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(57) Abstract: The present invention relates to a cathode active material
comprising an overlithiated manganese-based transition metal oxide, com-
prising an overlithiated manganese-based transition metal oxide, and having
a density (P) of 42-50 as derived by equation 1, wherein the cathode active
material maximizes intermolecular density by means of optimization of a ra-
tio between lattice parameters of a unit cell and a rolling density under weak
pressure, and accordingly, may provide a cathode having optimal density
after electrode coating and electrode rolling. In equation 1, Vypitcen 1S the

volume of a unit cell ( A3) which is derived through equation 2, and d4gq

is the rolling density (g/cm3) when being rolled at 400 kgf. In equation 2, a
and c are crystal lattice parameters ( A) derived from XRD measurement of
the cathode active material.
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[112] =gk & oA A8 5= A A 2= g F ol 2k A A Al A ALS 7Hs 8
ZIA A A, T A A A, s sk def A, A Ak de A,
aA F7 A A, F8E U Al = ' e, g2 A= A

[113]
[114]

[115]

TAACE AV AfAdE /7] vl 2 HEI S 28T Uk
A7 7] S E = A 9] AV & ¥ =

T A= v IS & 5 = Flol et 5 Algk glo] AF .

A o2 A7 F7] Sl 2=, vl E oA El o] E (methyl acetate), ©ll & oA

| E (ethyl acetate), y-++E] 2 & Z(y-butyrolactone), e-7} 3% & B = (e-caprolacton

e) 52 ol el 24 &v); t] e o e Z(dibutyl ether) == Bl E&}8| = 255 @

(tetrahydrofuran) 52| ol €| 2 7] & ull; A] & 2 &) A}+=(cyclohexanone) & 2] 7| =7

2-ul; ¥l 4l (benzene), = F 2 = Wl Al (fluorobenzene) 5 & Wk BFsl=4A A &

ufl; v v e 7} B Y| o] E(dimethylcarbonate, DMC), U o] & 7} 1. U] o] E (diethylcarbo

nate, DEC), " & of] & 7} ¥ U] o] E (methylethylcarbonate, MEC), ol & H| & 7} 2.4 o]

E (ethylmethylcarbonate, EMC), ¢l & #l 7} B Y| ©] & (ethylene carbonate, EC), Z 2 &

gl 7} X 4] o] E(propylene carbonate, PC) 5 ¢] 7}H. Y| o] EA| &-vf]; | & & H L, o]

Axad dAs 5o dFEA Sl R-CNRS §HA 2 A 209] 274, &

A = g o] gElrav|oy, oA W St = oH 2 AFE X

st = Qlth ¢4 HEHF, tHE X golr| & 59 ol =R/, 13- U S5ET 5

o] U] %4 T Bz A T (sulfolane) 50 AL 5 9Tk o] Fo M Fh
1

1 = 1o

VY A 2 8 slu o Bl & 5 ol EAsl o] B X2
AR o] = Bysh, A E e A9 7R o] EA| SHEHE(NE EH, DY
o] £, W F7b s o] £ = Hel Urhrulo] £ Bye] £ Ho] vk u}
w4 shet,

47 AEDE AF oA AN ALGH = B F ol ee AR F U= 3E
Foluhd 583 A% glo] AHgE & Ak TAH Q37 el el ol Lo
=+ F,Cl, Br, I, NO;, N(CN),, BF,, CF;CF,SO;, (CF;S0,),N, (FSO,),N, CF;CF
»(CF;),CO', (CF;SO,),CH, (SF5);C, (CF;S0,);C, CF;(CF,);S0;, CF,CO,, CH;CO,,

SCN % (CF.CE,S0,),N & ©] 70171 o] 4 A 8] 3= 4 o] & shi o] 491 5 9]

a1, A7) 2§ 9, LiPF, LiClO,, LiAsF,, LiBF,, LiSbF,, LiAl0,, LiAICL, LiCF;SO;
, LIC,FSOs, LIN(C,F5S03),, LIN(C,FsS0,),, LIN(CF;SO,), LiCl, Lil, ®=v= LiB(C,0,),
ol Abgd 4 vk 7] 2 FS O] Bt 0.1 WK 2.0M 9] ol A Abg
Aol Frh. B F e Fusk A 8 9lel £eEY, Aaldo] A 4G AL o

HEg b nE 59 Aad 45 S ek 5 el o F ol ol aRHow

o1 %% 5 Atk
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[137] 7] DA 139 24 0] U3, OHH 19] &9 4l -3 F 400 kgfol A 9
[e]

[138]
[139]  H|xd3
[140] A7 AAe 13 24 o] 5 L3HH, Ohﬂ 19] vbf Al 5] 2 400 kgfoll A 2]
[141]

[142]  W]id 4
[143] 71 AAle] 17 24 o] TdstH, OHH 19] ek 3-3) B 400 kgfoll 4 ]
[144]

[145]  ®]aLe 5
[146] 7] AAlo] 13} Aol T3y, of gl 3 19| S A 3] 3 400 kgfoll A £

12

o) [e]
ool MR 2 3T FEAS Fuls

[147]
[148] A 1: 5 8 EZ EH A
[149] D AA W a e =5 Cu-Ka XA Xra)oll 23k XA 314 ¥4 (X-ray

Diffration, XRD) & 243}tk -4 & © &, Rikakuft XRD 48] = o] &3} Cu-
Ka B}l 7| £ 2 2 40kVE S 3810], Alzd dxE Evol Yol XAd& 7] 4
Aol AL Y Q= 3] d AXE FA o RM, AR M4E SA 6, ol 5
ol-gste] 5t7] A 22 w9l A I E =&l
[150]  2)400 kgf= FAA] b W I =4 7](Caver Pellet Press) & o] &3Fo] =
A

G2 I VRS STk FAG R, FT BB 5g2 2¥50] A
% 13mm¢l FEH 9] Friol WEglel A& T, 400 kefe] §HH S Fhate] ¢l

w8 s,

[151] 1]
99 2uAY) | A E(@400kgh) | AL E (P)
A1 101.51 2.29 44.33
A A4 2 101.23 2.14 47.30
A 3 101.7 232 43.84
A< 4 100.8 2.04 49.41
H] alef | 101.79 1.85 55.02
H] aLef] 2 101.86 1.9 53.61
H| 3] 3 101.4 1.98 51.21
H] 2o 4 102.4 2.03 50.44




16

WO 2024/136522 PCT/KR2023/021251
H| 14 5 101.5 242 41.94
[152]  <¥ 5 ol AA A x>
[153] Aol 1WA 4 F v Lo 1 WA 504 A2 Axsk = d =24, 7 59 &=
A A L PVDF HlQIH & 95:2:39] F&H| 2 N-H 2 1] &&= Fol| A £3sle] &
= &Y E Azt A7 = SelEE EFa JAA Y Aol Exsh

[154]

[155]

[156]

[157]
[158]

[159]

[160]

[161]

T, 130°Co A 112 F, sk ste] F5& Al

&= SEAE Testo| E, A A2 A super C, I E 24 SBRICMCE
95.6:1.0:3.49] 0| 2 & 3slo] & &g & A 25laL o]l & a] A A A 9
ARl 323 2 130°Col M A x & gAste] 55 A xsk3lt

A7 F= S5 Abolol] el A Alst] A= ZHAE A2 vk, o]
= AA Aol 2= i F-oll AN F, 7] Aol 2= Wi -5 Qs A& Fdste] 7
F ol AAAE A 23] 3] sl - ol @l 7hR | o] Eyv] v e 7 E | o]
E/MoEt R o] EE 1:2:19] B[22 Ze 9 F7] &l IM 55
LiPFsS &8 A1 7] a1, 25 3% 2] vl d &l 7 H o) E(VO)E A 71ate] Al %33 T,

1) 2000 kgf (2 ton) &2 TSI A] bl . 2% =4 7] (Caver Pellet Press)E ©] &
sto] = =2 A EHEE SASAY. T AA B2 G 2= 5gE
ol
|

2BEo] A8 13mme! YEF ] Frjo WE

2) &% 57 A A A= 29 0.35 g/25en?, 33 A 4.6V, B A
oL 2.0V, 25 40°C, A5 20 mA oA =4 dte] 1 A= s17] 7 20 7] A&
=}

3) & EA 7] £ 54 AFvho33cz Agste] i 88 545
AL, A7 SRS AV % S0 B 2o R e H & FH(%)E St
#2090 71 A8k Ak

[3%2]

A EE Z7] WA &5 & 54(%)
(g/cm’) (mAh)

]l 1 2.46 277 70

2 A 2 2.43 293 67.2

2] of] 3 2.46 282 72.3

2 A o 4 2.37 281 67.6

H| 3] | 2.15 268 66.8

H e 2 2.25 273 66.3




66.1
66.5
64.2

PCT/KR2023/021251

272
262
270

17

2.23
2.25
2.47

WO 2024/136522

[162]

wK

[163]

AT,

P
]——r

<3
=

9%

A
L 154

e = )

S 2H o 4 A]

1

kel
=]

ol

wir
ﬁo



18

WO 2024/136522 PCT/KR2023/021251

[ 1]
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[7d -3} 3]

[T 4]

[7d -3} 5]

[7d -3} 6]

(7478 7]

3 9bsha,

A F @A Aol
= (P)7} 42 WA 5021 A ¢l o= &4,

sh71 4 19 s 55 2
(4 1]

Ht o

P = Vunit«mcell/

/2)1_7] );l‘| 101]}\-1, Vumtcell‘—— H }\q]‘gl J—:’L‘U’](A?))i 0}7] 2] 2# E“H E%E]:ﬂ‘,
dygo> 400 kgf O 2 FAA] 9] el ® X (g/em’)o]
4 2]

2
Vunit—cell = 3v3 x (a /2) X (C/B)
B71 A 2004, a R o= G 2EH Y XRD SH 2N E REYE 2R
AAE A F Aol
A1Ekel 9lel A,
A7) 2 5 (P)7F 43 W A] 4991 A Q1 =T
A 138} 0101}\1,

m U
i
i)

=

A7 A E(P) 71 44 W] 481 AN = =4

A1kl 2o A,

A7) a¥=2.85 A WX 2.88 Aol aL, AF7] 3= 14.23 A W A] 1429 ASl A<l ok
=5 254,

Al18kel] 9lof A,

/\o 7] d4008 2.00 g/crn LHX] 2.40 g/cm3?l 4?_ Oo]:% %%@

Al18kel] 9lof A,

7] el F FA AolgE AketE-2 8] s)sha] 12 3 E = A
= 2=

(5} 1]

Lij,.[Mny . sNigM1M24]0, Ay

371 352 1001 A,
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In, Ru, Nb, Sn, Sr @ Zr= o] Fo] 7 7ol A A el g o] - 3} o] S ¥ 3}
O]’,]__

AFN,P, S, F 2 CI& o] Fofxl ol A A Elg of - sl o] 4
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