nag 01 Mgo 0031N19.708C00,006Mn 1O, X 93.1
13
d| nl o] 4/1] 1l o L1W 00:1Mg0.003N10.700C00.09sMnN 09901 X 93.8
14
d| L e 5/9[ Lol [LiNigsCop1Mng; 0 069S0.001 X 91.3
15
—'] ! 0:” 6/1'—] ! Oﬂ LiNiO,SCOO,IMHO.IOQ-LiXICOyIM121031 O 96.3
16
] ! Oﬂ 7/8] 1l Oﬂ LiWo.mMgo.003Nio.790C00.098Mn0.09902‘Lix1COy1 O 95.6
17 M1,,0.,;
ﬂ] ! Oﬂ 3/ E] ! Oﬂ Lio.99Nao.01W0.01Mg0.003Tio.003Ni0.781C00. 11oMng O 98.1
18 084001.99990.001
ﬂ] ! Oﬂ 9/ E] ! Oﬂ Lio.99Nao.01W0.01Mg0.003Tio.003Ni0.879C00.047A10.0 X 93.2
19 4901.99990.001
:]] ! 04] 10/ E] ! C’ﬂ Lio.99Nao.01W0.01Mg0.003Tio.003Nio.886C00.09801.99 X 92.7
20 90,001
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¥ gk,
A7) B F Aol AshE QA7 EH o 21E 94 F4 WO R Co
A o] FETt astE SR 49 e, dEREA.

A7) sl 4 e ] B F Aol FE AshE 4 BHUO R
YA A O R NI Aol F 5o Frbshis, G T BE

L1 l—xNaxM 1—((1+B+'~()W(1Mg[5Ti*{02—asa
&71 gherA] 1ol A,

MW, Mg, Ti, Na, 2 SE Al 2| 8 &2 e] < &, e Bass oA,
Hdolasr &, AolF 3o HHlas el Tl A A8 15 o4

91 20] 11

0<x<0.01, 0<0<0.01, 0<p<0.005, 0<y<0.005, 0<a<0.01, O<o+p+y<0.02°] T}
A1l hofA,

471 ek 1ol A B R vy A 0<$<0.003, 0<y<0.003%], F=2 =4
A1l hofA,

47| M= Ni, Co, Mn, Al, V, Ca, Zr, B, 2 P Z-ol| 4| A8l 5 1& o]/

Hall, F=E=4.
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b=, g EA
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