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Abstract [ Objective] To address the challenge of complex composition and inefficient utilization of organic carbon sources in
municipal wastewater across various biochemical treatment stages, this paper aims to develop an effective pretreatment technology for
carbon source interception and recovery. [ Methods] A synergistic approach combining chemical coagulation enhancement with ultra-
fine screening was proposed. Bench-scale and pilot-scale experiments were conducted to systematically investigate the effects of key
parameters—including coagulant [ polyaluminum chloride ( PAC); anionic polyacrylamide ( APAM) | types and dosages, mixing
intensity G and duration T during coagulation and flocculation—on treatment performance. The interception efficiencies of suspended
solids (SS) and different forms of chemical oxygen demand ( COD) by ultra-fine screening after coagulation were evaluated.
Additionally, microbial denitrification tests were performed to compare the bioavailability of carbon sources in coagulated-filtered water
versus directly filtered water. [ Results]  Under optimized conditions—PAC at 15 mg/L, APAM at 1.5 mg/L, coagulation at G =
250 s™! for T=1.5 min, and flocculation at G=14.5 s™" for T=2. 0 min—the removal efficiencies of SS, COD, and total phosphorus
(TP) reached 76.53%, 33.01%, and 34.52%, respectively. Subsequent ultra-fine screening ( at a flow rate of 1.6 cm/s with 40 L
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treated volume) achieved interception rates of 50.8% for SS and 37.9% for particulate COD (PCOD), while showing negligible
retention of soluble COD ( SCOD). Denitrification experiments demonstrated that the coagulated-filtered water and directly filtered
water exhibited nearly identical denitrification rates and durations. [ Conclusion] The integrated solution of chemical coagulation and
ultra-fine screening effectively transforms dissolved or colloidal organic carbon into larger flocs through coagulation, which are then
efficiently separated by ultra-fine screening, significantly enhancing carbon source interception. This approach provides a viable

pathway for organic carbon recovery and resource utilization from municipal wastewater, offering technical support for carbon resource

management and process upgrading in wastewater treatment plants.

Keywords chemical-enhanced filtration; wastewater pretreatment; hyperfine grid; carbon retention; denitrification rate
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Tab. 1 Characteristics of Influent Quality
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Tab.2 Types and Specifications of Coagulants
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Fig. 3  Effect of Single-Factor Hydraulic Conditions on Chemical-Enhanced Filtration
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Tab.4 Design and Results of Orthogonal Coagulation Experiment
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Tab.5 Range Analysis of COD Removal in Orthogonal Experiment

T H A K- B 7K C K D K E 7K F K

¥IMH k) 0.243 0.256 0.263 0. 289 0.234 0.267

YIE £, 0. 269 0.224 0.271 0.278 0.265 0.275

BIE &y 0.322 0.354 0. 301 0. 266 0.335 0.292

W2 R 0.078 0. 130 0. 038 0. 023 0. 100 0. 025

T FRHEZA B>E>ASC>F>D, K Fh B-B) E-B) A-B).C-B) F-B . D-D,
*6 IEXRIWH TP IRESD
Tab. 6 Range Analysis of TP Removal in Orthogonal Experiment

T H A K- B K- C K D K E 7K F K

HIMH k) 0.138 0.224 0.209 0.210 0.209 0.228

BIMH k, 0.219 0.216 0.215 0.238 0.225 0.220

BIE &y 0.307 0.224 0. 240 0.216 0.230 0.216

W2 R 0. 169 0. 009 0.031 0. 027 0. 021 0.012

T FREZE N ASCSDSESFSB, Ak h A-B) -0 . D-Q . E-@) . F-D . B-0),
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Tab.7 Range Analysis of SS Removal in Orthogonal Experiment
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¥IMH k) 0. 493 0. 581 0. 570 0. 616 0.552 0. 623
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Fig. 5 Particle Size Distribution of SS,COD and Backwash Parameters under Different Filtration Volumes
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Fig.6 SS, COD and TP Removal Efficiencies under Different Filtration Volumes
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