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Optimization of Nitrification in Microreactors
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Abstract

As an indispensable key unit reaction in the field of fine chemical engineering, the mass transfer efficiency and product selectivity of
nitration reactions directly determine the economic benefits and production safety of the entire process. Traditional batch reactors,
limited by their macroscopic scale, commonly suffer from inherent defects such as large mass transfer resistance, uneven mixing,
and significant temperature distribution gradients. These issues easily induce side reactions such as over-nitration, oxidation,
and positional isomerism, leading to a decrease in the yield of the target product and the accumulation of hazardous by-products.
Microreactor technology, with its enormous specific surface area and excellent heat and mass transfer performance brought about by
its micrometer-scale characteristic dimensions, provides a revolutionary solution for achieving orders-of-magnitude improvement
in mass transfer coefficients and precise dynamic control of reaction parameters. This paper aims to systematically analyze the
intrinsic mechanisms of mass transfer enhancement in nitration reactions within microreactors. From three dimensions—flow pattern
evolution, dynamic behavior of phase interfaces, and microchannel structural parameters—the leap path of mass transfer performance
is deeply revealed. Meanwhile, closely integrated with the intrinsic kinetic characteristics of nitration reactions, this study elaborately
explores the synergistic optimization effects of multiple strategies such as precise temperature field control, instantaneous adjustment
of reactant ratios, strict residence time distribution, and extreme intensification of micromixing on product selectivity. This research
not only clarifies the scientific principles of microreactor-enhanced nitration processes at the theoretical level but also provides a solid
theoretical basis and practical guidance for the efficient design, optimization, and industrial scaling-up of nitration processes in fine
chemical engineering.
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