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The objective of this thesis is to define the design guide of polycrystalline electron conductive materials by the

composition control. SrTiO; was selected as the model material of electron conductive oxide because the crystal structure is
simple (cubic perovskite-type structure) and has rather high chemical stability. Moreover, SrTiO; related oxides are used at
various fields. For example, these oxides are used as ceramic capacitor and barista because dielectric constant of these oxides
has rather high at room temperature and is paraelectrics. These oxides are also used as photocatalyst, semiconductor and gas
sensor and so on. Moreover these oxides are used as membrane substrate material because it is easy to prepare this oxide into
the plate of the single crystal. The single crystal of SrTiO; is also used as the artificial diamond to have the refractive index
close to that of diamond. Recently, Mitsubishi Heavy Industries, Ltd. reports that SrTiO; related oxides are used as
interconnector material of SOFCs. These oxides are expected as oxide interconnector material for the future and are paid
attention for the development. The conductivity of SrTiO; related oxides was measured and was tried with defect chemistry.
The report of defect chemistry on SrTiOs is limited, especially on poly crystal. This thesis consists of the following chapters.
The purpose of this thesis is establishing the functional design guide of electron conductive oxide with SrTiO; related materials as
the model material. In chapter 2, the formation reaction of SrTiO; from SrCO; and TiO, discussed thermodynamically and kinetically
and reaction mechanism is evaluated. Based on revealed reaction mechanism, the trend of the formation of the single phase of SrTiO,

is determined. The defect equilibrium of Nb-doped and Y-doped SrTiO; were discussed with the conductivity data and fitting model in

chapter 4 and 5, respectively.

In chapter 2, the reaction rate of the formation of SrTiO; form SrCO3/TiO, was measured and the reaction model of the
formation of SrTiO; was prepared to discuss how to prevent the formation of the second phase such as Ruddlesden-Popper
phases, Sr,TiO4 and Sr3Ti;O7. As the problem of the preparation of SrTiOs, Ruddlesden-Popper phase is formed when there are

locally nonuniform in the mixure of SrCO; and TiO,. In this study, we selected a conventional method to prepare SrTiO;,



namely the solid state reaction method of SrCO; and TiO,, to clarify the reaction mechanism thermodynamically and
kinetically. The reaction rate can be measured rather easily because the weight reduction is caused by the release of CO, gas as
the progress of the formation of SrTiOs. The reaction rate constant was estimated with the measured reaction rate and the
reaction model. The activation energy for the formation of SrTiO; was estimated from the relationship between the reaction
temperature and reaction rate constant. From the result of thermal analysis, anatase-type TiO, has higher reactivity than
rutile-type TiO, because SrCOy/TiOy(anatase) is much formation of SrTiO; at lower temperature. It is revealed that
SrCO5/TiO,(anatase) is not only the formation energy is lower but also the temperature of thermodynamic reaction is lower
from the result of TG-DTA and DSC. Moreover it is revealed that SrCO; and TiO, react without the decomposition of CO,
(from SrCO;s to SrO) because the temperature of the decomposition of CO, is lower than that of the formation of SrTiO; from
the mixture of SrCO; and TiO-.

From the result of the reaction rate measurement, it is revealed that the reaction rate between TiO»/SrCO; is parabolic rate
law and fit Jander model. The reaction rate and the activation energy for the formation of SrTiO; were estimated from the result
of thermogravimetry with Jander reaction rate equation. The reaction rate of TiO(anatase)/SrCO; and those of

TiOy(rutile)/SrCO; is almost same. The activation energy for cation diffusion of TiO,(anatase)/SrCOs is also almost same.

In chapter 3, based on the result of the previous chapter, the optimization of the preparation condition of SrTiO; single
phase was tried and discussed. The atmosphere of the formation of the poly crystal of the single phase of SrTiOs; is researched
with the atmosphere dependent of reaction rate measurement. The optimization of preparation conditions of SrTiO; single
phase was performed by changing the atmospheres. Moreover the difference of the reaction rate was also examined at the
various atmospheres. In the performed atmosphere, the reaction rate under static air and pure CO, was fit to the Jander model.
Form these results, P(CO) is important factor to prepare the SrTiOj; single phase. The activity of SrO can be controlled by the
change of CO, partial pressure, P(CO,). Under pure CO, and static air, the activity of SrO is reduced and the single phase of
SrTi0; is formed because P(CO,) is rather high.

From the result of previous chapter, it is revealed that the reaction from SrCOyTiO; to SrTiO; is limited by the A-site
cation diffusion. Then, in this chapter, the reaction rate of BaCO4/TiO; and that of CaCO+/TiO, are to be measured. These
reactions are going to be described Jander reaction model as well as the case for StCO4/TiO; and the reaction rate of three kinds
of powder mixtures was almost the same because these reactions are formations of perovskite-type oxides from the carbonate
of alkaline-earth metal and TiO, and are limited by A-site cation diffusion. The activation energies of three kinds of mixtures
were also almost same. It is revealed that the energy barrier for the cation diffusion into prerovskite-type structure is

independent on the radius of the cation.



In chapter 4, the conductivity of the poly crystal of Nb-doped SrTiO; was measured and analyzed with defect chemical
model. The relationship among the carrier concentration, temperature and oxygen partial pressure are discussed. Important
thermodynamic parameters, the enthalpy of the oxygen vacancy formation and the electronic mobility are estimated from the
experimental data and defect model. The electron conductivity of Nb-doped SrTiOs is thermally activated like metals at all
measurement regions in this study because the temperature dependence of conductivity decreases with the increase of the
temperature. The electron mobility of Nb-doped SrTiO; does not depend on the concentration of the extrinsic donor. The trend
of these results fit between the data of Nb-doped and reported La-doped SrTiO;. Moreover, it is revealed from the electron
mobility of temperature dependence that the electron conduction is controlled by the acoustic phonon scattering because the

electron mobility of the temperature dependence shows almost -1.5 powers.

In chapter 5, the conductivity of the poly crystal of Y-doped SrTiO; was measured. The defect equilibrium of Y-doped
SrTiO; was discussed. It is revealed that the electron mobility of Nb-doped SrTiO; does not depend on the concentration of
extrinsic donor in previous chapter. On the other hand, the conductivity data of Y-doped SrTiO; cannot be fit to the defect
equilibrium model of general donor-doped SrTiOs. It is assumed that a portion of Y** moves to Ti-site and operates as accepter.
This phenomenon is special trend on only Y-doped SrTiO; because the radius of Y is the median value of the radius of S©*~
and Ti"". The defect equilibrium model for the conductivity of Y-doped SrTiO; was set and the concentration of extrinsic
accepter on Ti-site was estimated.

The temperature dependence of the electron mobility shows almost -1.5 powers and the electron conduction is controlled
by the acoustic phonon scattering as well as Nb-doped SrTiOs. It is assumed that electron mobility is same between Nb-doped
and Y-doped SrTiO; and the concentration of extrinsic accepter of Y ion were calculated. It can be regarded that above
assumption is realized because the temperature dependence of the concentration of calculated extrinsic accepter is almost
constant. It can be considered that assumption of extrinsic accepter of Y ion on Sr-site is acceptable because the concentration
of extrinsic accepter is rather low. Form these result, the Kroger-Vink diagram of Y-dope SrTiO; was proposed.

It is revealed that the equilibrium constant for the formation of oxygen vacancy does not depend on the doped site and
dopant species and the equilibrium constant increases with increase of the concentration of extrinsic donor. It is revealed that
the enthalpy of oxygen vacancy formation decrease with the increase the concentration of extrinsic donor. Therefore, it is

revealed that oxygen vacancy is easier to form with the increase of concentration of extrinsic donor.

The guideline of the function design of the electron conductive ceramics by the composition control was proposed with
donor-doped SrTiO; from above resuilt.
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