Photon Factory Activity Report 2011 #29 (20 B

7C/2008G621

Heat-Treatment Effect on Cathode Characteristics, and Average and Local Structures
of LiNigsMngsO, as a Cathode Active Material for Li-lon Battery

Yasushi IDEMOTO*?, Naoto KITAMURA?, Yoshiharu UCHIMOTO?

Department of Pure and Applied Chemistry, Faculty of Science and Technology, Tokyo University of Science,
2641 Yamazaki, Noda, Chiba 278-851, Japan
“Graduate School of Human & Environmental Studies, Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan

1 Introduction

LiCoO,-based materials with the layered rock-salt
structure have been widely used as a cathode material for
the lithium-ion battery, but they have some problems,
such as high cost and high toxicity of Co. Therefore,
developments of Co-free cathode active materials are
highly expected. As one of the candidates, LiNigsMngs0,
with the similar crystal structure as the LiCoO, has drawn
much attention, and it was already found that its cathode
properties depended on the preparation process [1].

From such background, we focused on an effect of a
post annealing on LiNigsMngs0, in this work. As for the
samples after the annealing, we investigated cathode
properties, average crystal structures and local structures.

2 Experiment

LiNigsMngsO, was synthesized by a conventiona
solid-state method. A mixture of starting materials was
fired at 950 °C for 15 hin air. As a post annealing process,
ahigh P, treatment was performed at 450 °C for 48 hiin
pure O, with a pressure of 2.0 MPa. In addition, the
sample was heated at 600 °C for 48 h under the Ar
condition. These obtained samples were characterized by
X-ray diffraction measurements, inductively coupled
plasma analyses (ICP), and charge-discharge cycle tests.
In order to clarify the heat-treatments effects on the
average structures, the Rietveld analysis was carried out
using neutron diffraction data[HERMES(JRR-3)].

The annealing effects were also investigated from the
viewpoint of local structures by using X-ray absorption
fine structure (XAFS) techniques. XAFS spectra of the Ni
and Mn K-edges were recorded with a transmission
method by BL7C at Photon Factory in KEK, and then
investigated with REX-2000 program. Theoretical
parameters used in curve fittings of EXAFS data were
calculated by FEFFS8.

3 Results and Discussion

From X-ray diffraction patterns of a pristine
LiNipsMngsO, and the samples heat-treated in Ar
reducing and high Pg, conditions, it was clarified that all
the samples had a single phase of the layered rock-salt
structure. It was also found by ICP that the metal
compositions did not depend on the heat-treatment
condition. Charge-discharge cycle tests clarified that the
capacity retention was improved by these heat-treatments.

In order to clarify their crystal structures, we carried
out the Rietveld analyses using the neutron diffraction

patterns. From the results, it was suggested that the
oxygen content was dightly lower than a stoichiometric
composition of 2 in the pristine specimen. After the high
Po2 annealing, the oxygen deficit became negligible by a
gaseous oxygen uptake. On the other hand, the reducing
heat-treatment increased the oxygen-deficit amount.

In addition, we discussed local structures based on
EXAFS analyses. Figure 1 shows Fourier transformations
of k*-weighted EXAFS spectra of the pristine and heat-
treated LiNigsMnys0,. For the purpose of local-distortion
studies, curve fittings for the first coordination peaks (the
TM-O shell) were performed, and the results are given in
Table 1. In these analyses, the coordination numbers were
fixed based on the oxygen contents refined by the
Rietveld analyses. From the Debye-Waller factors, it was
indicated that the distortion around Ni was relaxed by
annealing under the reducing condition. Such a changein
the local distortion is considered to have a positive
influence on the cycle performance of LiNigsMngsO,.
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Fig. 1: Fourier transformations of EXAFS spectra of (a)

Ni K- and (b) Mn K-edge of the prepared LiNigsMngsO,.
(circle; prigtine, triangle; reduced, square; oxidized)

Table 1: Interatomic distances (R) and Debye-Waller
factors (o) for Ni K- and Mn K-edge EXAFS spectra.

Ni-O Mn-O
Sample R/nm o/nm R/nm o/nm
Pristine 0.2058 0.0130 0.1973 0.0128
Reduced 0.2066 0.0125 0.1973 0.0125
Oxidized 0.2057 0.0132 0.1975 0.0130
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