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Dissolution Test of a CO, Droplet through Clathrate Film
at High Pressure

Izuo Aya

Ship Research Institute, Tokyo, Japan

In order to get useful information to assess the feasibility of CO, storage in
the deep oceans, we examined the behavior of CO; clathrate film in highly
pressurized water by using the facility which can simulate the pressure and
temperature conditions of 3000 meters deep ocean where liquid CO, becomes
heavier than the sea water. Figure 1 shows the test facility which forms a loop with
capacity of 32 liters (inner diameter: 67 mm, total length: 9 meter). Following
visual data were got: the shape of CO; clathrate, the developing rate of clathrate
film, the strength of clathrate film and the dissolution rate of a CO; droplet through
clathrate film. Among these, the last two data are the most important for the
realization of CO, storage in the deep oceans.

CO; clathrate film is usually formed at the interface between water and CO».
Figure 2 shows the scene just before the clathrate film breaks up due to the force
to pullitup at 5 MPa and 6°C. From the spring coefficient and its elongated length,
the strength of clathrate film was evaluated for the first time as 1.3 Newton/m
which is about 17 times of the surface tension of water at the same temperature.
This measured strength of clathrate film should be useful to evaluate the physical
stability of large clathrate film formed on the surface of CO; lake at the basin of
deep ocean.

Figures 3 and 4 show the shrinking process of a CO; droplet with and without
clathrate film in still pure water. From these figures, it can be said the clathrate
film only weakens the dissolution rate of CO; but never protects the inner CO».
Figure 5 shows the diameter of a CO; droplet shrinks linearly with lapse of time.
This slope can be said as the dissolution rate. The data shown in Fig. 6 are the
dissolution rates at various conditions. The temperature also influences the
shrinking rate in case of with clathrate film. The difference of dissolution rate of
with and without clathrate film seems to be proportional to the subcooling from
the equilibrium temperature between liquid CO,, water and clathrate. Anyway,
high dissolution rate of CO; through clathrate film results in the existence of the
limit surface area for constant supply of CO,. For example, if we choose disso-
lution rate k of 10-® m/s, about 1000 kg of CO; can dissolve per second through
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