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Cl-Doping Lithium-Rich Cathode Material Li;2Nip.13C00.13Mny 540, for Regulating Lattice
Oxygen Reactivity and Electrochemical Performance

ZHOU Guojun, Qu Yifan, LI Afei, TANG Weijian, CHEN Zhangxian, YANG Zeheng, ZHANG Weixin
(School of Chemistry and Chemical Engineering, Hefei University of Technology, Anhui Key Laboratory of
Controllable Chemical Reaction & Material Chemical Engineering, Hefei 230009, China)

Abstract: Lithium-rich cathode materials have attracted great interests due to their advantages, such as high energy density and wide
voltage window. However, their shortcomings like low initial coulombic efficiency and poor cycle performance have hindered their
commercial application. Lithium-rich cathode materials Li; ;Nig3C0¢ 13Mng 540, .Cl, (x=0, 0.025, 0.050, 0.100) with different molar
ratios of chloride ion (C1") doping were prepared by a co-precipitation method. The regulation mechanism of Cl~ doping on the
improvement of the electrochemical performance was investigated by X-ray photoelectron spectroscopy, in-situ X-ray diffraction and
galvanostatic intermittent titration analysis. Compared with the pristine material, the initial coulombic efficiency of the cathode
material with Cl-doping in a molar ratio of 0.05 increases from 72.8% to 81.5% at 0.2 C, and the capacity retention increases from
57.9% to 79.1% after 200 cycles at 1 C. It is indicated that Cl-doping can regulate the electrochemical behavior of O® by oxidizing
the more into O" (n<2) and less production of oxygen gas, thus reducing the structural deterioration. Meanwhile, the larger ion radius
of CI” can expand the layer spacing, reduce the polarization and accelerate the lithium ions diffusion in the lithium-rich and
manganese-based cathode material, thereby enhancing the initial coulombic efficiency and the cycle performance.
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Fig. 1 XRD patterns of all samples and XRD Rietveld refinement patterns of the LR sample and LR-0.05 sample
®1 HHXRD BREEINRESHER
Table 1 Lattice parameters obtained from all samples’ X-ray Rietveld refinement
Sample alA c/A VIA® cla Ry /% Ryp/%
LR 2.8443 14.2174 99.609 7 4.998 6 2.11 2.68
LR-0.025 2.8468 14.2175 99.7856 4.9942 2.04 2.57
LR-0.05 2.8469 142256 99.8494 4.9968 2.04 2.61
LR-0.1 2.8477 142261 99.909 1 4.9956 6.40 7.90

a and c are the lattice constants; V'is cell volume; R, and Ry, are the reliability evaluation of the X-ray Rietveld refinement.
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(e) Elemental mapping of LR-0.05 sample
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Fig. 2 Characterization of precursor and LR-0.05 sample
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Table 2 Inductively coupled plasma-mass spectroscopy (ICP-MS) results of samples

Sample CLi /(mg-L'l) CNi /(mg-L'l) Cco /(mg-L'l) CMn /(rng'L'l) nLic ANi : ACo © Avin

LR 53.9 45.1 53.1 195.2 1.180:0.117 : 0.137 : 0.540
LR-0.025 90.3 78.1 90.4 3309 1.167: 0.119: 0.138 : 0.540
LR-0.05 53.2 48.1 54.2 194.0 1.172:0.125 : 0.140 : 0.540
LR-0.1 99.2 87.6 97.7 348.5 1.217:0.127 : 0.141 : 0.540

¢ is the mass concentration of ions; ny;: nn;i : nco : B 1S the molar ratio of Li, Ni, Co and Mn.
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Fig. 3 Electrochemical performance of samples
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Table 3 Electrochemical performance of all samples

Initial cycle

Capacity retention

Sample Charge capacity at 0.2 C Discharge capacity at 0.2C  Coulombic Discharge capacity at 1 C

/(mA-h-g’l) /(mA~h-g’l) efficiency/% /(mA~h-g’1) 1 C, 100 cycles/% 1C, 200 cycles/%
LR 3255 237.0 72.8 192.8 69.7 57.9
LR-0.025 342.1 264.3 713 197.5 79.3 66.1
LR-0.05 3529 287.5 81.5 200.1 80.3 79.1
LR-0.1 3335 252.7 75.8 196.5 732 62.9
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Fig. 4 GITT and EIS measurements of samples
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