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Crystal Growth and Characterization of Clathrate Hydrate for Separation Technology Utilizing its Guest

and Host Selectivities

Thesis Summary

This doctoral dissertation summarizes experimental evaluations and explorations conducted from the
perspectives of materials chemistry, physical chemistry, and chemical engineering related to the hydrate
formation. The aim of the investigations is the implementation of mixed gas separation technology as well as
tritiated water separation technology, which are separation techniques utilizing the formation and
decomposition of clathrate hydrates (hereafter referred to as hydrates), and the utilization of natural hydrogen
resources.

Chapter 1 explains the physical chemistry of hydrate formation. Hydrates are crystals formed with water as
the host compound and diverse compounds as guest compounds. Chapter 1 then describes methods for
hydrate characterization and the current status of industrial hydrate utilization towards the carbon neutral
society. Against this background, the objective of this research was set as exploring crystal growth and
characterization of hydrates for separation technology.

Chapter 2 reports experimental studies for mixed gas separation utilizing tetrahydropyran (THP), which is
one of the suitable guest compounds. The first half of this chapter reports on the crystal growth of
H2+CO2+THP hydrate. Subsequently, continuous separation experiments were conducted using the
formation and decomposition of CH4+CO2+THP hydrate. These experimental studies provided insights into
appropriate operating conditions for the continuous process based on the crystallographic properties of the
hydrate. The practicality was evaluated by analyzing the time-dependent changes in mole fractions of the
gaseous components obtained from the continuous separation operation.

Chapter 3 clarifies the equilibrium conditions, crystal growth, and crystal structure of hydrate formed from
host deuterated water (D20) (hereafter, referred to D20 hydrate) using cyclopentane (CP). The experiments
have been designed for the advancement of tritium separation and concentration technology where tritium is
simultaneously concentrated with D20 hydrates. Differences in these physicochemical properties and
characteristics between hydrates formed from light water and D20 hydrates were identified. This provides
insights for designing the D20 hydrate formation process.

Chapter 4 experimentally simulated geological settings where the natural methane hydrate and natural
hydrogen could coexist. The experiment was designed as part of natural hydrogen resource exploration, to
clarify the phase behavior of methane hydrate and methane + propane hydrate and possible hydrogen
incorporation into the hydrate phase coexisting hydrogen-containing gas mixture. The results of Raman
spectroscopic measurement proposed a new approach for natural hydrogen exploration.

Chapter 5 presents the conclusions of this thesis, summarizing the above results from the three

perspectives — materials chemistry, physical chemistry and chemical engineering of the hydrate - as above.






