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The increasing interest in upgrading heavy oils and the demand for cleaner transportation fuels continue to drive the research and development of new hydrotreating and hydroprocessing catalysts. Transition metal sulfides, specifically molybdenum-based sulfides, are widely used in the oil refining industry as hydrotreating catalysts, and various techniques and activity investigations have provided many insights into the nature of the active phase on these catalyst systems. During the past decade, considerable attention has been given to the theoretical investigation of molybdenum-based sulfide catalysts using density-functional theory (DFT) in order to further understand the structure of active sites and reaction mechanisms at the atomic level. This presentation will highlight recent progress in applications of DFT methods to study the structures of hydrotreating and hydroprocessing catalysts, and the adsorption and reactivity heavy oil hydrocarbons.  Several important computational results from the previous decade will be discussed, and new results on hydrogenation and hydrotreating catalysis will be presented.  Additionally, the need to consider the appropriate model and the effect of reaction conditions on the stable structures and subsequent reaction mechanisms when performing calculations will also be discussed.  Future applications of DFT to increase the fundamental understanding of hydrotreating and hydroprocessing catalysis will be presented, and some potential problems and limitations of DFT calculations will be presented.
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