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Abstract: The hydrogenation of dimethyl oxalate (DMO) to methyl glycolate (MG) is a typical tandem reaction
system, in which the selectivity of the target product is governed by the interplay between reaction kinetics and
transport processes. To clarify the coupled effects of intraparticle diffusion and bed-scale transport in industrial
fixed=bed reactors, a two—dimensional bed-particle dual-scale model was developed. The effects of catalyst
particle size, radial temperature gradient, and operating conditions on reaction performance were systematically
investigated. The results show that catalyst particle size alters the competition between the main and the side
reactions by coupling intraparticle diffusion with reactant distribution along the bed, with 5 mm particles exhibiting
optimal overall performance. The radial temperature gradient enhances the differential temperature sensitivity of the

main and side reactions, leading to a spatial selectivity distribution favorable for MG preservation across the reactor
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cross—section. Operating conditions influence the matching between reaction and transport processes by altering

reaction rate, residence time, and component distribution; optimal performance is achieved at a feed temperature of

483.15 K, a liquid hourly space velocity of 0.75 h™', and a relatively low hydrogen—to—ester ratio. This study

elucidates the multiscale reaction—diffusion coupling in DMO selective hydrogenation and provides a theoretical

basis for catalyst bed design and operation optimization in industrial fixed—bed reactors.

Keywords: dimethyl oxalate hydrogenation; methyl glycolate; dual-scale coupled model; reaction—diffusion

coupling; selectivity regulation
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Fig.1 Schematic diagram of the bed—particle coupling model and radial porosity distribution
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Fig.2  Grid sensitivity analysis and model validation
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