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LiFePO, coating for Enhancing the Interfacial Stability of High-Ni Cathodes

Mirim Oh

Department of Smart Green Technology Engineering, The Graduate School,
Pukyong National University

Abstract

Ni-rich cathode materials are highly advantageous for achieving high energy density due to
their high Ni content, which enables significant lithium-ion insertion and extraction.
However, this also leads to severe structural instability and surface degradation during
repeated charge/discharge cycles, especially under high-voltage operation (4.5 V). To
address these issues, this study applies a surface coating of structurally and thermally stable
LiFePO4 (LFP) on Ni-rich NCM cathodes to enhance surface stability and interfacial
characteristics. Unlike conventional complex coating processes, a facile and scalable
method using a Thinky mixer and low-temperature annealing was employed to achieve
effective surface modification. Electrochemical performance evaluated via coin cell tests
showed that the LFP-coated NCM exhibited a discharge capacity of 176.8 mAh/g after 100
cycles with a capacity retention of 85.7%, representing an 8.2% improvement as compared
to bare NCM. XRD analysis revealed that the decrease in the 1(003)/1(104) ratio was more
higher in the LFP-coated sample, indicating low cation mixing and improved structural
stability. XPS results demonstrated a significant reduction in LiF formation, suggesting the
mitigation of electrolyte decomposition. EIS analysis further confirmed that charge transfer
resistance remained low even after cycling, implying that the LFP layer not only served as
a coating but also contributed to enhance the interfacial stability. This study confirms that
the application of LFP as a structurally stable coating material effectively suppresses
degradation in Ni-rich cathodes under high-voltage conditions. These findings contributing
to extend the cycle life of Ni-rich cathodes and suggest the potential for scalable and
competitive surface modification processes in next-generation lithium-ion battery
development.
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Fig. 1 The history of lithium-ion secondary batteries. Source: Fondation MAIF, Magnet
Academy, Skinnonews (2023).
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Fig. 5 Crystal structure of LiFePO.: (a) overall view, (b) LiOs and FeQs octahedral units (c)
POa tetrahedra.Source: J. Mater. Chem. A, 2014, 2, 1774—1780.
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Fig. 6 Schematic illustration of major degradation mechanisms in Ni-rich cathodes, including
oxygen evolution, TM dissolution, CEI rupture, cation mixing, and particle cracking. The
background shows the microscopic interface between cathode particles and the current collector.
Source: npj Computational Materials (2022) 223
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Fig. 9 SEM and electrochemical performance with varying annealing temperatures: (a)
SEM images before and after annealing at 200 °C and 400 °C, (b) cycling performance
between 2.75Vand 4.3 Vat 1 C (205mA g™).
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Fig. 10 Effects of different mixing methods on LFP coating: (a) SEM images after
coating via magnetic stirrer, hand mixing, and Thinky mixer, along with EDS elemental
mapping; (b) formation voltage profiles (0.1 C); (c) cycle performance at 1 C.
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Fig. 11 Electrochemical analysis under high-voltage conditions (4.5 V): (a) formation
voltage profiles at 0.1 C, (b) differential capacity plots (dQ/dV), (¢) cycle performance
at 1C (220mA g).
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Fig. 12 SEM and EDS mapping (Fe) of bare NCM and LFP-coated NCM before and
after 100 cycles: (a) bare NCM before cycle, (b) bare NCM after cycle, (c) LFP-coated
NCM before cycle, (d) LEP-coated NCM after cycle.
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Fig. 13 Comprehensive material characterization of bare and LFP-coated NCM
electrodes: (a, b) XRD patterns showing (003) and (104) peaks before and after cycling;
(c, d) EIS spectra showing SEI and charge transfer resistance changes; (e, f) XPS
spectra of F 1s region for bare and LFP-coated NCM.
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