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We investigated the dependence of the thermodynamic stability, crystal structure, electronic structure and electrode
characteristics on the heat treatment of Li; joMng sNiysO; as a cathode active material for Li secondary battery. Moreover, we
investigated the relationship between the crystal structure, electronic structure, thermodynamic stability and cycle performance
of LiyMn,;Co,,3Ni;30,, which obtained different synthetic process, and chemical delithiated samples. From these results, the
correlation was found between the crystal and electronic structures, the thermodynamic stability and cycle performance. It was

suggested that the structure and thermodynamic stability should provide an effective cycle performance.
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Fig.1 Cycle performances of LijoMngsNigsO, after
heat-treatment. (Temperature : 25°C, Current density : 0.2

mA/cm?, Cut off voltage : 2.5-4.3 V vs. Li/ Li")
[0 : No heat-treatment, <> : Reduction (fast cooling),
A : Reduction (slow cooling), O : High Po,
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Fig.2 Rietveld refinement patterns of Lij;gMngsNijsO,

heat-treated in reducing condition (fast cooling). Plus marks
show observed neutron diffraction intensities and a solid line
represents calculated intensities. The vertical marks below the
patterns indicate the positions of allowed Bragg reflections.
The curve at the bottom is the difference between the observed
and calculated intensities in the same scale.
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Fig.3 Electron-density images of heat-treated L joMng sNig 50,
(110) plane calculated by PRIMA. Contours are drawn from 0 to
114.6 /A’ with the interval of 0.1x3" e/A* (n;0-100).

(a) Reduction (fast cooling), wRr=1.63 %,

(b) Reduction (slow cooling), wRr= 1.87 %,

(c) No heat-treatment, wRp= 2.42 %,

(d) High Po,, wRp=1.61 %
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Fig.4 Line profile of electron-density of Li; ooMngsNijs0,
after heat treatment.
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— —. : Reduction (slow cooling),

---- : High Po,
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Table 1 The enthalpy changes for reacion per mol of atoms.
AHg of Lij goMng 5Nig 50, after heat-treatment.

Heat treatment AHy /kJ * (mol of atoms)™

Reduction (fast cooling) —14.78£0.35
Reduction (slow cooling) —8.17+0.57
No heat-treatment —9.52+0.31
High Po, —14.4%+0.26
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Fig.5 Fourier transformation of Mn K-edge (a) and Ni K-edge
(b) EXAFS spectra of Lij goMng sNig 50, after heat treatment.
— : No heat-treatment,
—-— : Reduction (fast cooling),
— —- : Reduction (slow cooling),
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Fig.6 Relation between the enthalpy change per mole of
atoms for formation reaction, AHy, and Li content, x, of
LiMn,3Co3Ni;30,.

O: solid-state method,

[J: solution method
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Fig.7 Cycle performance of LiMn,O,, LiMn;;Co3Nijs3

0, at 25°C and 0.2mA-cm™.

O: LiMn,;Co,3Ni; 30, (solid-state method)
[J: LiMn;;3Co4,3Ni;;30; (solution method)
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Fig.8  Rietveld refinement pattern of Lij 55sMn;;3Co;,3Ni;30,
prepared by solid state method. R-factors are Ry,= 5.16 %, R,=
4.16 %, Rexp=3.90 %, §=1.32.
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