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Abstract: In recent years, the development of new energy vehicles industry is accelerating. Lithium nickel cobalt
manganese/aluminum oxide ternary cathode materials (NCM/NCA), especially with the nickel content =50%, has
aroused great interest in both academia and industry. This is mainly due to the fact that the aggregative parameters of
performance and cost of NCM/NCA are superior to those of traditional cathode materials, such as LiCoO, and
LiFePO,. However, the application of NCM/NCA is affected by a number of drawbacks, including poor safety and in-
sufficient cycle stability and so on, which are mainly attributed to its crystal and surface structure. Researchers have
carried out various efforts to solve these problems and further improve the performance of NCM/NCA. Some remark-
able results have been achieved in the past few years. In this review, the latest research progress on coating and doping
of Ni-rich ternary cathode materials is summarized from the view on the mechanism of structural and electrochemical
improvement of NCM/NCA. Finally, the perspective for the development of NCM/NCA cathode materials is also pro-
spected.
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Fig. 2 Degradation mechanisms of NCM523 and phase transformation after cycle tests under high—voltage conditions
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1 FROEEAEETHEORBILEE™
Table 1 Discharge capacities of Li-ion batteries

with different coating amounts™*!

Discharge capacity /(mAh-g™")

Sample 0.1C 1C 2C 5C 10C 0.1C
/3 cycles /5 cycles /5 cycles /5 cycles /5 cycles /5 cycles*

0 196.8 168.9 1558 131.8 945 184.6
Iwt% 2139 1855 170.2 148.1 121.6  207.2
2wt% 203.8 161.1 1479 122.6 92.1 195.7

* After cycling at 10C
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Fig. 6 Typical cycling performance of undoped and Mo-doped
NCM523 at (a) 45 C (4.3, 4.4, 4.5, and 4.6 V, C/3 rate) and (b)
30 ‘C (2.8-4.3V, different rates)®
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Red: oxygen atoms; Grey: Ni atoms; Violet: Mn atoms; Blue: cobalt
atoms
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Table 2 Cycling performances and rate capabilities of
NCMG622 with different doping agents!**!

Cycling performance (1C@200*) Rate performance

Sample
3.0-44V 3.0-46V 16C/0.5C
Pristine 75.59% 72.99% 64.94%
Zr 87.61% 81.05% 73.94%
Zr/Ti 94.20% 91.71% 79.57%

* 200 cycles at 1C rate
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