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Physical modeling of the formation of the clathrate hydrates of methane
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Physical modeling of the formation
of the clathrate hydrates of methane

Nowadays natural gas hydrates attract special attention as a possible source of fossil fuel. According
to various estimates, the reserves of hydrocarbons in hydrates exceed considerably explored reserves of
natural gas. Due to the clathrate structure the unit volume of the gas hydrate can contain up to 160-180
volumes of pure gas.
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®dusnyeckoe mopenmpoBaHue GpopMUpPOBaAHUA KaTpaToB rMAPaTOB MeTaHa

B HacToAwee BpeMA NpupoaHbie ra3oBble rmapatbl NpruBIeKakoT ocoboe BHMMaHMe KaK BO3MOXHbI
MCTOYHUK MCKonaeMoro Tonaunea. Mo pa3HbIM OLleHKaM, 3anacbl yrneeso40p0oA0B B ra3oBbIX rmapaTtax 3Ha-
HYNTENIbHO NPEeBbIWAOT pa3BefaHHble 3anacbl NPpUpPOAHOro ra3sa.
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Kaszipri ke3ge Tabufu ra3 ruapatrap Kaszbanbl OTbIHHbIH MYMKiH Ke3i peTiHAe epeKlue Ha3ap ayaap-
TbIN OTbIp. OpTypni Garanaynap GoMbiHWa ra3apl rMapaTTapAaFbl KeMipcynapabliH Kopiapbl 6apnaHfaH

Tabun ra3fiblH KOpblHAaH acbln OTbIP.
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Nowadays natural gas hydrates attract special
attention as a possible source of fossil fuel. According
to various estimates, the reserves of hydrocarbons
in hydrates exceed considerably explored reserves
of natural gas. Due to the clathrate structure the unit
volume of the gas hydrate can contain up to 160-180
volumes of pure gas. In recent years interest to a
problem of gas hydrates has considerably increased.
Such changes are connected with the progress of
searches of alternative sources of hydrocarbonic
raw materials in countries that do not possess the
resources of energy carriers. Thus gas hydrates are
nonconventional sources of the hydrocarbonic raw
materials which can be developed in the near future.

At the same time, mechanisms of methane
clathrate hydrates formations have not reached
an advanced level, their thermophysical and
mechanical properties have not been investigated
profoundly [1]. Regarding this experimental
modeling of the processes of formational clathrate
hydrates of methane in water cryomatrix in the
process of co-condensation from gas phase on
cooled substrate was carried in the range of
temperatures T=(12-60) K and pressures P=(10"*-
10%) Torr. Methane concentration in water varied
in the range of 5-90%. The thickness of a film
was 30-60 mcm. The vibrational spectra of two-
component thin films of cryovacuum condensates
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of CH+H,O were measured and analyzed.
According to the comparison of thermal desorption
curves and changes in the absorption amplitude of
characteristic frequencies of methane vibrations,
we made some assumptions relatively the state of
methane molecules in the «matrix» of water. We
assume, that under these conditions cryoprecipitated
methane in solid solution with water can exist in
three states. The most significant and interesting
temperature ranges are the following:

1. Temperature range from 30 K to 58 K — is
the range of solid methane evaporation. This
assumption is consistent with the values of methane
equilibrium parameters (pressure, temperature) on
the phase diagram.

2. Temperature range from 60 K to 130 K — is
the range of decrease in the adsorption capacity of
amorphous water film at higher temperatures.

3. Temperature range from 130 K to 145 K —is the
range of the restructuring of solid phase from water

— amorphous state (ASW) through the intermediate
state super cold liquid (SCL) to cubic ice [2].

4. In the range from 145 to 160 K the methane
concentration in the sample is almost stable. At
these high temperatures, methane can exist in the
film only in bound state with water, namely in the
form of clathrates. Increase of the temperature above
160 K leads to a decrease of methane concentration,
which is connected with the transition of cubic ice
I, to regular hexagonal state I , which is apparently
accompanied by a partial destruction of the
clathrates. Narrow temperature range of 172-176 K
with constant values of the methane concentration
is related with the existence of hexagonal ice
containing methane clathrates. Further increase in
the temperature leads to evaporation of water film
with simultaneous change of methane concentration.
The fact that methane evaporates from the sample
together with water confirms methane clathrates
presence in the samples.
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