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(57) Abstract: The present invention relates to a positive electrode active material, for a lithium secondary battery, comprising a
lithium tetramethylsilyl borate (LTB) coating layer and a preparation method thereof and, more particularly, to a positive electrode
active material, for a lithium secondary battery, comprising: a core comprising a lithium composite transition metal oxide; and a lithium
tetramethylsilyl borate coating layer on the surface of the core. A positive electrode active material according to the present invention
enables a nanoscale-based artificial CEI layer to be formed on a Ni-rich NCM positive electrode surface by means of a chemical
reaction between a Ni-rich NCM positive electrode material and an LTB even at room temperature. An LTB layer formed on the surface
enhances the surface stability of the Ni-rich NCM positive electrode and enhances the electrochemical performance of a cell using
the LTB-coated Ni-rich NCM positive electrode. A method for preparing a positive electrode active material according to the present
invention is simpler and more efficient than a common coating method which requires temperature exceeding a three-digit temperature
value (°C) in order to coat the surface of a Ni-rich NCM positive electrode with an inorganic material.
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TMSBell A Hell thall 0.12 ppme] 32 LIOTMSell A Hell th 8l -0.20 ppme] $1t}
HkS-o] ek5 ¥ 2, 8 4ko] 0.05ppm o2 W3 H = A& #E3sgl o, o] = TMSB
2 LiOTMS 9] 3184 317 ol A o] W&t ¥} 5 Vet TMSBoll A €] tH
Ao gk s ko] ¥sh= thE A ¢ 2= J97tA] wletgl o,
o] A2 TMSBO| A2 k9] L7715 ettt shte] A2 dwt LIOTMS7H
21870 F-7F uhg (A 22 B-O 23] & Ad)oll o3l TMSBS| B ¥ =}el]l 274 €]
AAE E718H4, o] A2 LTBo A B U4 919 AA 5 S7hA AL, §
e the oA ¢ d= 2 WA Zlthi= Aot

[58] E& 1B NMRS 928l 820 o] LTBO] #H] A4S vebdIth(= 3). 1B
3] A= TMSB(LTB ] 43S 913 & E2)oll A 15.52ppmoll A 2= LA 7
o= ¥4 T 233ppm e E AAE o, ¢] = WheFo 2 § o] Wl E
YEFATHAS =+13.19ppm). ©] 712 B whgzle] 3 A 2] ALtz 2
z23}5 o] &}, 318 Hk-g-o] WA EH A8 shielding WEF O 2 415 3ppmTHE
o] F 3= Ao AANE AT AAE, LTBE &4 B4 9] ok Al 1} i v =
7] gH el A o] 31eh4 Qb8 A& vER o], LTBS A& A<l 3 &
L EFA TR 4). TMSB 2} LIOTMS 2] 'TH NMR 23 E 82 TMSB$} LIOTMS 7}
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[59]
[60]
[61]

[62]
[63]
[64]

3o 318 vh-g-& T8l g A el ¥ Y] widell A g 7] B el =EH = 1H
ol ks %H W3S e thx 4 0 2 1H NMR #2418 LTB7} &7 <l
= E Q& W LTBO| 2 =0 A ojul &k ®i3} i Uehl A 49koH, o] =
LTB7} TMSB 2 LiOTMSS} H] w8 o 8}81% o & g4 o] A} 41 &

UEeldlt), o] 3}8kA oA A o ?sixi sk &84 LIBO| A o] LTBO| AR-g-of o &t

10}
AA

838 AH T el LTB: dwrd o & tf7] 84 o) A o] &= A= 78
A Tl 484 5 3

2 F HEGWMEAE R | E(LTB)Y 9&

LTB2| F 475 (scavenging performance)-> LTBE TBAF(tetrabutylammonium
fluoride) ¢} 8} 8} HE-g- Al S 24 lFH R om, A E §HS NMR - FHE=E
WA SFATHE 5). 1 2¢] A vhe} o], LTBOI o ¢k 'H NMR =3 E 7] 2
0.05ppmell A W€ 7] (-CHyoll 24 1H 3] A2 & YEbdT], 88 Hkg & —CH39] S
e SE o R 0,17 ppm A ZE H QAL H 99 § ghol o &
d9q o= vpylo] utel LTBY At W7t S7hehg ¢ 4= Sleh -3l EEL 4,
82 £ A2 &F 2 2 E v el 2 F(fluorotrimethylsilane) 7} %Ed-ﬂ H 3 7.9
A FAdstH, o] = F E3 LTB Akol o] 3}8} uhg- whAlof] o gk w3 8t4] S/ =
g = Qlth =5, LTB+= 318 whg-o o3 F &5 S92 2 & A A5,
HE-5- A A 2(scavenging adducts) 2 = F 9 2 E €] W] €l 2 2H(fluorotrimethylsilane)<
g giet ol e gk AHE s1efsto] HF &7 REg& g kg A2 E
A Qb TH( 5= 6). LTB W] O &= 1] At AAE 2H7] wjitof] 94714 o),
231 D2 A HeE ARV S Sl A 28 E ¢ ok 1R g3

EQG e &4 o] 2o FAE A F-Eol S\2 W3-l o &l 21 AAA Sis
TASH shaL, ge] B A3 g8 53
2 Z E g W€ A @(fluorotrimethylsilane) 2} 7] LiB(OH),2] F- A 7
B2 Al skt A1l gl Al4H(first-principles calculations)& A}F-83Fo] LTB <2}
HF Afolof A dojuf= whg-of thdh 32 2b-f ol Y A(RG)E B 7HeE A3, (G =
-18.4 keal mol! o], HFol| ¢]&F LTBS] ¥-3| & o]0} x| = 5h-3-& ol st 4] o 72
28ttt & vebch LTB W] B-0-Si 232 HFel| 2] 3] B-OH ¥ F-Si

T ooz m b o
ox, —{m é

3)LTBE Z¥ 3 NCMS811 4= 54 A3
El
[e]

LTBE A= 28 TANA A= H7HAZ A8 e i, 28 5 A 8- LiNigCo
0.Mng,0,(NCM81 1) 2 LTBE FZH ¥ NCM811 %= -2 FA} A=}
1) 74 (SEM) 2 53} A 2} 3| A(TEM) L. E H4] 8 th(& 7). SEM o] 1| X &
313 NCMS11 %‘XH A7)l = ¥ &t %PLP dAto] 1 e+ LTBY]

7 ol 93] W3ty ¢l EDS ¥41-& LTBE ZE ¥ NCMS11 ¢k A B
HAael 3.6 FHFRe] EAE AABS AL, o] DA =9 ol L5
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Byt Uw v g FRA 588 TEM #4112 LTBE ZE ¥ NCMSI11
G=o] ol ZH A b NCM811 F=ro] ¥ = 31\* A
o Bl %] %] ¢S NCM8I11 © 80%6 9 3 E B o

[65]
[66]
[67]

[68]

[69]

H NCM811 ol A 3= Ud_ T ZE& FHHA #EE 4 A)
FEZ 9| zlo] &= 4 L1 El(5 ~ 8nm D%)airﬂr A1l A 8)2 1)
2ol Agre gst s
o8tz o 2 £-2]38hH, 2) NCM811 k=2 &4 o] &(Niz+, Co*,
o] &8 HkS wal JoslA o7 §as, 3) LTBY A4
o] ¥h-§-2 LTB9| -3 & FHkslH, o] = LTB T}
¢ @rf‘%w Fi 2F-g 0 2 Qe w9 ¢+ g AlH S

|

Mn+)Z} LTBS] O
Qo]g El= %Lé_l:
NCM811 A= Alo
F 58ttt A YEd
Cx

Hh&2 el CEL 5=

(4) LTBE g3 NCM811 =2 A7) 8384 A5
LTBE gt NCM811 =9 A7] &8t4 d5& AL-olA B7F stAvh(=
2 9b). 7| Aol Zoll A, LTBS] H 719} #A|glo] Sol 4 Ql L& a2

A A Fdr}. o] 27] 5ol A &% 194.0 mAh! ol A
FEE JATHNCME11 : 194.3 mAh', 0.01 LTB-NCMS11 : 192.9 mAh'!, 0.025
LTB-NCMS811 : 192.5 mAh! ¥ 0.05 LTB—NCMSll : 196.9 mAh). Alo] &
A & (cycling retention)< A -0l A 50 Alo] & Zof ZF FA|H ) B A&
95.0% ©|/4] v]-8-%F X5 (specific capacity retentlon)% L ERL OqE}(NCMSII :
95.0%, 0.01 LTB-NCMS811 : 96.5%, 0.025 LTB-NCM811 : 97.1% % LTB-NCMS811 :

96.7%).

9c P S odyoll A, TR H A & NCMSI11 =02 2¢HH

ok L
o]
H o1} LTB g NCMS811 =0 =

;ﬁx] - == 7w %

Atol &5 A x| = A 9] &3 (potential profile)oll A =] & A Ve

ol e gk apo] H& 1o A NCMS811 =9 %™ A &o] F7tate] ok 14
oI Sh(surface kinetics) & $53l Q-5 VEFATE YA o] FH3 NCM Y= A 7}
A A S Niv T2 HZo] W NCM &= oA dafjd&

5

=

el sho] ko] & A s ol AZsHAl Astdth A AR, Y ¥ A %2 NCMS11=
Aol 9 H A2 100 ALol & Foll 54.4% (117.1mAhg ) 2] H] &% §-X] & (specific
capacity retention)2 WEFRI T BHO| 2 LTB= I8 ¥ NCMS11 =02
Atol Z | A& 100 Aol & Foll & /| Abol & Trxlge LEFATHO0.01
LTB-NCMS811 : 69.1%, 0.025 LTB-NCMS811 : 75.5% 2 0.05 LTB-NCMS811 :
75.0%). Aol & A &= NCM811 4= 9] LTB $H&fo] F 713l upe} e/ ==

Ao = YEtytt) o= LTB7t 21 7] 31814 &/ 54 &t o] Atol &
wmmﬂ A7l B2 ol gh= A& o v gk},
A} 1= 5 Alol & NCMS11 ¥=9] 1 el & SEMe =2
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[70]

[71]

F A3 THE 10a 2 10b). AFo] 3 © NCM8112] SEM o] 1] X = Alo| &3 ¥
NCMS8119] o] Aaf|d Fa| 2 sl Falld 72 AetA 9o 7]
| <ol 12} 4 AH(primary particle)AFeloll Al 8 7}s&F 2 A& YEhi A

1=
W gahl thebetan, % WY bR el g o R HBHAA®

A A d wEl 7F Ak AS ol mf gt o] el gk A 3= EIS A ol A #
HATHE 10c E 10d). 7] Aol &l A, RSEIZ} f-AFSHA|
L}EFSE © TH(RSEI : NCMS8119°1 4] 9.54 Q 2 RSEI : LTB & NCMS811°l 4] 8.71
Q), o] = NCM811 %=Fol] LTBE A 7}slo] & Aol A Liro] Bof tf & o 8} 2)
71 & (kinetic behavior) & ZrA&A| 71 4] &&=tk 28 YT Alol &3 &
NCMS811 Afol =] i A3 QA Al Z-7Hth: RSEI 42 7] Aol Zoll A
2 R} 2u) o)A £ 19.5 QF Z71E Q) o] &) vt & Alo] &
hr NCM81-& Akol & o] &= F-7Fgt Wi A 32 HFepbu % 7, RSEI 46>
NCMS11 gt} oF 30% SEITHRSEL: 13.8 Q). ©] = LTB7} Alo] &1
Asd FlE a4 o2 A5t NCMS811 Y= Al 52 A oHgd Al &
A 71 AL, Lol M & Abo]l 9 Al B2 A It A& Ve
A =0l A LTBE] 932 XPSell 9] 3] Alo] Z 3 ¥ NCM811 ¥=&
Ao 24 o Wahsl A oh(5 11). Cls 2F ER 2 Alo] Z % ¥ LTB 3

ZE7E Y = A YETE A A 02 Aol 25 ®l NCMS11 =2 A&l 2
alol et AR 59 = = 1A% Cls ¥ A5 YERY I UH-C-H- (286.0
eV), -C-0- (287.5 eV), -C=0 (287.5 eV) & Li,CO; (289.6 ¢V)). Ato] = ¥ LTB
Hi- NCM811 &=l A Cls 9 A Y A= T A, 3] A 7%= NCM811
SFoll A FEE A H T Skt o] 12 NCMS811 &=oll A A Zhg A& =
a7 Ay ghe e Th Fls 29 E -2 8t o] 2] gk Faof A

L ERITE ALo]l 25 1 NCMS11 =2 8l 2 -8l 2 Q18] Li,PF, (687.3eV) %
Li,PO,F, (688.5 eV)9} ¥ ¥l 7% Fls ¥ A& YerWth EnFA%E, Alo] 29 ¥
LTB- -7 NCMS811 %=2] 7 $-ol|i= Fls 3] A7} 685.6 eVoll A -7 5] 1t}
3o w2 | o] 9] 3= Si-F 2F-&7] ol 7113t} ar 3o} LTB O] ¥-AF 1-%¢] Si
2L-&71 5 AEBkE 8 7hA] o] = Aol A Aol F4 W] &3l E Hxlet= F
ES A7 8= Aotk A 22 Si-F F =9 A H F1e] #3228 LTB2F NCMS11
Atole] }8kA 5 2hg-o of sl & /d % 213 CEl T NCM811 &=

T Ao A7] g}etA EEE AT Rk ol ek, NCMS11 ¥

S FEATI= H 71 gt A o g
ICP-MS -4 (52 12)2 B3] dol & Aol A d & &= &

— O

[e}
YEACHLTBE Z 8 ¥ A &-& NCMS811° 4] Ni(708.2ppm), Co(101.2ppm) L
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[72]
[73]
[74]

Mn(86.3ppm)). RFtH 2, LTB & NCM811 &=ro =2 &3E AX] = Ao| 75
AR =5 Ni(305.9ppm), Co(88.9ppm) L Mn(56.4ppm)2] &3l 7F A4 2 2t}
ole gt Arf R E ¢ 7}A] AE2 At A= HIFAQ LTB7F &= 3ol F-
HE-S-A] o1 F CEl 2 Al gt =4 NCM811 $=9] Al ot A S apdog
77101, whek A =9 R aLL-ol A o A7) e s g A Al It
Zlolt},
a2

A LTBE A 5har 914 8h7] el 1 =5l
4= A AT NiZk 3573 NCM &= Al 5.9 CEL A= o] 2241l 35t
342 NiZk 548 NCM &=r9] & =0l A Si7t Fef Aststal, 07} & o]
w4 AR Adeta, B7FOS Adst e vk A= 2®W 3 ek ol gl
3} s} uk-g-of] 2] 8l Ni-rich NCM %= 3ol 4= v vl ¥ 57| 2] 534 <1 LTB
¥ CEI Zo| {7 g4 %At 00 LTB-NCMS811 4= 52 =2 rlo]&d 4
A= 55°Co A AR Aol 2% FA £(75.0%)= WEFH AA 7, 28 = 4]

% NCM811 %= =27 AM% H AL 100 Alo) F Foll 54.4%2] H] &
FrAES el 3 YA o] 3 Prﬁ& NCM %=-2] SEM, EIS, XPS &
ICP-MS #4123} LTB ¥ ¥ CEI T 53] a2 A sl A &8l of &2
npkAlehx] 2 1 HES& g apd o2 oA|ste] AlH b A o]
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A8
[ 1] sh7] (3o 112 ¥ = gi 58 dola& A se & E3hsh 510,
EL
7] Zole] el 2l F H
tetramethylsilyl borate) T & 5+
oA AR = FEA:
[3}8H21]
LiNi,Co,Mn. O, (0.6<a<0.9, a+b+c=1).
[%d 73 2] A 13kl Qlof A,
271 2l F HEGHEAE Yol E=
Ed~E v E A )R g o] E(tris(trimethylsilyl) borate) & 2] &
E g v & A E A =(LiIOTMS, lithium trimethylsiloxide)& & &3}
AZEH = AL EAHO R = gF o)A AX & ok= 24
8731 AlFel slefA,

A7 #F B3 dolFE AEE-E LiNiggCoy Mng,0, ¢ A& Ex o2
sz 2 ol A0A 8 4T FEA,

B734] A1l AolA,
7] e F HEgHE A E B e o] E= F A7 5 (scavenging
performance) & 7HA| = A& 53 0 & sh= g F o|AHAE = S EA.

87851 A4l oA,

A7 B F HESHE A E R g o] E= F 9 §2 ®E-g-< 9] 3
=5 0 2 E g v g A H(fluorotrimethylsilane) 2 LiB(OH),E A4 3F+=
A EACE o= g i ol AR & = =4

[7d 73 6] A1ael] oA,
A7 A EHEGHE A dEolE ZEFE 1 ~20nme] A& 5 o=
st B4 ol A A E = A

7 -3 7] A&l 2l oA
A7 B HESHEAE R g ol Ex of = &4 AA| F5F o] 0.5
WA 3.0wt% 91 A& 5 o0& 5= B F oA E S5 2EA

[7d 73 8] A 13 LHZ] Zﬂﬁ% Fo- g Y A=A E ¥3let= A S 5HoR

%73} 9] A 86%1 1ol A,
271 B F o) xFA A = 55°Col A Lit/Lioll thall 1.0 Co2, 43 WA 3.0V

ASE RI7F AL 100 Aol 2 F 87 i Al # o] 3 £(100%) HH] 69.1%
1491 A& 5109_ sh= gl B ol AFA A
(478 10] EdaEgvEdd)igolE 2 g F Eg v g A B A =2 23lato]
25 HEGHE A H R E o] EE Al x5k W,
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(a) Pristine LTB |
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