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Abstract
In this study, various influent sludge pre-treatment methods and the internal recirculation of thickened sludge from effluents

using a liquid/solid separation unit were adopted to investigate their effects on the sludge digestion and methane production
in a combined mesophilic anaerobic and thermophilic aerobic sludge digestion process. A lab-scale combined sludge digestion
process was operated during 5 phases using different feed sludge pre-treatment strategies. In phase 1, the feed sludge was
pre-treated with a thermal-alkaline method. In contrast, in phases 2, 3 and 4, the internal recirculation of thickened sludge
from the effluent and thermal-alkaline, thermal, and alkaline pre-treatment (7 days) were applied to the combined process.
In phase 5, the raw sludge without any pre-treatment was used to the combined process. With the feed sludge pre-treatment
and internal recirculation, the experimental results indicated that the volatile suspended solid (VSS) removal was drastically
increased from phases 1 to 4. Also, the methane production rate with the thermal-alkaline pre-treatment and internal re-
circulation was significantly improved, showing an increment to 285 mL/L/day in phase 2. Meanwhile, the VSS removal and
methane production in phase 5 were greatly decreased when the raw sludge without any pre-treatment was applied to the
combined process. Considering all together, it was concluded that the combined process with the thickened sludge recirculation
and thermal-alkaline pre-treatment can be successfully employed for the highly efficient sewage sludge reduction and methane
gas production.

Keywords: sewage sludge, methane production rate, pre-treatment, internal recirculation, combined digestion process

LA B
T Corresponding Author: Pyeongtaeck University,
Department of Integrated Environmental Systems, Pyeongtack 17869, Korea s &1 X](sewage sludge)% AESHA sk ;13] Aol A vy
Tel: +82-31-659-8309 e-mail: jhha@ptu.ac.kr 6]—131 e %7]_2]_ Zoﬂ Pq% ‘6’}-—?—?%1]% Zj}:—;.]_./] '—7]'E 1_]3H - %—L/\g
pISSN: 1225-0112 eISSN: 2288-4505 @ 2018 The Korean Society of Industrial and aok% lll%é_‘l 7 %E]—. 6’}-—?— %‘H X]Q’l )\é/\o]_% 6}_[_ Z%E]XOL_Q_E _(I_)r d

Engineering Chemistry. All rights reserved.

613



614 e - A

' Gas Collection l

A

)
o
e

l Air vent l

pH & ORP

Air pump

Mesophilic
Anaerobic

Feed sludge
Digester

—

Thermophilic

> Supernatant

Solid/liquid
Separator

Aerobic
Digester

Concentrated effluent sludge

Figure 1. Schematic diagram of lab-scale combined sludge digestion process with internal recirculation.
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Table 1. Influent Characteristics Used in this Experiment
Parameters Phase 1 Phase 11 Phase III Phase IV Phase V
pH 7.0 £ 0.00 7.0 £ 0.00 7.6 £ 0.11 7.0 = 0.00 74 £ 017
TCOD (g/L) 51.94 + 3.3 5433 + 1.3 55.15 £ 2.6 57.26 + 2.2 55.14 + 1.7
SCOD (g/L) 18.32 + 2.05 17.21 + 1.89 14.61 + 1.27 13.16 + 2.11 442 + 035
TSS (g/L) 33.25 £ 2.22 38.69 + 2.55 4426 + 2.35 46.31 + 1.38 52.24 + 3.59
VSS (g/L) 29.16 + 1.63 32.04 + 2.14 3536 + 3.48 3528 + 3.24 43.22 + 3.26
Soluble Protein (g/L) 431 = 0.38 3.84 + 0.15 291 + 0.14 3.15 + 0.33 0.61 + 0.03
Soluble Carbohydrate (g/L) 3.52 £ 0.24 3.23 £ 037 2.87 = 0.22 2.75 + 0.18 0.47 + 0.08
Nitrogen
T-N (gL N) 3.62 + 0.21 3.54 £ 0.28 3.58 £ 0.32 3.73 £ 0.26 3.23 + 0.21
Soluble T-N (g/L N) 1.88 + 0.42 1.71 £ 021 1.45 £ 0.33 1.36 + 0.17 0.26 + 0.01
NH;"-N (g/L) 1.36 £ 0.11 1.49 £ 0.02 1.26 £ 0.19 1.16 + 0.09 0.16 = 0.01
Phosphorus
T-P (g/L P) 0.83 + 0.02 0.84 + 0.05 0.84 + 0.08 0.83 + 0.02 0.83 + 0.02
Soluble T-P (g/L P) 041 + 0.08 0.36 = 0.04 0.32 + 0.05 0.35 + 0.02 0.11 £+ 0.01
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