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Abstract

KO

FR

EN

ClE OIRI K|S &3 #EH, 19
Mzt U a8 Z#st= 2lF0l
AKX 28t Do 2, 57| 8154
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Fo; H dVIElEZ
30{9| oZtof {IxI5tD &4 3%
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2l& OIA XIS &3 HEEE Xil
SEtCh. [3F & 4
M0, &7 8HEFA] 10 A,
1.2=sw=1.5, 0<x<1, Osy<1, 0.5=1-x-
y-z, M2 Al, Mg, Fe, Cu, Zn, Cr, Ag,

J})

o kI

TiX Zre 2 O|R {7l 2o 2R E
MEElE 1 & ol 250Ict.

ElE & SEsE
SELEE

1] LiwNixCoyMn ..

Ca, Na, K, In, Ga, Ge, V, Mo, Nb, Si,

La présente invention a pour objet
un matériau actif de cathode pour
pile secondaire au lithium, son
procédé de production et une pile
secondaire au lithium le comprenant
ledit matériau actif de cathode. Le
matériau actif de cathode pour une
pile secondaire au lithium comprend
un noyau d'oxyde d'un complexe
métallique de lithium représenté par
la formule chimique 1 suivante et
une couche de revétement déposée
sur la partie externe du noyau
d'oxyde d'un complexe métallique
de lithium et comprenant une
composé de fluor. (formule chimique
(1): LiwNixCoyMn4_4.y.,M, 0>, et dans
la formule chimique 1, 1,2sw=<1,5,
0<x<1, 0sy<1, 0,5=1-x-y-z, et M
représente au moins un métal
sélectionné dans le groupe
constitué par Al, Mg, Fe, Cu, Zn, Cr,
Ag, Ca, Na, K, In, Ga, Ge, V, Mo,
Nb, Si, Tiet Zr.

The present invention relates to a
cathode active material for a lithium
secondary battery, to a method for
manufacturing same, and to a
lithium secondary battery including
same. The cathode active material
for a lithium secondary battery
includes: a lithium metal complex
oxide core represented by the
following chemical formula 1; and a
coating layer disposed on the outer
portion of the lithium metal complex
oxide core and including a fluorine
compound. [Chemical formula 1]:
LiwNixCoyMn_4.y.,M,O2, wherein, in
chemical formula 1, 1.2sw<1.5,
0<x<1, 0sy<1, 0.5s1-x-y-z, and M is
at least one metal selected from the
group consisting of Al, Mg, Fe, Cu,
Zn,Cr,Ag, Ca, Na, K, In, Ga, Ge, V,
Mo, Nb, Si, Tiand Zr.
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Claims

[KO]

[MT]

1.

(38 4] 1]

Liw ixCoyMni-y-y-,M,0,

A7) 88 A 10 M, 1.2sws1.5, 0<x<l, 0<y<l, 0.5<-x-y-
z, M2 Al, Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na, K, In, Ga, Ge,
V,Mo,Nb, Si, TiZ! Zre 2 0| F0{Zl Z o2 FE MAL]

=13 o|&el F&0|ct.

1.

[Formula 1]

Liyix CoyMni-y-y-,M;02

InFormula 1,1.2=w £1.5,0 <x<l, 0 <y <, 0.5 <Ixyz, M
is Al, Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na, K, In Atleast one
metal selected from the group consisting of, Ga, Ge, V,
Mo, Nb, Si, Ti, and Zr.

2.

(H7E 2]
A 18l loiM
Ar7| 24 31822 CsF, KF, LiF, NaF, RbF, TiF, AgF,
Ang , BaF,, CaF,, CuF,, CdF, , FeFo, Hng, ng Fo,
MnF, , MgF2 , NiF2, PbF5'SnFy, SrF,, XeF5 ZnFy,
A1F3, BF3, BiF3, CeF3, CrF3, DyF3, EuF3, GaFs, GdF3,
FeF3, HOF3) InF3, LaF3) LUF3, MnF3, NdF3, VOF3) PFF3,
SbF3, ScF3) SmF3. TbF3. TiF3, TmF3s YF3) YbF3, TIF3)
CeF3, GeFs, HfF 3, SiF3, SnF3, TiF4) ZrF4, NbFs5, SbFs,
TaFs, BiF5; MoF 5, ReFs,
SFs X WF;2 2 0|R0{Zl 2227 MEE|= 5tLt O
8¢, 2lE oA ™x|E &3 EEE.

2.

[Claim 2]

The method of claim 1,

The fluorine compounds are CsF, KF, LiF, NaF, RbF,
TiF, AgF, AgF 2, BaF 2, CaF 2, CuF 2, CdF 2, FeF 2,
HgF 2,Hg 2 F 2, MnF 2, MgF 2, NiF , , PbF 5 'SnF 5,
SrF 5, XeF 9 ZnF 5 ,A1F 5,BF 5,BiF 3,CeF 5, CrF 3,
DyF3,EuF3,GaF3,GdF3,FeF3,HoF3)InF3,LaF
3)LUF3,MnF3,NdF3,VOF3)PI’F3,SbF3,SCF3)
SmF 3> TbF 3> TiF 3, TmF 3> YF 3) YbF 3, TIF 3)

CeF 3, GeF 3, HiF 3 » SiF 3, SnF 3, TiF 4) ZrF 4, NbF 5, SbF
5, TaF 5, BiF 51 MoF 5, ReF 5,

At least one selected from the group consisting of SF 5
and WF 5, the positive electrode active material for
lithium secondary batteries.

3.
[E7% 3]
M 1gol Aol ,

7| 2SO B2 4TI BIE =5 SHLUEE 20
& B0 Cist01 0.2 B %UHXK[ 158 % 3 &=

3.

[Claim 3]

The method of claim 1,

The amount of the coating layer is a positive electrode
active material of 0.2% to 1.5% by weight relative to the

Al total weight of the lithium metal composite oxide core.
4. 4.
[(B7E 4] [Claim 4]

A 180l 2oiM
87l agB THE

g Y3 N

5nm LHX| 20nmQ! 2| & O| A} T K|

The method of claim 1,

The coating layer has a thickness of 5nm to 20nm
positive electrode active material for a lithium secondary
battery.

5.
[E7E 5]
M 1&of UoiM
A7 RIS Zr%, Sn0, £ O|E
3=, 2B OlA™ X8 ¥2 HEE

ojEEESHEEH

5.

[Claim 5]

The method of claim 1,

The coating layer further comprises Zr%, Sn0 ; or a
mixture thereof, the cathode active material for lithium
secondary battery
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6.

[E7g 6]l A 10 AoiM ,
#7| BlE 24 SELSE Zo{o BF 2E (D50)0] 10
S LI 200021 &= EEE.

6.

[Claim 6] The method of claim 1,

The positive electrode active material having an average
particle diameter (D50) of the lithium metal composite
oxide core of 10 GPa to 20 GPa.

7.
[(E2E7]

1&g QoiM

A7l &t Al 10l we 1.3 LHX[ 1,521, 2§ O|XIFX|S
¥ HEE.

7.

[Claim 7]

The method of claim 1,

W in the formula (1) is 1.3 to 1.5, a cathode active
material for a litop secondary battery.

8.

[E7E 8]
M 1&of QloiM
A7) 28 24 S8 M3HE F0{& Li*NiCoo too”
LiL3Ni0.25Mno.7502, Li1.3Ni0.25C00.05Mno.702 %!
LiuNio.sCo Alo.osMno.s*2 O|F 0{ Tl Z oA MEiE|=
stLt 1, 2IE OIXIHMX|E =2 EEZ.

8.

[Claim 8]

The method of claim 1,

The lithium metal composite oxide core is one selected
from the group consisting of Li * Ni Coo too #,
LiL3Nio.25Mno.7502, Li1.3Ni0.25C00.05Mno.702, and
LiuNio.sCo Alo.osMno.s » Cathode active material for
battery.

9.
[B7E 9]

a) 57| &8t Al 12 EAEE 2IE 2

E N3stE BA; [3HE A 1]

Li, NixCoyMni-,-y-,M,0,

(7] 3484 10l , 1.2<w<1.5, 0<x<1, 0 y<I, 0.5<l-x-y-

z, M2 Al— Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na, , In, Ga, Ge,

V, Mo, Nb, Si, Ti 2 Zro 2 0| £0{Zl 2o 22 E ML

=13 0/49'2%H)

b) 24 stEfE0| ZEE Y2 MIstE

c) 87| E&tH a)ol 2IE B4 SEHMSE 30{E b) EAHIS

EASHES ZESs 8Yo2 IESE BHAH, Y

d) 47| EAH c)el L EE 2IE B4 SELEIES A

e BHAHE ZE# i,

ElE O|XIHX|8 &3 HE T MUY,

I
I
IP,II
[
lgﬂ
THO
KU
e

9.

[Claim 9]

a) providing a lithium metal composite oxide core
represented by Formula 1 below; [Formula 1]

Li NixCoyMni-,-y-, M, 0,

(In Formula 1,1.2 <w <1.5,0 <x <1, 0y <I, 0.5 <Ixyz, M is
Al— Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na,, In, At least one
'metal' selected from the group consisting of Ga, Ge, V,
Mo, Nb, Si, Ti, and Zr)

b) providing a solution containing a fluorine compound;
c) coating the lithium metal composite oxide core of step
a) with a solution containing the fluorine compound of
step b); And

d) heat-treating the coated lithium metal composite oxide
of step c),

Method for producing a cathode active material for a
lithium secondary battery.

10.
[ETE 10]

A o9& ol Lo,

87| BAH ) AV EA SEE0| ZEHE A2 2E

24 SerastEo] A, 120°C LXK 150°Col 2

T 8YHS FZYUAIF|IE BHE Z8SE, 2l & olx

X8 2 HEEHYNMEYH.

10.

[Claim 10]

The method of claim 9,

The step c) is to coat the solution containing the fluorine
compound on the lithium metal composite oxide, the step
of evaporating the solution at a temperature of 120 ° C to
150 ° C, manufacturing method of a cathode active
material for a top secondary battery .
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11.
[EFE 11]

X 1980 oiM

7| A dyollM , 7] DXEl= HIEH 2270

380°C LHX| 460°C2| 2 ZollA 1 AlZH LHX| 10 AlZH S0t
AAMEE, SIE OlANXI8 &3 HEE MZ YH.

11.

[Claim 11]

According to that 19,

In step d), the heat treatment is a temperature of 380 ° C
to 460 ° C in an inert atmosphere 1 to 10 hours, the
manufacturing method of the positive electrode active
material for a lithium secondary battery.

12.

[EF7E12]

X 9ol QUoiM,
&7 2AH b)e 2lE
20ntn8| FHZE 2 &
EXO| Mz=.

=24 SEASIE 3 0{E 5nm LX|
st [l ElE ORI MR8 &=

12.

[Claim 12]

The method of claim 9,

Wherein step b) is to coat a lithium metal composite oxide
core to a thickness of 5nm to 20ntn, the manufacturing
method of the positive electrode active material for a litop
secondary battery.

13.

[E+% 13]
X ogol loiM
71 EH b, 871 2L EEEO ZEE Y
,Sn0, E= O|& o| EEES FIIZ Z#sE ,
AWK I EEEHMZYY.

Zr
0|

n r|o

13.

[Claim 13]

The method of claim 9,

In step b), the solution containing the fluorine compound
further comprises Zr, Sn0 , or a mixture thereof, the
method of manufacturing a positive electrode active
material for a lithium secondary battery.

14.

[E7E 14]
M1g X M 8 & of=stLto ol HE &3 E=H
2 Zgste &3 2lE ol2o H /FHETISE &3
gEAE Z¥stE &3,

47| 347 S Atololl ERlstE Mzl olE; &
Hlsd T Ee X5t

4t 22F0| 220mAhg-! O|4 2l 2| & O|XI ™ X|.

14.

[Claim 14]

A positive electrode comprising a positive electrode
active material according to any one of claims 1 to 8; A
negative electrode including a negative electrode active
material capable of insertion / desorption of lithium ions;
A separator existing between the anode and the
cathode; And

Including non-aqueous electrolyte,

Lithium secondary battery with a discharge capacity of
220mAhg -' or more.
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Description

[KO]

[MT]

[HAIA]

[ Specification]

(Y4B H F]

[Name of invention]

& O|AMXE IS HEE 9 M=
g steE 2lJOolAHH K|

e

]
H

A method of manufacturing a cathode active material for
a lithium secondary battery and a lithium secondary
battery comprising the same

[ZI&&o0of]

Technical Field

<> 2|E O[AI X8 ¥ EEE, I MZEH A
E Zgste 2l Ool&t x|oi & Zolct.

<i> The present invention relates to a positive electrode
active material for a lithium secondary battery, a
manufacturing method thereof, and a lithium secondary
battery including the same.

(HE7I=]

Background Art

<2> FOHE2l 28 ™7| ™R 7[7|e] 220 & AHEM
2t UASATXILE 2[F O|RH X 22 418 olxH K|
JHero| gestA T™E|D k. of & 2[F ol ™X|=
EX Sol7l22 83 HEYZ A8, 2IEOI ZE
FlolAE 2SN EHES LI HEEUZ MAESIH, H

T+ EME MHA2= A8t TX| olct. 2|& 2 i ?
ol2st d¥o| 2 2407|220, ™Y &HHo| 7ts
&0 o AX| R 7} 2 T™X| 70l o|Fo{x|x QlCt.

<2> With the proliferation of small portable electronic
devices, new secondary batteries such as nickel-metal
hydride batteries and lithium secondary batteries have
been actively developed. Among these, the lithium
secondary battery is a battery that uses carbon such as
abyss as a negative electrode active material, uses a
metal oxide containing lithium as a positive electrode
active material, and uses a nonaqueous solvent as an
electrolyte. Lithium is a metal with a high tendency to
ionize, and thus development of a battery with high
energy density and development of high voltage is
possible.

<3> 2|E O|At ™[0 AL ElE ¥F HEEHZE B2

gestn e 2lE ™oz -’%— MEEO| FE AEED QU
o, AYEA, L EA X JE , U, gol 3
EdtE ttdBEH 2l S4H BlE Holg&MstE0|
90% Ol4 A& &1 Rt

<3> A lithium active metal oxide containing a litop is
mainly used as a cathode active material used in a

lithium secondary battery, and a layered lithium such as a
cobalt-based, nickel-based, and a ternary lithium in which
cobalt, nickel, and manganese coexist. More than 90% of
transition metal oxides are used.
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<4> 2L B2 &I HEAUE Yol ABET UE B4
A 2lE MolZaitst 22 ASY £ ol T80l
200mAhg—" 0|5t0|7| M2 ol ofLiX| LUz ol QoM B
AZE ARACH et , FF 2| 719 8ZF o MEt2 = eIt
2l& oAt x| EMH 2 SHEste sH2ZM it &
oA BlE Holg&MstE Oidl  EIEE BT X E
&= 2lE -2lx| 4 A &H8HE (Li thium-rich layered
oxide : OLO)0i| CHEt A4 7} T E| 1 QUC.

However, the layered reboom transition metal oxide,
which is widely used as a positive electrode active
material, has a limit in energy density because the
reversible capacity that can be used is 200 mAhg — ' or
less. Therefore, as a means to solve the problem of the
lithium secondary battery due to the limitation of the
reversible capacity of the positive electrode, instead of
the general layer-based lithium transition metal oxide,
lithium-rich layered oxide (Li thium-r ich layered oxide:
0LO) is being studied.

<5>Z|& -Clx| S¢H M3 ES X =s FIT ESER
718 B4A BlE ™ o|Z2&4t3 20 UoMno; 40| S8
gtzlo| U= D8XM FZE 7HXIH, 46VE Z7|&H
5t , LioMn03 Ol At AT EFE|E[D 2B O| FEES
2K 200mAhg— ' o|4to| T B S wEE £ Qlct.

<5> the lithium-containing cathode active material for the
CVD oxide-rich layer is has a solid solution structure in
which U , is different from Mn0O 3 complexed to an
existing layer-phase lithium metal oxide former, when the
initial charge to 4.6V, in the Li , Mn0 3 Oxygen is
desorbed and lithium is extracted to produce a high
capacity of 200 mAhg— ' or more.

<6> ELA , 2IE -2IR] S8 H M3tE 0| T 3 &3
2 gys7| fsiME 27| 1Yo 2 SHeE 2™
ol ZaX o, nXeg ST YoM 2IE—2Ix| A
SY SS4sE0o| e A BrSEHH =M, HE HY
olgrdst , n2 & 1™ oMol Lk (Mn) EE ZA|
7t 2ot MZsix , ™K 85 U +BBEY ol MstElE
EMHo| st ALt

Therefore, in order for the lithium-rich layered oxide to be
electrochemically activated, it is essential to charge the
battery at an initial high voltage. However, when the
lithium-rich composite metal oxide reacts with the
electrolyte during the high voltage charging process,
degradation occurs. Problem of elution of manganese
(Mn) at high temperature and high pressure, A problem
occurred.

<7>uEtd , BaolME 47| S2 EXEE st
9lstod, EIE-BIXIH B ISMEES B N0,
+YSY0| 248 ¥T HEW Y IB LY BB

O|RIHX|E MBSt Lt 8t ALt

Therefore, in order to solve the above-mentioned
conventional problems, the present invention is to
provide a cathode active material and a lithium
secondary battery including the same by surface-
modifying a lithium-rich composite metal oxide, and
having excellent life characteristics.

[FBo| HME 4E]

[Detailed Description of the Invention]

[ZI1&X ot A ]

[Technical problem]

<g>E &Fol o A HE &
88 AMEezM, Y
£2 YMlsie ¥ =T

An embodiment of the present invention provides a
cathode active material that suppresses deterioration
phenomenon and elution of manganese during layer
discharge by suppressing side reaction of the cathode
active material and the electrolyte.

<> WHO|C}E 2HolE 47| ¥3 HEWS MEs
S MR RZYHS MSsto

<> Another embodiment of the present invention
provides a novel method for producing the positive
electrode active material.
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<10>E Y HO| F CIE FHAE 47| =2 HEEE O
&8t O|AMKIZEM , AO| & §Mo| 245H,
220mAhg— ' O|&to| ¥t M 82 JIX|E EIE O|A T K|

E d3gt

Another embodiment of the present invention provides a
secondary battery using the cathode active material, and
has excellent cycle characteristics and a lithium
secondary battery having a discharge capacity of 220
mAhg— ' or more.

(71X ALY H]

Technical Solution

<> 2 dHO U FHE, 37| EHHA1Z EAEE
EIE 84 SHMSE Z of; X YT 2IE =5 SHLS
E Zojo QlZfol /xSt EL SHEES BRA EZ
B&E2 Z¥sie, I OIXTXIB ¥I HEEE MBS
ghot

<1> One embodiment of the present invention, lithium
metal composite oxide core represented by the following
formula (1); And a coating layer located at an outer
surface of the lithium metal composite oxide core and
containing a fluorine compound.

<12>[3}8F 4] 1]

<12> [Formula 1]

<i3> LiyNiyCoyMni-y-y-,M,05

<i3>Liy Niy CoyMni-x-y-, M, 0,

<14> 47| 318 A 10l M , 1.2<w<1.5, 0<x<1, O<y<I,
0.5<IMx-y-z, M2 M,

<14>In Formula 1,1.2 <w <1.5,0<x<1,0<y <l, 0.5 <I to
xyz, Mis M,

Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na, K, In, Ga, Ge,V , Mo,
Nb,Si, TiX Zro 2 O| R0{ZTI Ze2ERE MEEIE1 5
o|& ol F&o0lct.

At least one metal selected from the group consisting of
Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na, K, In, Ga, Ge, V, Mo, Nb,
Si, Tiand Zr.

<15> &7| 84 88 E 2 CsF, KF, LiF, NaF, RbF, TiF,
AgF, AgF, , BaF,. CaF,,

<15> The fluorine compound is CsF, KF, LiF, NaF, RbF,
TiF, AgF, AgF , , BaF 5. CaF 5,

CUF2, Csz, Fer, Hng, H92 F2 , MnF2 y Mng , NiF2 ,
PbFz , San, SI'F2, Xer,

CUFz,Csz,Fer,Hng,ngFz,Man,Mng,
NiF2,PbFz,San,Ser,Xer,

ZnF,, A1 Fs, BF3) BiF3, CeF3, CFF3) DyF3 EuFs, GaF3,
GdF3) FeF3, HOF3, InF3, LaF3,

Zan,A1F3,BF3)BiF3,CeF3,CrF3)DyF3|EuF3,
GaF 3, GdF 3) FeF 3, HOF3, InF 3, LaF 3,

LuF3, MnF3, NdF3— VOF3. PrF3, SbF3, ScF, SmF3)
TbF3, TiF3> TmF3) YF3, YbF3, TIF3)

LuF3,MnF3,NdF3—VOF3>PrF3,SbF3,ScF3,
SmF 3)TbF3,TiF 3> TmF 3)YF3,YbF3,T|F 3)

CeF3, GeF3, HfF3, SiF3, SnF3, TiF4, VF4| ZFF4, NbF5)
SbF5, TaF5, BiF5, MOF5) Rer,

CeF 3,GeF 3,HfF 3 » SiF 3, SnF 3, TiF 4, VF 4l ZrF 4, NbF 5)
SbF 5, TaF 5, BiF 5, MoF 5) ReF 5,

SF5 2 WFs2 2 02017l 2o 2 2 E| ME{E|= 5Lt O

oY+ A

At least one selected from the group consisting of SF 5
and WF 5.

Foi & S0l CHstod of

The content of the coating layer is about the total weight
of the lithium metal composite oxide core.
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02X 2158 % Y Ut <17> 47| IS 9
e 2 5| 2 20nm & £ QL.

From 0.2 to about 1.5% by weight. The thickness of the
coating layer may be about 5 to about 20 nm.

<18> 47| LS Zr%, Sn0,E= 0|S0o| EEELS O

Zareh s Qo

The coating layer may further include Zr%, Sn0 , or a
mixture thereof.

<19> 47| 2|E 24 SEAEIE Fo{o B F (D50)
C|

2 oF 10 LHX| 2F 20 & &+ QUCt.

The average particle diameter (D50) of the lithium metal
composite oxide core may be about 10 to about 20.

<2(» 47| && A 10M, we &
Ct.

1.3 K| 215U 5 AU

<2 (»In Formula 1, w may be about 1.3 to about 1.5.

47|28 24 SHMEE Zois
LiL3Nio.2C00.1Mno.702, Lii.3Ni0.25Mno.7502,

The lithium metal composite oxide core is LiL 3 Ni. 2 Co.
1 Mno. 7 O 2, Lii. 3 Ni. 25 Mno. 75 O 2.

LiL3Ni0.25C00.05Mno.702%!
LiuNio.sCoo.iAlo.osMno.e* 2 O|F0{Zl
sttt & = Qlct.

ol M M=

LiL3Ni0.25C00.05Mno0.702 and
LiuNio.sCoo.iAlo.osMno.e 2.

<2i> B WHOo| CHE T30, a) 57| 3t8H Al 12 B AT
£ ol 34 SEits 2 Z0{8 M3 se BA

<2i> Another embodiment of the present invention, a)
providing a lithium metal complex oxide core represented
by the formula (1);

<22> [3t 8 4 1]

<22> [Formula 1]

<23> LiwNi,CoyMni--,-,M50,

<23> LiwNi, Co y Mni- -y -, M0 5

<24> (1.2<w<1.5, 0<x<1, O<y<l, 0.5 I-x-y-z, M2 Al, Mg,
Fe, Cu, Zn,Cr,

<24> (1.2 <w <1.5,0 <x <1,0 <y <I, 0.5 I-x-y-z, M is Al,
Mg, Fe, Cu, Zn, Cr,

Ag,Ca, Na, K, In, Ga, Ge, V, Mo Nb, Si, Ti X Zre £ o]

Foitl 2ozRE M EElE 135 0lde F5)

At least one metal selected from the group consisting of
Ag, Ca, Na, K, In, Ga, Ge, V, Mo, Nb, Si, Tiand Zr)

<25>b) EA StEE0| ZEE 8US MBste= BA; c)
47| EH a)ol 2IE 2 & SELUSE Fofol b) BH 2
EASgES IS BAH; Y d) 47 EA ) 2E
E 2B 24 SEMEES dialstE F7=II Z S

=, CIE OIAINX 8 = FEFA NZLYHE MBE

ch.

B) providing a solution containing a fluorine compound;
c) coating the fluorine compound of step b) on the lithium
metal composite oxide core of step a); And d) heat-
treating the coated lithium metal composite oxide of step
c).

<26> &7 EHAH C)olM , &7 2L SHEE0| ZHE S
HE E|IE IS SELSE ol LYE F, 2 120 UK
% 15C Co| 2 0lM 8dUg L AIH = At

In step C), after the solution containing the fluorine
compound is coated on the lithium metal composite
oxide, the solution may be evaporated at a temperature
of about 120 to about 15C C.

<27> 47| B A d) o] WX 2= o 380 LHX| & 460°C 2l
2ol 21 LK 2

The heat treatment of step d) is about 1 to about 380 3t a
temperature of about 380 to about 460 ° C.
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10AI1ZH S AIE += Ut -

It may be carried out for 10 hours. -

<28> 7| A b)oIM , BIE F& SELEE Z0{E
o 5 LIX| of 20nme| F7H 2 2 2E + Urt.

In step b), the lithium metal composite oxide core may be
coated with a thickness of about 5 nm to about 20 nm.

<29> 47| A b)olM , EA 3HEEO0| ZEE ol
Zr0,,Sn0, EE= O|E 2| EF 20| o Z&E £+ Ut

In step b), the solution containing the fluorine compound
may further include Zr0 , , Sn0 5 or a mixture thereof.

<30> 2 YZo|CIE 7 s, 47| S €S 2 #
e &3 2lE ol2o & /EElvvisE 83 EEE
2 ZEstE &5, 471 <30 47| &3 Atolol|l EX|st
£ Mmgiole]; X Hl+d MejEe Zestn, ¢™ 8
0| SSOmAng' 0|4 ¢l 2|& o|xt X X|& MBEtct. [Rel
-y

Another embodiment of the present invention, a positive
electrode including the positive electrode active material;
A negative electrode including a negative electrode
active material capable of insertion / desorption of lithium
ions; A separator existing between the anode and the
cathode; And it provides a lithium secondary battery
comprising a non-aqueous electrolyte, the discharge
capacity is SSOmAhg ' or more. Advantageous Effects

The positive electrode active material coated with the
lithium metal composite oxide core with a fluorine
compound can suppress side reactions between the
lithium metal composite oxide and the electrolyte, and
suppress the elution and deterioration of manganese.

<32> ¢ 7| 2l oI K& &3 &= E o Mz ™ol
Ma2H, 2§ 35 SEHLU4 SE 30 EH| B4 5t
E0| 2LsHAH Z-E =+ UCh

According to the method of manufacturing a cathode
active material for a lithium secondary battery, a fluorine
compound may be uniformly coated on the surface of the
lithium metal composite oxide core.

<33> EE3F A 7| M=ol 9|50 MI=El 2|E o|xH™
g g= €EES 0|85 = 2IF OlxHX|E=
220mAhg-' O|Mo| WM 82 FHHetE SAlo]| 48

+3 5 g2 717

In addition, a lithium secondary battery using the cathode
active material for a lithium secondary battery
manufactured by the manufacturing method has an
excellent lifespan characteristic while achieving a
discharge capacity of 220mAhg -' or more.

[ Brief Description of Drawings]

EL S ER EHNAE ARE LI E
H

1 is a flowchart of a method of preparing a coated
cathode active material surface-modified with a fluorine
compound.

<35> 25 2 YHO U FHHoof ELI HER9
ZF A3 0|E (SEM, scanning electron microscope) At
T U ol x| 24 2F E4] (EDS; energy dispersive
spectroscopy) Ao+ & LIEHH Zo|Ct

FIG. 2 illustrates scanning electron microscope (SEM)
photographs and energy dispersive spectroscopy (EDS)
results of the cathode active material according to the
exemplary embodiment of the present invention.

<36> 32 £ &Fol o Hluofof mE ¥3 F=E
SEMAZ! X EDS 4 A oH& LHEHH Zdo|ct,

Figure 3 shows the SEM photograph and EDS analysis
results of the positive electrode active material according
to a comparative example of the present invention.
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<B7>E 4= S HEE FYT AY AW E LIEHH
Zolct.

4 shows the results of the layer discharge experiment of
the positive electrode active material.

[ZBo AAIE 28 Mo HE)]

[Best form for implementation of the invention]

<38>2|E O[AI X8 ¥IF HEH, T NZLEH A
JE z#ste 2lE olAt™ X|& MBS EHCh.

Provided are a cathode active material for a lithium
secondary battery, a manufacturing method thereof, and
a lithium secondary battery including the same.

<39> 0|5}, B Y| FHHE A5 dFs7|= &
Ch.ctgh, ol WAZM A AlElE H22 , oloi ot
B YHo|MEEXIE oHE YB2 F2E 7Y

o HFoi olaf MolE #olct.

Hereinafter, embodiments of the present invention will be
described in detail. However, this is presented as an
example, whereby the present invention is not limited
and the present invention is defined only by the scope of
the claims to be described later.

One embodiment of the present invention is a lithium
metal composite oxide core represented by the formula
(1); And a coating layer located at an outer surface of the
lithium metal composite oxide core and containing a
fluorine compound.

<41> [Formula 1]

<42> L i wN i (COyMnig-,-,M,0,

<42>LiwNiyCoyMni-y-y-,M,0,

<43> & 7| 88 A 10l A, 1.2<w<1.5, 0<x<1, 0<y<I, 0.5<|-
x-y-z, M2 Al,

In Formula 1, 1.2 <w <1.5, 0 <x <1, 0 <y <I, 0.5 <l-x-y-z,
Mis Al,

Mg, Fe, Cu, Zn, Cr, kg, Ca, Na, K, In, Ga, Ge, V, Mo, Nb,
Si,TiXZroe2 0| R0o{Zl o2 E MEE/=135 0|4
o| 240|ct. <44> & 7| 88 A 1R EAEE 2B 2S5
SEMSE Fois 1.2 2 0|4

At least one metal selected from the group consisting of
Mg, Fe, Cu, Zn, Cr, kg, Ca, Na, K, In, Ga, Ge, V, Mo, Nb,
Si, Tiand Zr. The lithium metal composite oxide core
represented by Formula 1 is about 1.2 moles or more
and about

158 0|3t EIF 2 Z&SIE BEIE—CIX YA =&
SfMsER , CIE 25 5 HMEED LipMn037t 1
BHZ FHE FZE 71TICH ¥7| EIE & SELS
ESYIHEYZ ME5I0d, F45UX|50ViMH
X|& BTStE 42, LiMn0; 7t 7| 8t&t Mo 2 g4
8txlo, 220mAhg—"' ol& ol T 8 THE +
Ch ol mf, 47| 2§ 2& SEHLUSGES &3 MRS 7IE
SR 46V 0|4 TTA0|M HTA| oF 4.6 LHX| &f 5V
RN BEERTFZHE JIXIHM 4AE SAAZICH
olm, XYY §H3| et x| ofLstH, & 7|EE
okol M BX|E &'HE o|8stoie FH 3t —

A lithium-rich layered metal composite oxide containing
1.5 mol or less of lithium, and has a structure in which a
lithium metal composite oxide and Li, MnO 3 are formed
of a solid solution. Using the lithium-metal composite
oxide as a cathode active material, when the layer
charge the battery in about4.5t0 5.0V, Lio Mn0 3 is
activated electrochemically, may implement a 220mAhg
—1 or more discharge capacity. At this time, the lithium
metal composite oxide generates oxygen while having a
flat level section in the vicinity of about 4.6 to about 5V
during layer charging at a high voltage of 4.6V or higher
based on the anode potential. At this time, the layer
deposition method is not particularly limited and may be a
method known in the art. —
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<45> 7| BlE 35 SELEE Zois LA, ZYE,
Yztg Z@EsRAeH, LA IAYE W T7ho EH|
= SMof met HYs| ZHE = At L2 2l E S
MNelgt Z &0l CHsl 058 Ol4 22 Z&E = U2H
CIE 34 SEUstE ol M tHd2 FHAIFIH,
7|22t E LR E B EHS AT AIFI7] 9 stod T

B HAZ REEH s JACL X E = JAE FE2RE
HOIZ& EE S| ER & S0l A2H, olE EH, Al
Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na, K, In, Ga, Ge, V Mo, Nb,
SITIHZI2 2 0|F 0T 2228 E MEE|E 15 0|y
ol &Y + Ut

The lithium metal composite oxide core may include
nickel, cobalt, and manganese, and the molar ratio of
nickel, cobalt, and manganese may be appropriately
adjusted according to the purpose. Manganese may be
included in an amount of 0.5 mole or more with respect to
metals other than lithium, and improves the structural
stability of the lithium metal composite oxide. Some of the
manganese may be substituted with other elements to
extend the life characteristics. Examples of the metal that
may be substituted include transition metals and rare
earth metals. For example, Al, Mg, Fe, Cu, Zn, Cr, Ag,
Ca, Na, K, In, Ga, Ge, V Mo, It may be at least one metal
selected from the group consisting of Nb, Si Tiand Zr.

A
D
»

Vv
0
N
o
i |
[l

& SEHMSE F0{E,a) +8AUE X
Z U A 2, ILE ¢z, Lzt

FEH|2 H7I5t0i 24 S8 8 A
Z=5hE BA, )§7I 5 58 8o Lot &
FMSILIERS H7tst of MZ=E 88U pHE 10 LHX]
122 °XI‘PEA-I mietstod, Y7k o|2o BEXT- & =M
= BH;c) 47| 8HS LAY REAHM A™HI AL S
ot AlZ X 2| (aging) Al & SELAEE MTAE U=
EAE Z&dts, CIE OIXATXIE ™ T A=Y
ol of5to M =& + Uct.

The lithium metal composite oxide core may include a)
preparing a metal composite aqueous solution by adding
a nickel raw material, a cobalt raw material and a
manganese raw material to a coprecipitation reactor
including an aqueous solution in a desired equivalent
ratio; b) controlling the distribution of manganese ions by
stirring while maintaining the pH of the solution prepared
by adding ammonia water and sodium hydroxide to the
metal composite aqueous solution at 10 to 12; ¢) aging
the solution at a predetermined temperature for a
predetermined time to obtain a metal composite oxide
precursor, which may be prepared by a method for
manufacturing a lithium secondary battery precursor.

47> Y7 UZA HE2EWE W, LAY AN

Lzied, ey, 24 UEH S8 ASE ¢ 9le
M, ZWE HE2E OB BN, FHIYEY, T
YEY, PNIWEYN, ﬂugzg sgA8E 4+
om, YT HBEE OB B, BNTUNY, WY

7he, Mzt , Zad7iy SSAEE £

As the nickel raw material, for example, nickel sulfate salt
nickel nitrate salt, nickel hydrochloride salt, nickel acetate
salt and the like can be used. For the cobalt raw material,
for example, cobalt sulfate salt, cobalt nitrate sal,
hydrochloric acid. Cobalt salt, cobalt acetate salt, etc. can
be used, and manganese sulfate, manganese nitrate
salt, manganese hydrochloride, manganese acetate etc.
can be used as a manganese raw material.

<48> #7| 2|& OIATX|E &= HEE MFA 2 M=
LHUM, &7 HTH X LHe Bk o|Re EXE
E X7g=|-7| $|'5'|- Hl-l:goi 'T"’él I:I|-°7|o| S#EH _-_=é| dt
871e 5d X Zol HIg , mBtSE (rpm), BHSH 2| pH
§oloit] HsE T & 5= UCh <49> 47| 2|F Ol*t
MR8 MTFAH MEZYH 5, BHH b0, 47| 82
[o]3

1

In the manufacturing method of the positive electrode
active material precursor for the lithium secondary
battery, a method of controlling the distribution of
manganese ions in the precursor particles, the shape of
the coprecipitation reactor, the ratio of the diameter and
depth of the coprecipitation reactor, the stirring speed
(rpm), Various parameters such as pH of the reaction
solution can be adjusted. In the method of manufacturing
the precursor for a lithium secondary battery, in step b),
the solution is about
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1000 LHX| of 3000rpmZ mEHEr 4= @It gref | B ™
TR A=Al mE &£ 8 1000rpm O|PF2 2 ’é’é%l'E
2, 2 Yst mto| YofLtx| efot B3| LIRS =H Y
Tt #{Xs| Lot xl= 2Ol A2, 3000rpni =1t
stod MHStE 2, 8 ME 8o MFAA I} ol
EXFol ULt

It can be stirred at 1000 to about 3000 rpm. If the
agitation rate is set to less than 100 rpm when the
coprecipitation precursor is prepared, uniform agitation
does not occur. In particular, there is a problem in that
the uniformity of the composition is significantly lowered.
There is a problem.

<50> & 7| 2| & OIXTX|&
A c)ollMl &7 8Hg

HAAN HMELHEF, &

<50> The method of manufacturing a precursor for a
lithium secondary battery, step c) in about the solution

10 °C LHX| 2f 60 °C Ol A 4 LHX| 20AIZHS O Al & % 2| E
£Qlom, ol EH, 2430 °COollM 210 AlZHS O Al
Exa2lste ZWol B ESicE greF , SR MEA M=
AREE6BCCO|MCR 5IE Z;'-?— , FeElE =L
of£9| X|&%{Ql |2 QI8 H Mofe| EXIM0| U2,
AlZHE 20A|ZH O|M o2 5tE B Mitdo| HolE &
Aol =& o| ¢|xto| mtr} mg aolzolgt TE ME 3
Mol gMetsE EMEo| Ut

It may be aged for 4 to 20 hours at 10 ° C. to about 60
C., for example at about 30 ° C. for about 10 hours. If the
temperature of the coprecipitation precursor is more than
6C C, there is a problem of H control due to the
continuous volatilization of the ammonia water
introduced, and if the time is 20 hours or more, the
productivity decreases and the overgrowth of spherical
particles and There is a problem that the spherical
cracking phenomenon occurs.

<5 47| BIE B4 HHMSHE T0|E 2YsE BA

8} & 22 CsF, KF, LiIF—

<5i>2 fluorine compound coating the lithium-metal
composite oxide cores are CsF, KF, LiF eu

NaF, RbF, TiF, AgF, AgF», BaF,, CaF,, CuF,, CdF,,
FeF2) HgF2, ngFz, Man, Mng,

NaF, RbF, TiF, AgF, AgF 2, BaF 2, CaF 2, CuF 2, CdF
2, FeF 2) HgF 2, Hg 2 F 2, MnF 2, MgF 2,

NiF2, PbFz, San) Ser, X9F2, Zan, A1 F3, BF3, BiF3,
CeF3, CI'F3> DyF3) EUF3| GaF3>

Nin,PbFz,San)Ser,Xer,Zan,A1F3,BF3,
BiF 3, CeF 3, CrF 35 DyF 3) EuF 3 GaF 3.

GdF3) FeFs, HoF3, InF3, LaF3 LuFs, MnF3, NdF3) VOF3,
PrFs, SbF3, SCF3, SmF3, TbF3)

GdF 3) FeF 3,HoF 3 » InF 3, LaF 3l LuF 3, MnF 3, NdF 3)
VOF 3, PrF 3, SbF 3, ScF 3, SmF 3, TbF 3)

TiF3, TmF3| YF3) Yng, T|F3) CeF3, GeF3> HfF3) SiF3,
SnF3, TiF4, VF4, ZI'F4) NbF5>

TiF 3, TmF 31 vF 3) YBF 3, TIF 3) CeF 3, GeF 3> HfF 3) SiF
3, SnF 3, TiF 4, VF 4, ZrF 4) NbF 5>

SbFs, TaFs) BiF 5, MoF5) ReF5> SF5 % WF52 2 0|50
2o 2RE MEE|E 5L 0|4 Y = A2, HE &
™ A1F3, BF3, ZrFy § o = RUCH.

SbF 5, TaF 5) BiF 5, MoF 5) ReF 55 SF 5 and WF 5 may
be one or more selected from the group consisting of, for
example, A1F 3, BF 3, ZrF 4 and the like.
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<52> & Ho| & FHoof oM, &7 EL StEHE
7| BlE & SEL sEo EHH of 5 LHX| o
20nme| Az AYE + el , &7 ZAYES,
S£US LESE SAUWL EFEA SHEES ZHEE
BAUS EESF{MZIE 2 L EYE LU EE =
& SEHMSES HXISHU E= 47| EL EEFE
8 2IE =& SHUEE Azy ol HESE SHY
SENZE + AeH, I ftoll SXIE ZTY LHE AE
g+ Aok Y E 2 FH 7 o 5 K| 2 20nme! E
. Y¥IHEUY HYEE HFEX| 2B —ZZH 8
2 dAstE E0HE o 8 + At A”YSE 2 FH It

5nm O[5} 7} E|H EHYO| ARSI BEZ XTI &Y 2
EHOIMM Y B YN ELE & + W20 HCH
Z Z=”E0/20nm 0|4 o] =|™ E|Fol22| STt oY
A Elo] £ S dof xEHS 2AE #EotL2t R &
oMol T7I8t et & g3tz xEhe 2 A ot

rio

r oy

In one embodiment of the present invention, the fluorine
compound may be coated on the surface of the lithium
metal complex oxide with a thickness of about 5 to about
20 nm, the coating layer, a solution containing a metal
salt and fluorine It can be prepared by immersing a
lithium metal composite oxide in an aqueous solution of a
fluorine compound prepared by mixing a solution
containing a system compound or spray-drying the
aqueous solution of the fluorine compound to a lithium
metal composite oxide, and other well-known coating
You can also use the method. When the thickness of the
coating layer is about 5 to about 20 nm, it is possible to
obtain an effect of suppressing elution of manganese
without lowering the conductivity of the positive electrode
active material. When the thickness of the coating layer is
5 nm or less, the distribution of the left side of the coating
layer on the surface becomes relatively low. On the
contrary, when the coating layer is more than 20 nm, itis
difficult to pass lithium ions, thereby limiting the output
characteristics and limiting the electrochemical activation
of the first layer.

<53> 47| ARE o HF2 47| 2IE & SHLUEE
F0{& ZFol Cistod 2 0.2 LR A 1,58 %> 5= 2
ch.

The content of the coating layer is about the total weight
of the lithium metal composite oxide core. 0.2 to about
1.5 weight %4>,

<54> & 7| A-IE 2 710y, Sn0,E = O|E2 EEES O
ZEE 4 Aok

The coating layer may further include Zr0 , , Sn0 5, ora
mixture thereof.

<55> 47| 2|& 24 SEMEE
2 9F 10 LYX| 2F 205 & 4 QiC}.
o

Tt EoH, LHE XYt
HNZEE = e, ol 2lE OIR X MEAl £2 ¢

8T 7Y A

The average particle diameter (D50) of the lithium metal
composite oxide core may be about 10 to about 20 GPa.
When the average particle diameter of the positive
electrode active material is within the above numerical
range, a positive electrode active material having a
uniform particle size distribution, a high sphericity, and a
high internal density may be manufactured, which may
implement a high discharge capacity in manufacturing a
lithium secondary battery.

<56> & 7| 3t A 10l weE 1.3 LHXI 15 Y £+ U2,
47| 2 24 SHMSE Iois
Li1.3Ni0.2C00.1Mn0.702, Li1.3Ni0.25Mno.7502,
Li1.3Ni0.25C00.05Mno.702 &

In Formula 1, w may be 1.3 to 1.5, and the lithium metal
composite oxide core may be Li1.3Ni0.2C00.1Mno.702,
Li1.3Ni0.25Mno.7502, Li1.3Ni0.25C00.05Mno.702 And

LiuNio zCo Alo osMno s*2 O|F0{Zl ZoflAM MEY
Lt == Qlct. o|et Zol, 2|EOl 128, GIE E
1380|432, 1S LI HEES NS &

Ct.

2 qr

Liu Nio . zCo Alo _osMno _It may be one selected from
the group consisting of s ». As such, when lithium is
about 1.2 moles, for example, about 1.3 moles or more, it
is possible to provide a high capacity positive electrode
active material.
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<57> & WHO| ECHE FRE , I 345 SEY
EIAELSEUEIYES ZHI=SI EE

o
o MzYHe M3 etct.

B

Another embodiment of the present invention provides a
method of manufacturing a cathode active material
including a lithium metal composite oxide core and a
bloso compound coating layer.

<58> 47| &3 HEHO MR MELH2 a) 57|
SlEtAl 12 BAEE 2B 24 SE4EE 20{E M3
e BHA;

A specific method of manufacturing the positive electrode
active material may include the steps of: a) providing a
lithium metal composite oxide core represented by
Formula 1 below;

<59> [3}5F 4| 1]

<59> [Formula 1]

<60> L i wN i yCoyMni-,-y-,M,02

<60> L iw N iy CoyMni- , -y- , M , 02

<6i> (47| 8}8 4] 104l M, 1.2<w<1.5, 0<x<1, 0<y<I, 0.5<I-
x-y-z, M2 Al

<6i> (In Formula 1, 1.2 <w <1.5, 0 <x <1, 0 <y <, 0.5 <|-x-
y-z, M is Al,

Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na, K, In, Ga, Ge, V , Mo,
Nb,Si, TiX Zro 2 O| R0{ZI ZoE2ERE MEEIE1 5

oldel F%)

At least one metal selected from the group consisting of
Mg, Fe, Cu, Zn, Cr, Ag, Ca, Na, K, In, Ga, Ge, V, Mo, Nb,
Si, Tiand Zr)

<62>b) E4 3HEE0| ZEE 8
YI7IEAH a)o BlE 2 & SHMEE D
EASYES IS E U222 AYSE BHAH; R d)
Y7 EA )2 A E EI&E R

= EHAIE ZEE O

B) providing a solution containing a fluorine compound;
c) coating the lithium metal composite oxide core of step
a) with a solution containing the fluorine compound of
step b); And d) heat-treating the coated lithium metal
composite oxide of step c).

<63> 47| EAH c)oll M, 47| 2L SIEEO| ZEHE Y
2 CE 24 SEMsE of I RS F, 2F 120 LAX| of
150°Co| R oM 82 FLUAIZ £+ QlCh.

In step c), after the solution containing the fluorine
compound is coated on the lithium metal composite
oxide, the solution may be evaporated at a temperature
of about 120 to about 150 * C.

<64> 47| BHA| d) o WX 2|E 2 380 LHX| 2 460°C 2l
2Tl 21 x| o

The heat treatment of step d) is about 1 to about 380 2t a
temperature of about 380 to about 460 ° C.

10 AlZHS A AIE &= lCH.

It may be carried out for 10 hours.
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<65> & 7| A b)dl M, 2l & =
5 LIX| 2 20nme| £ 2 2 EE
7+ o 5 LHX| o 20nmQl B2, &
ZX| todHM, Yt 8BES UMt 20 E

ct _-_E'§°| St 2 5nm o5t 7} £ .EE AbO|
2l Tt 4oiMo 2 ZolHM Yt 8
= -ﬁ“— SiEEH ,BtCH2 3 2l& 0| 2F 20nm 0|4 0| =|H
0|2 ol S1t7t o{FHH Elo| EH Kol ®MEHS EAH
Bt obLlEt R S™IMe 7| 3tefx gdstol
b2 A Bk

T
4> 1o
o
rx
lgﬂ
M
KU
e
i
12

Tl
fll
M
2l
|0

HlI

Ao op
rﬁﬂlﬂln

IOk

In step b), the lithium metal composite oxide core may be
coated with a thickness of about 5 nm to about 20 nm.
When the thickness of the coating layer is about 5 to
about 20 nm, it is possible to obtain an effect of
suppressing elution of manganese without lowering the
conductivity of the positive electrode active material.
When the thickness of the coating layer is about 5 nm or
less, the left distribution of the coating layer on the
surface is relatively low, and manganese is reduced. On
the contrary, when the coating layer is about 20 nm or
more, it is difficult to pass through the gap ions, thereby
limiting the output characteristics and limiting the
electrochemical activation of the first layer.

<66> & 7| EH b)olM , E4 StErE0| ZFE SAoll=
Zr%,Sn0, E£ O|E°| E8E0| H Z#E & UCH

In step b), the solution containing the fluorine compound
may further include Zr%, Sn0 , or a mixture thereof.

<67> 2 YO E CHE FHE 47| 3EA 12 EA|
HECE SIS SHMUSG E 0 ; HYVIEESISS
BFMEE Foi ol EASEHES HRSE ZEE S
ZEsts ¥ HEHS ZESIE &3 2lF ol29 &
2 /EE7t st 85 €EEHE Z¥eE &5
S &= Abololl ExHst= M| olE; & Hl+ 4 sl
s Z¥ste 2IE OlAt X2 A, B
220mAhg-' o|4 2l 2| o] At X X|& M B gt

Another embodiment of the presentinvention is a
positive electrode including a positive electrode active
material including a ritop metal composite oxide core
represented by Formula 1; and a coating layer containing
a fluorine compound on the lithium metal composite
oxide core; A negative electrode including a negative
electrode active material capable of inserting / detaching
lip top; A separator present between the anode and the
cathode; And a lithium secondary battery comprising a
non-aqueous electrolyte, it provides a lithium secondary
battery having a discharge capacity of 220mAhg -' or
more.

<68> & 7| 2| & Ol T™X|o| HEfE 22!, HE, AME,
HEE, 48 5 o{ Aol 2t FCt. & 7| 2l& olRHH

XNE2 SKELHZ MZE = A2, olxHE A
BHol ciEt FA dB2 Y=F6t7|=2 ot £,
= ST M U 2F olAHHX|e| 7o CHEl ZHE
&t H dBSER|EH ol REo BHYEE W2 okt

=
of
o

The lithium secondary battery may be in the form of a
coin, a burr, a sheet, a cylinder, a square, or the like. The
retop secondary batteries may be manufactured by a
known method, and a detailed description thereof will be
omitted. In addition, although the manufacture of a
positive electrode plate and the structure of a lithium
secondary battery are demonstrated easily, it is not
limited to these.

<69> 47| ¥I2 47| 354 22 EAIEIE IS E=E
2 ™A, Hielciet 7| B MM, ol & EH EHY , &
&x, ol2 =™, &2 FLH 5215 oldel HILA|
o B MHE 78000l 83AZ ¥, B2 EE
H[O|AE (paste)Z A| =8t04, O|& TF ETA ol =

X, dx ngAagtc2M MEE 5 ULt

The positive electrode is dissolved in a suitable organic
solvent together with at least one additive such as a
conductive material, a binder and other additives such as
a filler, a dispersant, an ion conductive material, and a
pressure enhancer. After the preparation, it may be
prepared by slurry or paste, which is then coated, dried
and pressed on a current collector.
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8= EJ—} IEs2 %=
QCH 7| ZEE2 I A SEEREM , ,Al, Co,
K, Na, Ca, Si, Ti, V, Sn, Ge Ga, B, As, Zr 9| M§I-E TEE
OlES| EEFESASE == LCt.,

\_gﬂ
11_,.
M
fjo
T
o
9'_
_.?_
& %
“g:
o
|.|'|

The positive electrode may include a current collector
and a positive electrode active material layer represented
by Chemical Formula 2, and may have a coating layer on
the surface of the positive electrode active material, or
may be used in combination with a compound having the
positive electrode active material and the coating layer. It
may be. The coating layer may be an oxide of Mg, Al,
Co,K,Na, Ca, Si, Ti,V, Sn,Ge, Ga, B, As, Zrora
mixture thereof as the coating element compound. ,

<71> 47| HelHE ECHIdY 2, FIESAHELER
SIEEAZZEHYER X CIOINEMNERE, &
2lHdE2etol= , FI1254stE E2/HIHZ220|E,
£ ClHIZER220|= , o2 SAO|=E Z&3E
£2lH , E2HIIERE , E&| 288, ECEHE
SHEFZO|EE, ECH|HEE EF 2202, &L
olEld, E2| 23, AE--REC|IY 2HH , ot=2
2lBo|E|= 2E[HM-FEIC|A B , OIF Al +X|, Lt
B Sol A8 + L, o|o #™ElE A2 oLt

The binder may include polyvinyl alcohol, carboxymethyl
cellulose, hydroxypropyl cellulose, diacetyl salose,
polyvinyl chloride, carboxylated polyvinyl chloride,
polyvinyl fluoride, and ethylene oxide. Polymer,
polyvinylpyrrolidone, polyurethane,
polytetrafluoroethylene, polyvinylidene fluoride,
polyethylene, polypropylene, styrene-butadiene rubber,
acrylated styrene-butadiene rubber, epoxy resin, nylon,
etc. can be used. However, it is not limited thereto.

<72> 47| EXME HF0ol THES Foist7| «Ish A
BElE W2 M, FEEIE TR0l AUo{M, &tetHstE
ok7|8tx| of 1 ™At MM M= 0| H oflHE R AL

JtsstH, 2oz MHE &H , = &, 712 23 o}
ME= 2=, AMEY B Ade , 72, LA, &F
EIIE.' 2 8o =52, 35 HdRSEA8E U

Eft ECIHER RN S HY MRE1T EE
1% olgE Z&stod Al &+ QL.

The conductive material is used to impart conductivity to
the electrode, and any battery can be used as long as it
is an electron conductive material without causing
chemical change in the battery. Examples thereof include
natural alum, artificial graphite, carbon black acetylene
black, ketjen black, carbon fiber, metal powder such as
copper, nickel, aluminum, silver, metal fiber, and the like,
and polyphenylene derivatives. The conductive material
of can be used 1 type or in mixture of 1 or more types.

<73> 47| &30

2= 9;'12}.

As the current collector of the positive electrode, foil such
as copper, nickel, stainless steel, aluminum, sheet black
carbon fiber, or the like may be used.

The negative electrode includes a current collector and a
negative electrode active material layer formed on the
current collector.

<75>¢7| I EEHEsElE o2
Zrelo|M /cllEiZElolM & = 9
EEE=THOIZHo S M3 E So15 522
SASE £ ACt a9, MEIE, FHEL S
EMAEE £ Lt

As the negative electrode active material, two or more
kinds of carbons such as graphite capable of reversibly
intercalating / deintercalating lithium ions or one or more
kinds of black or silver of a composite oxide of transition
metals can be used. In addition, silicon, tin, etc. can also
be used as a negative electrode material.

<76> 47| 83 €EEH 52 E HIAHE Z¥SIH ,
MEfMoz TMME HS Z &+ ACH

The negative electrode active material layer also includes
a binder, and optionally may further include a conductive
material.
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<77> 47| HelHE 82 €2 UKES ME HEE
AM7|n, 8t 52 22 2 ©F HTA o = £2 A7
EYES SH, JCHEXNHQUMZE ECHIELE , 5t
EEANHEMERX , FICEANTRLMNMERR , EC
H'Z22etole, st25 M5t El EClH|2 20|
ZCHIdERo0|E , oEBEH SAO|EE Z# 5=
o, Ecl|dolgclE , Ecl<alE, EclEELt
EF20|8H ECH|LEE EF2at o=, Ealo
2al, EClz 2L Ae|H-2EIC| 2, o3 & o
El= AE|-2EIC|Q 2 , IEA| £X|, LILE S
2 AEE = oLt oo gHHElE W2 ofLch.

The binder adheres well to the negative electrode active
material particles, and also adheres the negative
electrode active material to the current collector.
Examples of the binder include polyvinyl alcohol,
carboxymethyl salose, hydroxypropyl salose,
Polyvinylchloride, carboxylated polyvinylchloride,
polyvinylfluoride, polymers containing ethylene oxide,
polyvinylpyrrolidone, polyurethane,
polytetrafluoroethylene, polyvinylidene fluoride,
polyethylene, polypropylene , Styrene-butadiene rubber,
acrylated butadiene rubber, epoxy resin, nylon dung may
be used, but is not limited thereto.

<78> 7| ETMO H2E , MHEAH, QX EFHA,
72 23 , otMER =2, AYNES, BLAHR 89
BaA 2F; 72, UA, LF 05, 28235 EY

ES34 MR S 25H =2, ECIHHY RN S
oMY EEIH; EE= 0|2 EEEE ZHSIE ™
Y= EAEE & ULt

Examples of the conductive material include carbon-
based materials such as natural graphite, artificial alum,
carbon black, acetylene block, ketjenblec, and carbon
fiber; Metal materials such as metal powder or metal
fibers such as copper, nickel, aluminum and silver;
Conductive polymers of polyphenylene derivatives; Or a
conductive material containing a mixture thereof.

<79> #7| &3 AHAMZE 72y, UB Y, 2H¢Q
glaZ 4, Elelm Y, UZA LEA (foam), 72| 4 E

=
M, Mrd 240| Z—-E ECIH 7| EE olg2 =¥

SMNEE s U

As the negative electrode current collector, copper foil,
nickel foil, stainless steel foil, titanium foil, nickel foam,
copper foam, a polymer substrate coated with a
conductive metal, or a combination thereof may be used.

<80> & 7| M E2 H+d 77| S0i2t 2IEH¥e X &
gt

The electrolyte includes a non-aqueous organic solvent
and a lithium salt.
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<81> &7| HleMd 7|2012= 7t EH0O|EAH| , ofAH|
EA, oElZA, AEA, & ZEA E= HIZ YRS
SHE M8E = Ct. 47| 52 UI0|EAH S8DHZ & C|
ol & 72 L|0|E (DMC), C|o| & 7t 2 40| E (DEC), C|
2 I 72 H0|E (DPC), HEZ 2ZE 72U 0|E
(MPC), IE Z 2 7} H 40| E (EPC), HIEME 7L 1|
O|E (MEC), ol &&l 7t2 0| E (EC), Z2 E & 7t | 0|
E (PC), £ E@ 7IEU|0|E (BC) S0/ At E £ Q2
H, 47| dAEZEA SHE= HIE otMEHOIE , olE
OtM[EIO|E, n- Z2 H ot M|E| 0| E, C|H| RO MIE| 0| E
HEZZIQUO|E , oEZRIQUO0IE, REIZZ
E , disl=2l0ol= (decanolide), 4 M ZEE— M2
2t E (mevalonolactone), 7} L 22 £ (caprolactone) S
O AH8E £ lct, 47| olEHZ A o2& CIREE of
HZ , ElEctZ2ct ClZ2etY , CIHSAolE, 2-HIE
HEeZ SIE2#E, HEZSIEZHE SOl M8E £+
oM, 47| HAEH 8HZE A2 28AlE S0/ A8
£ Qo EBH 47| dIA2H SHHEREHEYIEZ,
OAZ ELAIZE SOIASE £ U2, &7/ HY
MAe 8012 = R-CN(R2 C2 LIX| c202] M4, &
K4 £ 8 72X B3t 4+AT|0|H, 0|54 UE &
FEe o EE AES ZEE & Aot Sol LIERRF, C
HEZEol0|=E So|olOIER , 1, 3—LC|Z&ES9
CIS£ERF, A= & (sulfolane)® S0| AFE £ 2lC}.

The non-aqueous organic solvent may be a carbonate,
ester, ether, ketone, alcohol or aprotic solvent. Examples
of the carbonate solvents include dimethyl carbonate
(DMC), diethyl carbonate (DEC), dipropyl carbonate
(DPC), methyl propylene carbonate (MPC), ethyl propyl
carbonate (EPC), methyl ethyl carbonate (MEC), and
ethylene. Carbonate (EC), propylene carbonate (PC),
butylene carbonate (BC), etc. The ester solvent may be
methyl acetate, ethyl acetate, n-propyl acetate, dimethyl
acetate, methyl propionate, ethyl propionate,
butyrolactone, decanolide, valerolactone memethionine.
Vallonolactone (mevalonolactone), caprolactone
(caprolactone) and the like can be used. As the ether
solvent, dibutyl ether, tetraglyme diglyme, dimethoxytane,
2-methyltetra hydrofuran, tetrahydrofuran, etc. The
ketone solvent may be used, such as cyclonucleanone.
In addition, ethyl alcohol, isopropyl alcohol, etc. may be
used as the alcohol solvent, and as the aprotic solvent,
R-CN (R is a C2 to C20 linear, branched or cyclic
hydrocarbon group, Nitriles such as bond aromatic rings
or ether bonds), amides such as dimethylformamide,
dioxolanes such as 1,3-dioxolane, and sulfolanes.

<82> ¥7|HI+d ®7| 80l HS22 E& &Lt 0|
EHSI0{ AI8E = A2, &Lt OlY EF S0 AIS
StE 2o £8 HIE2 SMste MX| s w2t o
oAl =dg + 2, ol alf Eokoll SAetE A
o
A

gEolH= 22| olsiE + UL

The non-aqueous organic solvent may be used alone or
in combination of one or more, and the mixing ratio in the
case of using one or more in combination can be
appropriately adjusted according to the desired battery
performance, which is It can be widely understood by
people.

<83> 0|2 &t &0l &st= EIEHEE LIC10,4,
LiBF4 , LiPFgs LiAICI,,

Lithium salts dissolved in such a solventinclude LiC10 4,
LiBF 4, LiPF > LIAICI 4,

LiSbFg, LISCN, LICF3S03 , L1CF3CO02, Li(CF3S0,
)2 LiAsFg) LIN(CF3S05 )2,

LiSbFg, LISCN, L1CF3S03, L1CF3C02, Li(CF 53S0 ,)
2. LIASF g LiN (CF 350 ;) 2,

LiBioCho, LiBOB(Lithium Bis(oxalato)borate) , Mz X|&
Erl2EM &, 222 28 2| (chloro borane
Lithium), LIN(CF3502), Li(C2F55%), LIN(CF3S0,),,

LiBioCho, Lithium Bis (oxalato) borate (LiBOB), lower
aliphatic lithium carbonate, chloro borane Lithium, LiN
(CF3S02),Li(C 2 F 5S%),LIN (CF3S05),,
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LiN(C2F5S05),, LIN(CF3S0,)(C4F9S0,) 2| olO0|=
(imide)® €2 & + UCH O|UHE 2 MESF=THAY &
oz dsc2 x= 2 YHo s0E 24 A7|X| &
2 HelolM o2 TEAI7|T A EE £ Qrt. 0| B0
M, §Y3]LiIPFe2 Z&AlZ|= X0l 2t bhE &l5tet.
&, A2 EHHOR 57| d AFYSHE A, A E S
% 3t o &I & (ethylene), 2 Qlo| Z g EIQIMY S ™
stiHol ZEAIZ 5 Lt

And imides such as LiN (C , F 5 S0, )5 and LiN (CF 3
S0, )(C 4 F 9S05). These may be used alone orin any
combination within the range of the electrolyte solution to
be used alone orin a range that does not impair the
effects of the present invention. In this case, itis
particularly preferable to include LiPF ¢ . In addition, to
make the electrolyte nonflammable, carbon tetrachloride,
ethylene trifluoride (ethylene), or phosphate containing
phosphorus may be included in the electrolyte.

<84> MmBiolE{2= EE|0|EY , ES/Z2HH, &
2lHIdelE EF2210|E E £ 0|2 28 old ol CtE
9ol AL8E = en, ECVEE /EEIZ2HH 28
Mmagolg, E2oE /EFel=2HH /EF2oEH ;&
Mmgole , EElzzH#/ ECoEd /EZelz =T
385 MmdiolEf St Z2 EY SO AEE & U
ch.

As the separator, polyethylene, polypropylene,
polyvinylidene fluoride or a multilayer film of two or more
layers thereof may be used, and a polyethylene /
polypropylene two-layer separator, polyethylene /
polypropylene / polyethylene ce- layer separator,
polypropylene / Mixed multilayer membranes such as
polyethylene / polypropylene three layer separators and
the like can be used.

(LB HAIE 2IE SE]

[Form for implementation of invention]

<85> 0|35} £ HOo| MAlod X HIwo|E IR ECE. 57|
AHAE B &Eo o AAlofdi 2 YHo| 37|% A
Aloflol| B8 == Zd2 otLct.

Hereinafter, examples and comparative examples of the
present invention will be described. The following
example is one of the present invention The present
invention is not limited to the following examples, only

examples.
<86> <86>
<87> MAl0] 1 Example 1

<88>CI& & SHMEE 0o M=

<88> Preparation of a Relop Metal Complex Oxide Core
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<89> EAMLIAY , HMIYUEY , HAYZIHE 0.20
: 0.10 : 0.708 EHIZ , E 0| E0{ YE
ol KL/mine £ =2 X7t5t0{ , 1Me &

g Mzsteich 47| B HSTIE HEH X8
£3122, 471 38 8 7lol 12 L Yol 3| =
Hotod ABSHASH, 47|24 et £8H0| B 2

22 E87(o 1mMel gz Lot 5mL/m|n9_| L2 &§
LAIZIHM , pH Xo0{7|& &35l pH7I 110| E|=§ | K|
StHM A4S ERS HItSQicH 47| 24 =8 £+
SHS 1000 rpme 2 mEHSLT, 10 AlZH AEAIF, T

**?iﬂi MZ=steict 4 7] inZF_E._I M3 & 3C C 0|
40| ZeE42 pH7t 80157t E w7k K| M8t £0i 80
°COlM 12A1ZH AESHAC. HAZE SET™ T ol Ch5hod
1.3 S H|o| EHAE|IE S HItsto EESIQLCE Ol8
900°COll A 10AIZt 27| B0l A L*{2l5t0d, LiuNi*Coo
MnrOz& M X 5+Qict.

Nickel sulphate, cobalt sulphate and manganese
sulphate were added to a coprecipitation reactor
containing water at a molar ratio of 0.20: 0.10: 0.70 ata
rate of K L / min to prepare a 1 M metal composite
aqueous solution. The coprecipitation reactor has a
cylindrical structure, was used by properly adjusting the
diameter and depth of the coprecipitation reactor, while
introducing a 1M ammonia water at a rate of 5mL / min
into the coprecipitation reactor containing the metal
complex aqueous solution, pH controller Sodium
hydroxide was added while maintaining the pH at 11.
The metal complex water solution was stirred at 1000
rpm and aged for 10 hours to prepare a spherical
precursor. The prepared precursor was washed with
ultrapure water of 3C C or more until the pH was 8 or
less and dried at 80 ° C for 12 hours. 1.3 equivalent
ratios of lithium carbonate were added to the dried
coprecipitated spheres and mixed. This was heat-treated
in air at 900 ° C. for 10 hours to prepare LiuNi* Coo Mn
A Oz.

<90>

<91> Coating of Relob Metal Complex Oxide Cores

<92> AR 0|FYE X &t = Aol NH4F(Aldrich)E
ZEsteE +8A2 Al Z F,10 2 ol mietsto 7
Ust EEEHE MEFUFLCH ‘.’:*0175_I EHEAS & 7

M =&l Lii.sNio.zCoo.iMno.vOs A Z &|o| AE!IEt F , H
g 27| slolM 400°CE5AIE%°+9§7<1 I

9'|_"'
H.I;o

After dissolving an aqueous solution containing NH 4 F
(Aldrich) in an aqueous solution containing aluminum
salt, the mixture was stirred for 10 minutes or more to
prepare a uniform mixed solution. The obtained mixed
solution was spray coated with the

Ct. &7 M= of o|5to &2 %*;% g2z zEE Lii.sNio.zC00.iMno.vOs prepared above, and then heat-

IEES FAHZE10nmO|ReH , RSO 2 EIE treated at 400 ° C. for 5 hours under an inert

FEFE MstEo| HFof Ci oP01 0.585F %0|Act atmosphere. The coating layer coated on the positive
electrode active material obtained by the manufacturing
method was 10nm in thickness, the content of the
coating layer was 0.5% by weight relative to the total
amount of the lithium metal composite oxide.

<93> <93>

<94> 2|& OIA X[l M=

<94> Preparation of a Reflow Secondary Battery
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<95> 7| MZE ¢=2 = HE U 27| 4F0|
25/in7} E|= & EEOP — 47 |‘E’>;|l HEEIWEH
%, TTRZ otMEH 23 5 5 %, HHQUEHZ 24|
2 2|8l Z22810|E (PVAF)5 & %E HEIEZE
(NMP, N-Methyl-2-pyrrolidone)dll s A|7H, &2 2| A
Z5tQict ol 2|8 £ 202 dF0lE ZY (foil)odl
EESlod AT £ A2 AUSIAIZI F , TIZoM
120°CE 16AI1Zt HZE &l 2E 16mme| TR T3S
Mz=steict 432 2= =ZF 16mmE EE (punching)
Bt ElE 244S A8, BEClYo2=PP EHES
M85t Ml 2= 1MLl LiPFg2| A& & HE L
O|E (EC)/CIHIEE|2 (DME) 1:1 vwe| EE A2 A
835t e 229 #EAZIE, ol 29
2 =831 MoiZAtolol 7712 & FHola (REHH
CR2032, SUSAHEAIE5t0{ Bl & OIRIHX| & M =3A
Ch AAlod 2

The average particle size of the prepared positive
electrode active material is classified so that the particle
size is 25 /iin 90 90% by weight of the positive electrode
active material, 5% by weight of acetylene black as a
conductive material, 5% by weight polyvinylidene fluoride
(PVdF) as a binder % Was dissolved in
methylpyrrolidone (NMP, N-Methyl-2-pyrrolidone) to
prepare a slurry. The slurry was applied to an aluminum
foil having a thickness of 20 mm 3 and dried to condense
with a press, and then dried in vacuum at 120 ° C. for 16
hours to prepare an electrode with a disc of 16 mm in
diameter. Lithium metal foil punched to 16 mm in
diameter was used as the counter electrode, and a PP
film was used as the separator. 1M of electrolyte A mixed
solution of ethylene carbonate (EC) / dimethyl ether
(DME) 1: 1 v/v of LiPF g was used. Was impregnated
with the electrolytic solution in the separation membrane,
the separation by inserting a mixer ! between the
working electrode and the counter electrode was a
lithium secondary battery using a casing (model
CR2032, SUS, Inc.). Example 2

Y2 B ISSE LEtE FF ol oistod
NE M Qstn, &7 AAlo 10 SUE Y
S = X IE ZESHE O|ATX

1

A positive electrode active material and a secondary
battery including the same were prepared in the same
manner as in Example 1, except that the content of the
coating layer was 1.0 wt% based on the total amount of
the lithium metal composite oxide. Comparative Example
1

g 24 SEEES, gF0lEHe Z&®se

Holl NH4F(Aldrich)EB Z &35l 82 %-HAIZ -? ,

108 = 0|AI- H|-°|.o;| .,—.,I.Césl- .EEI-QOHO Ig|. b
HE NstD , 47| Ao 13t SLUeH .d

04, Li;.3Ni0.,C00.1Mno.70, 2 M= F 2, | =r

&&= O|XI M| B MZ=3RAct Hlmoi 2

Example 1 except for the step of dissolving a lithium
metal composite oxide, an aqueous solution containing
NH 4 F (Aldrich) in an aqueous solution containing an
aluminum salt, stirred for 10 minutes or more and coated
with a uniform mixed solution, Using the same method as
in Li 1 . 3 Nio. > Coo. 1 Mno. 70 , was prepared, and a
secondary battery including the same was prepared.
Comparative Example 2

AYE BIE 24 SELMSES 35CTCE GXME| st

2 Molstn , &7 Aol 11 SYUs WS A8
of ¥3 #EW U 1B ZHHE OIXTXIE M T
Ch. HIZod 3

A positive electrode active material and a secondary
battery including the same were prepared by the same
method as Example 1, except that the coated lithium
metal composite oxide was heat treated with 35 CTC.
Comparative Example 3

ZEE EE 24 SEHMUSES240CCE G2 = A
2 Melstn, 47| Ao 13t SYEt WHE AL&5tod

I EEE U IE ZESHE O[AT™XIE M =5t 1ct.

H|mod 4

A positive active material and a secondary battery
including the same were manufactured by the same
method as Example 1, except that the coated lithium
metal composite oxide was heat-treated at 40C C.
Comparative Example 4

PatDocs PDF Export - Page: 22 2023-07-26 AMPEREX Ex. 1014

Page 22



2 M2 350 CE GrlE| st A
*7| A A0 29 S Y3t dHE AL 810d,
E 2 &ste olx ™ X|E A =3I

om
i
o
DII
0z Jb

02
Ju
e
M
|}
¥a -
]

Except for heat-treating the coated lithium metal
composite oxide at 350 ° C., using the same method as
in Example 2, a positive electrode active material and a

Hlmoi 5 secondary battery comprising the same was prepared.
Comparative Example 5
IEE CIE 34 SEAMEES 40CTCE HXEl st Except for the heat treatment of the coated lithium metal
Hdg Nelstz, &7 ’é*l of 2¢2t1 S YUsH YHE MEFE composite oxide with 40CTC, Using the same method as
of, ¥F HEE Y I1E Z&5t= OIRATX|E MZEFHRA in Example 2, a cathode active material and a secondary
Ct. battery including the same were prepared.
<114> <114>

<115> AAJof 1 & A Alod 28t Hmof 1 LHX| 52 &Y =

U, S EREE L SEEASF X A0 &
ol CHEt IS & (B %) 57| & 104 LIEH LI

The experimental conditions of Examples 1 and 2 and
Comparative Examples 1 to 5, the content (% by weight)
of the coating layer relative to the type of fluorine

Ct. compound contained in the coating layer and the total
amount of cores are shown in Table 1 below.
<116> [E 1] <116> [Table 1]

EASHHE AYEO BT 2 F

After coating the content of the fluorine compound
coating layer

(B %) GrEl 2

(Weight%) heat treatment temperature

(°C)

“C)

AlAlodl 1 A1F3 0.5 400 'C

Example 1 A1F 30.5400° C

AlAlod 2 A1F3 1.0 400 °C

Example 2 A1F 31.0400° C

H|mo{ 1NO.ON

Comparative Example 1 N 0.O N

H|mod 2 AIF3 0.5 350 °C

Comparative Example 2 AIF3 0.5 350 ° C

H|mod 3 AIF30.5450°C

Comparative Example 3 AIF3 0.5 450 ° C

Hlmod 4 AIF31.0 350 °C

Comparative Example 4 AIF3 1.0 350 ° C

H|mod 5 AIF3 1.0 450 °C

Comparative Example 5 AIF3 1.0 450 ° C

H7>

(7>

<118> AEof

<118> Experimental Example
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<119>SEMZ Y 2 EDS £

<119> SEM and EDS Analysis

<120> JSM-7000F (Je A}) 085104 A Aloi 1 L H|modl 2
oM M=E & M7A o SEMAIZIZ #Y¥stn , &=
g=2o EHH BE3t= 34 (Mn, Co, Ni,ALF) & 2
A& 5357|5104, EDS (Energy dispersive
spectroscopy, Oxford) 244 & AlA|5to , O AW E £ 2
U T 30f T AUt

SEM images of the coprecipitation precursors prepared
in Example 1 and Comparative Example 2 were taken
using JSM-7000F (Je), and metals (Mn, Co, Ni, Al, F)
distributed on the surface of the positive electrode active
material. In order to measure the degree of dispersion,
EDS (Energy dispersive spectroscopy, Oxford) analysis
was performed, and the results are shown in FIGS. 2
and 3.

<121>Z 2 A E 30 EAE SIS EEE2 2IE &S
BMSES A0IZ XE S, EHE EA SEES
gasts ZESS ITCh 229t = 32 HIME M, AA|
ol 10 MEE &S HEE2 Hluof 10 MEE &
F E#EF0| HI5to{ A1 U Fol Ao BETIEHS &
UBt AE & = UCL O|ZRE Ao 12| MZELHo
olste @0l , EASEHES ZESE AYS0IOHS

U H 2 EH + U2 g+ AT

2 and 3 have a coating layer containing a lithium metal
composite oxide as a core and a fluorine compound on
its surface. 2 and 3, it can be seen that the positive
electrode active material prepared in Example 1 has a
more uniform distribution of elements of A1 and F than
the positive electrode active material prepared in
Comparative Example 1. From this, in the case of the
manufacturing method of Example 1, it can be seen that
the coating layer containing the fluorine compound can
be more uniformly coated.

122>

1 122>

<123> M| & E7t

<123> Jersey Capacity Assessment

<124> AAJof| 1, AAJof 2 2 H|moA| 1 LHXK| 500 M=
El 2|1& O|XI ™K& 25°C 7 stollM , 25mA/gel HH
RE46VILEZIMR STE & 7,46V HTY 2
2 25mA/g7t EZ|TH X B S &EhF , 25mAgel HH
FR220VILEZIHR 4 M #iis Mo HMX| 8=
T35t eAct.

After charging the lithium secondary batteries prepared in
Examples 1, 2 and Comparative Examples 1 to 5 to 4.6V
ata constant current of 25mA /g undera 25 ' C
environment, a constant voltage of 4.6V After charging to
2.5mA / g, the battery capacity when discharged to 2.0V
at a constant current of 25mA / g was obtained.

<125>

<125>

<126> Ato|2 54 H7}

<126> Cycle Characteristic Evaluation
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<127> AAJof| 1, AAJofl 2 2 H|moA| 1 LHXK| 500 M=
E 2| O|AHX|E 303 &Y™ g5 ict. XX
2, AAo1, AAlo2 2 Hlmod 1 LYX| 50 M A=
E 2|8 olxI ™K& , 60°C &4 stoilM , 25mA/gel
MR 2 FYZtol46V7H 7| AR S EsiH , O
Z,46Ve YO R MFAUO| 5mA/Q7L 7| K| &
£ det 5, 25mA/gel WHFZ Tegol 2.0v7t &I 7|7}
x| ¢xE gtct. O|& 1 MO| 22 501, O] AOIEE 30
Ato| 2 Et=stn , 8F |22 Hotsiict 8 R%

22 57| Moz AHES A

The lithium secondary batteries prepared in Examples 1
and 2 and Comparative Examples 1 to 5 were repeated
30 times of layer discharge. Specifically, the lithium
secondary batteries prepared in Examples 1, 2 and
Comparative Examples 1 to 5 are charged under a
constant current of 25 mA / g until the voltage value
becomes 4.6 V under a 60 * C environment, and then
The battery is charged at a constant voltage of 4.6 V until
the current value reaches 5 mA / g, and then discharged
at a constant current of 25 mA / g until the voltage value
reaches 2.0 V. This cycle was repeated between 1, 30
cycles of this cycle, and the capacity retention rate was
evaluated. The capacity retention rate was calculated by
the following formula.

<128> 8 R X|E (%) =30M0|Z2| F /1Al0|Z 2
2 X100

Capacity retention rate (%) = 30 cycles capacity / 1 cycle
capacity X 100

<129> & 7| AEE §35to, AAlof1, AAlol 2 H|
mod 1 LHX| 500 M=El 2| & oAt Klof| CHEH & &
2230 Ao|2 8F XIS 7] E o LIEFLHQA C}-.

Through the above experiments, the discharge capacity
and the retention rate of 30 cycles for the lithium
secondary batteries prepared in Examples 1, 2 and
Comparative Examples 1 to 5 are shown in the following
table.

<130> [E 2]

<130> [Table 2]

25°COfl A 600( : Ol A,

At25°C60° (:In,

Initial discharge capacity 30 cycles

(raAhg capacity retention rate (W

A Alo 1234904

Example 1 234 90.4

alAlof 2226 90.2

Example 2 226 90.2

H|imodl 1 240 81.7

Comparative Example 1 240 81.7

Hlmofl 2 231 85.8

Comparative Example 2 231 85.8

H|1rodl 3 238 84.1

Comparative Example 3 238 84.1

Hlmofl 4 215 86.4

Comparative Example 4 215 86.4

Hlwofl 5224 85.4

Comparative Example 5 224 85.4
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71 2 20iM & 5= UKOl, AAlo1H 29 F2 %7
g™ F0l

As can be seen in Table 2, in Examples 1 and 2, the
initial discharge capacity is

220mAhg"! OIS 2 E%SMH , 30 MO|E 0| 8T

{82 TF 90% O|A o2 Ars| &kt 0] BHal,

B2 2Esix| ofe Hlmofl 10| =3 €EX2 £ 7|

M 80| 240M2 2 £%2Lt, 30 A0|2 £2| 8
H

7|¢d 8%

ro of Ru

P
rio

220mAhg " was higher than ', and even after 30 cycles,
the capacity retention ratio was all significantly higher
than 90%. In contrast, the positive electrode active
material of Comparative Example 1 without the coating
layer had a high initial discharge capacity of 240 2, 30
The capacity after the cycle is the initial discharge
capacity

81.7%Z2 O F 32 &SIRUCL O|2ZFE EA SIEHE
Z IYE BIE-2IXH 2 & SHMEES ZHEE
SEEYS T EHoIMMEE Y AT E5E A
Alod 1, Hlmod 1 X HlZo 20iM oM M ZE &3 &
EEo Ao|Z S48 LIEtd agizo|ct <132> 47| &
201 LILHEH HEQE ZHol, Al Alod 1 & AA|od 20i M &=
&S HE E2 HILH 2 WK 50 MZE &FF HEE
ol HIStod , AtO|E §d0| 3% Ch AAlof 1 X A
Alof 20| A2 8 RXI20/90%0[4 ! BHH | Hlwo
2 x| Hlof 5= F | X|20| o 81 LHX| 85%>0l &
o5tict Ol 2o MZYHol olsts d, 84 8
YEO0|2E & SEMUSE Z oo 2YUSHA BEET|
2 AXez, ZYS0| Zojol 2LeH mFEH 2|
E-CIx| S4H 34 SEHUEE 3 TS Zho| #EHS

o| & x|x|of Ato|E §4o| & ECH

Very low as 81.7% was confirmed. From this, it can be
seen that the cathode active material including the
lithium-rich metal complex oxide coated with a fluorine
compound has improved life characteristics. 5 is a graph
showing the cycle characteristics of the positive electrode
active material prepared in Example 1, Comparative
Example 1 and Comparative Example 2. As shown in
Table 2, the positive electrode active materials prepared
in Examples 1 and 2 were excellent in cycle
characteristics compared to the positive electrode active
materials prepared in Comparative Examples 2 to 5. In
Example 1 and Example 2, the capacity retention was
90% or more, whereas Comparative Examples 2 to 5
had a capacity retention of only about 81 to 85%>. This is
because, according to the manufacturing method of the
present application, the fluorine compound is uniformly
distributed in the lithium metal composite oxide core.
When the coating layer is uniformly coated on the core,
side reaction between the lithium-rich layered metal
composite oxide and the electrolyte solution is prevented.
Cycle characteristics are improved.

<133> &, 2 MM THol| JHAIE 2 2HEO| Al
HES OIHE 571 28 & llE M AIE Zoi X|LLX|
o, 2 YWHo HAE stk st W2 of L
CH 01710l FHAIE A Al E ol 2 WEO| 7|
Abelof HHE S E CHE HEo &0l Al 7tS38iCHE A

2, B ¢4Fo| &3t= 72 okolM S| XA 7T
Xtol| Al "t EF oot

On the other hand, the embodiments of the present
invention disclosed in the specification and drawings are
only presented as a specific example for clarity and are
not intended to limit the scope of the present invention. It
is apparent to those skilled in the art that other
modifications based on the technical aspects of the
present invention can be carried out in addition to the
embodiments disclosed herein.
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