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Abstract: Lithium-rich layered oxides (LLOs) are the most promising next-generation cathode materials for
lithium-ion batteries. However, the performance degradation triggered by their bulk-surface dual deteriora-
tion severely hinders commercial application. Herein, a synergistic modification strategy of bulk Ti*" doping
and zirconium nitrate solution quenching is proposed to construct a dual stabilization system of “bulk
strengthening-surface protection.” Ti' substitutes Mn sites in the bulk, significantly inhibiting lattice oxygen
release, transition metal (TM) ion migration, and irreversible structural phase transition via strong Ti-O bonds;
solution quenching enables rapid ion exchange and in-situ structural reconstruction, forming a Zr-based mul-
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tifunctional layer with Zr'" doping and a disordered rock-salt shell on the particle surface, which functions as
interfacial isolation, lattice oxygen stabilization and Li" diffusion channel expansion. The results demonstrate
that the structural stability and electrochemical performance of TZ-LNMO are remarkably enhanced. Spe-
cifically, it delivers a reversible specific capacity of 271.8 mAh/g with an Initial Coulombic efficiency (ICE)
of 85.21% at 0.1C. After 300 cycles at 1C, the capacity retention reaches up to 90.8% with a small voltage

fading rate of 0.56 mV per cycle.

Key words: lithium-rich layered oxides; Ti"" doping; solution quenching; disordered rock salt structure
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Fig. 1 SEM images of LNMO, T-LNMO, and TZ-LNMO samples, and the SEM-EDS mapping images of TZ-LNMO
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Table 1 ICP-OES analysis results of all cathode materials

Sample n(Li) : n(Ni) : n(Mn) : n(Ti) : n(Zr)
LNMO 1.197 : 0.201 : 0.602 : 0.000 : 0.000
T-LNMO 1.196 : 0.202 : 0.574 : 0.018 : 0.000
Z-LNMO 1.184 : 0.207 : 0.609 : 0.000 : 0.007
TZ-LNMO 1.186 : 0.203 : 0.576 : 0.020 : 0.006
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Fig.2 XRD patterns of LNMO, T-LNMO, and TZ-LNMO samples
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Fig.3 HAADF-STEM images with FFT patterns of T-LNMO and TZ-LNMO samples
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Table 2 Refined structural data for LNMO, T-LNMO,
and TZ-LNMO samples

Lattice parameter

Sample  Space group

a/nm b/nm c¢/nm V/inm’

0.28595 0.28595 1.42544 0.100 943
0.28596 0.28596 1.42584 0.100971
0.286 09 0.28609 1.42720 0.101 162

LNMO R3m
T-LNMO R3m
TZLNMO  R3m
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Fig. 4 Initial charge/discharge curves, dQ/dV curves and rate performance of various as-prepared cathode materials
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Table3 Cycling performance of all cathode materials at

1C
Capacity/ Voltage Energy density
(mAh-g ") Capacity
Sample g retention/% decay rate/ after 300 cycles/
Ist  300th (mV-cycle”)  (Whkg™)
LNMO 193.3 103.6 53.6 1.38 320.6
T-LNMO 205.8 150.8 73.3 1.19 488.4
Z-LNMO 203.9 166.5 81.6 0.87 556.0
TZ-LNMO 200.9 187.0 90.8 0.56 637.9
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Fig. 5 Cycling performance of various cathode materials
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Fig. 6 SEM and HRTEM images of various cathode materials after 200 cycles at 1C
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Fig. 7 XRD patterns and transition metal (TM) content deposited on the separator of various cathode materials after 200
cycles at 1C
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