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Synthesis and Properties of Cathode Material Li,,Na,,Ni(3C0y:3Mn,s0, Prepared by
Ball-Milling Assist High Temperature Solid State Method
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Abstract: The cathode material Li;oNag,Nip;3C0013Mngs50, was synthesized by ball-milling assist high temperature
solid state method with acetate (lithium acetate, sodium acetate, cobaltous acetate, nickel acetate, manganese
acetate) as raw materials. The structure, morphology were characterized by XRD, SEM. The electrochemical
properties were investigated by cyclic voltammetry, charge-discharge, and electrochemical impedance
spectroscopy. The results showed that doped sodium causes the surface smoothness reduced and the formation of
new phase NagzMnO,gs. The initial charge and discharge capacities are 258.4 mAh-g™ and 215.8 mAh-g™ of the
sample doped sodium and bank, respectively, with the initial coulombic efficiencies of 75.2% and 72.8% at a
rate of 0.05C; their discharge capacity was 116.3 mAh-g™ and 106.2 mAh-g™ at a rate of 2C. Sodium doped can
reduce the irreversible capacity in the initial charge/discharge cycle, improve the discharge specific capacity
retention, improve the rate performance and capacity recovery features, reduce the SEI film impedance and

charge transfer impedance. The sample doping sodium can basically complete the transformation of the Li,MnO;
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to the stable structure at the first cycle, however, the bank sample need two cycles to complete the transformation

process. The XPS result showed that the proportion of Ni**, Co®, Mn* increased significantly after sodium doped

which can improve the stability and the electrochemical properties of the sample. The XRD results after 200

cycles showed that the sample doping sodium and the bank have a basically consistent phase change in the

reaction of insertion/deinsertion of lithium ion and the damage of good layered structure leads to poor cycling

stability.

Keywords: lithium ion battery; Li, (Nag,Nig;3C00,13Mngs505; ball milling; sodium-doped
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Table 1 Value of 260 and d of (003) and (104) of samples

(003) (104)
Sample
260/ (%) d / nm 20/ (°) d / nm
LNO 18.723 0473 6 44.719 0.202 5
LN2 18.682 0.474 6 44.675 0.202 7
x2 HERWRESH
Table 2 Parameter of crystal lattice of samples

Sample ¢/ nm a/nm cla Tooy! Loy
LNO 14212 0.284 9 4.988 1.590
LN2 14237 0.284 7 5.001 1.597
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Fig.3 SEM images of samples
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* 3 XPS #HE(eV)
Table 3 XPS binding energies in eV

LNO LN2
2P 3n 2P 12 2}7 32 2P n
Ni/Ni* 853.3/854.3 871.2 853.3/854.3 859.9
Co*/Co™ 778.7/779.4 793.8/795.2 778.7/779.3 788.1/793.8
Mn*/Mn* 640.5/641.6 652.7 640.6/641.7 652.7
Na* — 1 069.9
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