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oReport summary (English)

Principal investigator: University of Hyogo, professor Yoshiaki Matsuo
R & D title: Development of a novel carbon based anode material for lithium ion battery

1. Purpose of R & D

Among energy-storage technologies, lithium ion batteries have become critical for a variety of
applications from portable electronics to electric vehicles because of their relative high energy density,
power density, and long cycle life. For widespread use of these technologies, however, batteries with
only high energy density are not sufficient as power sources for these applications since fast charging
capability, long cycle life, and low cost are also essential. A further increase in both energy density
and power performance has become very limited in the last two decades since there has been little
progress in commercializing new chemistry for significantly higher capacity, fast-charging, and
discharging capability. Silicon and transition metal oxides have been considered as anode materials of
Li-ion batteries due to their high theoretical capacity. They suffer from large volume change during
cycling. Graphene has been recently introduced as the high energy density and rate performance anode,
however, the low coulombic efficiency due to the large surface area prevent the practical use of it.

In this study, we have proposed graphene-like graphite which is obtained by thermal
decomposition of graphite oxide as an anode of lithium ion battery. It is expected that this material
shows superior performance as the anode of lithium ion battery, because the morphology of it is very
similar to that of graphite and the surface area of it is small enough, while it contains oxygen atoms
within carbon layers and possesses slightly larger interlayer spacing.

2. Outline of R & D

(1) Contents:

We have investigated the structure of GLG, electrochemical performance and reaction of it, and
mass production methods of it in detail. The goal of our study is to prepare GLG which shows a large
capacity of 600 mAh/g with a low average potential of 0.8 V or lower vs Li/Li", capacity retention at
high current density of 80 % and coulombic efficiency of 80 %.

(2) Achievements:

Based on the data obtained by various spectroscopic analyses, microscopic observations and
theoretical calculation, we have found that GLG is consist of regularly stacked graphene layers
containing nanopores of 1-5 nm and oxygen atoms in the form of C-O-C. The amount of lithium ions
stored in GLG increased with the increase in the oxygen content in it and the reversible capacity
reached 670 mAh g!. Lithium ions were inserted between the layer of GLG in the ionic state even
when it was fully charged and the interlayer spacing of fully charged GLG was much larger than that
of fully charged graphite. When GLG was prepared from graphite oxide with a small amount of
residual graphite, it delivered high capacity of 600 mAh g-!' with an average discharge voltage of 0.73
V and the capacity retention of 81 % at 6C was achieved when it was used in the lithium ion battery
using Li nickel manganese cobalt oxide cathode. The first coulombic efficiency greatly improved by
pre-doping of lithium and reached 91 %. No lithium dendrite formation was recognized even when
GLG was charge at 0 V, indicating that it is a very safe anode material.

(3) Future developments:

At this moment, the first coulombic efficiency and cycling performance of GLG are not
enough high for practical use of it, which should be improved. In addition, it would be necessary to
develop mass production method of GLG.



