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Electrochemical Performance of Li-rich Layered Cathode Material
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Abstract: Lithium-rich layered oxide materials 0.6Li[Li;sMny3]0,+0.4LiNis;,Mns,Coys0, (named as LNMCO) have
been prepared by spray-drying method and followed by high temperature annealed and surface coated with ZrO,.
The TEM results show that the ZrO, layer with nano size particles is located on the surface of the particles. The
initial coulombic efficiencies and discharge capacities of the 0.6Li[Li;3sMny;3]0,+0.4LiNis;Mns;,Co460, lithium-rich
layered oxide material are largely improved by ZrO, coating, and the value is 87.2%, 279.3 mAh-g™, compared to
75.1%, 224.1 mAh-g™', respectively, for the bare sample at the room temperature and at a current density of 20
mA -g™" in the voltage range of 2.0 to 4.8 V when the content of ZrO, is 1.5%. After 100 cycles, the 1.5% ZrO,-
coated sample shows a high discharge capacity of 248.3 mAh-g™ with a capacity retention of 88.9%, while the
bare LNMCO presents a lower discharge capacity of 195.9 mAh-g™ with a capacity retention of 87.4%.

Keywords: lithium-ion batteries; cathode material; lithium-rich layered oxide cathode; Zirconium oxide coating

AR, — FR 4 BR AL 0] L Aan Ak 40 AR
Hai Al , FREET5 gy, NP LA R sk 2
I fuf 75 N 2 X6 R 5L A7 At 1) T SR BOR e Pyo g
[N A AT Y 23 e N N T N T | e )

Wk B 7.2017-02-18, Wi ScHs A 191.2017-05-21,

“HEAFK RN, E-mail ;lidecheng@suda.edu.cn

BB F IE AR AR L AN LiC0o0, LiNiggCogisAloes0,
LiNig3Co033Mnos0,™. 2R i A LiMn,0,™, # i A
LiFePO A5 8K A REAR G (3 /2 X AT R I AE R &
BRI R E AR M B xLi,MnO; - (1-x)LiMO,(M=



7

FAF AT 200, 178 19 )2 R 5 B IE AR AT B 0.6Li[Li;sMn;]0,+ 0.4LiNis;,Mns,,Co,0, 1 HL AL 24 1 fE 1237

Ni,Co,Mn,etc.) H T HEA R & A & BAKW
A L AR i i JS e M S| TR 2 0F 58 N B
TR SR B A2 MR B A e T A A B — B e
BRI 7 LRl A s B n i P o RS R A
B WA 2% B LA B B 2ok AR v F e A R RO

DRI S AR 22 B A 98 T AE S0 T o DL L )
M ntB 2%t I 4 B T R FelS Mol Rul'8 FI
Mg Til2V | Y255 g 6% 3 oi HCep Ak 27 Mg | X H i
XPRA RSP ) — B 07 05 —Fh 7 R AE MR
FIE A E K |, Zr0,3 MgO™  CaFP45 5 i e FL A b1
BRI L figp VAR A 2 i AT B A R Y F Ak 2R PR R
FRE T MR FE T H Ik 2 v A AR 25 A s T D
RIRAVERA MR, B F R B RN ETHEAT
A B it % v DT E AR B 2o B TP RS T M R 2
AL AT 32 28 2 o 7E AR M B R — 2
P 9 S50 B L e AR A AR R R fie YA 1) L 3 fiok DT
TRAF ERA R ZS /I ER 2 . Hu"55 R 200, 61755
LiNig3Co033Mngs30, B 8E  FEARFE 700, 6178 )2 X+
sl FE e F R DB i A PR RE R 52 ), TR I 22T
FATHIE T Ze 3B 2850 T & B 20K B R S k)
0.6Li [Li;sMnys]0,+0.4LiNis;,Mns;,Coys0, B AL 22 1 fiE
MISZI |k B 4% Zr BB 2R RE NS 4R TH M RE Y B
PEL I FL L 25 o DL R bk e AR S AT T 20, 12
B 0.6Li [Li;sMnys]O, - 0.4LiNis,Mns.Coyc0, £F fi | 35
5% 70, A7 X FE S (9 FL AL F PE BRI 2 MR | 4K 5 X L
PR DT A Bk A, AL XRD  TEM #1 HRTEM
AT AT LAAR | ZeO, B0 7 R O B AT 2R SR 1)
S5A8 TN T 4% Ze B2 FE S 2ot tE AT B BEEY db
K& i DT AE O PR A B T AR E T A R S kA
1.5% ZxO, GLEEAE it 8 B AR RO, IR HL [
K FIEIVERE LI T 4% Zr BIFE S, T 4% Zr
B2 A R R B T 1.5% ZrO, G FE S

ABIE5E e R G 25 TR 65 L LNMCO, A5
SR FH 5 JE B B 1 86 AT 700, B SRR A L
T Ay BCR 1.5% WRE B H B A R L A A
T B P AR ROCR D A Rk e, 200, U 2
XoF AR 2R ST W ) E Ak A 1 BE R 52 g 2 T A
I

1 SEWHES

1.1 EfBEHRME LNMCO KIHl &
¥ LiOH -H,0 (if # 5%) Ni(CH,COO0), -6H,0 .
Co(CH,C00),-4H,0 F1 Mn(CH.COO0), -4H,0 i fk %

Th i B F i A S5 W J5T 1 S 1 — 2K B A A TR T A1
0.4 mol - L™ B, SR WS 25 TR A B P35 2
(VWG R AR AT IR A4 b /D B BT AR T 5 o
Jrrh 000 CHRBE 25~30 s, SR K PG S 1 7 A A
B R N T SR 900 CCHBERE 12 h, JBbe sl
HJ5 ST 2R B K SR IR T ES HE T RDAS 3 0.6Li
[LiysMny5]0, - 0.4LiNig;,Mns,Coy60, (i 45 4 LNMCO)
=T

1.2 ZrO, 8% LNMCO Ml &

HBUAE 18 0.6Li[LiysMnys)0; - 0.4LiMng;oNis;Coy60,
IEAR MR T 100 mL 7K 1 B FE 0.5 h, 2R 5 K A
B S BEIR 4% 1:1 B9 B i B 22 LU PR o3 0l % T
K H b e RO A A A A E RO R Y
1.5% 3% 5%(TE LR HMM A ot i E A
I3, SRIE G PP AT AR IR T W, T TR B v R — T —
T TEA A eb AN Wi 11 I8 K 0 IR 5 T 21 80
CHEMRINL 3 h 247, IeJa 78 RIOK IR E 20 2 5
AR, B LR E T 110 CF T4 12 b, RS JE
SR JEAE S 3R b b 400 CCHBBE 5 h, AR H S IF
J& | BI45 3 ZrO, 7 1% 0.6Li[Li,sMnys]0,- 0.4LiMns,,
NigCoye0, Z A IEM KL,

1.3 HRHPRESBAFNK

i H AR Rigaku IV A9 XRD W32 44 9 25 44 |
PL Cu Ko 8518 (1=0.154 05 nm), 5 5K 40 kV, 5
T 40 mA, G 20 -min™, FH#E A E (2008 100~
80°, K HH H A% SUS010 3 4 FL 45 47 JE 55 11 W
2% UK 10 kV, FEE ESCALAB 250Xi 9 XPS il i
TCEL G Al Ko fE5TIE DL Cls 284.6 eV MHnifE
B 3K BB 1% . TEM & 26 [# FEI-Tecnai G2 F20 S-
TWIN,H K24 200 kV

B IEPEP) BT Super-P(5 FL ) PVDF (R 45 7)) #%
8:1:1 Wy i Lb ¥ ) F IR G AE A HLE F NMP 2y
6 h, B IR LK SR S R B AR R | 4R
JETEA 110 CHYE2S TR TR 12 b B8 B
M E AR 14 mm IRV R EA , 45 8 B4R R 6
W, EE Celgard2400 4 & | LiPFs /EC:DEC(1:1)4
ML, 7E FE I S T A 4 % B CR2032 41
SR, R R AF ) CR2032 F11 3K HE it i #E Land-
CT2001 LM R GE E#fE 6 h, SRJ5 73 Al T1E
i1y s A 0 A 0L 5 W= 1 5 W - e
(25 C), MLk 2~4.8 V, UL % E 20 mA -g™' T # 4T
H 30 78 W0, 7E HLUI 2 BE Ol 20,100,200 ,400 ,600



1238

xoH Ak

mA - g FHATRE R TR,
2 HR5ITH

2.1 XRD R{EF XPS 447

K1 AR Zr0, & AL A O i X ST 2 At 5
B, B Rr LR W BT RE S 0 A7 S 4R b AR
B HBA R AP Ss A R 32 LA 0 LA IR
N a-NaFeO, 250 09 R3m =5 B BE , 5 AME 200~
25° I 55 0 A LR C2/m 25 TBIRE Y LiMng PFH 25 1
i A% A T HES XA BT LiMnO, 589>, M 1
T LR E I B Z2r0, 9IE . TRERE 7200, 40T
e A,

1 WATR Zr0, & AL FE S S S8 (a,
¢, SRR (V)R Loy Lo 0B SEL a e 5390 R &2 )8
JRF 22 1] 9 B 2 DA R 2 TR o] LB | 70,
AR AR AL RE S Y o (LT —FE, £ 700,
AU R AT AR AR i () T, 5 T8 0 AR & 1)
B X — S AERATE A TEM 03 ) 25 5 02—

¥ %33 %
g
g
L
;gg z g :UEIE
771 2 = 5% Z10,
o N )i-z’./_-n...- T —7
£ L *k.. 3% Zr0,
ottty b | —"-uu-h-l'\--'. L W———.
g 1.5%Zr0,
o R o 1L~L ‘""‘"""':,“"j‘:.lu1\«1&:‘6w
[

10 20 30 40 50 60 70 80

20/(%)
K1 LNMCO X 1.5%, 3%, 5%t 7r0, f7 LNMCO
B B XS LA AT
Fig.1 X-ray diffraction patterns of LNMCO, (1.5%, 3%,

5%) ZrO,-LNMCO samples
B, R Loyl B9 HEAE AR SR 2 P N2 HI Lites
TR HERL AR O A 1Y SCHRIRIE |, 24 T/l
ERF 1.2 B IR HEAT DL Zmg AN 10
Kl 2 & INMCO & 1.5% 3% & & 7r0, £l 7

&1 LNMCO % 1.5% .3%.5% &= ZrO, 8% LNMCO R &IES# (a, c), BEERV)F Lyl
Table 1 Lattice parameters (a, c), cell volume (V) and I/l of LNMCO, (1.5%, 3%, 5%) ZrO,-coated LNMCO samples

Sample a/ nm ¢/ nm cla V / nm? Lo/ 104
LNMCO 0.2852 1.426 6 5.002 2 0.100 2 1.33
1.5% 7x0, 0.2852 1.425 4 4998 1 0.100 4 1.33
3% 710, 0.285 3 1.423 9 4991 8 0.100 3 1.27
5% 7x0, 0.2852 14213 4984 1 0.100 1 1.31
Nidp TRV Co2p, 780.3 ¢V Mn2p  642.1eV

LNMCO
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Binding energy / eV

Binding energy / eV

800 810 640 650 660
Binding energy / eV

Zi3d  yg23ev

175 180 185 190 195
Binding energy / eV

25 530 535 540 545

Binding energy / eV

12 LNMCO % 1.5%, 3% it Zr0, {25 LNMCO ¥ il 1y XPS 8]
Fig.2 XPS images of LNMCO, 1.5%ZrO,-LNMCO, 3%ZrO,-LNMCO samples
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Table 2 Electrochemical data of LNMCO and (1.5%, 3%, 5%) ZrO,-coated LNMCO samples at first
charge-discharge at a current density of 20 mA -g™*

Sample First charge First discharge First coulombic Trreversible
capacity / (mAh-g") capacity / (mAh-g") efficiency / % capacity / (mAh-g")
LNMCO 2983 224.1 75.1 74.1
1.5% 7x0, 320.2 279.3 87.2 55.3
3% 7x0, 2784 224.9 80.8 63.5
5% 7x0, 266.3 208.4 78.2 57.9
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Fig.8 Rate performances of LNMCO and (1.5%, 3%,
5%) ZrOy-coated LNMCO samples between 2~
4.8 V at RT
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