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ABSTRACT

Increasingly more sewage sludge which is generated today causes the efficient management
based on the economic criteria to become a key issue. Sludge treatment that uses the stabil-
ization process and dewatering are the most important and the most expensive processes.
Construction of dewatering devices and stabilization of sewage sludge accounts for almost
50% of the total cost of construction in sewage treatment plants. Stabilized sewage sludge
does not decay, has no bad smell, it is safe in sanitary terms and more suitable for dewater-
ing. Previous studies have demonstrated that conditioning of excess sludge with ultrasound
field after methane fermentation positively affects the levels of COD and VFA in superna-
tant liquor. Stabilization initially aided with conditioning improves the process of sludge
fermentation and consequently affects the final susceptibility of the sludge to dewatering.
The paper presents the investigations carried out for the sludge from communal sludge
treatment and the sludge from cellulose industry. The studied sludge was initially condi-
tioned with the ultrasonic field and then stabilized in order to determine the final parame-
ters of their dewatering. Sonication of the sludge contributed to improvement in the degree
of thickening. Conditioning caused an increase in the capillary suction time and specific
resistance of the sludge. Some improvement regarding those parameters was found in the
sludge after the fermentation process.
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1. Introduction

An intensive increase in the amount of sludge in
sewage treatment plants that results from increasingly
higher amount of sludge has made it necessary to

develop some new methods and solutions for their
final treatment [1–3]. In order to reduce this problem
and its negative impact on the environment, scientists
are conducting extensive studies that demonstrate a
positive effect of the repeated use of sludge with
simultaneous improvement in the processes that lead
to reduction in its mass, volume and costs [4–7]. A
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key role is played by the methods of conditioning
which are aimed at changes in the properties of the
sludge. This causes faster and more efficient removal
of water contained in the sludge [8,9]. Apart from con-
ventional methods of conditioning through application
of polyelectrolytes, new unconventional solutions (e.g.
those that utilize ultrasound field) are also being
developed [10,11].

One of the main processes concerning treatment of
sewage sludge is stabilization. The method prevents
generation of easily soluble compounds and prevents
the sludge against decaying or having a bad smell,
which negatively affects the environment [12]. An ini-
tial modification of the sludge before the fermentation
process (conditioning) causes some changes in
physicochemical composition affecting directly the
intensification of the stabilization process being
discussed [13–15].

2. Methodology

The study examined excess sewage sludge from
the cellulose industry as well as from treatment of
industrial and domestic waste. The role of an inocu-
lum was played by the fermented sludge which
accounted for 10% of the overall amount of the sludge
used in the study. The cellulose sludge sampled for
the study was characterized by the following contents:
dry matter—16.80 g/dm3, initial hydration—98.32%,
capillary suction time (CST)—27 s and specific resis-
tance of the sludge—7.08 × 1011 m/kg. The excess
sludge from the treatment of wastewater had the
following contents: dry matter—8.30 g/dm3, initial
hydration—99.17%, CST—227 s and specific resistance
of the sludge—4.88 × 1012 m/kg.

Before the stabilization process, initial conditioning
of sewage sludge was based on using energy of the
ultrasound field by means of an ultrasonic processor
with power of 1,500W and frequency of 20 kHz. Two
ultrasonic field wavelengths, 31.54 μm (which corre-
sponded to 80% of maximum wavelength) and
39.42 μm (which corresponded to 100% of maximum
ultrasonic field wavelength) were used in the study.
The process of exposure to the ultrasonic field for each
of the tests was carried out for the volume of 500 cm3

for 5min. Parameters of sonication were selected
based on initial studies.

Non-conditioned sludge and the sludge initially
conditioned with the ultrasound field were
subjected to fermentation process in 10 laboratory
flasks (V = 0.5 dm3) and a bioreactor (7 dm3). The
stabilization process was continued for 10 d in the
flasks and for 25 d in the bioreactor. In order to ensure

the optimum temperature for mesophilic fermentation
(±35˚C), the flasks were kept in a laboratory thermo-
stat. One flask was removed each day in order to
determine dry matter content, CST and degree of
thickening.

3. Results

Initial conditioning of excess sludge with the
energy of ultrasonic field affects the degree of disinte-
gration of sludge particles and leads to destruction of
the cells of micro-organisms, which represents a pre-
condition for acceleration of the process of hydrolysis
while limiting the stabilization process. Shortening of
the hydrolytic phase of anaerobic stabilization
involves an increase in the degree of sludge fermenta-
tion and consequently the degree of dry matter
fermentation.

Sewage sludge from paper production after
fermentation exhibited the degree of dry matter
reduction which was being improved on each day
(Fig. 1). With respect to the content of
non-fermented sludge (0 d), the degree of dry matter
reduction in flasks on the 10th day was ca. 7%,
whereas in the case of bioreactor, this value on the
25th day reached 9.7%. Initially conditioned sewage
sludge with the energy of the ultrasound field
caused an insignificant increase in the degree of dry
matter reduction. In the sludge after fermentation,
supported with exposure to the ultrasound field
with wavelength of 39.42 μm, a 10.5% reduction in
dry matter was observed after 25 d of the process,
which was higher by ca. 1% with respect to the
sludge which was not conditioned initially. It was
found that an increase in the degree of dry mass
reduction occurred on the 4th day of the process i.e.
after the process of hydrolysis.

An increase in the degree of dry mass reduction
on each day of the stabilization process was also
found for the sewage sludge from the treatment of
municipal wastewater (Fig. 2). Much higher values
of dry matter reduction were reported for municipal
waste compared to the waste from the paper
industry. After 25 d of the fermentation process, the
degree of reduction for the non-conditioned sludge
was 28%. The energy of ultrasonic field affected
some further increase in the parameter studied and
reached the value of 33% for the two amplitudes
studied.

Initial conditioning and fermentation of sewage
sludge affected the parameters that characterize
dewatering efficiency to different degrees. The sludge
from paper wastewater treatment showed low values
of CST at the level of 27 s (Fig. 3). Fermentation of this
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sludge caused no change in the parameter studied.
Utilization of the energy of ultrasounds for
conditioning of this sludge caused an increase in CST.
Considering the sludge conditioned with the ampli-
tude of 80%, CST amounted to 1,263 s, whereas for the
amplitude of 100% this value was 1,977 s. Deteriora-
tion of the parameter discussed was caused by the dis-
persion of sludge flocs and, consequently, clogging of
pores in the filtration paper, which had a direct effect
on the elongation of CST.

Fermentation process caused an improvement in
the filtration capability of sewage sludge after
conditioning with the ultrasonic field. On the first
day of the process, CST reduced by 50% and reached
583 s (amplitude of 80%) and 778 s (amplitude of
100%). Further tendency of the decrease in the parame-
ter discussed was observed on each day and it reached
344 and 449 s on the 10th day. CST for the sewage
sludge after processing in the bioreactor was higher
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Fig. 1. Degree of dry matter reduction in the sludge from municipal wastewater treatment subjected to fermentation.
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Fig. 2. Degree of dry matter reduction from municipal wastewater treatment subjected to fermentation.
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with respect to the final day of the process carried out
in flasks and reaches 655 s (80%) and 911 s (100%).

Deterioration of the filtration capability expressed
with the values of CST did not correlate with the
capability of the sludge for thickening (Fig. 4). Sewage
sludge exposed to the ultrasonic field after the process
of hydrolysis showed improved thickening efficiency
and reached, on the 6th day, values lower with respect
to the non-conditioned sludge. In the samples sub-
jected to stabilization in the bioreactor after 25 d of the
process, no improvement in thickening capability was
found for the sludge initially conditioned with the
energy of the ultrasonic field.

Similar pattern for CST with respect to the sludge
from paper mills was observed in the sludge from

treatment of municipal wastewater (Fig. 5).
Non-fermented sludge which was not initially
conditioned showed the CST value of 52 s. Fermenta-
tion of this sludge caused deterioration in filtration
capability expressed by the degree of CST on the 10th
day of the stabilization process to 86 s.

After the fermentation process in bioreactor, the
value of the parameter discussed reached 227 s. Also in
this case, conditioning with the ultrasonic field caused
elongation of the CST to 1,874 s (amplitude of 80%) and
2,352 s (amplitude of 100%). The fermentation pro-
cess improved the parameter discussed, which was
noticeable as early as on the first days of stabilization.
A tendency of decline in CST was maintained up to the
10th day of the process carried out in the flasks and
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Fig. 3. CST in the sludge from municipal wastewater treatment after fermentation.
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Fig. 4. Thickening of the sludge from municipal wastewater treatment after fermentation.
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reached, for the sludge initially conditioned with the
ultrasound field (amplitude of 100%), the value of 130 s.

The use of the ultrasonic field and fermentation
had a substantial effect on improvement in the
thickening capability in the sludge from treatment of
industrial and domestic waste (Fig. 6). The initially
conditioned (0 d) non-fermented sludge sedimented
better compared to the initially non-conditioned
sludge. Some further decline in the volume of sludge
was being reported on each day of fermentation,
reaching the lowest levels (25 ml) on the final day of
hydrolysis (the 4th day). With sewage sludge after
bioreactor, the final effect was lower. However, the

effect of initial conditioning with ultrasonic energy
was noticeable and reached lower final volumes for
the sludge after initial conditioning.

4. Conclusions

Application of the energy of ultrasonic field for
sewage sludge conditioning involves changes in their
structure and, consequently, physicochemical parame-
ters. Stabilization of the sludge initially conditioned
with the ultrasonic field affects a decrease in the degree
of dry matter reduction compared to the non-condi-
tioned sludge. The dispersed sludge particles were

0 1 2 3 4 5 6 7 8 9 10 25
non-conditioned sludge 52 74 113 125 85 91 92 88 107 82 86 227,3
sludge+ultrasound field 80% 1874 1458 1133 895 836 673 471 326 414 423 355 608,3
sludge+ultrasound field 100% 2352 1135 775 476 190 232 219 193 122 117 130 982,7
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Fig. 5. CST in the sludge from municipal wastewater treatment after fermentation.
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Fig. 6. Thickening of the sludge from municipal wastewater treatment after fermentation.
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mineralized much better. Among the two types of the
sewage sludge studied, the sludge from treatment of
industrial and domestic waste was more susceptible to
the effect of the conditioning agent and consequently to
the final effect of the degree of dry matter reduction.

Fragmentation of sludge flocs caused elongation of
CST in both the types of sludge studied. A substantial
increase in CST was reported for the sludge from the
cellulose industry for which, after 25 d of fermentation,
the value rose to 911 s (sludge + ultrasonic field 100%)
from 37 s (non-conditioned sludge). A dispersive effect
of ultrasounds caused an increase in CST. However,
stabilization caused a reduction in this parameter.

Despite deteriorated filtration capability that
resulted from fragmentation and clogging of pores in
the filtration partition wall, initial conditioning had a
positive effect on improvement in the sedimentation
capabilities. The sludge was better thickened when
exposed to the effect of the ultrasonic field with the
wavelength of 39.42 μm.

The results of the examinations led to the
following final conclusions:

(1) Among the two types of the sewage sludge
studied, the sludge from treatment of indus-
trial and domestic sewage sludge was more
susceptible to the effect of the ultrasonic field.

(2) Fermentation of the sewage sludge contrib-
uted to a higher degree of dry mass reduction.
For the sludge conditioned with the ultrasonic
field after stabilization, a higher degree of dry
matter reduction was observed as compared
to the non-conditioned sludge.

(3) The dispersive effect of the ultrasonic field
contributed to an increase in the CST. Stabil-
ization had a positive effect on the reduction
and improvement in filtration capability in the
parameter discussed.

(4) Application of the ultrasound field caused an
improvement in sedimentation capabilities of
the sludge subjected to the test.
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