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- Chapter 1: Significant role and long—term projections of internal combustion engines
(ICEs) are still expected at least up until the year 2050 because of their energy
efficiency. In parallel with developing high—efficiency ICEs, the emission control system
is also a significant issue to be developed to comply with strictly emission legislation
especially for particulate matter (PM) or soot emissions. This study aims to clarify soot
oxidation phenomena inside the walls of a practical DPF through oxidation analyses and
visualization using scanning electron microscopy.

—  Chapter 2, characterizations of various types of soot are done to differentiate soot
obtained from different sources, and also to define an appropriate surrogate for diesel
engine soot to be used in later part of this study

- Chapter 3, images of soot oxidation in the DPF regeneration process are revealed, for the
first time, at the particle scale. The visualization results were traced from initiation
to completion of the DPF regeneration process. Soot oxidation phenomena observed at the
particle scale were correlated to a shrinking core model supported by a nano-scale

analysis of soot oxidation.

—  Chapter 4, further discussion about soot oxidation kinetics during the regeneration
process is reported. It explores the impacts of a wash—coated catalyst compared with a
non—catalyzed case, NO2 gas addition on soot oxidation compared to 02 only, and the
thickness of soot cake layer on the regeneration timing. The effects of these parameters
are then discussed based on apparent activation energy estimated using an Arrhenius
expression.

—  Chapter 5, visual information of soot oxidation phenomena is revealed at a nano—scale. The
role of 02 and NO2 on soot oxidation was investigated by considering the physical change
of soot nanostructure before and after partial oxidation. Fringe analysis was employed to
quantitatively differentiate nanostructural changes of soot subjected to various oxidizing
agents. Furthermore, physical information reported in the final chapter is supportive of
information of the chemical kinetics discussed in the previous chapter.




