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A review on the modeling of gas-liquids-solids multi-phase
equilibrium in complex petroleum systems

SUN ChangYu, YUAN Qing, MA QingLan, LI QingPing & CHEN GuanglJin

State Key Laboratory of Heavy Oil Processing; China University of Petroleum, Beijing 102249, China

Abstract: In the exploitation, transportation and process of oil and natural gas, there exists gas phase, liquid phases,
and potential solid phases, including gas hydrate, paraffin, and asphaltene. Solid precipitations such as gas hydrate,
paraffin, and asphaltene in gas and oil exploitation/transportation facilities and pipelines are undesirable since it may
plug them and bring safety problem. To avoid solid aggregation in petroleum fluid, it is necessary to determine the
onset and the amount of precipitation of these solids, which concerning a complex gas-liquids-solids multi-phase
equilibrium issue. This paper reviews the application of chemical thermodynamics theories in the modeling of
gas-liquids-solids multi-phase equilibrium in complex petroleum systems. The modeling of gas hydrate phase
equilibrium has been well developed, which is divided into two categories, i.e. van der Waals and Platteeuw (vdWP)
type models based on isothermal adsorption theory, and Chen and Guo type models based on reaction—adsorption
two-step formation mechanism. The paraffin precipitation is usually described by activity coefficient model, equation
of state, or multisolid-phase model. The onset and amount of asphaltene precipitation could be calculated using
solubility parameter model, equation of state, micellization model, or scaling equation. The important aspects for
future gas-liquids-solids multi-phase equilibrium research were discussed.

Keywords: gas-liquid-solid system, phase equilibrium, hydrate, paraffin, asphaltene
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