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1. Introduction

Sewage sludge is a natural product obtained after sewage treat-
ment. The amount of sludge generated is about 1 to 3% of the volume of
the supplied wastewater, but the outlays on processing the sludge amount
to ca. 50% of the costs incurred on sewage and sludge treatment in the
plant.

Sewage sludge treatment consists in subjecting it to a variety of
processing methods based on the processes of biological, physical and
chemical nature which help obtain a product which is safe for environ-
ment and human health [12, 13, 18, 19].

Current facilities in treatment plants, with high-performance bio-
logical methods of sewage sludge treatment and removal of biogenic
compounds supported with chemical methods, generate huge amounts of
sewage sludge. Sewage sludge is a product that causes substantial envi-
ronmental nuisance due to unpleasant odour as a result of putrification
and it represent a serious sanitary threat. The sludge which is generated
should be processed and treated or be used in industry or agriculture. Due
to sludge harmfulness to the environment, all the safety recommenda-
tions for sludge management should be respected. The main aim of an-
aerobic process of sludge stabilization is to reduce the sludge mass. Re-
duction of the amount of sludge minimizes its harmful effect on the envi-
ronment. Methane fermentation is very popular since it transforms
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strongly hydrated and hydrophilic sewage sludge with unpleasant odour
and high viscosity which is dangerous in bacteriological terms. The gen-
erated low-viscosity sludge is easily dewatered and it resembles soil [11].
Sewage sludge treatment using methane fermentation is advantageous in
energetic terms since it does not necessitate the supply of high energy
while a product of reactions that occur in the process is high-energy bio-
gas. One drawback of this process is low rate of degradation of organic
compounds contained in the sludge [3, 23].

In the aspect of improving the effectiveness of anaerobic stabili-
zation, ultrasonic field disintegration represents a very good method.
However, it necessitates choosing optimum value of wave frequency.
Using ultrasound energy to decompose biomass involves application of
low ranges of field frequencies. The choice of frequency depends on the
medium exposed to the effect of ultrasound [5, 6, 8, 20].

Depending on the frequency and physical conditions of the medi-
um, high-intensity ultrasound might cause coagulation i.e. connecting
small particles into bigger aggregates or dispersion, that is, fragmentation
of bigger particles into smaller ones. Ultrasonic coagulation processes
occur usually in suspensions of solid particles, liquid drops, gas bubbles
in gaseous or liquid medium and they consist in creation of forces in the
acoustic field that take them closer to each other and connect into bigger
particles that fall down due to gravity forces [17].

It is generally accepted that the disintegrating effect is mainly
caused by ultrasonic cavitation. Resonance vibrations of gas bubbles that
represent cavitation nuclei and rapid formation and collapsing of vacuum
bubbles is observed in the area of cavitation, accompanied by local in-
creases of temperature and pressure. The latter phenomenon is a source
of impact waves that cause e.g. dispersion and homogenization of solids
in the liquid [17]. Vibrations of media and particles accelerate defor-
mation of a double diffusion layer of colloidal particles, which is mani-
fested with changes in the potential of sonicated sludge particles and of-
fers opportunities for improving the effect of coagulation/flocculation of
the sludge [10].

Ultrasound wave is produced as a result of rhythmic vibrations of
the particles in the medium it travels through. The wave is characterized by
acoustic wave intensity. Intensity is given by the following formula [9]:
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where:
P —power transferred through ultrasonic waves, W;
A — surface of wave propagation, cm’.

Basic parameters used in description of ultrasonic waves that are
formed is wavelength and frequency. Wavelength depends on a medium
the ultrasounds propagate in. The basic relationship that occurs between
frequency and wavelength is [21]:

/1=]—C,m (2)

where:
v — velocity of wave propagation in a particular medium, m/s;
f—ultrasonic wave vibration frequency, Hz.

There are five options of using ultrasonic disintegration in a tech-

nological line of a wastewater treatment plant [20].

e disintegration of activated sludge in order to improve sedimentation
properties during de-clearing in order to remove a fermentation scum,

e disintegration of a partial stream of the thickened excess sludge in
order to intensify methane fermentation,

e disintegration of partial stream of the suspension in order to improve
thickening of excess sludge,

¢ disintegration of the recirculated sludge in order to utilize the potential
of residue gas,

e disintegration of partial stream after initial mechanical dewatering of
the sludge in order to improve dehydration.

Using ultrasonic field is a fast and convenient technology that
does not generate contamination of the solid phase [4]. Ultrasonic disin-
tegration is based on the use of ultrasonic field with the frequency of 10—
50 kHz and ultrasonic field intensity of over 1 W/em?[2, 7, 24].

After propagation through liquid and gaseous media, ultrasonic
field creates both primary and secondary phenomena. The primary phe-
nomena include cavitation and radiation pressure while secondary phe-
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nomena are those with physicochemical nature, such as ultrasonic coagula-
tion, dispersion, electrokinetic phenomena, oxidation or reduction [1, 24].

The aim of this study was to evaluate the effect of excess sludge
disintegration with ultrasonic field on hydrolysis that occurs during me-
thane fermentation of the sludge from the food industry. The rate of gen-
eration and value of volatile fatty acids, as well as the degree of sludge
fermentation was determinate.

2. Experimental Part
2.1. Substrate

The substrate for the experiments was excess sludge from the me-
chanical-chemical-biological =~ wastewater  treatment plant.  This
wastewater treatment plant purify wastewater from carbonated drinks
factory "Jurajska” in Myszkow, Poland, as well as from the mentioned
city. The test excess sludge is produced by purification ca. 90% of tech-
nological wastewater and ca. 10% of domestic wastewater. Excess sludge
was inoculated with fermented sludge with 10:1 ratio. The excess sludge
was characterized by the following contents: dry mass 13.31-
18.08 g/dm’, dry organic matter 9.86-13.3 g/dm’ and dry mineral mass
3.45-4.78 g/dm’.

2.2. Methodology

During the first stage of the research, in order to determine the
best conditions of disintegration possible, the authors used ultrasonic
disintegrator VCX-750. The disintegrator's operation consists in active
effect of ultrasonic field on the sludge. The energy is produced by power
converter which converts the electrical energy supplied into mechanical
vibration energy. The mechanical vibration of the converter is transferred
as a longitudinal wave to a working tip. The working tip was immersed
into a vessel with the excess sludge studied at the depth of 3 cm from the
vessel's bottom. The volume of the conditioned sample was 0.5 dm® and
the ultrasonic conditioning occurred in a no-flow system, with a single
filling of the vessel.

During sonication by means of disintegrator VC-750, the authors
used vibration amplitudes of ultrasonic field of 15, 21, 31, 37 and 46 um
and sonication time of t; = 30-360 s.



Influence of Ultrasonic Pretreatment on Anaerobic Digestion... 355

In the case of second stage of research the aim was to analyze the
influence of ultrasonic disintegration of excess sludge on the anaerobic
stabilization efficiency. The tests were carried out under mesophilic la-
boratory conditions in ten glass flasks that represented the models of
fermentation chambers. Methane fermentation processes were carried out
10 days. Every day of the process the sludge was collected for analysis
from one of the flasks. The flasks were secured from air access with
arubber plug with liquid-column gauge. The plug prevented from the
outflow of the biogas generated inside the flasks. The flasks with active
volume of 0.5 dm’ were incubated in a laboratory thermostat at the tem-
perature of 37°C. In order to mix the whole volume of the sludge and
prevent from formation of the areas overloaded with contaminants and to
prevent from formation of the scum, the content of the flasks was mixed
manually several times a day. The mixture procedure ensured mixing of
the whole bacterial population in the fermented sludge used as an inocu-
lum with the excess sludge.

Anaerobic stabilization was carried out for the following mix-
tures:

e Mixture 1 —excess sludge, non-conditioned + fermented sludge;

e Mixture 2 — excess sludge conditioned with ultrasonic field amplitude
(A= 21 um and sonication time of 360 s, acoustic wave intensity
1.02 W/cm?) + fermented sludge;

e Mixture 3 — excess sludge conditioned with ultrasonic field (A=
46 ym and sonication time of 360 s, acoustic wave intensity
2.09 W/cm?®) + fermented sludge.

The following physicochemical parameters were evaluated:
e volatile fatty acids (VFAs) according to the standard PN-75/C-
04616/04 [14],
e dry matter, dry organic matter, dry mineral matter by means of a direct
weighing method according to the standard PN-EN-12879 [15],
e chemical oxygen demand by means of a dichromate method based on
HACH 2100N IS tests according to (ISO 7027) [16].
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3. Results and discussion

An increase in concentration of organic substances contained in
supernatant liquor conditioned with ultrasonic field (expressed in COD)
was found after exposure of excess sludge to ultrasonic field disintegra-
tion. Based on changes in the content of COD and VFAs vs. time, the
authors chose the most beneficial parameters of conditioning, pointing to
the amplitude of ultrasonic field vibration of A= 46um and sonication
time of 360 s (acoustic wave intensity 2.09 W/cm?). Furthermore, the
effect of disintegration with vibration amplitude of UD A=21 pum (acoustic
wave intensity 1.02 W/cm®) on methane fermentation was also measured
for the most favourable sonication time of 360 s. A 3-time and 5-time in-
creases in COD and 2-time and 3-time increases in VFAs were observed
respectively for the above indices compared to the initial values.

Fig. 1-5 present changes in COD and VFAs, the indices deter-
mined in supernatant liquor depending on sonication time for individual
amplitudes of ultrasonic field vibration.
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Fig. 1. Changes in COD and VFAs in supernatant liquor vs. sonication time for
ultrasonic field vibration amplitude of A=15um

Rys. 1. Zmiany wartosci ChZT oraz LKT w cieczy nadosadowej, w zaleznos$ci
od czasu sonifikacji dla amplitudy drgan pola UD A=15um
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Fig. 2. Changes in COD and VFAs in supernatant liquor vs. sonication time for
ultrasonic field vibration amplitude of A=21um
Rys. 2. Zmiany wartosci ChZT oraz LKT w cieczy nadosadowej, w zaleznoS$ci
od czasu sonifikacji dla amplitudy drgan pola UD A=21um
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Fig. 3. Changes in COD and VFAs in supernatant liquor vs. sonication time for
ultrasonic field vibration amplitude of A=31um
Rys. 3. Zmiany warto$ci ChZT oraz LKT w cieczy nadosadowej, w zaleznosci
od czasu sonifikacji dla amplitudy drgan pola UD A=31um
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Fig. 4. Changes in COD and VFAs in supernatant liquor vs. sonication time for
ultrasonic field vibration amplitude of A=37um

Rys. 4. Zmiany wartosci ChZT oraz LKT w cieczy nadosadowej, w zaleznoS$ci
od czasu sonifikacji dla amplitudy drgan pola UD A=37um
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Fig. 5. Changes in COD and VFAs in supernatant liquor vs. sonication time for
ultrasonic field vibration amplitude of A=46um

Rys. 5. Zmiany wartosci ChZT oraz LKT w cieczy nadosadowej, w zaleznos$ci
od czasu sonifikacji dla amplitudy drgan pola UD A=46pum
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At the next stage of the experiments, the anaerobic stabilization
was carried out for a mixture of non-conditioned sewage sludge and fer-
mented sludge used as an inoculum. At this stage of the study, the anaer-
obic stabilization was carried out for Mixture 1.

Excess sewage sludge is difficult to be biochemically decom-
posed under anaerobic conditions. This is supported by the degree of
sludge fermentation obtained on the tenth day of the stabilization process.
Therefore, the results obtained in the study suggested that the effective-
ness of the process might be improved through subjecting the process of
initial conditioning to the exposure to ultrasonic field.

The degree of sludge fermentation during the process of methane
fermentation of Mixture 1 carried out in fermentation flasks was ca. 17%.
The initial value of VFA content in Mixture 1 (non-conditioned sludge)
was 360 mg CH;COOH/dm®. The highest VFA content (805 mg
CH3COOH/dm3 ) was found during anaerobic stabilization of Mixture 1,
was found on the sixth day of the process. After this day, VFA was con-
stantly decreasing until the 10th day of the process. VFAs content rec-
orded on the last day was 102 mg CH3COOH/dm3 .

Changes in VFAs content on individual days of methane fermen-
tation of the non-conditioned sewage sludge is presented in Fig. 6.

The process of methane fermentation was also carried out for the
excess sludge disintegrated initially with ultrasonic field (Mixtures 2 and
3) with amplitude of ultrasonic field vibration of 21 um and 46 um, re-
spectively, for sonication time of 360 s.

The initial value of VFAs content for Mixture 2 was 411 mg
CH3COOH/dm3 . The highest VFAs content (737 mg CH3COOH/dm3)
was found on the second day of the process. After this day, the value of
VFAs generated showed a downward tendency until it reached the value
of 257 mgCH;COOH/dm’ on the 10th day of the process. Changes in
VFAs recorded during methane fermentation for Mixture 2 are presented
in Fig. 7.

With regard to Mixture 3, VFAs content on the day of initiation of
of anaerobic stabilization was 943 mg CH;COOH/dm®. The highest
VFAs content (1714 mg CH;COOH/dm’) was found on the second day
of the process. Final VFAs content on the 10th day of the process was
658 mg CH;COOH/dm’. Changes in VFAs observed during methane
fermentation of the sludge disintegrated with ultrasonic field are present-
ed in Fig. 8.
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Fig. 6. Changes in VFAs recorded during methane fermentation of
unconditioned excess sludge (Mixture 1)
Rys. 6. Zmiany wartosci lotnych kwasow thuszczowych odnotowane podczas

procesu fermentacji metanowej niekondycjonowanych osadéw nadmiernych
(Mieszanina 1)
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Fig. 7. Changes in VFAs observed during methane fermentation for excess
sludge conditioned with ultrasonic field (Mixture 2)

Rys. 7. Zmiany wartosci lotnych kwasow thuszczowych zaobserwowane
podczas procesu fermentacji metanowej osadow nadmiernych
kondycjonowanych polem ultradzwickowym (Mieszanina 2)
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Fig. 8. Changes in VFAs observed during methane fermentation of the excess
sludge conditioned with ultrasonic field (Mixture 3)

Rys. 8. Zmiany wartosci lotnych kwasow tluszczowych zaobserwowane
podczas procesu fermentacji metanowej osadow nadmiernych
kondycjonowanych polem ultradzwigkowym (Mieszanina 3)

It was found based on the present study that disintegration of ex-
cess sludge with ultrasonic field before anaerobic stabilization improves
the degree of sludge particles disintegration, thus causing an increase in
VFAs content recorded on the following days of fermentation. Maximum
generation of VFAs during anaerobic stabilization of unconditioned
sludge (Mixture 1) was obtained on the 6th day of the process. The use of
ultrasonic field conditioning of sludge caused that the highest intensity of
VFAs generation in Mixtures 2 and 3 was found on the second day of
methane fermentation.

Evaluation of the effect of excess sludge disintegration with ultra-
sound on anaerobic stabilization included analysis of changes in the con-
tent of dry organic matter that occurred during the process. In Mixture 1,
the degree of sludge fermentation after 10 days was ca. 17%. Further-
more, initial modification of sludge with ultrasonic field caused an in-
crease in the degree of sludge fermentation during acid fermentation. In
Mixture 2, the degree of fermentation was ca. 23% whereas this value for
the Mixture 3 was 29%.
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Fig. 9 presents changes in the content of dry organic matter of
non-disintegrated sludge and the sludge disintegrated with ultrasound.
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Fig. 9. Changes in the content of dry organic matter recorded during 10-day
anaerobic stabilization of non-disintegrated excess sludge (Mixture 1) and the
sludge disintegrated with ultrasonic field (Mixtures 2 and 3)

Rys. 9. Zmiany zawartosci suchej masy organicznej odnotowane w czasie
10-dobowe;j stabilizacji beztlenowej osadow nadmiernych niedezintegrowanych
(Mieszanina 1) oraz dezintegrowanych polem ultradzwiekowym (Mieszanina 2, 3)

4. Summary and conclusions

Excess sludge treatment using popular methods based on selected
processes supported with additional disintegrating effect represents
promising (in terms of the obtained degree of mineralization and eco-
nomics of the process) practical solution. However, it should be stressed
that the use of a disintegration method and the choice of the most favour-
able parameters depends on the character of the sludge that reaches
treatment plant, sludge load and technical and economic aspects that
condition modernization of the technological line. Obtaining the most
effective solution possible in terms of optimum anaerobic stabilization
necessitates compilation of current disintegration methods in considera-
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tion of the sludge modification using physical, chemical and biological
processes. The analysis of the results of the present study leads to the
following conclusions:

1.

Sonication improved fragmentation of organic substances solved in
the sludge liquor, which translated into an increase in COD and VFAs
values. The greatest effectiveness of sludge disintegration with ultra-
sonic field was found for exposure time of 360 s and field vibration
amplitude of 46 um (acoustic wave intensity 2.09 W/cm?). 5-time and
3-time increases in COD and VFAs with respect to initial value of the
indices were observed for the above conditions of disintegration.

. Increased susceptibility to biodegradation of the conditioned sewage

sludge caused a faster increase in VFAs content recorded on the follow-
ing days of the process. With regard to anaerobic stabilization of the
non-conditioned sludge (Mixture 1), the highest value of VFAs was ob-
served on the sixth day of the process. The highest content in Mixture 2
(ultrasonic field vibration amplitude: 21um, sonication time: 360 s) and
Mixture 3 (ultrasonic field vibration amplitude: 46 um, sonication time:
360 s) was found on the second day of the process.

. Submission of sludge ultrasonic disintegration contributed to the in-

tensification of hydrolysis phase and the increase of efficiency of the
next steps in the process of anaerobic digestion, especially methano-
genic phase. This creates a 12% increase in the degree of fermentation
was observed in the Mixture 3 (sludge disintegrated with ultrasonic
field) compared to the value obtained for anaerobic stabilization of
Mixture 1 (unconditioned sludge) after exposure of the sludge to ultra-
sonic field.

Acknowledgements
The research was funded by the project No. BS-PB-401/303/12.

References

1.

Bien J., Stepniak L., Wolny.: Ultradzwieki w dezynfekcji i preparowaniu
osadow Sciekowych przed ich odwadnianiem. Seria Monografie, 37, Wy-
dawnictwo Politechniki Czgstochowskiej, Czgstochowa 1995.

Bien J.: Osady sciekowe — problem aktualny. XII Konferencja Naukowo-
Techniczna, Wydawnictwo Politechniki Czgstochowskiej, 149—154, Cze-
stochowa 2001.



364

Iwona Zawieja, Wolny Lidia, Pawet Wolski

10.

11.

12.

13.

14.

15.

16.
17.

Bien J.B., Zawieja L.: Wphw alkalicznego kondycjonowania osadow nad-
miernych na intensyfikacje produkcji biogazu w procesie stabilizacji bez-
tlenowej. Inzynieria i ochrona srodowiska. 8(2), 201-209 (2005).

Bien J.B.: Ultradzwigki w gospodarce osadowej. Konferencja Naukowo-
Techniczna nt. Nowe spojrzenie na osady $cieckowe — odnawialne zrodta
energii czes¢ 1, Wydawnictwo Politechniki Czgstochowskiej, Czgstocho-
wa. 19-32 (2003).

Bien J., Kamizela T., Kowalczyk M., Mrowiec M.: Possibilities of gravi-
tational and mechanical separation of sonicated activated sludge suspen-
sions. Environment Protection Engineering. 35, 67-72 (2009).

Bourgrier C.H., Carrére H., Delgenés J.P.: Solubilisation of waste-acti-
vated sludge by ultrasonic treatment. Chem. Eng. J. 106, 163—169 (2005).
Christi Y.: Sonobioreactors: using ultrasound for enhanced microbial
productivity. Trends in Biotechnology. 21(2), 89-93 (2003).

Chu C.P., Bea-Ven C., Liao G.S., Jean D.S., Lee D.J.: Observations on
changes in ultrasonically treated waste activated sludge. Water Res. 35,
1038-1046 (2001).

Kamizela T.: Wykorzystanie sonifikacji do rozdziatu faz w zageszczaniu
zawiesin osadu czynnego. seria Monografie, nr 243, Wydawnictwo Poli-
techniki Czgstochowskiej, Czestochowa 2012.

Kowalska E., Bien J., Zielewicz-Madej E.: Ultrasound in the suspension
separation methods. Drying Technology. 6(3), 447-471 (1988).

Magrel L.: Metodyka oceny efektywnosci procesu fermentacji metanowej
wybranych osadow sciekowych. Wydawnictwo Politechniki Biatostockiej,
Bialystok 2002.

Piecuch T., Piekarski J., Malatynska G.: The equation describing the fil-
tration process with compressible sediment accumulation on a filter mesh.
Archives of Environmental Protection. 39(1), 93—104 (2013).

Piecuch T.: Rownanie Darcy jako podstawa analizy teoretycznej szczegol-
nych przypadkéw procesu filtracji. Rocznik Ochrona Srodowiska (Annual
Set the Environment Protection). 11, 299-319 (2009).

Norma PN-75/C-04616/04 Woda i S$cieki. Badania specjalne osadow.
Oznaczanie kwasow tluszczowych lotnych w osadach $ciekowych i wo-
dach nadosadowych metoda destylacji z para wodna.

Norma PN-EN 12879 Woda i $cieki. Badania specjalne osadéw Oznacza-
nie zawartosci wody, suchej masy, substancji organicznych i substancji
mineralnych w osadach $ciekowych.

International Measurements Standards ISO 7027.

Sliwinski A.: Ultradzwieki i ich zastosowania. WNT, Warszawa 1993,



Influence of Ultrasonic Pretreatment on Anaerobic Digestion... 365

18. Stanczyk-Mazanek E., Stepniak L., Kepa U.: Degradation of polycyclic
aromatic hydrocarbons in soil with sewage sludge. Desalination and Water
Treatment. 10, 158-164 (2009).

19. Stanczyk-Mazanek E., Piatek M., Kepa U.: Wphw nastepczy osadow
Sciekowych stosowanych na glebach piaszczystych na witasciwosci kom-
pleksu sorpcyjnego. Rocznik Ochrona Srodowiska (Annual Set the Envi-
ronment Protection). 15, 2437-2451 (2013).

20. Wolny L., Kamizela T.: Technika dezintegracji ultradzwickowej w tech-
nologii Sciekow i osadow sciekowych. Ekologia i Technika. XI(1), 3-7
(2003).

21. Wolny L.: Ultradzwiekowe wspomaganie procesu przygotowania osadow
Sciekowych do odwadniania. seria Monografia nr 104, Wydawnictwo Poli-
techniki Czestochowskiej, Czestochowa 2002.

22. Wolski P., Wolny L.: Wphw dezintegracji i fermentacji na podatnosé¢
osadéw Sciekowych do odwadniania. Rocznik Ochrona Srodowiska (An-
nual Set the Environment Protection). 13, 1697-1706 (2011).

23. Wolski P., Zawieja 1.: Effect of Ultrasound Field on Dewatering of Sew-
age Sludge. Archives of Environmental Protection. 38(2), 25-31 (2012).

24. Zhang G., Zhang P., Yang J., Liu H.: Energy-efficient sludge sonifica-
tion: Power and sludge characteristics. Bioresource Technol. 99, 9029—
9031 (2008).

Wplyw dezintegracji ultradzwi¢kowej na proces
stabilizacji beztlenowej osadow nadmiernych
pochodzacych z przemyshu spozywczego

Abstract

Przerdbka i unieszkodliwianie osadow $ciekowych stanowi niezwykle
aktualny problem technologiczny, co wiaze si¢ z powstawaniem w ostatnich
latach nowych obiektow oczyszczalni, modernizacjg juz istniejacych, jak row-
niez z rozwojem wysokoefektywnych metod oczyszczania $ciekow. Przez lata
wiodgcym trendem w zagospodarowaniu osadow $ciekowych w Polsce bylo ich
sktadowanie, jednak obowiazujace w Unii Europejskiej uwarunkowania prawne
uniemozliwiajg zastosowanie takiego rozwigzania w przysztosci. Modernizacja
ciggu technologicznego oczyszczalni $ciekdw poprzez poprzedzenie wybranych
procesOw oczyszczania Sciekdw oraz utylizacji osadow procesem dezintegracji
o odpowiednio dobranych parametrach wigze si¢ ze wzrostem efektywnos$ci
dzialania obiektu, nie tylko pod wzgledem technologicznym ale réwniez eko-
nomicznym.
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Dezintegracja osadow nadmiernych przed procesem stabilizacji beztle-
nowej wpltywa na zwigkszenie podatnosci osadow na biochemiczny rozklad
w warunkach beztlenowych, czego efektem jest przyspieszenie fazy hydroli-
tycznej procesu, warunkujacej powstawanie w kolejnych etapach procesu lot-
nych kwasoéw thuszczowych. Wartos¢ oraz tempo generowania LKT znajduje
bezposrednie odbicie w efektywnosci produkcji biogazu oraz uzyskanym stop-
niu mineralizacji osadow. Celem prowadzonych badan byta ocena wptywu dez-
integracji ultradzwickowej osadéw nadmiernych pochodzacych z przemystu
spozywczego na proces hydrolizy bedacy pierwszym etapem fermentacji meta-
nowej. W badaniach uzyto dezintegrator ultradzwigkowy typu VC-750. Osady
poddano modyfikacji polem ultradzwiekowym (UD) o amplitudzie drgan pola
UD 15, 21, 31, 37, 46um i czasie sonifikacji t; = 60—360 s. Nastepnie przepro-
wadzono procesy 10-dobowej fermentacji metanowej osadow, poprzedzone
modyfikacja osadow nadmiernych polem UD o wybranych, najkorzystniejszych
parametrach dezintegracji. Najwickszg skuteczno$¢ nadzwigkawiania osadow
odnotowano dla czasu ekspozycji réwnego 360 s oraz amplitudy drgan pola UD
46pum, uzyskujac ok. 5-kotny wzrost wartosci ChZT oraz ok. 3-krotny LKT
w odniesieniu do warto$ci poczatkowych wskaznikéw.

Stowa kluczowe:

dezintegracja, pole ultradzwickowe (UD), lotne kwasy tluszczowe (LKT), che-
miczne zapotrzebowanie na tlen (ChZT), fermentacja metanowa, stopien prze-
fermentowania osadow

Keywords:
disintegration, ultrasonic field, volatile fatty acids (VFAs), chemical oxygen
demand (COD), methane fermentation, degree of sludge fermentation




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


