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Abstract: Conventional batch reactors suffer from inefficient heat and mass transfer when synthesizing
biodiesel-derived methyl palmitate sulfonate ( MES-C16) surfactant with chlorosulfonic acid. This
limitation causes low production efficiency and poor product quality, hindering industrial implementation.
To obtain high-quality sulfonates, we developed a hybrid mixing-sulfonation microreactor system. We
analyzed the sulfonation mechanism of chlorosulfonic acid and methyl palmitate (MP), screened solvents,
and optimized the process; this enabled successful low-temperature sulfonation in the microreactor. We
characterized product structure using Fourier transform infrared (FT-IR) and 'H nuclear magnetic
resonance ('H NMR) spectroscopy and measured active matter content and disodium salt concent via

direct two-phase titration and potentiometric titration, respectively. The results demonstrate that highly
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efficient sulfonation of MP was successfully achieved at 50 °C under low-temperature conditions in this

study. The final product reached 76. 0% active matter content and reduced disodium-salt content to 9. 8 %.

These results markedly outperformed those from a batch reactor. After purification, the product met the

industrial premium-grade standard and displayed superior solubility, emulsifying properties, and foaming

ability. By leveraging the inherent high efficiency of heat and mass transfer in microreactors, this study

provides a novel strategy for efficiently preparing biodiesel-based sulfonates.

Key words: microreactor; surfactants; biodiesel; sulfonation reaction; mass transfer
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