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Ceramics have been widely used in industrial applications at high temperature due to their
excellent mechanical strength, intrinsic thermal stability, and low density. However, ceramics
are known to exhibit low fracture toughness due to their brittleness. The toughness of ceramics
can be enhanced by adding second phase reinforcements such as carbon nanotube (CNT) which
has excellent mechanical properties. Until now, however, most results for strengthening and
toughening have been disappointing due to the lack of knowledge about the nature of the
interface. This dissertation aims to elucidate the nature of the interaction between CNT and
the surface of ceramic. The influences by change of CNT diameter and by stoichiometry of three
kinds of ceramic surfaces of AloO3 (0001), SiC (0001) and ZrO2 (111) to the interface interaction
were especially examined, which have never been discussed before.

Our results show that the interfacial interaction between CNT and ceramic surfaces
depends greatly on the diameter of CNT. As the diameter increases, the interaction between
the CNT and the ceramic surface weakens. It is also highly dependent on the stoichiometry of
the ceramic surface. The adhesive energies of the interaction between CNTs and
nonstoichiometric ceramic surfaces of O-terminated Al20s, Si-terminated SiC, C-terminated
SiC, and Zr-terminated ZrO: are negatively larger than the case when CNT interacts with
stoichiometric surfaces of Al-terminated Al2O3 and O-terminated ZrOgz. Therefore, the CNT
with a smaller diameter largely contributes the high performance on the mechanical properties
of fracture toughness as well as the strength when it interacts with the nonstoichiometric
ceramic surface.

Fracture toughness, which is most expected to be improved by the CNT-composite, also
depends on the interface property. The strong interface can resist the crack propagation which
might be dependent on the adhesive energy and also the covalent/ionic character of the
interface bonding. These characteristics are quantitatively measured by integrated crystal
orbital Hamilton populations (ICOHPs) and Bader analyses, respectively. If it is assumed that
the large covalent character affects the possibility of deflection of crack path, which leads the
higher fracture toughness, the present results provides an explanation of the tendency of
CNT-composite fracture toughness obtained experimentally.
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