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Abstract [ Objective |  Hydrothermal carbonization is an emerging technology for sludge reduction and value-added product
generation. Catalysts play a crucial role in enhancing the reaction rate and treatment efficiency of sludge hydrothermal carbonization.
[ Methods] The properties and composition of sludge were analyzed first. Using sulfuric acid and oxalic acid as catalysts, this study
investigated the effects of catalyst mass fraction (1%, 2%, 3%, and 4%) on sludge hydrothermal carbonization performance. The
filtrate and biochar generated from hydrothermal carbonization were characterized separately: for the filtrate, pH, volume, and water
quality parameters were measured; for the biochar, thermodynamic parameters, elemental composition, and heavy metal speciation
were determined. Additionally, scanning electron microscopy ( SEM), Brunauer-Emmett-Teller ( BET) surface area and pore size
analysis, and thermogravimetry-differential scanning calorimetry (TG-DSC) were employed to evaluate the structural properties of raw
sludge and derived biochar. [ Results] Hydrothermal carbonization significantly improved the dewaterability of sludge, with sulfuric
acid exhibiting higher catalytic activity than oxalic acid. With increasing catalyst dosage, the pH of the hydrothermal carbonization
filtrate decreased while its volume increased; concentrations of chemical oxygen demand ( COD) , ammonia nitrogen, and phosphate in

the filtrate showed an upward trend, whereas total nitrogen concentration first decreased and then increased. For the biochar product,
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organic matter content and calorific value decreased, accompanied by reductions in C, H, O, and N contents and increases in C/H

and C/O ratios. The total content of N+P+K in biochar decreased, while heavy metals were effectively stabilized. SEM characterization

confirmed the porous structure of biochar with an increased specific surface area, and TG-DSC curves displayed a double-peak pattern.

The resultant biochar not only qualified as a promising biomass fuel but also met the relevant standards for land application.

[ Conclusion ]

Considering both catalyst cost and treatment efficiency, sulfuric acid outperformed oxalic acid in sludge hydrothermal

carbonization. At a catalyst dosage of 2%, the specific surface area of biochar catalyzed by sulfuric acid is 14% higher than that

catalyzed by oxalic acid. It should be noted that sulfuric acid application will lead to an increase in the sulfur content of biochar.

Keywords sludge hydrothermal carbonization catalyst filirate biochar
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Fig. 1 Relationship between pH Value of Hydrothermal
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Fig. 3 Relationship between Water Quality Parameters of Hydrothermal Carbonization Solution and Catalyst Mass Fraction
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Fig. 4 Relationship between Calorific Value of
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Fig. 6 Relationship between Composition of Biochar and Catalyst Mass Fraction
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Tab.2 Industrial Elements Analysis Results of Biochar under the Catalysis of Sulfuric Acid and Oxalic Acid
FEAL A C H 0 N P S K

wIh AR 22.32% 4.91% 19.35% 4.28% 0. 09% 0.67% 0.28%
R 22.32% 4.91% 19.35% 4.28% 0. 09% 0.67% 0.28%

1% i 21.95% 4.35% 18.28% 3.58% 0.22% 1.20% 0.55%
FR 22.00% 3.95% 18.21% 3.62% 0.22% 0. 65% 0. 56%

2% i 21. 11% 3.88% 17.55% 3.24% 0.21% 2.10% 0.58%
R 21.32% 3.54% 17. 65% 3.27% 0.24% 0.71% 0.59%

3% A 20. 80% 3.45% 17.15% 3.06% 0.30% 3.00% 0.61%
HR 21. 00% 3.45% 17.23% 3.18% 0.31% 0.77% 0.62%

4% B 20. 34% 3.11% 16. 80% 2.93% 0.45% 3.90% 0. 65%
R 20.55% 3.17% 17.10% 2.99% 0.42% 0.79% 0. 66%
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Tab.3 Relationship between Sulfuric Acid Dosage and Sulfur Content in Biochar
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Fig. 7 SEM Images of Sludge and Biochar
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