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1. Introduction – Various desalination technologies have been developed to solve the global water 

shortage. Recently, desalination technology utilizing clathrate hydrate was proposed [1, 2]. Clathrate 

hydrates, abbreviated hydrates hereafter, are crystalline solid materials composed of water and guest 

compounds. When hydrates are formed using seawater, water in seawater and guest compounds are 

selectively taken into hydrates and electrolytes in seawater are left in the remaining solution. Pure water 

can be obtained by decomposing the hydrates. Carbon dioxide is one of the possible candidate of guest 

compounds because the dissolved carbon dioxide after the process is not harmful for drinking. To develop 

the desalination technology utilizing carbon dioxide hydrates, it is vital to measure the seawater + carbon 

dioxide hydrate + vapor carbon dioxide three phase equilibrium conditions. The electrolytes are 

concentrated in remaining seawater during the process and hence the phase equilibrium conditions of 

hydrates in equilibrium with the concentrated seawater are required. In this study, phase equilibrium 

conditions of sodium chloride aqueous solution + carbon 

dioxide hydrate + vapor carbon dioxide were measured. 

 

2. Experimental - The three phase equilibrium conditions 

were measured by the batch, isochoric method [3]. The batch, 

isochoric method is a procedure of determining the phase 

equilibrium condition by forming and decomposing hydrates 

in a vessel having fixed volume. 

 

3. Results and Discussion - The three phase equilibrium 

conditions were measured in the temperature range of 270 K–

280 K. This temperature range would be relevant to the 

hydrate formation process in the desalination technology. The 

results are shown in Image 1. The phase equilibrium 

temperatures at given pressures were lowered with increasing 

mass fraction of sodium chloride in aqueous solutions. 

 

4. Conclusions - Three phase equilibrium conditions of sodium 

chloride aqueous solutions + carbon dioxide hydrate + vapor carbon dioxide were measured to establish 

seawater desalination technology utilizing clathrate hydrates. 
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Image 1. Sodium chloride aqueous solution + carbon 

dioxide hydrate + vapor carbon dioxide three phase 

equilibrium conditions at various concentration of sodium 

chloride. 


