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Abstract: This study explored the impact of hydrothermal carbonization (HTC) reaction conditions, including reaction
temperature, reaction time, and reaction medium on the properties of HMs in sewage sludge. Experimental investigations
demonstrated that HTC enriched HMs in the hydrochar, transforming them from unstable fractions (F1/F2/F3) to more stable
fractions (F4/F5). The stabilization degree correlated positively with reaction intensity, with temperature playing a more
significant role. The results revealed that HTC greatly reduced the ecological toxicity of HMs. Under neutral conditions, Zn,
Cu, Cr, and Ni exhibited low risk levels, while Mn remained at a medium level. The use of 2% H,S0O, as the reaction medium
at 220° C for 1 hour was identified as the optimal condition, wherein all HMs in the hydrochar achieved low-risk levels.

Furthermore, HTC also reduced leaching toxicity, as measured by SPLP, TCLP, and PBET. This suggests that HTC is a
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promising technology for the safe and effective disposal of sewage sludge, as it transforms sludge into a low-risk material. The

comprehensive analysis of HMs migration, transformation, and ecotoxicity under different HTC conditions provides valuable

insights for future research and practical applications.
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Figure 1 Distribution of HMs in liquid and solid phases under different HTC conditions
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Figure 2 HMs concentrations in hydrochar before and after HTC
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Figure 3 Distribution of HMs in sewage sludge and its derived hydrochar
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