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Challenges and Strategies for Low Cost Cobalt-Free High-Nickel Cathode Materials

SONG Chenxi, SHEN Yang
(School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: High-nickel cathode materials are one of the most promising candidates for lithium-ion batteries with superior
comprehensive performance. These materials can achieve higher energy density than conventional lithium cobalt oxide, and
have lower cost and high environmental benignity. To reduce the cost further to meet the growing energy demand, the
development of cobalt-free high-nickel cathode materials becomes one of research challengess. This review discussed the
feasibility of cobalt removal and the key challenges for cobalt-free high-nickel cathodes. The modification strategies were
summarized based on recent related studies. In addition, the future research direction of cobalt-free high-nickel cathodes was
also proposed.
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Fig. 4 Schematic illustration of phase transition and the possible TM cation migration path in the charged NCM cathode materials

during thermal decomposition'"!
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Fig. 5 (a) Diffraction patterns from the in-situ XRD experiment; (b) dQ/dV curves at upper cutoff voltages of 4.1, 4.2, and 4.3 V;
(¢) Cross-sectional SEM images of the initial charge-ended LiNiO, cathodel'* '™
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Fig. 9 (a) STEM images of a single particle from Zr-LiNiO, cathode in the as-prepared state; (b) Bright field TEM image of a
primary particle from Zr—LiNiO, and corresponding SAED pattern in the [010] zone; (c) Cycling performance of Zr-LiNiO,
and Zr-LiNiO, between 2.7 and 4.3 V versus Li"/Li at 0.5 C rate for 100 cycles™®
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Fig. 10 (a) Cycling performances at 0.5 C and capacity retentions with respect to the number of cycles; (b) Differential-capacity
peaks in the dQ/dV curves, where the phase transition from H2 to H3 occurs, allowing a comparison of the degrees of
polarization at the 1 and 100" cycles for LiNiO, and 1% W-doped LiNiO,; (c) XRD patterns of W-LiNiO, and W-LiNiO,

with extra Li added during synthesis; (d) TEM image and EELS mapping of tungsten signal of W-1 LiNiO, sample
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Fig. 13 Schematic illustration of the structure and characteristics of commercial NCM and RASC-NCM materials
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