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SUMMARY

(4 ® @ o 7

The naturally occurring gas hydrates has attracted significant attention because
the amount of natural gas stored in the gas hydrate reservoirs has been reported
to be more than 10,000 Gt, and this amount exceeds the energy contained in the
total fossil fuel reserves by at least twofold. In particular, it was found that about
20% of natural gas hydrates were reserved in the Artic ocean, and accordingly,
extensive efforts on exploration and R&D have been conducted. In order to
explore and exploit the natural gas hydrates in the Artic ocean, the stability
conditions of the gas hydrates are fundamental. Moreover, the analyses for the
formation and dissociation Kkinetics, structures, compositions, and the thermal
properties of gas hydrates also should be investigated. Because gas hydrates in
the Artic area occur in the permafrost region and sea—bed sediments, the
influence of porous media and salts on the stability conditions, formation and
dissociation kinetics, structures, compositions, and the thermal properties should be
comprehended in terms of microscopic and macroscopic aspects.

In this study, the three—phase (hydrate - liquid water - vapor) equilibria of the
unary system (CHy, C1), binary system (CH;+CsHg, C1+C3), and ternary system
(CH4+C2Hg+CsHg, C1+C2+C3) were determined, and the influence of the porous
media, salts and the gas composition on the equilibrium conditions were
investigated in order to attain the stability conditions of the natural gas hydrates
in the Artic region. A specially designed high pressure reactor was used to
measure the stability conditions for each system. Sequentially, the three—phase
equilibria of the gas hydrates were measured in the presence of the porous media
and salts. It was found that the stability conditions were inhibited due to the
disrupting effect of salts on hydrogen bonding network of water molecules and the
geometrical constraints from porous media. Furthermore, the formation and
dissociation kinetics of the gas hydrates were investigated using a specially
designed apparatus. It was found that the porous media enhanced the interface
between gas and water, thereby increasing the formation rates of the gas
hydrates. The microscopic analyses, such as powder X-—ray diffraction, Raman
spectroscopy, and NMR demonstrated the structures and the cage—dependant
guest distribution in the unary (Cl), binary (C1+C3), and ternary system
(C1+C2+C3). In the binary and ternary systems, it was found that the structural
transition occurred due to the presence of propane (CsHg, C3). The dissociation

enthalpies were also measured using a high pressure micro differential scanning

_iV_



calorimeter to establish the appropriate approach to produce the natural gas
hydrates in the Artic region. It was found to be 53.6 kJ/mol gas for methane
hydrate (CHy, C1), 127.7 kJ/mol gas for propane hydrate (CsHs C3). For binary
(C1+C3) and ternary (C1+C2+C3) hydrate systems, the dissociation enthalpy was
found to be 79.2 kJ/mol gas, and 78.0 kJ/mol gas, respectively. This increasement
in dissociation enthalpy was attributed to the structural transition sl to sII owing
to the presence of propane.

This study will not only provide the fundamental properties of gas hydrates
required to explore and exploit the natural gas hydrates, but also reveal the
mechanism of inhibition by porous media and salts. The physicochemical properties
from this study will perform an important function in production method decision,
and contribute to the development of exploration and exploitation processes.
Furthermore, the exploitation of natural gas hydrates in East sea can be
associated with this study. Moreover, this study is also wuseful to other
technologies such as hydrate—based gas separation, natural gas transportation &

storage, and CO», sequestration.
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