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Recently there has been intensive interest in the development of high performance energy
storage devices with both high energy and high power densities due to expected demand for
power-grid applications as well as power sources of electric and/or hybrid electric vehicle.
Lithium-ion secondary batteries (LIBs) are attractive power storage devices, but they need to be
further improved for the power use. Silicon is expected to be a candidate negative electrode material
for high-energy LIBs because of the extremely high theoretical capacity (ca. 4200mAh g11) based
on Si-Li alloying and dealloying reactions, which is ca. 10 times higher than that of conventional
graphite negative electrodes. However, severe capacity fading with charge-discharge cycling is
generally observed because of cracking and crumbling in Si-integrated electrodes, which is caused
by the large volume change between Li,Si and original Si.

To overcome the problem, Si dispersed in carbon matrices (Si-C composites) has been actively
studied from the viewpoint of suppressing the loss of interparticle electronic contact with the
pulverization of Si during Si-Li alloying and dealloying reactions. Although the composites were
effective in improving the cycle performance to some extent, it is still unclear how to design the
composite structure to yield superior performance.

In the present study, charge-discharge properties of Si-based negative electrode materials were
improved via a development of novel Si-C nanocomposite materials. In addition, the relationship
between the charge-discharge properties and hanocomposite structure was investigated in detail and

a guideline of structural design was proposed for enhancing the charge-discharge cycling property.

This thesis is composed of 5 chapters.
Chapter 1 describes the purpose, scientific background and the construction of present study.

Chapter 2 focuses on a newly developed sonochemical carbon nanocoating process.




Nanothick carbon coating of Si nanoparticles was successfully carried out by ultrasonic
irradiation of Si nanoparticle-dispersed organic solution. It was found that the carbon-coated Si
nanoparticle shows higher discharge capacity and capacity retention than the pristine Si,
suggesting the effectiveness of the sonochemical carbon nanocoating. However, stable cycling
performance upto high cycle number was not achieved on the Si-C nanocomposite materials.

Chapter 3 describes a post modification of porous carbon with Si nanoparticles from the
viewpoint of developing Si/porous carbon nanocomposites with buffer space for volume change
associated with Si-Li reactions. Si/porous carbon nanocomposites, in which Si nanoparticles were
loaded both in carbon nanopores and on the outer surface, were prepared by vacuum impregnation
of a Si nanoparticle-dispersed solution into silica opal-derived porous carbons. The
charge-discharge performance of Si/porous carbon nanocomposites was found to be enhanced by
increasing the Si-loading amount in carbon nanopores.

Chapter 4 focuses on a new process for production of Si and SiOy nanoparticles in carbon
nanopores while tuning the interstitial nanospace between the nanoparticles and surrounding
carbon wall. Si and SiOx nanoparticles-embedded nanoporous carbons were successfully
synthesized by reducing a SiO, opal/carbon composite precursor with Mg and their interstitial
nanospace in carbon pores was tunable by etching partly the SiO, particles in precursor. The
relationship between the charge-discharge properties and nanocomposite structure was
investigated in detail. It was revealed that dispersive loading of Si and SiOx nanoparticles in
carbon nanospace are necessary to enhance the charge-discharge performance in addition to
providing the interstitial nanospace as a buffer space for the volume change with Si-Li reactions.

Chapter 5 summarizes the present study with perspective of the development of high

performance of LIBs.
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