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Abstract

Controlling particle size, its distribution, and shape is one of the most important in powder
technology. The methods of creating the controlled particles are conventionally classified as build
up process and break down process. Nano- and submicron-sized particles synthesized by the build
up process; solution-phase chemical reaction or crystallization, undergo nucleation followed by
crystal growth to a demanded shape and size. Here | report a scalable production method of
mesoporous calcium carbonate with controllable particle characteristics.

Calcium carbonate is a key material in a wide variety of chemical industries such as steel,
cement, papermaking, rubber, cosmetics etc., and particle characteristics are controlled according
to the application. In addition, calcium carbonate is a representative biological mineral, and it
exists everywhere in nature. For example, pearls having a laminated structure of calcium
carbonate and a biopolymer, exoskeletons of crustaceans containing a lot of organic components,
and the like can be mentioned. Biomineralization, which is an effect of living things to produce
such minerals, is a "self-organization" process in the natural world. By applying it, it leads to the
creation and design of new functional materials, therefore it has been attracted extensive attention.
However, the mechanism of particle formation and polymorphic formation of calcium carbonate
(calcium carbonate has three crystal polymorphs, calcite, vaterite, aragonite) has not been fully
elucidated.

This thesis consists of the following 5 chapters. Chapter 1 is an introduction, where
background of the present study and a summary of the previous studies are described to clarify
the current problems. Based on such clarification, the objectives of the present study were
specified.

In chapter 2, a novel synthesis method of mesoporous calcium carbonate was proposed. The
feature of this method is the process of aging of the colloid solution, and in this chapter, the
relationship between the aging temperature and the particle characteristics of mesoporous calcium
carbonate was investigated. As a result, phase transition and aggregation occurred in the process
of aging, and it was clarified that the shape and crystal polymorph of the obtained particles varied
and suggested one possibility of the mechanism of particle formation.

In chapter 3, based on the results in Chapter 2, focusing on the particle interface in the aging
process. Specifically, dissolution / recrystallization process at the particle interface was examined
by adding additives (saturated fatty acids having hydrophilic groups and hydrophobic groups) to
the solution at the aging time. As a result, it was found that the additive adsorbs to calcium
carbonate and covers its surface, thereby inhibiting the phase transition and obtaining vaterite
particles which are unstable phases.

In chapter 4, focusing on the aggregation phenomenon of particles in the aging process.
Particles in solution aggregate by van der Waals forces. Therefore, by using aggregation rate
determining factors (temperature, viscosity, particle concentration) as parameters, based on the



aggregation rate formula, the properties of particles obtained with different aggregation rates were
evaluated. Furthermore, the aggregation rate and particle growth were discussed.

Chapter 5 is a summary of the results obtained by the present study. Furthermore, the
applicability of mesoporous calcium carbonate was described.
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