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Abstract

Synthesis, Structure and Performance of Li-Ni-Co-Mn-O Compounds as Cathode

Materials for Lithium Ion Batteries

Li-Ni-Co-Mn-O compounds, especially LiMn;;3Ni;;3Co0;30;, are promising candidates
of cathode materials for lithium ion batteries because of higher capacity, lower material cost
than LiCoO, and good thermal stability. In this study, many research methods such as
structure analysis, surface analysis and electrochemical tests were applied to study the
synthetic methods, structure and electrochemical behavior of prepared materials. We
successfully synthesized lithium nickel cobalt manganese oxides cathode materials with
excellent electrochemical behavior and reached the target of research project.

The main results are summarized as following:

1. In this study, a series of LiNi;3sMn;3Co;30, were synthesized by a combined
hydroxides co precipitation and calcination method. The samples were characterized and
tested by means of XRD and electrochemical methods. Effects of synthesized temperature of
coprecipitations and the Li:M ratios on structure and electrochemical performance of the
materials were studied. The results showed that materials synthesized with coprecipitation at
room temperature (~20 °C) delivered the best electrochemical performance. Another series of
cathode materials LixNi;sMn;3Co;;30, with different Li:M ratios were synthesized with this
method. The results showed sintering at 900 °C could cause loss of LiOH, thus more LiOH in
the precursors should be added. It was demonstrated that Li; ¢sNi;3Mn;/;3Co;,30, showed the
best electrochemical performance with initial discharge capacity of 194 mAh/g.

2. Compared with layered Li-Ni-Co-Mn-O cathode materials, lithium-rich layered
cathode materials like xLi;MnO;(1-x)LiMO, and xLi,MnO;(1-x)LiM;04 which contain
Li,Mn,03; component can deliver higher capacity, but the electro conductivity is relatively low,
the irreversible capacity of the first cycle is high. In this work, we synthesized a series of
xLi[Li;3Mny;3]O2(1-x)Li[Ni;3Mn;5Co013]0; (0<x<0.9) by a combined hydroxides co
precipitation and calcination method. Structure, morphology and electrochemical

performance of the materials were characterized and tested. Electrochemical test results

A-3
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showed that the as-prepared materials could deliver high specific capacity when charged and
discharged between 2.0-4.8 'V, at the current of 18 mA/g, the sample with x=0.6 delivered the
highest capacity (about 250 mAh/g) and performed the best capacity retention. Charging and
discharging in different potential range, ex-situ XRD, ex-situ XPS were applied to study
lithium insertion mechanism of 0.6Li[Li;;3sMny/3]0,0.4Li[Ni;3Mn;3Co;/3]O;. It was proposed
that the Mn*" in Li[Li;3Mnjy;3]O, component became electrochemically active when charged
at high potential. When 0.6Li[Li;;3Mn;/3]0,0.4Li[Ni;,3Mn;;3Co;3]O, material was cycled at
90 mAg' , it can deliver 180 mAhg' even after 100 cycles. TiO,-coated
0.6Li[Li;;3Mny3]0,0.4Li[Ni;3Mn;3Co/3]O;, was studied, it was demonstrated that TiO, can
prevent the reaction between electrolyte and electrode and resulted in a lower irreversible

capacity in the first cycle.

Key words: LiNi;;3Mn;3Co1/30,; co-precipitation; lithium-rich cathode materials; lithium ion

batteries
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