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Thermal pretreatment of sewage sludge influences the improvement of biochemical
decomposition of sludge in the anaerobic stabilization process. At the same time the ratio
of fermentation impacts on the effectiveness of sludge dewatering. The aim of
investigation was the evaluation of thermal conditioned excess sludge dewaterability
after anaerobic stabilization process. In the tests excess and digested (10%) sludge from
municipal wastewater treatment plant was used. Experiments were carried out in the
laboratory flasks filled with the tested sludge and located in the laboratory incubator.
Unconditioned and conditioned sludge in temperature of 50, 60, 70, 80 and 90°C was
stabilised during 10 days. In each day of the process the capillary suction time (CST),
thickening degree and dry matter content were determinated. Thermal conditioning of
excess sludge influenced the increase of CST values. For sludge after mesophilic
anaerobic stabilization in the successive days of the process, the decrease of CST values,
dry matter content and thickening degree were noticed.
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1. INTRODUCTION

Methane fermentation is the well-known and generally used method of sewage
sludge stabilization. The correct running digestion process should lead to the
following aims: mineralization of organic compounds which include mass
reduction, less energy use, and more significantly, the energy recovery in the
form of biogas [1,2]. Complete microbial digestion process of sludge to CH, and
CO, is a slow process and requires high retention time and big volume of
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anaerobic digesters. The conversion pathway of substrate to biogas occurs in
four stages, namely hydrolysis, acidogenesis, acetogenesis and methanogenesis
[2, 3].

Interference into the digestion process through the sludge modification
before stabilisation process influences the final dewaterability of sludge. Sludge
pretreatment before stabilisation changes phisico — chemical properties of sludge
releasing the intercellular components into the aqueous phase. It affects directly
the sludge ability to dewatering [4,5,6].

Primary aim of physical methods of sludge conditioning (including
thermal methods) is the sludge biodegradability increase to enhance the methane
production at lower HRT(Hydraulic Retention Time) in the anaerobic digester.
Using thermal method to excess sludge pretreatment before methane
fermentation causes reduction of hydrolytic phase, increase of digestion degree
and biogas output intensification [cited by 7].

The aim of investigation was determination of dependence between the
thermal pretreatment of excess sludge and dewatering ability of sludge after
anaerobic stabilization.

These tests were stage of recognition, which results may lead to further
experiments in the selected direction.

2. EXPERIMENTAL PART

2.1. Tests substrate

The main substrate of investigation was the excess activated sludge (90%) and
digested sludge (10%), which was inoculum. Sludge was from the Central
Wastewater Treatment Plant ‘Warta’ in Czestochowa

2.2. Materials and methods

Investigations were conducted in the laboratory flasks (V = 0.5dm?),

which were put in the laboratory incubator for the optimal fermentation

temperature maintenance (37°C).

The following mixtures were stabilised in the anaerobic terms:

— Mixture A (unconditioned excess sludge and digested sludge),

— Mixture B (thermal conditioned excess sludge in temperature 50°C
during 2.5h and digested sludge),

— Mixture C (thermal conditioned excess sludge in temperature 60°C
during 1.5h and digested sludge),

— Mixture D (thermal conditioned excess sludge in temperature 70°C
during 1.5h and digested sludge),
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— Mixture E (thermal conditioned excess sludge in temperature 80°C
during 2.5h and digested sludge),

— Mixture F (thermal conditioned excess sludge in temperature 90°C
during 1.5h and digested sludge).

Time of preliminary thermal conditioning of sludge was selected from the
initial tests results, for which the most advantageous values of VFA and COD
were obtained. Excess sludge was conditioned in the selected values of
temperature and time in the water bath and then sludge was stabilized in the
anaerobic and mesophilic conditions during 10 days.

As well as before process and in the each day of stabilization the
following determinations were made: capillary suction time (CST), thickening
curves and dry mass content. CST was indicated on the base of Baskerville’s and
Galle’s method, which was introduced as an easy - to - conduct test for
measuring dewaterability of sludge. Gravitational thickening of sludge was
carried out using a 1000ml measuring cylinders. Sludge samples were observed
during the sedimentation process in the suitable time intervals of 5, 10, 15, 20,
25, 30, 45, 60, 90, 120 minutes. On the base of sludge volume measurement the
thickening curves were determined. Dry mass of sludge was indicated according
to Hermanowicz methodology [8].

3. RESULTS

In the first two days of stabilisation process the increase of CST values was
noticed and in the next days it was the decrease (Fig.1). This result was observed
until the last day of process for each of investigated sludge samples. The cause
of initial increase of capillary suction time values was the course of hydrolysis
process, which in the first days of stabilisation took place. The highest value of
CST was noticed for sludge conditioned of 70°C temperature, and the lowest for
sludge conditioned of 50°C.

The similar dependences were noted in the case of thickening process
where after second day of stabilization process the increase of thickening degree
of tested sludge was determinated.

Hydrolysis process caused increase of sedimentation degree, because the
highest drops of sludge volume were observed during 4 and 5 day of
stabilisation process. The most advantageous result was for sludge conditioned
with temperature equal 70°C and for sludge conditioned with 80°C the worst
result was obtained (Fig.2).

During stablisation process of tested sludge the decrease of dry mass
content in the next days of process was observed. This effect was connected with
the biodegradation of sludge. Thermal pretreatment of sludge caused the
decrease of dry masss content, which was the lowest in the final days of process
for sludge conditioned in temperature equal 80°C (Fig.3).
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Fig.1. Influence of digestion time on the CST of excess sludge after thermal conditioning
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Fig. 2. Influence of digestion time on the thickening process of thermal conditioned
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Fig.3. Influence of digestion time on the dry mass of excess sludge after thermal
conditioning

4. SUMMARY AND CONCLUSIONS

Excess sludge after thermal pretreatment is characterized by lower ability to
dewatering which was determined by capillary suction time values increase.
Stabilisation process of excess sludge conditioned in this way caused the CST
values decrease. This result was observed after hydrolysis process. Thickening
process had more intensity run for digested sludge after preconditioning. Sludge
mineralization which resulted in the thickening effectiveness was confirmed by
content of dry mass of sludge.

Some conclusions were formulated on the base of experiments:

1. Thermal conditioning of excess sludge caused the increase of CST values;

2. After stabilisation process capillary suction time values were lower than
before process. The decreasing of CST was observed after second day of
process i.e. after hydrolysis;

3. Stabilisation influenced the improvement of sedimentation abilities of
sludge. The best result of thickening effectiveness was noticed for sludge
after thermal pretreatment, particularly for 70°C ;

4. This way of sludge preparation had also advantageous influence on the
biodegradation of organic substances in sludge.
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EFEKTYWNOSC ODWADNIANIA TERMICZNIE KONDYCJONOWANYCH
OSADOW SCIEKOWYCH PODDANYCH STABILIZACJI BEZTLENOWE]

Streszczenie

Wstepna termiczna obrobka osadow Sciekowych wplywa na poprawe ich
biochemicznego  rozktadu w  procesie  stabilizacji  beztlenowej.  Stopien
przefermentowania oddzialywuje tym samym na efektywno$¢ odwadniania osadow.
Celem prowadzonych badan byto okreslenie wptywu termicznego kondycjonowania
osadow nadmiernych poddanych stabilizacji beztlenowej na koncowe ich odwadnianie.
W badaniach wykorzystano osady nadmierne i przefermentowane (10%) pochodzace
z komunalnej oczyszczalni $ciekoéw. Badania prowadzono w kolbach laboratoryjnych,
ktore po napelieniu badanymi osadami umieszczono w cieplarce laboratoryjnej. Osady
niekondycjonowane oraz kondycjonowane w temperaturze 50, 60, 70, 80 i 90 °C
poddano stabilizacji przez okres 10 dni. W kazdym dniu prowadzenia procesu oznaczano
czas ssania kapilarnego (CSK), stopien zaggszczania oraz zawarto$¢ suchej masy.
Termiczne kondycjonowanie osadow nadmiernych wptyngto na wzrost wartosci CSK.
Poddajac osady mezofilowej stabilizacji beztlenowej odnotowano w kolejnych dniach
prowadzenia procesu obnizenie wartosci czasu ssania kapilarnego, suchej masy, jak
réwniez stopnia zaggszczenia.



