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Chlorination of toluene involves a series of consecutive reactions and competitive reactions. Achieving high selectivity to benzyl chloride, which is the first chlorinated product from the consecutive reactions, relies on proper understanding of reaction process. In this study, a reaction model for the current industrial process carried out in bubble column reactors has been developed. This model takes into account the effects of photon radiation, liquid volatility, three extreme flow patterns, and two mixing states. The appropriate operating conditions in bubble column/sparged reactors to achieve highest selectivity to benzyl chloride were identified. A novel laboratory scale photo reactive distillation system featuring an effective utilization of photon radiation and flexible operation by means of an elliptical reflector and tubular radiation sources has also been developed. The chlorination of toluene in the reactive distillation column was experimentally investigated. A reaction model for the dynamic reactive distillation process was developed considering two-phase (vapor and liquid) reactions, and assuming equilibrium stages/compartments, constant pressure in each stage/compartment and constant volumetric holdup. It is shown that the reactive distillation system is superior to the bubble column reactor in achieving higher selectivity to benzyl chlorine at higher conversion of toluene.
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