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Melting temperatures of organic solids are often depressed by high-pressure CO, due to a dissolution of CO; in the
molten organic compounds. The melting point depression enables various fluid processes, e.g., emulsification and
micronization, at relatively low temperatures. For thermodynamic analysis of the melting point depression, solubilities of
CO, in molten biphenyl and naphthalene were measured in-situ by near-infrared spectroscopy at various temperatures and
pressures up to 20 MPa. The molarity of the organic component was determined from the decrease in the absorbance
around 8780 cm™* assigned to the second overtone 3v of the C-H stretching vibration, and that of CO, was obtained from
the increase in the absorbance around 5080 cm™ due to the 2v,+v3 combination band. The mole fraction of CO, in the
liquid phase was found to be an increasing function of the pressure up to ca. 0.6 at 20 MPa and a weakly decreasing
function of the temperature. Molecular interaction around CO, dissolved in the liquid phase was also evaluated from the
peak shift of the 2v;+v3 band, and was shown to decrease with increasing CO, pressure due to the volume expansion of the
liquid phase.

The CO; solubility data was utilized for modeling of the fluid mixtures by the Peng-Robinson equation of state with a
binary interaction parameter k;j. Calculation of the solid-liquid-gas phase equilibrium using the value well described a
large decrease in the melting temperature with increasing pressure up to 10 MPa followed by a small change at higher
pressures. The melting point change was interpreted in terms of a competition between the CO; solubility effect and the
hydrostatic pressure effect. The hydrostatic pressure effect was shown to increase the melting point by ca. 8 °C at 20 MPa,
whereas the CO, solubility effect to decrease it by ca. 30 °C. The thermodynamic understanding of the melting point
depression facilitates the development of novel fluid processes using molten organic compounds under high-pressure CO,.




