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On the Phase Behaviors of CH, and CO, Clathrate Hydrates;

Equilibrium with Aqueous Phase -
‘/
Hideki TANAKA*

We explore the solubilities of guest CH, or CO, in the aqueous state coexisting with the
corresponding hydrate. The equilibrium conditions are estimated by calculating the chemical potentials
of water and guest species in the hydrate on the basis of a statistical mechanical theory using pairwise
intermolecular potentials. This requires the least computational cost while covering a wide range of
temperature, pressure, and composition of guest species even for the binary hydrate. The two-phase
equilibrium concerning to CO, hydrate is evaluated considering a low but finite value of CO, solubility
in water. It is found that the finite solubility gives rise to a small systematic deviation of the dissociation
temperature of CO, hydrate. The solubility of CO, coexisting with fluid CO, decreases with temperature
but the opposite temperature dependence is obtained in the presence of hydrate as in the case of CH,.
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Fig. 1 Solubilities of CH, (blue open circle) and CO, (red open circle)
in water coexisting with fluid (solid line) at a low pressure of
0.1 MPa as well as experimental measurements (cross).
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Fig. 2 Phase diagram for single guest component (CO,) hydrate at a
pressure around 100 MPa. The hydrate is stable within the area
surrounded by the solid and the dashed lines.
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Fig. 3 Excess chemical potentials of CH, (blue) and CO, (red) in water
against temperature at 10 (solid), 50 (dot-dash), and 100 (dashed)
MPa.
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Fig. 4 Solubility of CO, in water against temperature (K) in equilibrium
with CO, hydrate at 10 MPa after O (cyan), 1 (green), 2 (orange),
and 3 (red) cycles along with as solubility in contact with fluid
CO, (blue).
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Fig. 5 Solubilities of (@) CH, and (b) CO, in water against temperature
in equilibrium with hydrate (solid lines) and with guest fluid
(dotted lines) at pressure of 1 (cyan), 10 (green), and 100 (red)
MPa. The curves are obtained by fitting the raw data (circles).
Open triangles indicate experimental measurements for CH, at
50 MPa and for CO, at 30 MPa.
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Fig. 6 Chemical potentials of (@) CH, and (b) CO, in stable hydrate at
p =10 and 100 MPa and at T = 275 (blue), 280 (cyan), 285
(green), 290 (orange), 295 (red) K. Either end to form stable
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Fig. 7 Dissociation pressures against temperature neglecting the solubil-
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