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11T D Gas Hydrate W 5% D Hj[r]

Some Recent Topics on Gas Hydrate Studies

WA %

Tsutomu UCHIDA

Gas hydrates are crystalline inclusion compounds in which guest molecules (e.g. methane and carbon dioxide) stabilize
the cages formed by hydrogen bonded H,O molecules at low temperature and suitable pressure. Since these materials

are interested in various research fields, the understanding of their unique properties sometimes requires the collabora-
tions beyond the research fields. This review shows some interesting phenomena of gas hydrates, which have been re-

cently studied actively.

[gas hydrate, inhibitor, self-preservation, structure, engineering application]
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Fig. 1. Hydrate-related publications in the 20" century by
decade[5].
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Fig. 2. Gas hydrates can become a hazard by blocking pipe-
lines and interfering with oilfield operations[9].
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Fig. 3. Morphology of tetrahydrofuran (THF)-hydrate crys-
tal growth[19]: (A) octahedral THF crystals in pure water (B)
plate-like THF crystal growth in the presence of 0.05 mM
Poly(N-vinylpyrrolidone) (C) 0.05 mM antifreeze protein
from winter flounder (D) 0.05 mM antifreeze protein from the
spruce budworm insect. The length of the bar is 1.3 mm and
the plate-like crystals that appeared and grew out from origi-
nal octahedral crystal are marked with arrows.
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Fig. 4. Dissociation kinetics under 0.1 MPa and various
temperature conditions and extent of ‘anomalous preserva-
tion’ regime of methane hydrate[27]. The equilibrium disso-
ciation temperature for methane hydrate at 0.1 MPa is at
193 K and the ice melting temperature is at 273 K. The
‘anomalous preservation regime’ at 242-271 K is character-
ized by markedly depressed dissociation rates that are orders
of magnitude slower that those predicted by extrapolation of
the lower temperature tests (dashed curve).
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Fig. 5. Air-hydrate crystal in ice matrix of deep ice core,
Dome Fuji, Antarctica.
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Fig. 6. Crystal structures of clathrate hydrates. For example,
methane or carbon dioxide forms the ‘type-I" structure, which
is constructed by two types of cages (hatched ones). The guest
gas molecule (G) can be included at most 8 in the unit cell,
which is constructed 46 H.O molecules. Propane forms the
‘type-1I" structure, which is also constructed by two types of
cages but different from those of type-I. Dotted lines indicate
the cubic unit cell, in which the numbers of molecules shown
below each structure are included.
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