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1. Introduction

Implementation of new technologies in sewage treatment involves
generation of even greater volumes of sewage sludge which, in the raw
form, is considered as a dangerous substance. According to the standards
used in Poland, sewage sludge should be subjected to treatment and then
properly managed [1, 5, 11].

The volume of sludge is reduced using the process of thickening
and dewatering [9, 10]. In order to intensify this process, sludge is sub-
jected to different methods of conditioning (physical, chemical) [2, 4, 7].
One of the methods which have been researched extensively in different
technological processes of environmental engineering is exposure to the
ultrasonic field [6, 8, 13, 15]. Sonication causes dispersion of the parti-
cles in the sludge flocs, which affects their properties during thickening
and dewatering. Effectiveness of using the ultrasonic field depends on the
amplitude used, time of exposure and volume of the samples subjected to
modification [3, 14,16].

Disintegration of sewage sludge is carried out using ultrasonic
processes. Previous studies have demonstrated the improvement in the
effects of dewatering, thus reducing the costs of final sludge manage-
ment. The ultrasonic field does not case a secondary pollution to the en-
vironment [12, 17].

The paper presents the results obtained for thickening and de-
watering of sewage sludge expressed by capillary suction time (CST),



Ultrasonic Processors and Drainage of Sewage Sludge 451

subjected to the effect of ultrasonic processors with varied power, ampli-
tudes and volume of the samples sonicated.

2. Experimental methodology

The study examined excess sewage sludge collected from a me-
chanical and biological wastewater treatment plant. Non-conditioned
sewage sludge and the sludge conditioned with the ultrasonic field was
analysed. In order to determine the effect of power of ultrasonic proces-
sors on thickening and dewatering, the study used three ultrasound disin-
tegrators: VCX 1500 (power 1500 W, frequency 20 kHz, amplitude
100%, corresponding to the wavelength of 39.42 um), VC 750 (power
750 W, frequency 20 kHz, amplitude 100% corresponding to the wave-
length of 61 um) and UD 20 (power 180 W, frequency 22 + 1,65 kHz,
amplitude 100%, corresponding to the wavelength of 16 um). Sewage
sludge used in the study was conditioned with the amplitudes of 0%,
60%, 80% during sonication for 0, 2, 4, 6, 8, 10 minutes with volumes of
sonicated samples of 0.25 L, 0.5 L, 1 L. The effect of the parameters of
sonication adopted on changes in thickening and dewatering was present-
ed by means of the values obtained after 120 minutes of thickening in
Imhoff cones and values of capillary suction time determined by means
of the set for CST measurements.

3. Results and discussion
3.1. Thickening

Sewage sludge exposed to the ultrasonic field showed improved
effectiveness of thickening. This relationship was found for the sludge
subjected to the three ultrasonic processors with different powers. Effec-
tiveness of sedimentation was higher for longer times of exposure. The
improvement in thickening was reported after 30 minutes of sedimenta-
tion. The sludge was thickened the most noticeably at the amplitude of
60% and sonication time of 10 minutes where, after 120 minutes, the
volume of sludge was 620 ml (processor 1500 W) (Table 1). Similar rela-
tionships were observed in other disintegrators used in the study. In the
processors with power 750 W and 180 W, the sludge after 10 minutes of
sonication and amplitude of 60% were thickened more effectively for
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each of the samples studied. Improved thickening of sludge with time
was observed in all the cases.

Table 1. Thickening of sewage sludge subjected to the effect of different
amplitudes and times of exposure to the ultrasonic field

Tabela 1. Zageszczanie osadow $ciekowych poddanych dziataniu ré6znym
amplitudom i czasom dziatania pola ultradzwickowego

Thickening of the sewage sludge, ml
Thlcker?lliflllg“me’ 0 5 10 15 20 25 30 45 60 90 120
Non"’s‘;fllggéonmg 1000 990 990 990 990 980 980 970 960 950 940
o [Amplitude 656 1000 1000 1000 1000 1000 1000 990 990 990 990
£z 60A),§ min
2 § |Amplitude 1 355 1060 1000 1000 1000 1000 1000 990 990 990 980
5 2 [80%,5 min
g Amplitude
o Q
2 2 |50%.10min 1000 990 980 980 960 960 970 750 700 670 620
5 |Amplitude 1050 990 980 970 960 950 940 810 790 770 720
80%,10 min
o [Amplitude 050 1000 1000 990 990 990 990 990 990 990 990
= . 60%,5 min
2 5 [Amplitude 1y 650 1060 1000 990 990 990 990 990 990 990 990
o = |80%,5 min
8% ,
§ g |[Amplitude 1,050 985 960 940 920 900 880 820 800 700 650
£ 5 60%,10 min
S |Amplitude 1605 980 970 960 950 930 910 860 800 680 630
80%,10 min
o [Amplitude 050 990 980 970 970 970 960 950 930 890 850
2 - 60%,5 min
2 2 |amplitude 1050 990 990 990 990 980 980 970 960 940 910
o — |80%,5 min
g :
5 2 Arf}pht“de. 1000 980 980 980 980 970 970 950 940 920 880
£ & 60A),1.0 min
S [Amplitude 11500 980 980 980 980 980 970 960 960 950 920
80%,10 min

Analysis of the results of examination of the effect of the ultra-
sonic field at different volumes of samples showed that the best effects of
thickening were recorded for the sample with volume of 500 ml. This
relationship was observed for processors with power of 1500 and 750 W
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(Table 2). Sewage sludge subjected to 10 minutes of exposure to the ul-
trasonic field and then thickened by 120 minutes had the volume of
620 ml (for the processor of 1500 W) and 650 ml (for the processor of
750 W). An insignificant reduction in the volume of the sample subjected
to disintegration was observed in the case of the processor with power of
180 W (volume of the sludge of 250 ml, time of sedimentation 120
minutes, volume of the sludge 990 ml). The best thickening was found
for the sludge with volume of 1000 ml, which, after 120 minutes of sed-
imentation, reached the value of 790 ml.

Table 2. Thickening of sewage sludge subjected to the effect of ultrasonic field
with different power and for different volumes of the samples

Tabela 2. Zaggszczanie osadéw $ciekowych poddanych dziataniu procesorom
ultradzwigkowym o r6znej mocy przy roznych objeto$ciach probek

Thickening of the sewage sludge, Amplitude of vibration 60%, Time 10 min
Th‘CkeI‘lll‘;gt‘me’ 0 5 10 15 20 25 30 45 60 90 120
N"“"’s‘fl‘l‘ggéonmg 1000 990 990 990 990 980 980 970 960 950 940

21151? 1000 990 980 980 970 970 970 930 980 980 980
Ultrasonic 500
disintegrator | 7' |1000 990 980 980 960 960 970 750 700 670 620
1500 W, o0
o |1000 990 980 980 970 970 970 970 970 970 970
25? 1000 1000 1000 1000 1000 1000 1000 1000 1000 990 990
Ultrasonic 3500
disintegrator | 7' |1000 980 960 940 920 900 880 820 800 700 650
TS0W oo
| 1000 1000 1000 1000 1000 1000 1000 1000 1000 995 995
2;]? 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Ultrasonic 500
disintegrator | 7' |1000 980 980 980 980 970 970 950 940 920 880
180W oS
1 |1000 980 980 980 960 960 950 930 900 790 790

3.2. Capillary suction time

The exposure to the ultrasonic field caused an increase in capil-
lary suction time with respect to the non-conditioned sludge (Fig. 1, 2).
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For the time of exposure to the ultrasonic field of 5 minutes, CST levels
increased with higher ultrasound wavelengths. Capillary suction times for
the processor 750 W were 500.4 s (amplitude 60%) and 1702.2 s (ampli-
tude 80%), respectively, whereas for the processor 180 W, these values
were 686.3 s (amplitude 60%) and 894.4 s (amplitude 80%), respectively.
The highest CST times were found for the sludge conditioned with the
processor with the highest power (1500 W; 3463 s; amplitude 60%) and
2774 s (amplitude 80%).

After extension of the time of exposure to the ultrasonic field to
10 minutes, higher values of CST were also recorded with respect to the
non-conditioned sludge. However, longer time of exposure yielded shorter
CST times in the sludge compared to the levels obtained for 5 minutes.

In all the disintegrators used, an increase in capillary suction time
was recorded in the sludge for higher times of exposure to the ultra-
sounds (Fig. 3). After 8th minute of exposure, a decline in the value of
the parameter discussed was observed. Lower values were found in all
the ultrasonic processors used.

Ultrasonic disin. 180 W

Ultrasonic disin. 750 W

2774

2722222222777 77777777777

Ultrasonic desin. 1500 3463

non-conditioned sludge
137

0 500 1000 1500 2000 2500 3000 3500
CST,s

‘l non-conditioned sludge B Amplitude of vibration 60% E Amplitude of vibration 80% ‘

Fig. 1. Capillary suction time in sewage sludge exposed to the ultrasonic field
with different power (5 minutes)

Rys. 1. Czas ssania kapilarnego osadow $ciekowych poddanych dziataniu
procesorom ultradzwickowym o r6znej mocy (UD 5 min)
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Fig. 2. Capillary suction time in sewage sludge exposed to the ultrasonic field
with different power (10 minutes)

Rys. 2. Czas ssania kapilarnego osadow $ciekowych poddanych dziataniu
procesorom ultradzwickowym o réznej mocy (UD 10 min)

3500

‘ B Ultrasonic disintegration 1500 W B Ultrasonic disintegration 750 W B Ultrasonic disintegration 180 W ‘

Fig. 3. Capillary suction time in sewage sludge subjected to different times of
exposure to the ultrasonic field

Rys. 3. Czas ssania kapilarnego osadow sciekowych poddanych réznym czasom
dzialania pola ultradzwickowego
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Changes in the capillary suction times were also observed for ex-
posure of the sludge with different volumes. Sewage sludge conditioned
at the lower volume of the sample (250 ml) had the highest values of
CST. For the time of exposure of 5 minutes with the processor 1500 W,
the highest values of CST were found for the volume of 500 ml
(3463 sec), whereas the lowest level (1785 sec) was observed for the vol-
ume of 1000 ml (Fig. 4). In two processors (750W and 180W), the high-
est CST value was recorded for the volume of 250 ml, which was respec-
tively 2105 s and 1094 s. High CST was found in all the processors used
for the exposure time of 10 minutes and volume of the sample of 250 ml.
The highest value 2962 s was found for the processor 1500 W with the
volume of the sample of 1000 ml (Fig. 5). In the case of two other pro-
cessors, the value of CST for this volume of the sample was much lower
(below 1000 s). The lowest value of CST was observed for the sludge
sonicated with processor 180 W at the volume of 1000 ml.

Ultrasonic disintegration 180 W

7,72

Ultrasonic disintegration 750 W

Ultrasonic disintegration 1500

0 500 1000 1500 2000 2500 3000 3500
CSsT,s

‘Volume of sludge 250 ml E3Volume of sludge 500 m| ®Volume of sludge 1000 ml| ‘

Fig. 4. Capillary suction time for sewage sludge subjected to 5-minute exposure
to the ultrasonic field for different volumes of the samples

Rys. 4. Czas ssania kapilarnego osadow $ciekowych poddanych 5 minutowemu
dziataniu polem ultradzwickowym przy réznych objetosciach prob
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Ultrasonic disintegration 180 W
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Fig. 5. Capillary suction time for sewage sludge subjected to 10-minute
exposure to the ultrasonic field for different volumes of the samples

Rys. 5. Czas ssania kapilarnego osadow $ciekowych poddanych 10 minutowemu
dziataniu polem ultradzwigkowym przy réznych objetosciach prob

4. Summary and conclusions

The parameters of the ultrasonic field had a positive effect on thick-
ening of the sewage sludge samples studied. The dispersive influence of
the exposure to the ultrasonic field caused an increase in sedimentation
capability in the sewage sludge studied. The ultrasonic field caused
fragmentation of the structure of the sludge, thus causing better compres-
sion of the particles and improved release of the free water. The noticea-
ble effect of the factor discussed on sedimentation capability was ob-
served after 10 minutes of sonication. The best results of sedimentation
were recorded for the volume of 500 ml.

The use of three ultrasonic processors showed higher CST times
in the sewage sludge studied proportionally to the increase in wavelength
and processor power. The process of disintegration caused dispersion of
sewage flocs by clogging the pores in the filtration paper. This also re-
sulted in prolonged capillary suction times and, consequently, reduction
of the dewatering capability. CST increased until the 8th minute of
sludge sonication, and then, for each of the processor used, a decline in
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the value of the parameter studied was observed. The highest values of
capillary suction time were found for the VCX 1500 processor, whereas
the lowest values were observed for the processor with the lowest power
(UD 20).

The analysis of the results obtained in this study leads to the fol-

lowing conclusions:

With longer times of exposure to the ultrasonic field, sewage sludge
was thickened more effectively, which was caused by the dispersion
of flocs in the sewage sludge studied. Lower amplitude and shorter
duration of exposure to the ultrasonic field had more beneficial effect
on sedimentation in the sewage sludge studied;

For the parameters of the sonication process assumed, capillary suc-
tion time was extended in proportion to the increase in sonication
time, ultrasound processor wavelength and processor power;
Reduction in the volume of the samples conditioned caused an in-
crease in capillary suction time in the sludge. Dispersion of particles
caused clogging of the pores in the filtration paper, and, consequently,
longer CST values.
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Procesory ultradzwi¢kowe
a odwadnianie osadow sciekowych

Abstract

W Polsce najczestszym sposobem koncowego zagospodarowania osa-
déw Sciekowych jest ich sktadowanie. Ze wzgledu na sktad i wlasciwosci osa-
dow czesto sa one traktowane jako odpad, a nie surowiec. Osady $ciekowe pod-
dawane unieszkodliwianiu poddawane sa r6znym procesom technologicznym,
gdzie jednym z nich jest zmniejszenie objetosci. Odwadnianie to podstawowy
proces zmniejszania objetosci osadow. W celu zwickszenia zdolnosci osadow
do oddawania wody stosuj¢ si¢ rozne procesy wspomagajace. Jedng z metod
jest wykorzystanie dziatania pola ultradzwickowego. Sonifikacja osadow Scie-
kowych zmienia strukture oraz wilasciwosci osadow, powodujac zakldcenia
rownowagi uktadu oraz wywoluj¢ dyspersje czastek, co sprzyja zwigkszeniu
zdolnos$ci do zageszczania i odwadniania.

W artykule przedstawiono wyniki badan dotyczace zastosowania dezin-
tegratorow ultradzwigkowych o réznej mocy (1500W, 750W, 180W) na zmiang
stopnia zageszczania i odwadniania osadéw sciekowych. W badaniach wyko-
rzystano rozne dtugosci fal dezintegratorow UD (60, 80%), czasy ekspozycji
z przedzialu od 2 do 10 sekund oraz rézne objgtosci prob poddane dziataniu
pola ultradzwickowego.

Przy zalozonych parametrach prowadzenia badan dezintegrujace dzia-
lanie pola UD spowodowato znaczng popraweg zageszczania osaddéw $cieko-
wych w odniesieniu do osadéw niekondycjonowanych. Duza moc procesorow
ultradzwickowych powodowata rozdrobnienie ktaczkow osadowych zatykajac
przegrode filtracyjna, co odnotowano w warto$ciach czasu ssania kapilarnego
(CSK) oraz oporu wlasciwego osadow.

Stowa kluczowe:
osady Sciekowe, dezintegracja ultradzwickowa, zaggszczanie, odwadnianie

Keywords:
sewage sludge, ultrasonic disintegration, thickening, dewatering
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