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Throughout human history, many materials and substances have been created from minerals in Earth’s crust on
components in water (oceans and rivers). Mineral resources that are abundantly reserved in the crust include silica
(silicon dioxide: SiO»), bauxite (aluminum oxide: Al;Os), iron ore (iron oxide: Fe;03), and limestone (calcium|
carbonate: CaCOs). It is well known that these mineral resources are widely used as raw materials for metals and
ceramics that support industry.

In recent years, with the advancement of industrial technology, the development of high-performance materials
has progressed through using multiple components and addition of trace elements. For example, in ceramic
materials, cordierite (2MgO-2A1,05-5Si0,), which exhibits excellent thermal shock resistance and light weight, is
used in ceramic filters that remove ultrafine particles emitted from diesel vehicles. This is a multi-component
ceramic composed of MgO-Al,O3-Si0,. In addition, yttria-stabilized zirconia (YSZ), which offers superior]
durability and aesthetics, is used as a dental material for implant prostheses. YSZ is formed by dissolving yttria)
(Y205) as a stabilizer into zirconia (ZrO»), thereby stabilizing the high-temperature phase at low temperatures.

This doctoral dissertation presents research results leading to the development of magnesia-stabilized
wollastonite (MSW), in which a small amount of magnesia (MgO) is dissolved into wollastonite (CaSiO3) to
stabilize the low-temperature phase at high temperatures. In recent years, porous wollastonite ceramics have been|
extensively investigated as biocompatible materials for bone regeneration. Furthermore, addition of MgO to|
wollastonite is expected to improve biocompatibility and mechanical properties. Therefore, the development of]
IMSW is anticipated to make significant contributions to such applied studies.

Chapter 1 is an introduction. It begins with a general overview of wollastonite as a mineral resource, followed by
a discussion of the fabrication and applications of porous ceramics derived from wollastonite. Furthermore, i
explains a phase transition” of wollastonite, which transforms from the low-temperature Bphase ($CaSiO3) to
the high-temperature a-phase (a-CaSiOs) at 1125 °C. The chapter also describes the background and academic]
significance of this research.

Chapter 2 reports on the sintering behavior of porous wollastonite ceramics fabricated from natural wollastonite
ores. In this study, two types of wollastonite powder from different origins (USA and Mexico) were used to
investigate the factors influencing the variation in sintering behavior. The results revealed that when wollastonite]
contains at least 0.5 mol% magnesium (Mg) as a trace element, the phase transition temperature during firing|
(1200-1300 °C) increases by approximately 50 °C. It was shown that this change in the transition temperature has
a significant effect on the sintering behavior of the porous wollastonite ceramics.

Chapter 3 reports research results on the phase transformation” of Mg-doped wollastonite. In Chapter 2, it was|

shown that Mg has the effect of increasing the phase transition temperature. However, since natural ores also
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contain other trace elements such as aluminum (Al) and iron (Fe), it was difficult to identify the effect of Mg

alone. To address this issue, Mg-doped wollastonite was synthesized through a combination of hydrothermal and
solid-state reaction methods. By analyzing changes in crystal phases (£ and @) with respect to firing temperature,
the effect of Mg on the phase transformation of Mg-doped wollastonite was investigated. The results showed that
Mg dissolves into S-phase, forming $-Ca;xMg,SiO3, whereas it hardly dissolves into a~phase. During the phase
transformation at 1250-1300 °C, £Ca;..Mg,SiO; releases Mg as it transforms to ~CaSiOs. The released Mg
diffuses and concentrates into untransformed (Ca;.Mg,SiOs, increasing x and thereby stabilizing the
low-temperature phase at higher temperatures. This is the revealed mechanism of phase transformation of]
Cai.Mg,SiOs.

Chapter 4 presents research results on the synthesis of magnesia-stabilized wollastonite (MSW), in which g
certain amount of MgO is dissolved into wollastonite. As shown in Chapter 3, £-Ca;-Mg.SiO3 remains stable]
without transforming to the a-phase even beyond the conventional transition temperature. Therefore, this chapter
represents the results of phase transition enthalpy of wollastonite by differential scanning calorimetry and|
describes a synthesis protocol for MSW, which remains stable in the [phase even at high temperatures. Thel
results highlight the importance of controlling firing temperature and heating rate to inhibit the phase
transformation while enhancing Mg mole fraction (increasing x) of (Ca;xMg:SiOs. The synthesized MSW|

remained stable as the fphase even at 1300 °C, with a chemical composition determined as fCap0:Mgp 08SiOs3.

In Chapter 5, as a general summary, the research results obtained in Chapters 2, 3 and 4 are comprehensively)|
discussed. Moreover, it is described how the results of this study lead to the application and development of]
porous ceramics utilizing mineral resources, as introduced in Chapter 1.

In this study, MSW (/+Ca9:Mgo 08S103) was successfully synthesized by inhibiting phase transformation at high
temperatures. Since MSW can be produced by conventional hydrothermal and solid-state reaction methods,)
large-scale industrial production would be feasible. The porous ceramics fabricated from MSW is expected to|
exhibit improved mechanical strength due to enhanced sinterability, as sintering proceeds while maintaining the
\Fphase during high-temperature firing. Therefore, when porous MSW ceramics are applied in the future as
bone-forming materials such as artificial bone, they are anticipated to become biocompatible materials with

excellent mechanical properties that withstand intense physical loads in human activity.

*Note
A phase transition refers to a change in crystalline phase without a change in chemical composition. In
this context, it refers to the change from CaSiO3 to o~CaSiOs. On the other hand, a phase transformation
refers to a change in crystalline phase with a change in chemical composition. In this context, it refers to the

change from Ca;.,Mg,SiOs3 to a-CaSiO3, which corresponds to a change from x > 0 to x = 0.
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