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Table 1 Basic physical and chemical properties of soil samples
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kL YKL FRL
836 437 3.45 543 19.37 7135 9.28
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Fig. 4 Temperature distribution diagram of soil sample in resonant cavity
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Fig. 6 Single factor result analysis diagram
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Table 2 Intermediate products of naphthalene degradation
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1 1,2-Dihydroxynaphthalene C,H;O, 160.17
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OH
[0
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o
OH
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Fig. 7 Degradation pathway of naphthalene in soil under MW/PS system
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Fig. 8 Removal rate and reaction rate constant of Nap under different conditions
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Fig. 10 Kinetic calculation under different activation conditions
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Table 3 Calculation of reaction kinetics at different temperatures under microwave radiation

TR/ waIriE HCRER? AN ES %4
293 y=0.01540x—0.108 68 0.989 2 0.015 40
303 y=0.02106x—0.11731 0.992 1 0.021 .06
313 y=0.02895x—0.093 13 0.9970 0.028 95
333 y=0.04074x—-0.025 65 0.996 0 0.040 74
353 y=0.05232x—0.15931 0.9973 0.052 32

x4 BAMAFHETIREBEENRESNDZETE

Table 4 Calculation of reaction kinetics at different temperatures under conventional heating conditions

I /k Wa T MR FBR AL %14
293 y=0.01427x—0.089 39 0.9639 0.014 27
303 y=0.018 06x—0.084 02 0.993.1 0.018 06
313 y=0.02077x—0.093 13 0.998 6 0.020 77
333 y=0.03403x—0.025 65 0.9953 0.034 03
353 y=0.03961x=0.15931 0.997 4 0.039 61
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Abstract PS (persulfate) induced by MW (microwave) has been proved as an effective strategy for organic
polluted soil remediation. In this study, naphthalene was selected as the target soil contaminant, which was a
typical kind of PAHs (polycyclic aromatic hydrocarbons). The mechanism of naphthalene removal during
microwave -electromagnetic -irradiation process was explored by COMSOL Multiphysics software simulation
together with the theoretical analysis of electromagnetic coupling. Moreover, the effects of PS concentration,
MW irradiation time, MW temperature, and soil water content on naphthalene removal performance were
investigated. The results indicated that the optimized microwave reactor based on software simulations revealed
better heating uniformity. The degradation process of naphthalene conformed to the pseudo-first order kinetic
model. Besides, the k value of PS induced by MW reaction were 1.6 times higher than those of conventional
electrical heating. These results could be attributed to the polar PS molecules movement under the microwave
alternating electric field, thereby optimizing the naphthalene mass transfer process in the soil and reducing the
activation energy required for the reaction. The maximum naphthalene removal efficiency could reach 96.5%
when the PS concentration, MW irradiation time, MW temperature, and soil water content was 1.0 mol L™, 80
°C, 60 min, and 15%, respectively. The results obtained from this study could provide theoretical support for
practical applications of PS induced by MW to treat PAHs in soil.

Keywords microwave induced; persulfate; naphthalene; analogue simulation; soil remediation
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