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Microporous crystals such as zeolite are widely used as practical materials such as adsorbents, ion-exchange
imaterials and heat-storage materials. For example, a heat pump that uses microporous crystals as the heat storage
imaterial utilizing the heat balance associated with the adsorption and desorption of water molecules in the cavities
have attracted attention as a new energy-saving system for effective use of low-temperature heat sources, and there
are great expectations for its development and practical application. In addition, the search and development of ion-
exchange materials for more efficient recovery and removal of various radioactive elements contained in|
contaminated water due to the Fukushima Daiichi Nuclear Power Plant accident is eagerly awaited. In the present
study, various zeolite compounds and microporous titanosilicates were taken up. The performance evaluation of]
these microporous crystals as heat-storage materials and radiolytic element removers and their crystal structurall
factors were investigated using ion-exchange experiments, chemical analysis, thermal measurements and crystall
structural characterization by X-ray diffraction as main research methods. This doctoral dissertation consists of]
seven chapters, whose summaries are described below.

In Chapter 1, as an introduction, the crystal structural features and functionalities of the microporous crystalg
taken up in this study are overviewed, and the purpose and significance of the present study were clarified based on
the background of the study.

In Chapter 2, The research on improving the accuracy of chemical analyses in microporous crystals using atomig
absorption and flame photometry were conducted. The various properties of various microporous crystals are
dependent highly on the amount of ion exchange, and hence the precise compositional analyses for them are
necessary. Therefore, the above wet analyses were used in this chapter. However, in order to overcome problems
such as the charge balances obtained from the analytical results not being satisfied, the concentration of thef
imeasured solution, the acid concentration used to dissolve the samples, and the interference suppressant were
examined depending on the constituent elements of the sample, and an advanced analytical method was successfullyj
developed to obtain highly accurate and reliable analytical results. On the basis of this analytical method, the
researches described in the following chapters were carried out.

In Chapter 3, A-type zeolite, chabazite, and clinoptilolite were examined for the practical application to heat pump
systems using them as heat-storage (heat-exchange) materials for a new application of zeolites. To search the best]
ion-exchange form as a heat-storage material , various ion-exchange experiments were conducted for these zeolites|
and the properties of the resulting ion-exchanged forms were characterized. As the heat-exchange capacity,
corresponding to the heat-storage abilities, of the zeolite depends on the amounts of hydration and the hydration|
enthalpy, the heat-exchange capacities were estimated from both measurements. The results revealed that among
the Mg?*-exchange A-type zeolites (Mg-A), the sample with a Mg?" exchange rate of 89% (Mg0.89-A) had much
higher performance than other zeolites.

In Chapter 4, grace titanosilicate (GTS), a microporous crystal, was taken up, and its synthesis conditions and|
its potential of application to as a heat-storage material were examined. In this chapter, the GTS compounds with|
INa (Na-GTS), K (K-GTS) and a mixture of Na, K and H [(Na, K, H)-GTS] as the exchangeable cations in the
cavities were investigated, and the optimal conditions for synthesizing single phases for these compounds were
successfully determined. The TG measurements of these synthesized powder samples showed that Na-GTS powder
sample had a high H-O content of about 14.3 molecules per formula unit (mpfu). Therefore, from the consideration|
that Na-GTS may have a high-heat exchange capacity and its hydration heats were measured. From the calculation
of the real heat-exchange capacity from the obtained amounts of hydration and hydration heats, it was found that
INa-GTS has much lower heat-storage capacity than Mg0.89-A.This indicates that Na-GTS is not the best heat-
storage material.

In Chapter 5, the ion-exchange properties of Na-GTS for 12 different mono-/di/tri-valent cations and the]
associated variations of the H,O content and crystal structure were investigated. Consequently, Na-GTS showed
high ion-exchange rates up to 100 % and 84 % for Cs* and Sr**, respectively, which are radioactive elements of

(F1C 2,000 FFRE / 230 800 FHFREE)
(about 800 words)



R 75 (B 125, %31 5H%R)
(B 75) (Format No.») 37
particular concern. This indicates that Na-GTS can be the highly effective radioactive-element removers for both
Cs" and Sr*". In addition, most of other cations examined here also showed considerably high exchange rates up to
about 80—100 %. Thus, Na-GTS has potential as a diverse functional material because it can adsorb various cations.
The crystal structural variations associated with ion-exchange can be generally summarized as follows, with some
exceptions. For monovalent and divalent cations, both water content and unit-cell volume showed an increasing
trend as the occupied space of the exchangeable cations within the cavities decreased with ion-exchange. This
suggests that the decrease in the occupied space of exchangeable cations increases the available void-space for
incorporating water molecules into the cavities and the resulting increase in the H,O content leads to the increase
in the unit-cell volume. On the other hand, for trivalent cations, the H,O contents did not depend significantly on|
the occupied space of the exchangeable cations, but the unit-cell volume decreased with decreasing it. In this case,
the substitution of 3Na*—M?" further greatly reduces the number of cations, which can result in a further increase
in the available void-space within the cavities. Consequently, this is expected to further increase the number of H.O
imolecules that can be incorporated into the available void-space. Meanwhile, the number of water molecules that
can be coordinated to the cations is expected to decrease more significantly. The competition between the two can|
be closely related to the variations of the H,O contents and unit-cell volumes accompanying cation exchange, thel
variations observed for trivalent cations may be a consequence that the effect of the latter is more effective.
In Chapter 6, the distributions of exchangeable cations in the cavities were examined in various ion-exchanged
forms of Na-GTS. The simulated powder X-ray diffraction (XRD) patterns by assuming several cation-distribution|
models based on the cation sites reported in the single crystal X-ray structure analysis of (Sr, H)-GTS were compared|
with the observed XRD patterns. The exchangeable cations studied in this chapter were found to be distributed on
the two sites: one is located on the body diagonal of the unit lattice and inside the cavity, and the other is located
near the center of the eight-membered ring window of the cavity. According to the previously reported structure
analysis in (Cs, H)-GTS, the mean bond length between Cs and O atoms forming the eight-membered ring window|
is Cs—0 = 3.285 A. From a detailed examination of the H>O content in the present Cs-GTS sample, the coordination
number of Cs was considered to be at most 10 (8 framework O atoms and 2 H>O molecules). The mean observed|
bond-length is close to the expected XCs—O bond length (3.22 A) from the effective ionic radii, strictly speaking, if
is somewhat longer than the expected value. Thus, the presence of occupied sites having the strong preference fo
Cs" ions and fixing Cs" ions by moderate (neither too strong nor too weak) bonding force is considered to be onel
of the key factors for the design and development of excellent cation adsorbents (e.g., radioactive-element removers),
In contrast to the case of other monovalent cations observed in the previous chapter, the decrease in unit-celll
volumes with decreasing the occupied space of Cs* can be because such moderate bonding forces acting between
Cs" ions and adjacent framework O atoms directly influence the framework structure.
In Chapter 7, the findings obtained in each chapter were summarized.
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