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Introduction

Climate change is one of the primary environmental concerns of the 21st century. Our response to this issue could dictate fundamental changes in how we generate and use energy. To reduce greenhouse gas emissions may limit or alter their use in future. The major greenhouse gas is carbon dioxide, and fossil energy combustion is the major source of carbon dioxide. Many nations have begun taking actions to reduce or limit the growth of emission of greenhouse gases.

There are three primary means to reduce carbon dioxide emissions associated with energy production without reducing economic output. First method is to improve the efficiency of energy conversion. Second method is to shift to lower carbon content fuels such as renewable energy and nuclear power, and third method is to sequester the carbon dioxide released in energy production. To reduce greenhouse gas emission effectively and economically, we must use all three methods. Up to now, however, most carbon dioxide mitigations have focused on the first two. While energy efficiency improvements and low-carbon fuels can reduce emissions, it is questionable whether they are sufficient to stabilize carbon dioxide concentrations. Therefore, it is necessary to investigate ocean sequestration.[1]

In this study, the CO2 and CH4 hydrate in deep ocean sea would be investigated. To simulate the deep ocean sea, we use clay minerals and NaCl-clay systems. The equilibrium temperature and pressure conditions would be obtained through P-T locus, and the hydrate structure was analyzed by X-ray diffraction method. 

Theory

Gas hydrates are crystalline compounds formed by specific configuration of hydrogen-bonded water around other molecules.[2] The water (host) molecules arrange themselves to form cavities that can include other (guest) molecules. Methane hydrates exist widely in nature, and they have potentially great importance not only in relation to environmental issue such as global warming, but also as a possible energy resource. Carbon dioxide hydrates can be formed on deep ocean floor, and they are proposed as a method of carbon sequestration.

Natural gas hydrates are powerful mineral energy resources and their use will significantly improve the energy balance of the world in the future. According to the estimates of many experts the potential resources of natural gases accumulated on earth in a hydrate state are 15*1015m3, which is higher than the surveyed world resources of hydrocarbon gases by two orders of magnitude. Natural gas hydrates can provide mankind with cheap energy for many decades.

One of the unique properties of hydrates is a change of the specific volume of hydrate formers during their transition from a free gas or liquid state into a solid hydrate state and vice versa. the specific volume of water increases by 26-32 vol.% during the phase transition into a hydrate state, compared with 9 vol.% during the phase transition into ice. state. This property allows us to create methods of storage and transportation for large volumes of gas in a hydrate state. The gas hydration process for the storage of carbon dioxide on the ocean floor has recently concentrated. This technology has the possibility of managing huge amount of carbon dioxide by just spreading in ocean floor.

The clay minerals kaolinite, smectite, and palygorskite are among the world’s most important and useful industrial materials. The smectites are more generally referred to as bentonites. Smectite is a family name, which includes sodium and calcium montmorillonite. In this study, we used sodium montmorillinite. It shows special properties such as the high layer charge, the very fine particle size, the thin flakes, the high cation exchange capacity, and the high surface area. Fine particle size, high layer charge, and large surface area of sodium mnrmorillonite when dispersed in water results in a very high viscosity and thixotropy. This along with the high swelling capacity makes the sodium montmorillonite the most important and necessary ingredient in fresh water drilling mud.[2] 

Experimental

Apparatus and Material A schematic diagram of the experimental apparatus used in this work is illustrated in Figure1. The apparatus was constructed to measure the gas hydrate dissociation pressures. An equilibrium cell was made of 316 stainless-steel and its internal volume was about 50 cm3. Two sapphire sight glasses were equipped at the front and back of the cell, and allowed visual observation of phase transitions. The bath contained about 30 L of a liquid mixture of ethylene glycol and water, which was controlled by an externally circulating refrigerator/heater.

Carbon dioxide and methane used in the current study were purchased by World Gas Co., Korea and had a stated purity of 99.99 mol%.

Clay was purchased from Crook County, Wyoming, USA. Clay of 3, 6, 25, and 77wt% contents were used. 3, 6 and 25wt% contents clay were prepared by swelling with water. Pore size and pore volume was measured with BET instrument. Size and volume distribution is illustrated in Figure 2.

Procedure After the equilibrium cell was well cleaned, an amount of approximately 25 cm3 of the aqueous solutions containing clay was initially charged into the equilibrium cell. The air in the cell was eliminated with flushing of gas several times and the pressure was first adjusted to a desired pressure with guest gas. The cell temperature was kept constant as a temperature just above that at which gas hydrates formed. Hydrate nucleation was then induced by agitation of magnetic spin bar with immersed magnet in bath. When gas hydrates were formed and the system pressure reached a steady state, external heater was used to increase the system temperature at a rate of 1 to 2 K per hour to a condition where the hydrate phase was dissociated and in coexistence with liquid and vapor phases. The nucleation and dissociation steps were repeated. When the amount of minute crystals existed and system temperature were kept constant at least for 8 to 10 hour after the system pressure was stabilized, the pressure was considered a hydrate dissociation pressure at the specific temperature. Because we can’t distinguish equilibrium condition by visual observation, the existence of crystal was confirmed by pressure-temperature trace with time. As the guest molecules carbon dioxide and methane were used and equilibrium pressure was measured at various clay composition.

Results and Discussion

Methane and carbon dioxide phase equilibrium experiments were carried. Because pure methane and pure carbon dioxide data were already obtained at previous experiments, we compared clay and gas molecules system with them.

At 25wt% clay and 75wt% water system, methane hydrate equilibrium pressure showed same result with pure water system. Since water exist in bulk phase and clay surface, most methane hydrates are formed in bulk water phase. So equilibrium pressure point appeared along pure data line and clay didn’t affect hydrate formation and dissociation process.

At 77wt% clay bulk water were eliminated. Water exist in clay pores and surface, hydrate formed in not bulk but micro pores. Equilibrium pressure shifted to left side at same temperature, that is, inhibition effect occurred. Measured experimental pressure and temperature data is illustrated in Figure 3.

X-ray diffraction analysis proved formed hydrate structure, sΙ. The result agrees with pure methane hydrate structure. Therefore, we could know clay can change equilibrium point but can’t alter hydrate structure.

For carbon dioxide, 3, 6, and 77wt% clay were used. Like as methane cases, small contents clay system resulted in no effect, that is, because of bulk phase water, clay did not affect equilibrium condition. In the case of large amounts clay, equilibrium line was shifted to left side from pure line.

Conclusion

Ocean floor are made with a mount of clay minerals. Therefore, it is important to know gas hydrate phase equilibrium in clay layer. In this study, we investigated phase equilibrium condition of methane and carbon dioxide hydrate. For low contents of clay mineral, phase condition almost didn’t change. Because of bulk phase water, clay can’t play a role to affect equilibrium pressure. In high contents of clay minerals, inhibition of equilibrium condition phenomena occurred. Because water penetrate clay pore, hydrate formation occurred in pore. Therefore, capillary effects make equilibrium to require more high pressure in same temperature.
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Figure 2. Pore distribution of Na-montmorillonite
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Figure 3. Phase diagram of CH4 Hydrate
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Figure 1. Schematic diagram of experimental apparatus
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