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Abstract

Cobalt-free spinel LiNio.sMni.sO4 (LNMO) has attracted considerable attention as a high-voltage cathode
material for lithium-ion batteries due to its high operating potential (~4.7 V vs. Li/Li"), relatively low cost, and
improved environmental compatibility. However, practical applications of LNMO remain challenged by
electrolyte oxidation at high voltage, transition metal (particularly Mn) dissolution, aggravated interfacial side
reactions, and insufficient long-term cycling stability. The spinel LNMO intrinsically possesses three-dimensional
lithium-ion diffusion pathways and can crystallize in either an ordered (P4s32) or disordered (Fd3m) structure. In
the disordered phase, Ni and Mn are randomly distributed, typically accompanied by a small amount of Mn*",
which enhances electronic conductivity and rate capability. Nevertheless, the presence of Mn*" may induce Jahn—
Teller distortion and disproportionation reactions (2Mn** — Mn?" + Mn*"), leading to Mn?* dissolution into the
electrolyte and subsequent capacity fading. Therefore, achieving a balance between improved conductivity and

structural stability is critical for optimizing LNMO cathodes.

In this study, disordered LNMO (Fd3m) was synthesized via a co-precipitation method followed by high-
temperature calcination. To enhance interfacial stability, a surface engineering strategy was employed. A cerium
dioxide (CeO2) coating was first applied to the LNMO surface to mitigate electrolyte side reactions and suppress
Mn dissolution, benefiting from its oxygen vacancy characteristics and HF-scavenging capability. Subsequently,
a reduced graphene oxide (rGO) conductive network was introduced onto the LNMO-Ce surface to improve
electronic transport and reaction kinetics. X-ray diffraction (XRD) analysis confirmed that the synthesized LNMO
exhibited high crystallinity without detectable impurity phases, and the CeO: coating did not alter the original
spinel structure. Scanning electron microscopy (SEM) revealed that the material consisted of well-defined particles
with sizes ranging from 1 to 3 um. Inductively coupled plasma (ICP) analysis verified a Ni:Mn atomic ratio of
0.5:1.5 (1:3), consistent with the target stoichiometry. Electrochemical measurements showed that at a rate of 0.1C,
the initial discharge capacities of LNMO, LNMO-Ce, and LNMO-Ce-rGO were 127.8, 130.7, and 138.1 mAh g
!, respectively. After 300 cycles, the corresponding capacity retentions were 88.2%, 93.0%, and 99.4%. These
results demonstrate that the CeO: coating effectively suppresses interfacial degradation and Mn dissolution, while
the rGO layer further enhances electronic conductivity and rate performance. The synergistic effect of dual-layer
surface modification significantly improves the cycling stability and electrochemical performance of high-voltage
LNMO cathodes. This work provides a promising design strategy for advancing cobalt-free high-voltage spinel

cathode materials toward practical lithium-ion battery applications.

Keywords: LiNiosMn; 504, Co-precipitation, Calcination, Coating, Cerium dioxide, Reduced Graphene oxide
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