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Estimation of kinetic parameters and study on mass and heat transfer
characteristics of ethylbenzene dehydrogenation based on improved Marine

Predator Algorithm
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Abstract: The reaction kinetic—reactor coupled model of ethylbenzene dehydrogenation to styrene in fixed bed

contains many unknown parameters. It is of great significance to efficiently calibrate these parameters using limited

experimental data. This study proposes an improved Marine Predator Algorithm (IMPA) by introducing three

improvement strategies: linear population reduction, feature coordinate system rotation, and stagnation restart

mechanism. Firstly, two standard test functions were employed to evaluate the performance of the algorithm, The

mean residual values obtained by the IMPA were only 1.23 and 5.38, respectively, which are significantly lower

than those of the standard MPA, genetic algorithm (GA), and Grey Wolf Optimizer (GWO). Moreover, the average
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CPU time of IMPA over 100 iterations was less than 0.68 s. Then, the IMPA was applied to estimate the kinetic
parameters. All the four reaction rate constants satisfied the Arrhenius equation as a function of temperature (R? >
0.90), and the activation energy for the main reaction was calculated to be 159.15 kJ/mol. Finally, the mass and heat
transfer characteristics of ethylbenzene dehydrogenation process in fixed bed were investigated. The effects of axial
diffusion coefficient, gas—solid phase mass transfer coefficient, catalyst particle internal diffusion coefficient, and
particle size on ethylbenzene conversion and styrene production were analyzed; The effects of gas—solid interphase
heat transfer coefficient, total wall heat transfer coefficient, and flow velocity on the temperature distribution of gas
phase were also studied. The proposed IMPA can also provide an effective solution method for parameter estimation

and operating condition optimization of other reactor models.

Keywords: fixed bed; parameter estimation; marine predator algorithm; ethylbenzene dehydrogenation
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Fig.1 The reaction network of ethylbenzene dehydrogenation to styrene
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