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Abstract: In view of the insufficient analysis of the reaction mechanism concerning the transformation
relationships of intermediate products and the sources of gaseous products in the current supercritical
water co-gasification process of coal and sewage sludge, a two-intermediate lumped kinetics model
was proposed. This model was established based on two main organic components in the liquid
intermediate products, namely the easily decomposable components (e. g., aniline) and the stable
components (e. g., polycyclic aromatic hydrocarbons). Using the model, the transformation
relationships of intermediate products over time during the gasification process were analyzed,

and the sources and yields of various gaseous products were further examined in combination with
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the reaction rate constants. Consequently, the transformation mechanism of supercritical water

co-gasification of coal and sewage sludge was further clarified. The research results show that the

relative error between the model predictions and the experimental data is only 7. 13%, indicating

good consistency. Among the gaseous products, H,, CO,, and CO are mainly produced by steam

reforming of intermediates, whereas CH, is dominantly formed through pyrolysis reactions.

Steam reforming and pyrolysis dominate the entire co-gasification process. Under the conditions

of 620 'C and a mixed solid mass fraction of 5% , the maximum reaction rate of steam reforming

reaches 0. 15 mol/(L «

min), and the maximum pyrolysis reaction rate is 0. 06 mol/(L -

min).

This study provides a theoretical basis for mechanism revelation and process parameter

optimization of coal sewage sludge supercritical water co-gasification technology.
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Fig. 1 Schematic diagram of the co-gasification mechanism of coal and municipal sludge in supercritical watert"’
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Table 2 Calculation results of kinetic parameters for co-gasification of coal and sewage sludge in supercritical water
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Table 3 Activation energy and pre-exponential factor obtained by fitting the Arrhenius equation under different reaction

rate constants
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coal and municipal sludge under different temperatures
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Fig. 4 Generation and consumption rates of gaseous products

under different reactions(620 C)
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