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Abstract: Effects of reaction temperature and time on solid and liquid hydrothermal carbonization
products of the concentrated sludge without adding chemical conditioner in a wastewater treatment plant of
a mountainous city were investigated. Twelve groups of experiments were set up by setting four reaction
temperatures (200 C, 220 C, 240 C and 260 °C) and three reaction times (2 h, 4 h and 6 h). With
the increase of reaction temperature and time, the yield of sludge-based hydrothermal charcoal decreased
from 69.32% (200 °C and 2 h) t0 59.49% (260 °C and 6 h), the functional groups of 0—H, C—H
and C=C were gradually degraded, H/C value and O/C value decreased, and the decarboxylation and
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aromatization reactions of hydrothermal charcoal were enhanced. Overall, increasing reaction temperature
had a greater impact on hydrothermal carbonization of sludge than extending reaction time. Biochemical
methane potential (BMP) experiments indicated that the content of refractory organics in liquid products
increased with the increase of reaction temperature , complex organics such as phenol and furan derivatives
inhibited the anaerobic reaction, and the cumulative methane production decreased accordingly. With the
increase of reaction temperature and time, the carbon content showed an upward trend, while the contents
of hydrogen, oxygen, and nitrogen decreased, and the high heat value (HHV), energy density, and
energy yield of hydrothermal charcoal were all lower than those of the raw sludge. The high sand content

of sludge had a significant influence on the element content and HHV of hydrothermal charcoal. It was
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suggested to control the sand content of sludge effectively.
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Fig. 1  Effect of reaction temperature and time on sludge-

based hydrothermal charcoal yield
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Tab.1 Elemental analysis of sludge and sludge-based

hydrothermal charcoal

5OH LR/ P K45/ | H/C| 0/C
C|H|O|S|N|% |fi|fH
SR [14.83[3.16[16.80]0. 56 [2. 74(61.91|2. 56 |0. 85
200 C -2 h| 8.62/1.93[12.21|0.44|0.98|75.82(2.69 |1.06
200 °C —4 h| 8.75|1.89[12. 14/0. 42 |0.96|75.85(2.59 | 1. 04
200 C -6 h| 9.13|1.80[11.71|0.40|0.98|75.98|2.37|0.96
220 °C -2 h| 9.94|1.81[10. 84|0.44 |0. 81|76.16|2.19 |0. 82
020 °C -4 h|10.19|1.68[10.65/0.42 |0.83|76.23[1.98 |0.78
220 °C -6 h|10.55|1.70[10. 19/0.47 |0. 84|76.25(1.93 |0. 72
240 °C -2 h|10.71|1.74| 7.97|0.46|0.82|78.31[1.95|0. 56
240 °C -4 h|10.68|1.70| 8.02|0.35|0.81|78.44[1.91|0.56
240 °C -6 h[11.22/1.64| 7.56/0.49 |0.78/78.32|1.75|0.51
260 C -2 h|11.20]1.49| 5.69/0.40|0.76|80.45[1.60|0. 38
260 C -4 h|11.11]1.56| 5.42/0.56 |0.72|80.63|1. 68 |0.37
260 C -6 h|11.93|1.39| 4.85/0.56|0.69(80.58/1.40|0.30
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Tab.2 Energy analysis of sludge and sludge-based

hydrothermal charcoal

S H [HHV/(MJ - kg™) | BERESE [ Rt/ %

151 6.56 — —
200 °C -2 h 3.51 0.53 37
200 C -4 h 3.51 0.53 37
200 °C -6 h 3.58 0.55 36
220 C -2 h 4.03 0.61 41
220 °C -4 h 3.96 0.60 39
220 C -6 h 4.19 0. 64 40
240 °C -2 h 4.71 0.72 46
240 C -4 h 4.63 0.71 43
240 °C -6 h 4.81 0.73 44
260 °C -2 h 4.9 0.75 46
260 °C -4 h 5.04 0.77 46
260 °C -6 h 5.18 0.79 47
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Fig.2 Infrared spectrum of sludge and sludge-based hydrothermal charcoal at different reaction temperatures
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hydrothermal liquid products at different reaction
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