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Nowadays, we are using many materials to live our daily life. From the viewpoint of environmental science, materials design is required in order to build

a sustainable society. In this laboratory, based on the fundamental science of the relationship between materials and phenomena of nature and life, the

design of materials that produce harmony with the environment and life is studied from the viewpoint of environmental science. We are developing

materials for energy saving, biomaterials to repair our bodies, and materials to clean the environment and are studying computer simulations.
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Fig.1 Heat insulation vessel (a) with vacuum wall and porous silica powder and
simulation study (b) showing heat transfer from heat storage material in the vessel.

Development of a thermal insulation
/storage system for energy conservation

In order to reduce energy consumption and shift to a life independent from
fossil fuels, it is important to use natural and unutilized heat. By combining
heat sources and storage, it is possible to construct a system to utilize
natural and unutilized heat effectively with minimum energy consumption.
In this laboratory, assuming that heat is used across seasons (summer and
winter), we developed a new high-performance insulation material and
evaluated its insulation performance. The heat utilization efficiency of the
heat utilization system was evaluated by using a circuit combining heat
storage and several heat sources.

Simulation of formation of material
microstructure

We are studying the simulation of the microstructure formation of
ceramics and composites using the Monte Carlo method, the finite element
method, and the molecular dynamics method. For example, we developed
a simulation that can calculate changes in the structure of a material
including several solid phases, liquid phases and pores from the viewpoint
of the relationship between temperature and time. We also studied the
material design of the second particle addition as a new way to inhibit
grain growth in WC-Co cemented carbide, which is a well-known material
of liquid phase sintering and compared it to the Monte Carlo simulation.

simulation

experiment

Fig.2 Simulation and experiment of pinning effect by the second phase
particle on grain growth at liquid phase sintering.
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Fig.3 Simulation for microstructure change in the top coat of
the environmental barrier coating.

Simulation of ceramics coating for jet engines

Thermal barrier coating of ceramics is widely used in high-temperature
and high-pressure parts of jet engines. Environmental barrier coatings are
considered to be a very important ceramic technology for new jet engines.
This study aimed to develop a simulation technique for microstructure
formation and change and for delamination/fracture in ceramic coatings.
The Monte Carlo method was used for the simulation of deposition and
sintering, and the finite element method was used for the simulation of
deformation and delamination of ceramic coating.

Preparation of materials harmonizing with life

In this laboratory, we designed bone-repairing materials that can be
incorporated into bone metabolism and activate the biological functions
and drug carriers to release drugs efficiently. We succeeded in the
preparation of artificial bone that can be resorbed in vivo and incorporated
into bone metabolism. We are also studying the mechanism by which these
materials activate bone metabolism. This involved developing biphasic
granules of octacalcium phosphate and hydroxyapatite as carriers of a
drug delivery system (DDS) capable of improving the utility of a drug and
reducing the amount of drug by releasing an appropriate amount of it to an
appropriate site. We believe that the development of these materials not
only improves the quality of life (QOL) of patients but also contributes to
the realization of medicine with low environmental impact.

Activities in academic societies

As noted, we are active in academic societies.

Hideaki Matsubara: Director of the Japan Society of Powder and Powder
Metallurgy, Chairperson of the Technical Division of the Hard Materials
Committee of the Japan Society of Powder and Powder Metallurgy, Chief
Editor of the Journal of the Japan Society of Powder and Powder
Metallurgy, Committee Member of the Engineering Ceramics Division of
the Ceramic Society of Japan, Committee Member of the Tohoku-
Hokkaido Branch of the Ceramic Society of Japan, Secretary of the Society
for Intelligent Materials.

Masanobu Kamitakahara: Associate Editor of the Journal of the Ceramic
Society of Japan, Committee Member of the Japanese Society for
Biomaterials, Session organizer of the 30th Fall Symposium of the Ceramic
Society of Japan Organizer (Representative).

Fig.4 Scanning electron microscopic images of biphasic granule of octacalcium
phosphate and hydroxyapatite. (a) Low magnification and (b) High magnification.
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