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Abstract

Ni-rich Co-free layered cathodes such as LiNig9oMngg7Alp0302 (NMA) are promising for high-energy
lithium-ion batteries, but their practical application is hindered by interfacial instability and mechanical
degradation during cycling. Herein, a concentration-gradient NMA (CG-NMA) cathode is synthesized by Taylor-
flow co-precipitation, yielding spherical secondary particles with a Ni-rich core and a Mn/Al-enriched outer region.
Compared with homogeneous NMA (H-NMA), CG-NMA exhibits markedly improved cycling stability, with 85%
capacity retention after 200 cycles at 1C/1C versus 65% for H-NMA, together with better high-voltage
performance and enhanced rate capability up to 10C. Electrochemical impedance spectroscopy indicates lower
charge-transfer resistance and slower impedance growth in CG-NMA. Post-mortem analysis reveals that the
gradient architecture suppresses severe particle pulverization and preserves the secondary-particle framework after
prolonged cycling, whereas H-NMA undergoes extensive structural disintegration. The improved electrochemical
performance is therefore attributed to the combined mitigation of interfacial degradation and mechanical failure
enabled by concentration-gradient design. This study demonstrates that Taylor-flow-enabled gradient engineering

is a promising strategy for developing durable Co-free ultra-high-Ni cathodes for practical lithium-ion batteries.

Keywords: Ni-rich, Co-free cathodes, Concentration-gradient, Structural stability, Post-mortem analysis
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