5 50 5 11 3] JiE S > B < N Vol. 50, No. 11

I

2022 4 11 A JOURNAL OF THE CHINESE CERAMIC SOCIETY November, 2022

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.is3n.0454-5648.20220251

G & OF

P L A XEABOR R TG I 8 Bk e e AR O %

T4, RxF, Tk, xFN, FLHE XK, & X
ORHERR T AR RI Y TR B 1050 REURPPRL BB A5 %, 0T K% 116024)

O MEERIAE T RETEME RS USRI R R, R TR T DV T i AR IR R B I R R
T ERR A RL R B THE - i B B O . PR R IR PR S A IE AP RHLRM) B AT o A 28 AR (>350 mAhrg ™)
AR I L 25 5 (>250 mA-h-g )2 O BT (K4 B9 7 b AE AR B — o SR, LRM IEARA B X Coulombic LA
B e 2 DA SRR ) R AN A B g S5 i, B PELAST T MEAR R . RSO R T LRM IEARAAAH AR i 1A 1) B HLA
MUBRSE D5 T W FE b fE, 734 7 LRM AFAE R e KGR . B BB BT B0, BB SREGZE Bt BREERR 5
T JEMRR A AT A MR DA AR AR N ST Th 4T A 41 7 LRM IERRAPRH o e, DAY LRM IERR AR
KIEFALIBR TGS, B2t LRM IR SEFR N -

KA. TR, FEMEEEWRMEL: RGN, RO, o
PESES: TMI11 NHFRER: A XEHS: 0454-5648(2022)11-3040-21
[ 4% B AR BT [E]: 2022-09-30

Challenges and Solutions of Lithium—Rich Manganese-Based Cathode Materials for
Lithium—Ion Batteries

YU Wenhua, ZHAO Liuyang, WANG Yanyan, LIU Xinpeng, LI Hongyi, WU Aimin, HUANG Hao
(Key Laboratory of Energy Materials and Devices (Liaoning Province), School of Materials Science and Engineering, Dalian
University of Technology, Dalian 116024, Liaoning, China)

Abstract: With the rapid development of consumer electronics, electric vehicles and energy storage, it is urgent to improve the
energy density of secondary energy storage devices represented by lithium—ion batteries. Cathode materials are a key issue to improve
the energy density of lithium—ion batteries. Li—rich Mn—based layered oxide cathode materials (LRM) are considered as one of the
most promising cathode materials for lithium—ion batteries due to their extremely high theoretical specific capacity (>350 mA-h-g™")
and reversible specific capacity (>250 mA-h-g™"). However, the low initial Coulombic efficiency, poor rate performance, and rapid
voltage and capacity fading of LRM cathode materials seriously restrict their industrial application. This review introduced the
research progress of the crystal structure and electrochemical mechanism of LRM cathode materials, and analyzed the problems of
LRM. The modification strategies of LRM cathode materials were comprehensively introduced from the aspects of morphology
design control, doping, coating, defect structure design, gradient composition design, layered/spinel heterostructure construction, and
electrolyte additives. We provided some ideas and guidance for the future development of LRM cathodes to ultimately promote the
practical application of LRM cathode materials.

Keywords: lithium ion battery; lithium-rich manganese—based cathode materials; crystal structure; reaction mechanism; modification
strategy
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Note: Usq is the on-site Coulombic repulsion energy that splits up successive redox potentials; h.s. and Ls. are high spin and low spin, respectively; AE represents

the energy level difference.
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Fig. 4 Redox couple evolution of Li; ,Nig ;5C0o ;1 Mng 550, during cycling, (a) The contribution towards the discharge capacity from
each element at various cycles, (b) Effects of electronic structure change on the Fermi level.(c) Diagram of the correlation
between redox couple and energy level of each element!”
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Fig. 5 (a) Schematic diagram of two nanoplates and their surface structures™. (b) SEM image of the Nij,sMng 75(OH), precursor.

(c—e) SAED patterns of the Nij,sMng 75(OH), precursor along different zone axis
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Fig. 9 (a) Schematic diagram of preparation process of CNT/ spinel hybrid conductive layer modified self-supported LRM cathode.

(b) HR-TEM images of CNT-LR-S samples. (c) The lithium ion diffusion network was calculated by combining DFT and

valence bond theory. (d) Calculation of migration activation energies of Lithium ions in layered and spinel structures along

different diffusion paths!!®*!
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