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Figure 1 (a) Voltage capacity diagram of lithium-ion battery cathode material; (b) Energy density of batteries with different

positive electrode materials (using graphite as the negative electrode).
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Figure 2 Method for modifying the rate performance of

LNMO batteries.
AL RBRLEIR T IR f A B AR5 IR B 1E AR A

B} LiNip sMn, 5O, I 45K 5 1R RE, DL ARG
TRIFILVER BT, EEE S R IRE
M OB KB 4. BB, RS, ag
TSR S H I SR T BUR IR T AR A T AR IR
ARG R AVEREANIE A PERE BRSOt g . iR
Ja, W T I SRR RR A & S B T R AE
AR PRBE DL R A BE BT T T A AN A2 RTR SR K
JETi 1, R T O A T AR AR R B I BB FY
VARl

2 LiNiysMn, 0,0 & 1 548k

LiNiy sMn, 5O, ¥ & 44 55 ¥4 75 1VF 22 SCHR 35
AikEM, RIELE SRS T SR E AR,
I i A1 LiNig sMn, 504 %34 Fd3m 767 #H 5 P4;32
HIFAH2 B, 2= [Al g5k 1 3(a) B 3(b) Ao
Fd3m JC /5 A0 N T O ST 7 B4R A 4574, Nizt s
Mn*/Mn* BEHL PO i A 1) 16d i &, Lits O*
gyl s 8a fl 32e i1 B, W1 3(a) . 522
XTI, P432G P AH N TR B AL TT 45k, HhNi2t s
Mn**. LitZ> 5 536 4b. 12d. 8c i &, O* i
ScHil24e 1 E, E3(D) Fiam. AL ERE
N ] BL43 2] LiNig sMn, sO4 ) A A AH: - £E 700 °C
FAMRGRE T, o] PUE A Mn* F N2 &
A7 I P4;32 £ fER i I be 45 R FE (=800 °C)
N, AL, O Mot S RN M3, i
WBEEE T, HHF3mAH, RYE
MLEEHF 5T, X T TG 5 AH Li,NipsMn, 5O, M x<
0.5, A2 NigosMng 750, (5 #HiAH) <> LiNig sMn, 504
W5 AH S N (R R Ni%/NB 48 AL 36 TR HL X 24
0.5<x<<1H}, KA Ni2*/Nid* & LI 5 H 5T X B
AR N . STEFPAIAHEL, 8 7AH LiNigsMn, 0,
1R 0<<x<<1 ()76l W AN £ 7 9 A & B2, B
Nip sMn; s04/Lig sNipsMn; sO4 A1 Lig sNig sMn; 5O,/
LiNiysMn, sO, Z [A (AR AL o AR [ S R



34 TR =52 LiNiy sMn, 5O, IER R ) £ A0 e M 70 13t g 212

LNMO ] & 4% 1 88 16 B ik i A2 4k s 1 & A2
FH IR LB 2 T BORT AR, 351 I Bt Al A2 K B
K b s sh 2 PR s A AL A AR R 3h F1 2% . IR,
Jo 7 LNMO R I H EEA F LNMO B4 (1) 5 2k
RE PN 285 1) m] T PE03), TG P LNMO H & il e 245
AARE SR, 145 Mt B8 R N Mn3*,  fEAE

Fd3m

(a)

(c) -
—Disordered Fd3m
. = Ordered P4,32
—_ Ni-O } ;
3
©
N
‘®
g RRTHARFAR
-y Ni?*-0
E A ¢ H

200 400 600 800
Raman shift (cm™)

(d) =

5.0 Crenta sz

A — Qrderde
—/

245 NN, NiINi
[}
(<]
g 4.0 Mn3*/Mn*
O
>

3.5

3.0

4.7 V (Ni2*/Ni**, Ni3*/Ni*") A1 4.0 V (Mn3*/Mn*")
P2 e R & . A7 LNMO kel il E 1K,
o IR A, Mn* R HPEIE R Mo, ALY
H 1447V (NiZY/Nid, N3Nt B AR e B P
U4, RO R A B, BT FR T i 2
KRS 3(d) Frs.

P4,32

(b)

0 20 40 60 80 100 120 140 160
Capacity (mAh-g™)

B3 (a) Fd3m L7 A g5 R n K (b) P4;32 B 7 A 25 (B 5 #4775 B (o) B P ARFIJE 7 A LNMO # 8Lz 2 0 1 1
(d) B FHATE A LNMO #8178 J50E i £8 .

Figure 3 (a) Schematic diagram of the disordered phase space structure of Fd3m; (b) Schematic diagram of ordered phase

space structure of P45;32; (c) Raman spectra of ordered and disordered LNMO materials; (d) Charge discharge curves of

ordered and disordered phase LNMO materials.

3 LiNi()_5Ml'l1.504 E,‘J %‘J % 7‘5 i%

R S5 A LAt AT AT, LiNigsMny 5O, 9 L
b 2 T fE 52 A BT 1 R A R4 1 R B T
LNMO (16 % 77 ¥ 32 A5G [ AH A O R &
B ANEA BT ER S IR R . RS
JRSFWANE . A543 T LiNigsMn, sO, 1 32 2
HROTE, FER RS T BRE ROTER A
BRI R AT 5 A5
3.1 SiREMEE

R AR A A, VR, AR
T ML IE A% M R B H I T vE 2 — . 2016 4,
Wang S5051 % H e K16 i i B AH 9%, BANGO.
Mn;0, F1 Li,CO; 5 K5 B T LNMO AR AL KL o
%321 4% 1) LMNO 1E AR A BLHE 10C £ 2 R (17

B EL 28 BN 122.9 mAh-g!, 7F 1IC 5 R FIEH
100 X Ja B B IRFFR N 97.4%, @ T4
fi] AV ) 2 R TEAR A RE (2399109 103.3 mAh-g ! Al
89.0%). 2016 4F, Gao SR H PR 20 B 45 1) =
IR E A%, PLLIOH-H,0. Ni(CH;COO0),-4H,0
A1 Mn(CH;COO),4H,0 N R KL, 73 HITE N, fil s
Shkeds, MU T NiE M RN, 153
hEmIE S AUD . Ak AR AL IR AT
T5 R AT LMNO M 8L (Fd3m), A sl 72 2
T2 P e 1 4 FT o o 10T 7038 i A Ak 1) [ AR
%, RIDATT T RER TR MR C &, ik
THRES I AL R . AR AL S BFIRE S TE 0.1C fif
KR, BRI LA E N 138 mAh-g!, 100 %1E
WG RO 2 88 133.9 mAh-g ! 7E 5C 5%



213 B o ;5 WO 2024 4F
=1 LiNijsMn, O, IEARA R & T2 .
Table 1 Synthesis methods of LiNi, sMn; 0, cathode materials.
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Table 2 Performance comparison of different LNMO positive electrode materials modification methods.
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Review

The Preparation and Modification of LiNiysMN,; 0, Cathode Materials with

High Rate Capacity Performance

WANG Rui-han, LIU Bei-bei, LU Yong, YAN Zhen-hua, CHEN Jun"
(State Key Laboratory of Advanced Chemical Power Sources, Key Laboratory of Advanced Energy Materials
Chemistry (Ministry of Education), Renewable Energy Conversion and Storage Center (RECAST), College of
Chemistry, Nankai University, Tianjin 300071, China)

Abstract Spinel LiNijsMn; s0, (LNMO) has the advantages of high voltage plateau (4.7 V), high reversible
capacity (~140 mAh-g’"), good thermal stability, low cost, environmental friendliness and high energy density,
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making it one of the most promising high-voltage cathode materials for future applications. Compared with the
traditional cathode materials LiCoO, and LiFePO,, respectively, LNMO can provide energy density 20% and
30% higher than them. However, different micro- and nanostructures and compositions exhibit vastly different
electrochemical properties, and the cycling and thermal stability of LNMO-based lithium-ion batteries are poor at
high temperatures and in aqueous environments due to the oxidation of organic carbonate solvents and
decomposition of LiPFs. Therefore, it is necessary to systematically and comprehensively summarize the
structural features, preparation methods, materials and electrolyte modification progress of LNMO cathodes. This
paper firstly discusses the structure as well as the electron transport property of LNMO anode in detail. On this
basis, new advances in recent years in improving the cycling stability and multiplicity performance of LNMO-
based batteries, especially the multiplicity performance and cycling stability enhancement strategies at high
temperature, are highlighted, including three aspects: material synthesis, material modification (elemental doping,
surface coating and morphology control, etc.), and electrolyte design. Finally, the future research and
development of LNMO cathodes are prospected.
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