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Ultrasonic and Alkaline Pre-treatments of Waste Activated Sludge for
Enhancing Anaerobic Digestion
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ABSTRACT: The hydrolysis of organic solid waste, such as sludge, is the rate-limiting step of the anaerobic digestion.
The longer rate-limiting step lead to decrease of treatment efficiency and increase hydraulic retention time and anaerobic
digester. Therefore, the pre-treatment has been applied for accelerating the hydrolysis step. This study was investigated
the effects of pre-treatment of waste activated sludge using ultrasonic and alkaline integrated treatment simultaneously.
The results showed the cumulative methane production and the methane production rate increased while the lag
phase decreased. Therefore ultrasonic and alkaline integrated pre-treatment of waste activated sludge resulted in

acceleration of hydrolysis step in anaerobic digestion.
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Table 1. Characteristics of waste activated sludge

Parameter Unit Conc-entration
waste activated sludge
pH - 6.6~6.8
TS(Total Solids) mg/L 9,370.0
VS(Volatile Solids) mg/L 6,620.0
VS/TS % 70.7
TCOD(Total Chemical Oxygen Demand) mg/L 9,782.8
SCOD(Soluble Chemical Oxygen Demand) mg/L 141.5
SCOD/TCOD % 1.4
Protein mg/L 1,868.5
Carbohydrate mg/L 1,063.7
S-Protein mg/L 33.8
S-Carbohydrate mg/L 26.6
TN(Total Nitrogen) mg/L 492.3
TP(Total Phosphorus) mg/L 350.4
S-TN mg/L 37.0
S-TP mg/L 26.0
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Table 2. Concentration of waste activated sludge used in

experiments
Waste activated sludge
4,940
TS (mg/L) 9,370
11,860
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Fig. 1. (a) Ultrasonic equipment, and (b) vessel and controller for ultrasonic pre-treatment.
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Table 3. Analysis methods and equipments used in

experiments
Parameter Methods & Equipment
TS, VS Standard Methods”
TCOD, SCOD Standard Methods”
Carbohydrate, 10

henol/sulfuri h
S-Carbohydrate phenol/sulfuric method

Protein, S-Protein bicinchoninic acid method'”

pH Thermo Orion 720A

™ TATHANEH

TP HACH DR5000
Viscosity Vibro Viscometer SV-10
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Fig. 2. Degree of disintegration using ultrasonic pre-treatment with different WAS of TS.

[(@) 4,940 mg/L; (b) 9,370 mg/L; (c) 11,860 mg/L]

WA} HE R A ¥ F/14S ATk

Zeu-dEE] AAEE 288l net HEde

J. of KORRA, 26(2), 2018



A1 astE flet HEdee Aol 230et Y| A2 59

60

cobD
Carbohydrate
Protein

™

™

Degree of disintegration (%)

X A= ]

0 20x103 40x103 60x10% 80x103 100x103

Specific energy input (kJ/kg TS)

@

80

coD
Carbohydrate
Protein

™

T

Degree of disintegration (%)

X XN ]

0 20x10? 40x10? 60x10% 80x10? 100x10?

Specific energy input (kJ/kg TS)

(b)

80

coD
Carbohydrate
Protein

™

TP

Degree of disintegration (%)

[ X AN

0 L .
0 20x103 40x103 60x103 80x103 100x103

Specific energy input (kJ/kg TS)
©
Fig. 3. Degree of disintegration using ultrasonic-alkali integrated pre-treatment with different WAS of TS.
[(a) 4,940 mg/L; (b) 9,370 mg/L; (c) 11,860 mg/L]

ol Az A Al HBALHRY A UdF Sl o) B B FalEHo] YR Exo) £&25
27} wHgste] MEH o] B8 ¥FS(saponification) A o2 BRI,

F71=2 3 26(2), 2018



60 srola, &3t

@

(d

(€3]

(a) U0 (TS=4,940mg/L), (b) U120 (TS=4,940mg/L), (c) A+U120(TS=4,940mg/L)
(d) U0 (TS=9,370mg/L), () U120(TS=9,370mg/L), (f) A+U120(TS=9,370mg/L)
(2) U0 (TS=11,860mg/L), (h) U120(TS=11,860mg/L), (i) A+U120(TS=11,860mg/L)

Fig. 4. Microscopic photograph of pre-treated sludge.
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Table 4. Kinetic constants of pre-treated sludge in anaerobic digestion

Treatment Lag phase Methane production rate Ultimate methane production
(TS) (Ad) (Rm, ml CHdg VS - d) (P, ml CHdg VS)
(Tsi“;’;;‘(‘)dgnf o 49 8.1 121.6
s EIZZS;’(;“; o) 26 127 180.5
s Elgzs;’(;“; o) 1.9 1.7 179.4
(T =Ulltf‘;(6’g‘°m o) 26 123 176.5
g;raf’z:;glﬁ;g 2.7 11.0 196.0
g;raiog;gn;?;g 32 13.5 210.8
([Tnstrfofll’cgﬁonilg‘;f) 2.8 13.0 191.0
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U (TS = 4,940 mg/L)
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A+U (TS =9,370 mgL)
A+U (TS = 11,860 mgiL)
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Fig. 5. Biochemical methane potential of pre-treated WAS.
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