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Experimental study on enhancing smoldering propagation behavior via biomass
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Abstract: As an emerging high-moisture solid waste treatment method, smoldering disposal technology shows
unique advantages in the disposal of high-moisture and low-calorific sludge. However, its self-sustaining
propagation process is easily affected by material characteristics and operating parameters, and there is a risk of
propagation instability caused by the attenuation of reaction intensity. Taking high-moisture sludge (moisture
content >65%) as the disposal object, this study systematically investigates the effects of the mixing ratio of quartz
sand to sludge (2:1~5:1) and air Darcy velocities (5~8 cm/s) on smoldering propagation under biomass conditioning,
and explores the boundary of biomass conditioning ratio for complete smoldering propagation. The results show
that under the condition of a fixed Darcy flow rate of 5 cm/s, the critical biomass conditioning ratio linearly increases
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from 4% to 10% and the critical unit calorific value of the smoldering system remains stable at approximately
0.339 MJ/kg when the sand-sludge mixing ratio is increased from 2:1 to 5:1. When the sand-sludge mixing ratio is
fixed at 3:1, the critical biomass conditioning ratio linearly decreases from 6% to 2% when the air Darcy velocity
increases from 5 cm/s to 8 cm/s, corresponding to a linear decrease in critical unit calorific value from 0.339 MJ/kg
to 0.172 MJ/kg. The material exhibits collapse characteristics after smoldering disposal, and the biomass
conditioning ratio has no significant effect on the top collapse height when it exceeds the critical value. These results
can provide reliable scientific references for solving the efficient smoldering disposal of high-moisture sludge.
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Fig.1 Schematic diagram of sludge smoldering treatment
process and the experimental device
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Fig.5 Temperature changes of sludge added with different

mass fractions of biomass during smoldering when x=5:1
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