E52k HEIM
2023 4F 3H

BRERMBSTIRE

RARE METAL MATERIALS AND ENGINEERING March 2023

Vol.52, No.3

B Rt SR EREME F B &

RIBILRIB R

)

K EAERTLH]

ARepF L, BRER, GERE? KREE?L AELE & 4p!
(1. A TR MAEL S %4 T %, W #H 610059)
Q. HENXFEHEBMEARAR, W) HIE 644000)

OE: B EE R R O X ) A R R

e

R T 0 I TR, AR NI AR, B

%—‘
PE#E T LiNiOy, HUALZA RS RRE ML o A% JU 3R 5 AR L TT LiNiO, A2 € P 1A RS o JELHS LiNiO, IE AR )45

e IF W45 2% 0 3T IR A B, XT R Ni SRR T

0% ERIERMEAAEER L. AXHELRNFT LINIO,

LR KR s R g MR8, ARG 43R T Cov Mn. Al Mg, Tiv Zr. W Z LB 250 R X LiNiO, 520 K A,
HWRTHETMZ LR BRULEEINBRIGER. RLEEX LINIO B/t — M, DU A 20

52577 ST RT T3l 77 R it 1 i 2 B A Y R AR AR R

KR HERIEWME: TRBA: HETRE: B2 Skt

FEZEDES: TMI12 XHEARIREG: A

XEHS: 1002-185X(2023)03-1143-12

HEBMEA. mAaRMBRENTTRERE, BIR
LiNiO, B A BRI 71 i B &% B IR AR RL . SR
LiNiO, [l #% 2 1% A 22 1 A& P9 (L1, Ni..0,,
2> mE R R AR S N, H
FA # 2 [l AN R fif v o HORFRE M L HE: (1) 5
O T % Rt R £ T A 42 P R R THT A O 1) LA 2 R b 2
AFaE e & (2) STEH ISR O & MR AR AR AL
A Z AR A R A TR 3) SRl
A INFAE LINIO, F3 A O I FAS AR 58 E 1) A8

TCER BRI LINIO, Foue VEI A ROR S « DL
fih & JE BH B 45 42 B il 4 Ni a] A4 R e i i o 2%
L BEME (RIGHHa Mz ) MERRA. R
M WEEE RS AoTER, AT LR 8
AR (NCM BL NMC) FERENH1A R (NCA) 1E
MR BB T 051N S0 R A R 1 4R e D
RS T A S SRR JFE B, AH RT3 #4 kL g5
FaE e AR e, B TRBROCH K THNEE
s BRI WM B, 45 LiNipCop,Mny,0,
(NCM622). LiNiggCog 15Alg0s0, 2. ik & 48 IER K1
BB R B Em I ERE(NCA A EZN 200 mAh-g”,
NCM622 7F 2.5~4.3 V £124 180 mAh-g)*!, BN HZ)
VRE LS 7 b DI e n AT I IE AR L. 24T, 48K

i HEA: 2022-03-17
EE&WME: EXAARFESEFES (21805018)

B w R AE A BT K EAE Ni & Bl 80%H)
MEMA R, Ni &8 KT 80%[H NCA 1 NCM JR7E#
ZHBNEREH. A, FESE— PN E S e B
() Ni e, DASE N e b 2% 5 5 B MG v 2L (R A
AL AR SREE R — P iR s B E A B NI &
HE 90%LL F, H A LiNIO, A FEIE.

iR E S IERN Ni & &, 2 SEMERE
FEIT LINIOy, fHfeE A2, TR T LiNiOy MRS,
i ML B S Sl N B AR TR A A& &, DLk
i g A R M. Rk, JEYE LiNiO, MORHEE R
VIIRAL AL PR RE, HFBH T 5 2% o0 20 2 e K
FUARE, X R B i Ni & & 1 & R IR AR R B > 15 4
JLEREFEM LINIO, HAEERE L. AXHENHAT
LiNiO, MR8 o THI G AR E P 1) /. SR 5 2508 1
BB JL X LiNIO, (52, H kit 7 A 1544
TCER . AR ZAMEHR AN, DU
R AT BB 45 22 B A1 G B 40 £ I K0T H T3
77 HLI ) A B AR R AR R

1 LiNiO, B %54

LiNiO, N4 13 5 s MRS Ceep) KRR
AW, 5% B AL Li-Ni-O | IR 3145 (1

TEE RN BRF, 2, 1997 4, WiLd, REE T REMESHEATER, )1 R 610059, Hig: 028-84078940, E-mail:

1109666476(@qq.com



<1144 - WA & RAMES TR

52 %

B4 [ VA AR R 5 T B Li A N TR HE S B 2 R A5 0,
LiNiO, Mtk 2 nT LA @ N Li;Ni;,.0, Rl 1£
Li;.Ni; .0, 1, £ (z>0.38) & EKMKK, EEEN
NiO &F#h &R, Li f1 Ni 54 4a 2. 24 Li/Ni b5
A R E R NPRE A NPT, AR N R AR
M. RSB EEF N Ni AN AR =il 2

LA NI R ~F 2 (1(Li1=0.076 nm, #(Ni*")=0.069 nm,

r(Ni*9)=0.056 nm) MK, S8 a1 M1k, i3k i %
AL )T A RN T R R T, K
ANEIJZ TR AT ML AR A0 N7, BRI AR AT 2 8] 58 47 7%
gy Lite Rk, BRSNS EIR G R #1110, 05
] ([001],) Li M Ni 02 &2 (B la), BAHEH
WL E S B (3a) FIEEAL (3b). LiNiO, &5
NART N, BN R3m, 5 a-NaFeO, %5454

TETES TR LiNiO, H, SR 7 (54 T 6c 7
M B AR R S R T NI AL, R RLR IR A
[Li]sb[Ni]3a[O]6c[l’8]o

SR, AR W ASA L, BT Ni &1 B KRB
1 e FUBEAEHET, NCRAREH, WEROSLT
J\TH AL B AR B 1 5 L NP I RAEALE, A& B
N P RRAETE . BT Ni* A0 Li' (05 1242 K/
(H(Li")=0.076 nm, <(Ni*")=0.069 nm), Ni*" 5 i #4821
3b #RAE, FEAECBH B IR HE BB R (B lb) eI,
To Ve K FRT b 7 3% 4 % LiNQO,, i 4 45 4 o A 5
A AR AL T = %f%ﬂ?ﬂlﬂ"ﬁa_im
Ni**, IR &7 LiNiO,, mdLtii. 1
13 LiNi0, 1, I3 NiTH 5 ANEEN 3b

R3m a
¢ © ©06.0._0 0.0 O o
o 6 ORe6] o, o @ Niion
° O O O O O ° @ Liion
o o @® Oxygen

OOOOO—»lMGlab
OOOOOOO

o . o—— Oxygen slab
O (\ ’7 [+]
e o |[e Jo | o
ol ol ol © O—— Lislab
o 0.6 0.0 0
0/0 O OO O O
o o o

o ¢ ¢ ¢ O

BILT, z RoROLF Li B9 0 Ni il 1R RoR
AL N ]3p[Nilsa[05]6c > 'MW M iZ A AT BLF H
NP R, Ni PSP SEAGAS N 3-22, Ni 2 AR AERT
Sz ANEEM NP, MO PR — B RO N
[Li; Ni* "] [Ni* NI’ ]3.[O06ce Al AASE # H Ni* [ 47
AR Li 2 GNP <m(Lih) Wi, 11 Ni 2K N
>N U0 Bk, Li-O BEEI/N, Ni-O BE Bk,
[FIRE SIS EL a A ¢ HBR AL &7 110 jH B IR HE 2
JERH cla LWERME, EFERT, c/ax4.9, B
1B Bt 5 AR 2 OR300 v 338 o A 2 R Ak A P
LiCoO, A B = E K ¢/a=4.99; 1%+ LiNiO,,

cla=4.93""7, FIRA MRS G LiCoO, Al LiNiO,
ZRWEE N 1(Co* 15)=0.054 nm, /NF Ni*"). H4[f
BFRAAEER, JESEE TN TR XMR
HEBR 7 FEAE G003 AT FLAE A AL 7= A2 (003) - i AH K
T 08 o B IR PE AR I T3, 18 T B0(003) 5 S 11 %
Ko FHILZF, BGERE 1 % 4 8 25 T 7E(104)
P (K 1), FE(104)F H AT, 3k
A (104) 08 3R B 36 . (R, Bl TR HEFRE BE (38 m,

(003)/(104) I8 F) 55 JBE L AR, FTHT Ligosy/ (104 L AEL 1T B
PHES TURHEFEFE . HA R A RHEM & 48 IE A R
(003)/(104) 3 FEEL = T 1.2

2 LiNiO, IEfRm IR B9 Hk &k

W LiNIO, f 5 88 IR AR A4 R T i B A AN A 1
IATENE . AR 2 AR e M5 AL, R
kA S P T ) S B B G

Partially cation mixed phase b
0 000,00 0.0 0 @ Niion
/0,0 0/'0/0 O ..
e o © o o o o ® Liion
O 0 0 0/0 ® Oxygen
®© 0.0.0 o0 o -
(104) plane ° O° O° O, O, Oo
O 0 0,0 O O
o 0.0 o0 o
0/0 O O
e o o o
O 0 0 ©O

1 TWRHER A PR R3m 4 MR 2 B K TM o5 4 482 1 350 70 B 25 - VR HE AR 45 44 R = TR

Fig.1 Schematic diagrams of the crystal for well ordered R3m structure (a) and partially cation mixed phase (b))
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Fig.2 Phase diagrams proposed from experimental and computational studies (the white and blue areas denote single- and two-phase

regions, respectively) (a); evolution of the unit cell volume and unit cell parameters from in situ XRD and the corresponding

voltage profile (b, ¢)!'™
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corresponding SAED pattern and 11 locations for EELS (b); relative atomic percentages of Ni and Al in the crystal in Fig.5b (c)!*”?
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Table1l Performance comparison of common doped elements

Doping " . . Capacity of pristine Ni-rich cathode Capacity of doped Ni-rich
element Composition Testing condition materials/mAh- g*I cathode materials/mAh- g71 References
. L ~207 (initial) 82.1%
- 0,
Al LiNig9C000sMnp202  0.1C, 2.8-4.3V 210 (initial) 67.9% (200 cycles) (200 cycles) [102]
- -y 196 (initial) 85.95%
Mg  LiNigssCoo1iMnoesO2  0.1C, 3.0-4.3V 201 (initial) 72.1% (80 cycles) ((g‘(; ‘:; zles) ° [103]
Ti LiNip9Co0.10, 02C,2.843V 65.41% (100 cycles) 89.84% (100 cycles) [104]
e L 184 (initial) 97.9%
- 0,
Zr LiNig.6Co00.2Mng,0> 0.1C,3-43V 189 (initial) 69.7% (100 cycles) (100 cycles) [105]
s o
w LiNig sCoo.;Mng 0, 1C,2.845V 206 (initial) 85% (100 cycles) 204 (initial) 92.1% [106]

(100 cycles)
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Basic Scientific Problems of Nickel Rich Cathode Materialsfor Li-ion Battery: Key
Element Substitution and Its Mechanism

Deng Zhongli', Lv Zhuoyun', Fan Weifeng®, Zhang Yanhui’, Zuo Meihua®, Xiang Wei'
(1. School of Materials, Chemistry and Chemical Engineering, Chengdu University of Technology, Chengdu 610059, China)
(2. Yibin Guangyuan Lithium-Electric Materials Co., Ltd, Yibin 644000, China)

Abstract: Nickel-rich layered oxides have become the preferred cathodes for high-energy-density Li-ion batteries due to their relatively
high specific capacity. Further increasing the Ni content, the material properties tend to be LiNiO,, and the electrochemical and structural
stability deteriorate. Lattice element doping is an effective strategy to improve the stability of LiNiO,. Clarifying the structure of LiNiO,
cathode material and clarifying the influence and regularity of doping elements on it is of great significance for the development of
nickel-rich cathode materials with Ni content greater than 90%. In this paper, the structure of LiNiO, material and the stability problems it
faces were firstly introduced. Then, the influences and laws of typical doping elements such as Co, Mn, Al, Mg, Ti, Zr, and W on LiNiO,
were reviewed, and anionic and multi-element doping and potential doping elements were discussed. This paper aims to provide a new
perspective on LiNiO;, doping with a view to developing high-capacity stable Ni-rich cathode materials for power batteries by more
efficient doping schemes.
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