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Disintegration of sewage sludge can be performed using various 
technologies. Methods differ from each other in the agent used for disin-
tegration. Accordingly, they can be divided into mechanical, thermal, 
biological and chemical methods, freezing, oxidation and the ultrasonic 
method (Zhang et al. 2017, Zhou et al. 2014, Chang et al. 2001). 

The elastic medium in which ultrasounds propagate can be liq-
uids, gases and solids. Each medium differs from each other in their 
structure and velocity of wave propagation, whereas the mechanism of 
generation and propagation of the wave is the same. The effect of elastic 
wave with organic matter is particularly affected by the wave length and 
the process can occur in various manners. The use of the ultrasound field 
offers opportunities for generating processes with varied character, such 
as coagulation, agglomeration and fragmentation (Zielewicz 2016, 
Wolski et al. 2012, Feng et al. 2009). 

Wave length and wave frequency represent the basic parameters 
used for the description of the ultrasound waves. The first parameter, i.e. 
wave length, depends on the medium where the process occurs (Zhang et 
al. 2008). The relationship between wave length and frequency can be 
defined by the equation: 

𝜆 ൌ జ


,𝑚 (1) 

where: 
υ – velocity of ultrasound wave propagation in the medium, m/s, 
f – vibration frequency, Hz. 

 
The longest ultrasound wave can be observed in solids, whereas 

the shortest waves propagate in gases. 
The characteristic energy values of the ultrasound field determine 

transfer of energy through acoustic wave. Energy transported over a time 
unit is defined as acoustic power. If this energy is related to the unit of 
volume V of the sonicated medium, it is termed energy density. Density 
of energy stream is defined as energy per unit of area of the surface S 
which is perpendicular to the direction of wave propagation (Zielewicz 
2016, Bień et al. 2015, Zhou et al. 2017). 

According to Śliwiński (Śliwiński 2001), the acoustic field can be 
described by energy values that describe transport of energy through 
waves. The amount of energy which is transported by the acoustic waves 
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over time of 1 s per area of the surface which is perpendicular to the di-
rection of wave propagation is termed sound intensity. It is given by the 
equation: 

𝐼 ൌ ே

ௌ
 (2) 

where: 
N – power transported by the waves, W, 
S – surface of wave propagation, m2. 

 
The application of the ultrasonic field is connected with incurring 

some energy expenditure, the amount of which depends on the intensity 
of the field and the duration of the sonification. Therefore, the aim of the 
research was to determine the amount of energy introduced into the sys-
tem depending on the wavelength (intensity) used, the time of exposure 
of the UD field and the type of process (continuous and pulsed). The re-
search was preliminary (basic), therefore their scope was limited. In or-
der to determine the effect of disintegration on the ability to drain, only 
the capillary suction time test was performed. Disintegration carried out 
periodically was limited to two intensity values (2.2 and 3.2 W/cm2), and 
three exposure times (10, 30 and 60 seconds). 

2. Methodology 

The sewage sludge for the examinations was sampled from pro-
cesses of treatment of residential waste water. The samples were taken 
after the process of anaerobic stabilization but before the process of de-
watering and polyelectrolyte station. Dry matter content was 21.2 g/dm3, 
whereas initial hydration was 97.88%. Dry mass content and initial hy-
dration of sludge was determined based on the standard PN-EN-12880. 
Continuous disintegration was conducted using the energy of ultrasound 
field with intensity of 1.6, 2.2, 2.7, 3.2, 3.8 W/cm2, with the wave length 
of 7.88, 15.77, 23.65, 31.54, 39.42 µm, respectively. Sonication of the 
sludge samples was conducted under static conditions for the period of 2, 
5, 10, 20, 30, 45, 60 and 120 seconds. Periodical disintegration of sewage 
sludge was performed using ultrasound field energy with intensity of 2.2 
and 3.2 W/cm2, for 10, 30 and 60 seconds. The process of sewage sludge 
sonication used ultrasound processor Sonics VCX-1500 with maximal 
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power output of 1500 W. Frequency of ultrasound field vibration was 20 
kHz whereas maximal wavelength for the amplitude of 100% was 39.42 
µm. The device is used to transform electricity into mechanical energy 
supplied to the titanium tip in the form of wave. The amount of energy 
supplied to the system was read after each measurement. Volume of the 
samples exposed to ultrasound field was 100 cm3.  

Simultaneously to the examinations aimed at the determination of 
the amount of energy supplied to the system, the capillary suction time 
(CST) was also determined. Capillary suction time of the fermented 
sonicated sludge was 436 seconds. Capillary suction time was measured 
using the Baskerville and Galle methodology, which is based on the 
measurement of time of transition of frontal boundary layer of filtrate as 
a result of the effect of suction forces in the paper used (Whatman 17). 
The result presented in the study was time of absorption of the sludge by 
the filtration paper between the rings with diameter of 32 and 45 mm. 

3. Results and discussion 

The examinations were aimed to determine the amount of energy 
supplied to the system (sewage sludge) in the process of continuous pulse 
sonication. Simultaneously, dewatering capacity of the sludge condi-
tioned with ultrasonic wave was determined based on the capillary suc-
tion time. 

The analysis of the results obtained in the study demonstrated the 
increase in the demand of the energy with elongation of the time of expo-
sure to the ultrasound field (Fig. 1). The value of the energy supplied in 
the case of the 2-second continuous exposure, with ultrasonic wave 
length of 7.88 µm was 140 J. The 5-time elongation of sonication time 
for the discussed wave length caused an over 6-time increase in the de-
mand for energy (889 J). In the next examinations, energy demand in-
creased proportionally to sonication time. In the case of 120-second ex-
posure, the amount of energy supplied was 8985 J.  

For other wave length values, the analogous relationships were 
obtained as in the case of the amplitude of 20%. With the wave length of 
15.77, 23.65, 31.54 and 39.42 µm, the amount of energy supplied to the 
system also increased with sonication time. The highest value of the en-
ergy supplied (25108 J) was recorded for the highest wave length 
(39.42 µm) and exposure time of 120 s. 
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4. Conclusions 

The study evaluated the amount of energy supplied to the system 
depending on the wave length and sonication time. Analysis also con-
cerned the effect of the adopted methodology on capillary suction time. 
The examinations revealed the amount of energy generated with the in-
crease in time and ultrasonic wave length. Sonication also led to the in-
crease in capillary suction time. These relationships were observed in the 
case of both continuous and pulse sonication. During pulse sonication 
and the same parameters, lower amount of energy was supplied com-
pared to the continuous ultrasound disintegration. The disintegration car-
ried out in a pulsating manner influenced the smaller dispersion of sludge 
flocs, which ultimately had less influence on clogging of the filtration 
partition and obtaining lower values of the capillary suction time. 

The results obtained in this study lead to the following final con-
clusions: 
1) ultrasound field intensity determines the amount of energy supplied to 

the system. The increase in intensity and time of exposure to the ultra-
sound field causes an increase in the amount of energy supplied to the 
system, 

2) amount of the energy supplied during the process of ultrasonic disinte-
gration to sewage sludge impacts significantly on the value of capil-
lary suction time. Its value of 1323 s, was the highest for the use of ul-
trasound field with intensity of 39.42 µm and sonication time of 120 s, 

3) pulse sonication leads to a lower amount of energy generated. For the 
sonication time of 60 s and wave length of 31.54 µm, the amount of 
energy supplied through pulse sonication was 8967 J, whereas this 
value for continuous sonication was 10820 J. 

 
The research was funded by the project No. BS-PB-401/301/11 
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Zapotrzebowanie energetyczne w procesie ciągłej 
i pulsacyjnej sonifikacji osadów ściekowych 

Streszczenie 

Jednym ze sposobów kondycjonowania osadów ściekowych jest zasto-
sowanie energii pola ultradźwiękowego. W wyniku jego działania w zależności 
od zastosowanych parametrów (natężenia pola UD, czasu działania) może dojść 
do koagulacji lub dyspersji kłaczków osadowych. Ilość dostarczonej energii do 
układu wynika z czasu działania i natężenia pola ultradźwiękowego. 

Celem prowadzonych badań było określenie ilości wprowadzonej ener-
gii w zależności od czasu działania i natężenia energii pola ultradźwiękowego, 
oraz jego wpływu na ocenę efektywności odwadniania wyrażoną czasem ssania 
kapilarnego. 

Jako substrat badań zastosowano przefermentowane osady ściekowe, które 
poddano działaniu pola ultradźwiękowego o natężeniu 3,8, 3,2, 2,7, 2,2, 1,6 Wꞏcm-2 
(co odpowiadało amplitudą 100, 80, 60, 40, 20%). W badaniach przyjęto czas soni-
fikacji z przedziału od 2 do 120 s. Na podstawie przeprowadzonych badań odnoto-
wano wzrost zapotrzebowania na energie oraz wydłużenie czasu ssania kapilarnego 
wraz ze wzrostem amplitudy i czasu ekspozycji pola UD. 

Abstract 

One of the ways of sewage sludge conditioning is the use of ultrasonic 
field energy. As a result of its operation, coagulation or dispersion of sludge 
flocs may occur depending on the parameters used (UD field strength, operating 
time). The amount of energy supplied to the system results from the operating 
time and intensity of the ultrasonic field. 

The purpose of the research was to determine the amount of energy in-
troduced depending on the time and intensity of the ultrasonic field energy and 
its effect on the evaluation of the dehydration efficiency expressed by the capil-
lary suction time. 

Fermented sewage sludge was used as the substrate for the study, which 
was subjected to an ultrasonic field of 3.8, 3.04, 2.28, 1.52, 0.75 Wꞏcm-2 (corre-
sponding to amplitude 100, 80, 60, 40, 20%). The sonication time was from 2 to 
120 s. On the basis of the research, the increase in energy demand and the in-
crease of the capillary suction time with increasing amplitude and time of expo-
sure of the UD field were recorded 

Słowa kluczowe: 
osady ściekowe, energia, nadźwiękawianie, czas ssania kapilarnego 

Keywords: 
sewage sludge, energy, sonication, capillary suction time 
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