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Abstract

The conversion of fossil and renewable organic energy resources such as coal, oil shale, lignin, and biomass into useful products (liquid fuels, chemicals, specialty materials, etc.) generally involves thermochemical processing to break down these cross-linked, macromolecular materials.  It is now well recognized that mass transport limitations during processing, imposed by the cross-linked structure and/or pore confinement, can impact global degradation kinetics, product composition, and the energy efficiency of the process.  However, a fundamental molecular level understanding of the impact of restricted diffusion on thermochemical reaction mechanisms has only recently begun to be achieved.  In our research, we have been exploring these impacts on high temperature (300-500(C) organic reactions through the use of molecules that model constituent structures in organic energy resources.  This is accomplished through surface immobilization techniques on the surface of nonporous silica nanoparticles, and more recently, in mesoporous silicas such as MCM-41 and SBA-15 having tunable pore sizes.  The key surface linkage, Si-O-Caryl, is thermally stable to ca. 550(C allowing studies of high temperature reactions involving free radical intermediates, while being hydrolytically unstable permitting recovery of products from the surface.  An overview of this research will be presented including a description of surface immobilization techniques, characterization of the these organic-inorganic hybrid materials by chemical and spectroscopic techniques, and analysis of representative pyrolysis reactions where restricted diffusion results in altered kinetics and mechanisms compared with corresponding behavior in fluid phases.
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