Journal of Industrial Technology, Kangwon Natl. Univ., Korea, No. 42:1 (2022) 7~12 ISSN 1229-9588
elSSN 1598-1371
https://doi.org/10.22805/JIT.2022.42.1.007

SaA stoldA A=A TR 2lE 4d H MY HAUS

A Mechanism Study on Formation and Reduction of Residual Li of High Nickel
Cathode for Lithium-ion Batteries

¥lSe, LEe, gee, Zade
MinWook Pin?, Beom Tak Na?®, Tae Eun Hong®", Youngjin Kim®*

@ Research Institute of Advanced Manufacturing Materials Technology, Korea Institute of Industrial Technology, Staff
Research Scientist, Incheon 21999, Republic of Korea

b Busan Center, Korea Basic Science Institute, Principal Research Scientist, 30, Gwahaksandan 1-ro 60beon—gil,
Gangseo—gu, Busan, 46742 Republic of Korea

¢ Department of Materials Science and Engineering, Kangwon National University, Assistant Professor, Chuncheon,
24341, Republic of Korea

Received 13 October 2022; Revised 8 November 2022; Accepted 9 November 2022

Abstract

High nickel layered oxide cathodes are gaining increasing attention for lithium-ion batteries due to their higher energy density
and lower cost compared to LiCoO,. However, they suffer from the formation of residual lithium on the surface in the form
of LiOH and Li,CO; on exposure to ambient air. The residual lithium causes notorious issues, such as slurry gelation during
electrode preparation and gas evolution during cell cycling. In this review, we investigate the residual lithium issues through
its impact on cathode slurry instability based on deformed polyvinylidene fluoride (PVdF) as well as its formation and reduction
mechanism in terms of inherently off-stoichiometric synthesis of high nickel cathodes. Additionally, new analysis method with
anhydrous methanol was introduced to exclude Li’/H" exchange effect during sample preparation with distilled water. We hope
that this review would contribute to encouraging the academic efforts to consider practical aspects and mitigation in global
high-energy-density lithium-ion battery manufacturers.
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Fig. 1 (a) A proposed degradation mechanism of PVdF by
dehydrofluorination in an alkali solution. Reproduced
with permission from ref. 10. Copyright 2020 American
Chemical Society (b) A cathode slurry gelation due to
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high residual lithium content.

permission  from ref. 11.
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Fig. 2 (a) Formation of residual lithium compound and their
reconstruction strategy via coating in high nickel
cathodes, (b) various coating strategies on cathodes: (i)
uncoated; (ii) typical coating; and (iii) interdiffusion
based coating, Li/Ni mixing in high nickel cathodes (c)
before and (d) after interdiffusion based coating, and (e)
super-exchange interaction of Ni**-O,--M: (i) 180° (M:
Ni** and Fe’") and (ii) 90° (M: Co®") super-exchange.
Reproduced with permission from ref. 9. Copyright 2021
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Fig. 3 Illustration of the Li-leaching mechanism of high nickel
cathodes during analyte preparation: (a) Residual lithium
compounds (LiOH and Li,COs) can be observed on the
surface of LiNig9;Mng¢3C0y.060; (NMC9I1), (b) Water for
analyte preparation can lead to dissolve residual Li and
additional Li"”/H" exchange from NMC91. (¢) Co-rich
LiNiyCo0;xO,
LiNiyCo0,xO; (green) were formed on the surface of
cobalt hydroxide coated NMC91 (Co-NMC91) after dry
cobalt precursor coating on NMC91, and (d) additional
Li'/H" exchange from NMC91 effectively suppressed
with cobalt-rich surface coating layer on the Co-NMC91

(yellow) and lower nickel content

in water during analyte preparation. Reproduced with
permission from ref. 7. Copyright 2021 American
Chemical Society
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