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Concerns for the environment both in the United States and abroad have led to new regulations which will require dramatically lower sulfur levels in fuels.  Considerable effort has been devoted to optimizing molybdenum sulfide-based hydrodesulfurization (HDS) catalysts and nearly a two-fold increase in catalyst activity has been achieved over the last thirty years.  When the requirement for lower sulfur levels in fuels is coupled with the need to process lower quality petroleum feedstocks, there is a general consensus that incremental improvements of the current sulfide-based HDS catalysts will not be sufficient.

   An approach to the development of new HDS catalysts we are exploring is to investigate how main group elements other than sulfur modify the catalytic properties of molybdenum (and other transition metals).  For example, research in our laboratory has shown that alumina-supported molybdenum carbide ((-Mo2C) and molybdenum nitride (-Mo2N) are approximately 40 and 20% more active, respectively, for thiophene HDS than conventional sulfided Mo/Al2O3 catalysts with similar Mo loadings.  Current research involves the synthesis, characterization and HDS evaluation of oxide-supported metal phosphide and amorphous metal boride catalysts.  Both classes of materials show strong potential to be superior HDS catalysts compared to sulfide-based materials.  Silica-supported molybdenum phosphide (MoP/SiO2) and nickel phosphide (Ni2P/SiO2) catalysts prepared in our laboratory are nearly four and nine times more active for thiophene HDS, respectively, than a conventional sulfided Mo/SiO2 catalyst.  An amorphous boride catalyst, prepared by sodium borohydride reduction of silica-supported Ni and Mo salts, is nearly fifty percent more active than a sulfided Ni-Mo/SiO2 catalyst of similar metal composition.  The phosphide and boride catalysts have been characterized by a number of different analytical techniques, with many of the experiments carried out at the EMSL user facility.  Based upon the catalytic and characterization studies, preliminary explanations of the high HDS activities of the phosphide and boride catalysts will be presented.

