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Abstraets : Stability of hydrates is sensitively influenced by their composition of guests. Some-
times even a very small amount of guest changes its equilibria drastically. In this report,
relationship between equilibria of hydrates with multiple guests and their composition is described.
There are two kinds of guest mixtures, one is from mixed gas and the other from methane and an
additive in water phase.

First, equilibria of hydrates from methane and ethane or propane were investigated. It is
difficult to measure composition of multiple guests in hydrate phase, because compositions of gas
and hydrate phases are different at an equilibrium, and the both change during hydrate formation.
A new approach to measure equilibrium composition in hydrate phase by stepwise dissociation and
gas analysis is introduced.

Next, effect of contaminants in water phase was investigated. In this report tetrahydrofuran
was selected as a typical guest in water phase, so that it might form stable hydrate with methane.

The results indicated that equilibrium condition was drastically changed by small addition of a
guest in larger cage, on the other hand, methane in small cages did not affect so much. These
results suggested that occupancy of large cages in both I and II structures affects stability of
hydrates more strongly than in case of small cages.
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Table 1 Introduced gas composition.
a. methane/ethane mixture

b. methane/propane mixture

a.

Concentration [ % ]

Methane | 98.95| 93.90] 92.84| 74.89| 59.82| 40.07] 20.70 0.10
Ethane 1.05 6.10 7.16] 25.11| 40.18] 59.93| 79.30| 99.90
Concentration [ % ]

Methane | 99.80| 98.04] 80.00] 50.35] 30.31 9.98
Propane 0.20 1.96] 20.00] 49.65] 69.69] 90.02
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Fig. 4 Pressure vessel for hydrate formation and disso-
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Fig. 5 Equilibrium pressure vs. composition of methane
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O Gas phase @ Hydrate phase

3.0

2.5

2.0

]
1.5 | -

B
1.0

0.5

Equilibrium Pressure [MPa]

&
s 00 0 = 2%
0

25 50 75 100
Mole Fraction of Methane [%]

BOXK A5 v/TFuxViBEN AL FL— b O E
£ (274.15K).

Ost B ~MFLr—1H
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Fig. 7 Relationship between stability and cage occu-
pancy of hydrate from methane/ethane mixture.
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Fig. 8 Equilibrium pressure vs. concentration of tetra-
hydrofuran in water phase at 278.156K and 283.15K.
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hydrate phase vs. concentration of tetrahydrofuran in
water phase.
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Fig. 10 Relationship between stability and cage occu-
pancy of hydrate from methane/tetrahydrofuran mixture.
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