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Abstract: The cathode material LiNi,,Co,,Mn,,0, for lithium ion battery was doped by F using a high temperature
solid state method with lithium fluoride. The microscopic mechanism of F affecting the structure and performance of
LiNi;;Coy,Mn,,0, was investigated by X-ray diffraction (XRD), scanning electron microscope (SEM), X-ray photo-
electron spectroscopy (XPS) and electrochemical measurements. The results show that appropriate dosage of F can
increase the specific discharge capacity, rate capability, cycle performance and thermal stability of the cathode
material. The optimum comprehensive performance of the material can be obtained at F molar fraction of 1.5%, the
initial discharge specific capacity (0.2C) and capacity retention rate after 50 cycles (1C) were increased from the
original 174.0 mAh-g" (78.7%) to 178.6 mAh-g™ (85.7%), respectively. The improvement performance of the
LiNi,;Co,,Mn,,0, cathode material by F doping can be attributed to the ability of F to enhance the bonding between
the transition metal, lithium and oxygen layers, which improves the structural stability of the material. In addition, F-
doping is beneficial to decrease the interface impedance and charge transfer impedance during the electrochemical

reaction.
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Fig.2 XRD patterns (a) and partial enlarged details (b) of NCM and NCM-x
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Table 2 Detailed structural parameters for NCM and NCM-x

Material a/nm ¢/nm V/nm? cla o031 104) d(Li—0)/nm  d(Me—O0)/nm R, R,
NCM 0.287 6 1.4209 0.101 8 4.939 1.468 0.2109 0.197 4 4.04 5.02
NCM-0.01 0.287 5 1.4202 0.1017 4.939 1.712 0.2110 0.197 2 4.06 4.93
NCM-0.015  0.287 4 1.4200 0.101 6 4.939 1.650 0.2109 0.197 1 3.99 5.08
NCM-0.02 0.287 2 1.4189 0.101 4 4.936 1.582 0.2107 0.1970 4.08 4.99
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Table 3 Electrochemical performance of NCM and NCM-x
Discharge specific capacity / (mAh-g™") Cycle performance
Material
0.2C 0.5C 1C 2C 4C 0.2C 1C(1st) 1C(50th) Capacity retention
NCM 174.0 165.3 153.1 130.8 73.2 162.7 139.6 110.0 78.7%
NCM-0.01 187.1 179.3 169.8 139.9 98.5 174.6 150.6 117.2 79.7
NCM-0.015 178.6 172.3 154.3 134.2 86.07 166.3 147.5 126.5 85.7%
NCM-0.02 168.4 159.6 143.7 128.1 67.5 157.1 128.2 116.6 90.9%
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Table 4 Fitting results and diffusion coefficient of NCM and NCM-x

Material R/Q R/Q R,/1Q D, ./ (cm*s7)
NCM 235 97.09 287.8 7.52x10713
NCM-0.01 7.27 55.93 184.6 8.36x10°12
NCM-0.015 7.77 35.32 171.4 7.92x10713
NCM-0.02 771 126.6 58.03 6.28x10713
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Fig.12  (a) XRD patterns and (b) local magnification of NCM and NCM-0.015 before and after cycle
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Table 5 Structural parameters of NCM and NCM-0.015 before and after the cycle

Material Condition a/nm Aala ¢/nm Ac/c V/nm? AV/IV
Original 0.287 6 1.420 92 0.101 8

NCM 0.37% 0.18% 0.58%
50th 0.286 5 1.423 61 0.1012
Original 0.287 4 1.420 07 0.101 6

NCM-0.015 0.35% 0.13% 0.39%
50th 0.286 4 1.421 99 0.101 2
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