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1. Introduction

Ultrasonic disintegration is a well-known method for disrupting microbial cells to release intracellular material
[1]. Ultrasound is a pressure wave that propagates through a medium with a vast amount of energy dissipation. Gas
and vapor bubbles are generated, then grow and collapse violently at high velocity (termed “acoustic cavitation”)
[2]. Important parameters affecting the ultrasonic disintegration include power input, TS content, sonication time
and sludge volume. These parameters are clumped together into a single parameter, commonly known as the
“specific energy input”. It can be calculated using the following expression [3]:

E=P.UV.TS (1)

where E is specific energy input (kWs/gTS), P is the power input (W, depending on the amplitude), t is the
sonication time (s), V is the volume of sludge used for sonication (mL), and TS is the total solids content of the
sludge (g/L). Main lysis production due to ultrasonic disintegration is SCOD, protein and N-NH; [4-6]. COD
released rate can be estimated from Eq. (2) where DD is disintegration degree, SCOD; and SCODy are soluble COD
of sample before and after ultrasound test, and TCOD is total COD of sample before test [7]:

DD= (SCOD;-SCOD;)/(TCOD;-SCOD;) )

In this study, ultrasound in different time duration and amplitude was applied on sludge samples containing
different TS concentration to investigate the best disintegration and waste sludge production rate in Sequencing
Batch Reactors (SBRs) in bench scale.

2. Materials and method
2.1. Disintegration experiments

Disintegration of sludge samples with different TS content was investigated by a probe ultrasonic system in
laboratory scale including aluminum horn with 2 cm diameter. Maximum power and frequency have been 3 kW and
20 kHz, respectively. Experiments in three amplitudes of max power (6, 8 and 10 um) with different TS containing
0.5, 1 and 2 percent were performed. Sonic time for each amplitude and TS concentration was 0 (for control), 120,
180, 240 and 300 seconds. Important lab equipments include COD reactor Model DRB200 (Hach),
Spectrophotometer Model EZ Lambdal50 (Perkin Elmer), Spectrophotometer Model DR4000 (Hach), Sonic 9908
aeration pump and Oven Model Demro. The optimum disintegration of sludge was considered from released COD
and NH,-N because both of them are lysis production.

2.2. SBR experiments

In the next step, five SBRs with 3 liters volume were used for sonic experiments. The process cycle in SBRs was
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24-hr so that 23 hr for aeration and 1 hr for sedimentation and depletion. Dissolve oxygen was measured by HACH
DO meter to adjust it in range of 3 to 3.5 mg/L. Waste sludge used for sonication tests was 10, 20, 30 and 40
percent of total sludge produced rem in SBR4, SBR3, SBR2 and SBR1 respectively. So sludge samples was
exposed to ultrawave under optimum condition obtained in the first stage, then returned to the SBR reactors again.
Therefore, the effect of ultrawave on parameters such as COD and phosphorous concentration and also sludge
production rate was considered.

3. Results and discussion
3.1. Optimum sludge disintegration

According to the results of experiments maximum disintegration occurred in TS content of 1 and 2 percent and
sonication time of 4 and 3 minute, respectively. The consideration of the effect of TS concentration on sludge
disintegration showed in TS content of 2% always more COD released. According to the Eq. (2), maximum SCOD
released in TS 1% was 3.5 in 4 minutes whereas in TS content of 2% was 4.1 in 3 minutes.

3.2. N-NHj3 released consideration

Fig. 1 shows the max N-NHj; releasing occurred in 3 minutes. Hence, the best disintegration occurred in TS
content, sonication time and amplitude of 2%, 3 minutes and 8 um, respectively.

14

(mg/I)NH3-N

Time( minute)
Fig. 1. N-NH; released after sonication in TS=2%

3.3. Sludge volume reduction

Fig. 2 shows change of specific energy in the best disintegration test by sCOD released. In optimum condition,
specific energy from Eq. (1), was 12.5 kW.h/kg and energy density was 900 kJ/L. Sludge volume reduction shown
in Fig. 3 compared to the blank sample.
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Fig. 2. Specific energy in optimum disintegration condition in TS=2%

Fig. 3. Sludge volume reduction in optimum condition

In amplitude of 8 um (1500 W), sonication time of 3 minute and TS content of 2% sludge cake volume was 47
percent of whole volume while in blank sample was 86 percent of it. It means in the best disintegration, 45% sludge
volume reduction occurred.
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3.4. Sludge reduction rate in SBRs

After 1 month operation of SBRs, ultrawave test with the optimum disintegration was performed in 10, 20, 30
and 40 percent of all sludge produced in SBR4, SBR3, SBR2 and SBR1, respectively. Fig. 4 and 5 show effluent
COD and TP concentration change after ultrawave test. At the end of tests SVI was measured, its amount in reactors
1 to 4 was 78, 76, 69, and 65, respectively. In this stage of examinations, average sludge generated in SBR1 to
SBR4 was 875, 788, 750 and 765 mL, in order, and sludge reduction rate was 9.6, 12.4, 11.7 and 7.7, respectively.
The amount of turbidity in all reactors had no change after tests.
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Fig. 4. Effluent COD of reactors after ultrasonic test
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Fig. 5. Effluent TP of reactors after ultrasonic test

4. Conclusions

In this study, the effects of ultrasound on the sludge disintegration, its volume reduction and production rate in
SBR system were investigated. The variables were specific supplied energy as sonication energy, time duration, and
sludge volume. The experiment results showed SCOD releasing increased by sonication energy and dewater ability
of sludge was considerably improved by ultrasonic treatment. As a result, both sludge volume and mass decreased,
too. Furthermore, in 900 kJ/L of E, and TS content of 2%, the characteristics of treated sludge changed rapidly and
the best disintegration occurred and sludge volume reduced by 45%.
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