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On the Phase Behaviors of CH,-CO, Binary Clathrate Hydrates:
Two-phase and Three-phase Coexistences

Hideki TANAKA™

We develop a statistical mechanical theory on clathrate hydrates in order to investigate the phase
behaviors of clathrate hydrates containing two sorts of guest species. It is applied to CH,-CO, binary
hydrate. The two boundaries separating water and hydrate and separating hydrate and guest fluid mixtures
are calculated, which are extended to the lower temperature and the higher pressure region far distant from
the three-phase coexisting conditions. The chemical potentials of the individual guest components can be
obtained from the free energies of cage occupations, which are available from the intermolecular interactions.
This enables to derive all thermodynamic properties pertinent to the phase behaviors in the whole space
of thermodynamic variables of temperature, pressure, and guest compositions. It is found that the phase
boundaries of CH,-CO, binary hydrates with water and with fluid mixture locate between simple CH, and
CO, hydrates but the composition ratios of CH, guest in hydrate are disproportional to those in fluid mixture.
Such differences arise from the affinities of each guest species to the large and small cages of CS-I hydrate
and affect significantly occupation of each cage type which results in a deviation of the guest composition
in hydrate from that in fluid on the two-phase equilibrium conditions.
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Table I Interaction site parameters for charge and LJ size (o), energy
(&) parameters for guest species, CH, and CO,. The C-O
distance in the CO, molecule is 0.1149 nm.

site q(e) o/nm &/kJ mol™

CH, 0 0.3882 1.139
C 0.652 0.3493 0.6099
0 -0.6 0.2994 0.4796
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Fig. 1 Dissociation pressures of CH, (blue) and CO, (red) hydrates
against temperature along with experimental measurements
(filled circles).
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Fig. 2 Phase boundaries of simple hydrates in equilibrium with water
(solid lines) and guest fluid (dotted lines) of either CH, (blue) or
CO, (red) against mole fraction of guest. Pressures are set to 0.8,
3.2, 25.6, and 102.4 MPa (from left to right).
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Fig. 3 Temperature dependence of cage occupancy at 3.2 MPa (blue:
CH, in the large cage, light blue: CH, in the small cage, red: CO,
in the large cage, magenta: CO, in the small cage).
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Fig. 4 (a) Temperature dependence of the chemical potentials (solid
lines) of CH, (blue) and CO, (red) in pure fluid and free
energies of occupation (dotted lines) for CH, (light blue)
and CO, (orange) in the large cage and for CH, (violet) and
CO, (magenta) in the small cage at 3.2 MPa.

(b) Temperature dependence of the chemical potentials of CH,
(blue) and CO, (red) in mixtures of z/” = 0.1 (solid lines),
0.5 (dotted lines), 0.9 (dot-dash lines) at 3.2 MPa.
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Fig. 5 Occupancies of binary hydrates, for large cages by CH, (blue)
and by CO, (red), for small cages by CH, (light blue) and by CO,
(magenta) at pressure p = 3.2 MPa and at guest fractions, z("’ =

0.1 (thin lines) and 0.5 (thick lines) in equilibrium with water
(solid line) and with guest fluid (dotted line).
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