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Abstract

With the acceleration of urbanization, the yield of excess sludge from wastewater treatment is con-
tinuously increasing, making the efficient treatment and resource utilization of sludge a critical
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issue in the environmental field. Traditional anaerobic digestion of sludge suffers from slow hydrol-
ysis rate and low organic matter extraction efficiency, which limits the potential of subsequent en-
ergy recovery and material utilization. To break through this bottleneck, this study focuses on the
enhancement effect of pyrolysis pretreatment on sludge hydrolysis, investigates the variation law
of organic matter dissolution efficiency in sludge under different pyrolysis conditions (temperature
and time), and deeply analyzes its internal mechanism. The experimental results show that appro-
priate pyrolysis pretreatment can effectively destroy sludge cell structure and extracellular poly-
meric substances (EPS), significantly improving the dissolution rate of organic matters such as pro-
teins and polysaccharides in sludge. Under optimal conditions, the release rate of soluble chemical
oxygen demand (SCOD) is increased by more than 150% compared with untreated sludge. Mecha-
nism analysis reveals that the pyrolysis process relies on the synergistic effect of thermal cracking
and hydrolysis to decompose macromolecular organic matter into small-molecule and easily de-
gradable substances, while simultaneously improving sludge dewaterability and subsequent anaer-
obic digestion performance. This study provides new ideas and theoretical basis for sludge pre-
treatment technologies, has practical application value for promoting sludge reduction, stabiliza-
tion and resource utilization, and lays a scientific foundation for the optimization of relevant pro-
cess parameters and engineering application.
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Table 1. Trend of organic matter leaching under different pyrolysis conditions
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120 60 1250 320 280 180
150 60 1850 450 390 260
180 60 2250 520 460 310
210 60 1950 480 400 240
240 60 1600 380 320 190
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Table 2. Synergistic effect of pyrolysis-hydrolysis and conversion pathway of macromolecular organic matter

2. AR - KB EMER S X0 FENIELER

AIEETT i e e 5 KA B R 5 7 AT TR
gow o WERIR ERE pemscskem dotsn arvas. s
zﬁgﬁga WIS, AREN SRR £ G
sk o PR e LU il bR I
i R — RIS, WIERIK PN b R Bk, B & AU

DOI: 10.12677/0jns.2026.141015 133 ESREL 2


https://doi.org/10.12677/ojns.2026.141015

BN

4. PAFRTRACIER {5 e SRt TRt RO R
4.1. FRRTRABIKE e ST I

AR TAL I 2 TS TR K MTTRERE . S 1 R, BRI T 75 VR L LR AT
RN S SG EJ THR S, A PR IR P Y FE 2, 5 U8 LG 2 ORI L S B AR B8k o
5[ (AR A SR A, T I Rl SRTID, 3 AR E T RO WU B A s
BRI RFEBARAREE I , JUMERFE 7T, A8 5 75 VR UL FS K 2 R, 3ok 2 22 DR ik
R T AR LE I E 5L 1 (8]

FRBBRETREKSEERETHL

-O- t EAIG K] i i
GBI (x10712 m/kg) AN (s) YORERE
ib 0.58 210 0.6
185
%2 180
8 162 0.46 0.5
Zg 0.42 156
; a5 150
128 R 0_55 0.4
6 0
0.31 51 120
0.25 2 o 4s
4 ; 38 90
0.2
60
2
30 01
0, : : - Oz ()0
A AL B 120 150 180 210 240

Figure 1. Changes in dewaterability and settling performance of sludge at different pyrolysis temperatures (pyrolysis time was
fixed at 30 minutes; sludge samples were collected from the same municipal wastewater treatment plant)
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