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Abstract: The factor which essentially affects sludge biodegradation rate is the degree of fluidization of insoluble
organic polymers to the solved form, which is a precondition for availability of nutrients for microorganisms.
The phases which substantially limit the rate of anaerobic decomposition include hydrolytic and methanogenic
phase.

Subjecting excess sludge to the process of initial disintegration substantially affects the effectiveness
of the process of anacrobic stabilization. As a result of intensification of the process of hydrolysis, which
manifests itself in the increase in the value and rate of generating volatile fatty acids (VFA), elongation
of methanogenic phase of the process and increase in the degree of fermentation of modified sludge can
be observed. Use of initial treatment of sewage sludge i.e. thermal disintegration is aimed at breaking
microorganisms’ cells and release of intracellular organic matter to the liquid phase. As a result of thermal
hydrolysis in the sludge, the volatile fatty acids (VFA) are generated as early as at the stage of the process
of conditioning. The obtained value of VFA determines the course of biological hydrolysis which is the first
phase of anaerobic stabilization.

The aim of the present study was to determine the effect of thermal disintegration of excess sludge on
the effectiveness of the process of hydrolysis in anaerobic stabilization i.e. the rate of production of volatile
fatty acids, changes in the level of chemical oxygen demand (COD) and increase in the degree of reduction
in organic matter. During the first stage of the investigations, the most favourable conditions of thermal
disintegration of excess sludge were identified using the temperatures of 50°C, 70°C, 90°C and heating times
of 1.5 h — 6 h. The sludge was placed in laboratory flasks secured with a glass plug with liquid-column gauge
and subjected to thermal treatment in water bath with shaker option. Another stage involved 8-day process
of anaerobic stabilization of raw and thermally disintegrated excess sludge. Stabilization was carried out in
mesophilic temperature regime i.e. at 37°C, under periodical conditions. In the case of the process of anaerobic
stabilization of thermally disintegrated excess sludge at the temperature of 50°C and heating time of 6 h
(mixture B) and 70°C and heating time of 4.5% (mixture C), the degree of fermentation of 30.67% and 33.63%,
respectively, was obtained. For the studied sludge, i.e. mixture B and mixture C, maximal level of volatile fatty
acids i.e. 874.29 mg CH,COOH/dm’ and 1131.43 mg CH,COOH/dm’ was found on the 2nd day of the process.
The maximal obtained value of VFA was correlated on this day with maximal COD level, which was 1344 mg
0,/dm’ for mixture B and 1778 mg O,/dm? for mixture C.
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INTRODUCTION

The effect of initial treatment of sewage sludge on improved efficiency of methane fermen-
tation is a promising research problem, both in terms of economics of the stabilization
process and potential benefits resulting from fermentation technology i.e. increase in the
degree of conversion of organic compounds to gaseous form (biogas). The degree of fluidi-
zation of insoluble organic polymers to a soluble form, available for microorganisms, has
essential effect on the speed of sludge biodegradation. The phases which substantially
limit the rate of anaerobic decomposition are hydrolytic and methanogenic phase.

In order to facilitate the process of anaerobic stabilization, excess sludge should be
subjected to the process of initial disintegration, which is a precondition for an increase
in the effectiveness of the process [1, 2, 3, 4].

Waste activated sludge (WAS) is the main by-product in the process of biologi-
cal waste treatment [5]. As a result of intensification of the process of hydrolysis, the
methanogenic phase is elongated, which, in consequence, causes substantial increase in
biogas production. The obtained biogas is a valuable energy carrier with high calorific
value which allows for meeting the energy demand in the wastewater treatment plant,
generation of heat for central heating system and electricity used for direct power supply
to the equipment.

The use of initial treatment of sewage sludge, e.g. thermal modification of the sludge,
is aimed at breaking microorganisms’ cells in the excess sludge, which is a precondition
for release of intracellular organic matter to the liquid phase. As a result of thermal hydro-
lysis in the sludge, the volatile fatty acids (VFA) are generated as early as at the stage of
the process of conditioning. The obtained value of VFA determines the course of biolo-
gical hydrolysis, which is the first phase of anaerobic stabilization. Increase in the rate of
generation of VFAs and increase in their values on consecutive days of acid fermentation
directly affect the effectiveness of biogas production [6, 7, 8]. During the process of ana-
erobic stabilization, initiation of thermal hydrolysis allows for obtaining higher degree
of transformation of volatile fatty acids (VFA) into methane. Shortening of the duration
of hydrolytic phase causes intensification and acceleration of the processes which take
place in individual stages of anaerobic stabilization. The methods of thermal disintegra-
tion of sewage sludge include in particular [7, 9]:

— low-temperature methods, at the temperatures below 100°C,

— high-temperature methods, at the temperatures over 100°C.

The literature [10] reports that thermal sludge treatment impacts significantly on the
increase in biogas acquisition. Thermal hydrolysis (20 min at the temperature of 170°C)
caused over 70% reduction in the content of dry matter at over 3-time increase in the
load in the chamber with organic mass. The process of hydrolysis at lower temperatures
(60+80°C) favourably affects the composition of the obtained hydrolysate, but it
requires longer times of reaction (60+120 min) [11, 12]. In the result of disintegration
followed stimulation of the inert part of excess sludge which significantly affect the
intensification of the methane fermentation [13]. Moreover, the investigations carried
out by Dabrowska ef al. [14] confirmed that after the process of thermophilic digestion
of the mixture of primary and fermenting sludge, the total concentration of seven PCBs
was reduced by 84%, which suggests that thermophilic digestion affects reduction in
PCBs positively.
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MATERIALS AND METHODS

Characterisation of the Study Substrate

The substrate in the study was excess sludge (90%), and fermented sludge (10%) which
was used for inoculation. The sludge was sampled from the Warta Central Sewage Treat-
ment Plant in Czgstochowa. Excess activated sludge samples used for the investigations
were taken immediately before mechanical densification. Excess sludge which is genera-
ted at the biological level is supplied to mechanical concentrators and, after densification
to ca. 5-6% of dry matter, is pumped to WKF . The effluent waters which are generated in
the process are discharged in front of primary settling tanks. Raw and excess sludges, ac-
cumulated in WKF , are subjected to methane fermentation at the temperature of 33°C.

The following mixtures of sludge were subjected to methane fermentation:

— Mixture A — raw excess sludge + fermented sludge

— Mixture B — excess sludge, thermally disintegrated at the temperature

of 50°C for 6 h + fermented sludge;

— Mixture C — excess sludge, thermally disintegrated at the temperature

of 70°C for 4.5 h + fermented sludge.

Studies of anaerobic stabilization process do not include mixture D, pre-tested at
the stage of selecting the most favorable conditions for thermal disintegration. In the
case of mixture D, despite the increase in pretreatment temperature by 20°C in reference
to mixture C, a satisfactory increase in the value of COD was not obtained, due to the
nature of the physico-chemical properties of organic substances contained in the sludge
with increasing preparation time, while watching the decline in VFA. Table 1 presents the
characteristics of raw excess sludge and fermented sludge used in the study.

Conditions of Thermal Disintegration of Excess Sludge

In order to determine the most favourable conditions of thermal modification of excess
sludge, the temperatures of 50°C, 70°C and 90°C were selected for heating for the period
of 1.5 h; 3 h; 4.5 h and 6 h. The sludge poured to laboratory flasks was secured from air
access with a glass plug with liquid-column gauge and placed in water bath. The sample
volume was 500 ml.

Conditions for the Process of 8-day Anaerobic Stabilization
The laboratory experiments were aimed at the determination of the impact of thermal
disintegration of excess sludge on the efficiency of hydrolysis process in anaerobic stabi-
lization, i.e. intensity of generation of volatile fatty acids (VFA). The process of methane
fermentation was carried out in eight glass laboratory flasks, which performed the role of
fermentation chambers. Before the process, laboratory flasks with the volume of 0.5 dm?
were secured from air access with plugs with diameter of 33 mm and glass liquid-column
gauges, which allowed for discharge of the generated biogas. They were placed in labora-
tory thermostat at the temperature of 37°C. The flasks were mixed manually, once a day,
in order to mix the whole volume of the sludge and prevent from generation of the skin
on the surface and creation of the areas overloaded with contaminants.

The following physical and chemical determinations were carried out:

— pH using pH meter by Cole Palmer 59002 — 00, according to (PN-9/C-04540/05)

[15],
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— dry matter, organic dry matter, mineral dry matter according to (PN-EN-12879)
[16],

— volatile fatty acids (VFA) by means of distillation with water vapour according to
(PN-75/C-04616/04) [17],

— alkalinity according to (PN-91/C-04540/05) [18],

— acidity according to (PN-91/C-04540/05) [19],

— chemical oxygen demand using dichromate method according to (ISO 7027)
[20],

— total Kjeldahl nitrogen according to (PN-73/C-04576/10) [21],

— amone nitrogen according to (PN-73/C-04576/02) [21].

RESULTS AND DISCUSSION

Choice of the Most Favourable Parameters of Thermal Disintegration

of Excess Sludge

In order to choose the most favourable temperature and conditioning time, excess sludge
was subjected to three test cycles in the range of low temperatures, i.e. the temperature of
50°C, 70°C and 90°C and conditioning time of 1.5; 3; 4.5; 6h. The criterion for selection
of parameters was the increase in concentration of organic substance in sludge liquor
of excess sludge measured by means of COD and VFA indexes. The content of organic
dry matter in the excess sludge before the process of thermal conditioning amounted to
9.68 g/dm?. Table 2 presents changes in COD levels in sludge liquor after the process of
thermal conditioning, whereas changes in VFA levels are presented in Fig. 1.

Table 2. Changes in COD levels in sludge liquor in excess sludge subjected to thermal conditioning recorded
depending on time and temperature of preparation.

COD, mgO,/dm?
Time, h
Temp. °C 1.5 3 4.5 6
50 1315 1398 1489 1566
70 1816 2104 2398 2374
90 1970 2062 2158 2366

The obtained results confirm the theory of Wéjtowicz [13] concerning a positive
effect of disintegration on fluidization of organic matter contained in excess sludge, with
its direct manifestation being an increase in COD and VFAs in sludge liquor. The lowest
value of COD in sludge liquor was found for the temperature of 50°C, with heating time
of 1.5 h (1315 mgO,/dm?), whereas its higher level of 2398 mgO,/dm’ was observed for
the temperature of 70°C and heating time of 4.5 h.

It was found during the process that the most favourable value of volatile fatty acids
during 6-hour conditioning was obtained for the temperature of 70°C i.e. 428.57 mg
CH,COOH/dm’. In the case of 6-hour conditioning, the value of VFA for all the
temperatures rose with respect to the initial value. Downward trend for VFA level after
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1.5 h of heating was observed for the temperature of 90°C. For the heating time of 1.5 h
the level of VFAs reached 197.14 mg CH,COOH/dm’, whereas for the time of 6 h, this
value was 154.27 mg CH,COOH/dm".

. 500 :
_g i T
E 400 L
8 .
S 300 T
I 1
® 200
& B -
o | =
E 100 T E_-

o -4

1,5 -
3
Time of thermal disintegration

Fig. 1. Changes in the VFA level observed in sludge liquor as a function of exposure time
and disintegration temperature

Process of Methane Fermentation in Raw Excess Sludge
The process of 8-day anaerobic stabilization was carried out for the mixture of non-con-
ditioned excess sludge (90%) and fermented sludge (10%) (mixture A).

Degree of fermentation of the sludge for mixture A amounted to 16.88%. The content
of organic dry matter before the process amounted to 5.39 g/dm?, whereas this value was
4.48 g/dm® on the last day of the process. The reduction in the content of dry matter from
9.44 g/dm’ before the process to 6.92 g/dm?® after the process was observed. Reduction in
dry matter of the sludge amounted to 26.70%. Value of volatile fatty acids before the pro-
cess of anaerobic stabilization amounted to 111.43 mg CH,COOH/dm’; its maximal level
was observed on the 3rd day of the process, i.e. 771.43 mg CH,COOH/dm’. A decline in
the level of VFAs was initiated on the 4th day and, on the 8th day, VFA level amounted to
377.14 mg CH,COOH/dm’. Value of COD for sludge water before the process amounted
to 288 mg O,/dm’, the highest value was reached on the third day and amounted to 1123 mg
0,/dm’; a decline in the level of COD was observed from the fourth day, and, on the last
day of the process this value amounted to 454 mg O,/dm’. Table 3 presents comparison of
the results obtained for the course of the process of anaerobic stabilization in raw excess
sludge (mixture A).

Process of Methane Fermentation of Thermally Disintegrated Excess Sludge

The process of 8-day anaerobic stabilization was employed for the mixture of excess
sludge (90%) thermally conditioned at the temperature of 50°C for 6 h and fermented
sludge (mixture B) and the mixture of the sludge thermally conditioned at the temperature
of 70°C for 4.5 h and fermented sludge (10%) (mixture C).
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The degree of fermentation of the sludge for mixtures B and C amounted to 30.67%
and 33.63%, respectively. In the case of mixture B, the content of organic dry matter
before the process was 6.37 g/dm?, whereas on the last day of the process this value was
4.41 g/dm?. The content of dry matter before the process of fermentation amounted to
9.30 g/dm?3, whereas after the process it reached 5.43 g/dm’. Reduction in dry matter of
the sludge amounted to 41.62%. For mixture C, the content of organic dry matter before
the process amounted to 7.24 g/dm?, whereas on the last day of the process this value
was 5.37 g/dm?. The content of dry matter before the process of fermentation amounted
to 10.93 g/dm?, whereas after the process it was 8.55 g/dm®. Reduction in dry matter of
the sludge was 21.78%. In the case of mixtures B and C, the level of volatile fatty acids
before the process of anaerobic stabilization amounted to 188.57 mg CH,COOH/dm’
and 342.86 mg CH,COOH/dm’, respectively. Maximal values for both mixture B and
mixture C was observed on the 2nd day of the process and they reached 874.29 mg
CH,COOH/dm’ and 1131.43 mg CH,COOH/dm’, respectively. A decline in the VFA level
was observed on the third day of the process and, on the 8th day, this value was 171.43
mg CH,COOH/dm* in mixture B and 377.14 mg CH,COOH/dm” in mixture C. In the case
of mixture B, the value of COD in sludge water before the process was 640 mg O, /dm’;
its highest level (1344 mg O,/dm*) was found on the 2nd day and a decline in COD level
in the sludge liquor was observed from the third day and it continued until it was 280 mg
O,/dm’ on the last day.

In mixture C, value of COD before the process of stabilization amounted to 1826
mg O,/dm’ and it was the highest level reached during the study. A decline in the value of
COD in sludge liquor was observed from the first day and dropped to 800 mg O,/dm* on
the last day of the process.

Tables 4 and 5 present comparison of the results obtained for the process of anaero-
bic stabilization of thermally disintegrated excess sludge (mixtures B and C).

The results concerning the course of the process of anaerobic stabilization of ther-
mally modified excess sludge confirm the effectiveness of this method as a disintegrating
factor, which was also confirmed by the studied by other researchers [10, 11, 12].

CONCLUSIONS

The aim of the present study was to identify the effect of thermal method of disintegration

of excess sludge on its biodegradability and to assess the effectiveness of modification of

the sludge in the aspect of increase in the value of VFAs, as well as in the value of COD
and in the degree of disintegration of the modified sludge. Increase in the susceptibility of
excess sludge on biochemical decomposition under anaerobic conditions occurs through
the destruction of cell walls in microorganisms and the release of the organic substances
they contain before they are used by the bacteria which exist under anaerobic conditions
during the process of anaerobic stabilization.

The obtained results allow for drawing the following conclusions:

1. Inthe case of thermal disintegration of excess sludge, the most favourable temperature
was 70°C with the heating time 4.5 h, for which the highest level of COD among all
the temperatures and times of thermal treatment was obtained (2398 mg O,/dm?).

2. As a result of subjecting excess sludge (mixture A) to the process of anaerobic sta-
bilization of raw excess sludge, the degree of fermentation of 16.88% was obtained
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after 8 days of fermentation. The maximal values of volatile fatty acids and COD
(771.43 mg CH,COOH/dm’ and 1123 mg O,/dm’, respectively) were observed in the
mixture on the 3rd day of the process.

. In the case of the process of anaerobic stabilization of thermally disintegrated excess

sludge, using the temperature of 50°C and heating time of 6h (Mixture B), and 70°C
and heating time 4.5 h (mixture C), the following degrees of fermentation were ob-
tained: 30.67% and 33.63%, respectively. Maximal levels of volatile fatty acids in
mixtures B and C (874.29 and 1131.43 mg CH,COOH/dm’, respectively) were found
on the 2nd day of the process. The obtained maximal level of VFA correlated with the
maximal value of COD index found on the same (second) day of the process, which
was 1344 mg O /dm’ for mixture B and 1778 mg O,/dm* for mixture C.
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WPLYW TERMICZNEJ DEZINTEGRACJI OSADOW NADMIERNYCH
NA EFEKTYWNOSC PROCESU HYDROLIZY W STABILIZACJI BEZTLENOWEJ

Za czynnik wptywajacy w istotny sposob na szybko$¢ biodegradacji osadéw uwazany jest stopien uptynnie-
nia nierozpuszczalnych polimeréw organicznych do postaci rozpuszczonej, warukujacej dostgpnosé substancji
odzywczych dla mikroorganizméw. Fazami ograniczajacymi szybkos$¢ beztlenowego rozktadu sa faza hydro-
lityczna i metanogenna.

Poddanie osadow nadmiernych procesowi wstgpnej dezintegracji znaczaco wptywa na efektywnosé pro-
cesu stabilizacji beztlenowej. W wyniku intensyfikacji procesu hydrolizy, przejawiajacej si¢ wzrostem wartosci
oraz zwigkszeniem szybkosci generowania lotnych kwasow ttuszczowych (LKT), mozna zaobserwowaé wydhu-
zenie fazy metanogennej procesu oraz wzrost stopnia przefermentowania modyfikowanych osadow. Zastosowa-
nie wstgpnej obrobki osadéw sciekowych, tj. m.in. termicznej dezintegracji osadow, ma na celu rozbicie komorek
mikroorganizmOw oraz uwolnienie wewnatrzkomérkowej materii organicznej do fazy cieklej. W wyniku za-
chodzacej hydrolizy termicznej osadow nastgpuje juz na etapie procesu kondycjonowania generowanie lotnych
kwasow ttuszczowych (LKT). Uzyskana warto$¢ LKT determinuje przebieg hydrolizy biologicznej, stanowiacej
pierwsza fazg stabilizacji beztlenowej. Celem badan byto okreslenie wptywu termicznej dezintegracji osadow
nadmiernych na efektywno$¢ procesu hydrolizy w stabilizacji beztlenowej, tj. szybkosé¢ produkeji lotnych kwa-
sow tluszczowych, zmiany wartosci ChZT oraz wzrost stopnia redukcji substancji organicznych. W pierwszym
etapie badan dokonano okre$lenia najkorzystniejszych warunkow termicznej dezintegracji osadow nadmiernych
stosujac temperaturg 50°C, 70°C, 90°C i czas ogrzewania 1,5 h — 6 h. Osady umieszczone w kolbach labora-
toryjnych, zamknigte szklanym korkiem z rurka manometryczna, poddano termicznej obrébce w tazni wodnej
z wytrzasaniem. W kolejnym etapie przeprowadzono 8-dobowy proces stabilizacji beztlenowej surowych oraz
dezintegrowanych termicznie osadéw nadmiernych. Stabilizacje prowadzono w mezofilowym rezimie tempe-
ratur tj. 37°C, w warunkach okresowych. W przypadku procesu stabilizacji beztlenowej termicznie dezintegro-
wanych osadow nadmiernych w temperaturze 50°C i czasie ogrzewania 6 h (Mieszanina B) oraz 70°C i czasie
ogrzewania 4,5 h (Mieszanina C) uzyskano stopien przefermentowania wynoszacy odpowiednio: 30,67% oraz
33,63%. Dla badanych osadow, tj. Mieszaniny B oraz C, maksymalng warto$¢ lotnych kwaséw thuszczowych,
tj. 874,29 mg CH,COOH/dm’ i 1131,43 mg CH,COOH/dm’, uzyskano w 2 dobie procesu. Z otrzymana mak-
symalna warto$cia LKT korelowata odnotowana w ww. dobie procesu maksymalna warto$¢ wskaznika ChZT,
wynoszaca dla mieszaniny B 1344 mg O,/dm’, natomiast dla Mieszaniny C 1778 mg O,/dm’.





