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Abstract

The issue of optimal disposal of sludge in water treatment plants is among the important issues in line
with the principles and goals of sustainable development. In this study, the possibility of applying
activated carbon and water treatment sludge with the purpose of reducing the consumption of cationic
polyelectrolytes in the thickening stage of wastewater treatment sludge on a laboratory pilot scale was
investigated. For this purpose, the effect of these additives on SVI, TTF, DS, pH, and the dosage of
polyelectrolytes used was evaluated. SVI and TTF of conditioned sludge at a dose of 300 mg/g along
with 1 mg/l of cationic polyelectrolyte decreased to less than 100 ml/g and 100 s-1, respectively, and
also increased the amount of sewage sludge solids to at least 5%. Large flocs formation, particles size
distribution change, and increasing the porosity of the sludge have become as a result of adding the
conditioning materials, and facilitating the thickening and releasing of free water. In addition to
improving the efficiency of sewage sludge thickening, these industrial wastes reduce polyelectrolyte
consumption by 50%, protecting the environment from the negative impacts of their disposal.
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Extended Abstract

Introduction

Produced sludges in water and wastewater treatment plants are the most important daily waste residuals.
The amount of total sludge solid produced in Wastewater treatment is approximately 2 % of all treated
wastewater. However, 40-50% of wastewater treatment plant operation cost belongs to sludge
management. Since the disposal of sludge costs depends on its volume, one of the sludge management
purposes is maximum sludge volume reduction by maximum thickening and dewatering. The thickening
process is applied in order to increase the solid content in sludge(3-5%) through water separation. The
thickening process causes to decrease in sludge volume and as a result, the capacity of subsequence
treatment reactors and their equipment will be reduced, as well as the amount of heat energy required in
the digester. The thickening process is performed through methods such as coagulation gravity
thickening, dissolved air flotation, centrifugation, belt filter, reverse and forward osmosis,
microfiltration, etc. chemical and physical conditioners are widely utilized to improve the thickening
process in sludge conditioning. Chemical conditioners increase particles size by coagulation and
flocculation of existing colloidal and super colloidal particles in sludge. Tche colloidal and super
colloidal particles in sludge decrease efficiency of mechanical thickening process performances. These
particles during mechanical thickening, are trapped in filter cake, blind the pores, and decrease cake
porosity and as a result, water releasing became difficult. Occasionally, thickening and dewatering with
chemical conditioners are not significant, and in order to achieve sufficient results required to apply
physical conditioners. If filtration yield is low and cake compressibility is high, by Application of
physical conditioners the porosity of sludge increases, therefore filtration yield will be increased and its
compressibility decrease, thus free water releasing from sludge became easier. Numerous studies have
been investigated the use of agricultural waste such as straw, rice, walnut shell, and fruits and vegetable
wastes and inorganic waste such bentonite, ash, water treatment sludge, clay and lime as a conditioner.
These materials because of their cost-effectiveness and recycling have been considered. Based on the
physical and chemical properties of these waste materials, act as physical and/or chemical conditioners
and improve the thickening and dewatering process. The limitation of these conditioners should be
considered because excessive addition of chemical conditioners increases the charge of the sludge
surface and particles again became stable, thus thickening became complicate. The high volume and
mass proportion of physical conditioners to sewage sludge, trigger an increased total volume and/or
mass of the final product and influence the performance of the entire sludge treatment process. Also,
some materials have the potential to change the sludge's physical and chemical properties and have a
negative effect on digestion and dewatering processes. Non-carbonic physical conditioners had low
Thermal value if the final product is to be managed by incineration, which should be considered in
sludge management. Water treatment plant sludge contains high amounts of iron that need to be treated
to discharge into the environment. If this sludge is used in the wastewater sludge treatment process, in
addition to optimal waste management, it will also be effective in improving the sludge treatment
processes. Activated carbon prepared from walnut shells is a valuable agricultural waste due to its
physical properties and is highly effective in removing contaminants from water and wastewater.
Applying activated carbon in the sludge treatment process, in addition to removing contaminants from
sludge, improve the thickening and dewatering process as well. Utilizing polyelectrolytes and physical
conditioners simultaneously in thickening and dewatering processes decreases the cost of sludge
treatment and improves its performance.

Materials and methods

In this study, a case study of the use of Jalalieh Water Treatment Plant sludge (No. 1, Tehran) and
activated carbon prepared from the walnut shell as a physical conditioner with 1 mg/l cationic
polyelectrolyte in the thickening of Waste Activated Sludge (WAS) of South Wastewater Treatment
Plant Tehran has been studied on a laboratory scale. The parameters of Sludge Volume Index (SVI),
Time To Filtration (TTF), Dry Solids (DS), and pH were examined as important related parameters.
Also, the sludge particle size distribution and the distribution of activated carbon pores size were
performed to examine more closely the changes in the performance of the thickening process.
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The specific surface area of the adsorbent as well as the diameter and distribution of the pores were
measured using the BET test. In order to study the changes in sludge particle size distribution, the sludge
particle size distribution was determined by a laser particle size analyzer.

Walnut Shell Carbon Active (WSCA) and water treatment sludge from Sedimentation Tank (STS),
sludge from Drying Bed (DBS), and Water sludge contains activated Carbon (WMC) from
Sedimentation Tank were applied in thickening sewage sludge process as conditioners. 1 mg of cationic
polyelectrolyte with 50, 100, 150, 200, 250, 300, 350, 400, 450, and 500 mg/g DS of conditioners were
added to sewage sludge. The effect of STS, DBS, WMC, and WSCA on SVI, TTF, DS, and pH in the
thickening process was investigated according to the methods of 2710D, 2710H, and 2540B,
respectively in (APHA, 2012). HANNA pH meter-211 was used to measure the pH of the samples.

Results and discussion

As shown in Figl Applying conditioners on WAS decrease the SVI in all sample and STS has the best
performance in the sludge settling and thickening process. The effect of four conditioners on sludge
thickening performance according to the SVI index is provided in Fig 1. As the results show the decrease
in SVI occurs with conditioners. It indicates that the percentage of improvement in thickening
performance is different in various conditioners and at 500 mg/g DS of conditioners the STS has the
best performance by 90% reduction in SVI and after that DBS, WMC, and WSCA decreased the SVI,
88,79, and 60 percent respectively. According to the results, water treatment sludge has a positive effect
on SVI reduction which illustrates the remaining Ferric chloride in sludges is effective in thickening.
Ferric chloride by coagulation and flocculation accelerated the settling and since the STS has a lot
amount of Ferric chloride, its performance is better than others. Therefore, STS is a proper conditioner
in gravity thickening. Since the size and weight of the flocs are important in the thickening process,
activated carbon becomes heavier by absorbing colloidal materials in pores and increases the
sedimentation rate by zone settling.

The efficiency of applying 500mg/g DS of WMC, DBS, STS, and WSCA on TTF demonstrated that the
maximum reduction(95%) happened by WSCA and then 86, 79, and 56% for STS, DBS, and WMC,
respectively. WSCA in the thickening process act as a skeleton builder and by creating channels
improved water releasing. Water treatment plant sludges besides flocculation by Ferric chloride contains
a high amount of inorganic materials which is performed as a skeleton builder and improves the
thickening process. 2 mg/l of polyelectrolyte is required to achieve 100 s in TTF without conditioners,
nonetheless, the amount of polyelectrolyte consumption will be decreased 50% by adding 250, 220, and
150 mg/g DS of DBS, STS, and WSCA respectively.

Solid content increases 3.6-5.6 times by adding 500mg/g conditioners. The maximum increment of DS
occurred by STS adding, and DS increased from 2.5% to 14%. The lowest increase in DS occurs with
the addition of activated carbon sludge (WMC) from 2.5% to 9% at the maximum dose. The increment
of dry solids in sludge while conditioners are added, occurs for two reasons: the first reason is the
presence of the conditioners that increase the solids content and the second reason is the effect of
conditioners on improving the sludge thickening process and water releasing.

The pH of sludge was around 7 and the conditioners had no significant effect on the pH of sludge. It
may be revealed that Conditioners mostly acted as physical conditioning and some little changes in pH
were due to chemical reactions.

The effect of Conditioners on the distribution of sludge particles size figured the change occurred on
sludge structure, compressibility, porosity, and the size of particles and their distribution. The
conditioners by these changes form the skeleton and tiny channel to improve water releasing and finally
decrease sludge volume. The porous structure of activated carbon with a high specific surface area, in
addition to improving the thickening process with physical conditioning, has the ability to absorb sludge
particles due to chemical and/or electrostatic interactions, and improve the release of water from the
sludge. The particle size distribution of sludge before and after conditioning with WMC, DBS, STS, and
WSCA showed that the particle size distribution in sludge changed and became larger. D10, D50, and
D90 of samples after conditioning increased 1.6 to 2.8 times, 1.2 to 2.2 times, and 1.1 to 4.3 times. The
mean size of particles increased By large flocs forming with conditioners.
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In general, the addition of conditioners in the optimal dose assists to reduce fine particles in the colloidal
network and the formation of larger and harder flocs, and by improving sludge filtration, it prevents
clogging of the pores and the free water is easily discharged. Reduction of SVI by water treatment
sludges was greater than carbon active because they contain remaining Ferric chloride and by
conditioning, great flocs formed and settled faster, and since the SVI test is not under pressure and the
gravity has an important role in settling, these results were predictable. Due to the application of 80 kPa
pressure during the TTF test, the sludge is compressed and the activated carbon, inorganic materials in
the sludge, and large flocs act as skeleton builders and reduce the sludge compressibility. In this
experiment, the performance of activated carbon due to the hard structure and its pores is better than
others, because turned the sludge cake into a porous media with fine channels, which accelerated the
process of draining sludge water. With the right management of sludge treatment from water and
wastewater treatment processes, not only operating costs decreases but also the irreparable effects of
improper discharge on the environment will be prevented.

Conclusion

The results of this study illustrated water treatment plant sludge and activated carbon is effective in
decreasing SVI, TTF, polyelectrolyte consumption, and increasing sludge solid content. At the dosage
of 300 mg/g DS of conditioners, carbon active has the best performance in decreasing TTF by 82 %,
and the thickened water treatment sludge has the best performance on SVI reduction and increment DS
by 80% and 220% respectively. the polyelectrolyte consumption reduction is another conditioner
utilizing advantages. One of the other benefits of using the materials investigated in this study is a 50%
reduction in the use of polyelectrolyte when STS, WSCA, DBS and WMC conditioners are added in
doses of 100, 150, 150 and 220 mg/kg, respectively. The water treatment sludge in the thickening
process acts as a chemical conditioner due to its ferric chloride by neutralizing, bridging, and large and
rigid flocs forming of particles, also the rigid flocs act as physical conditioners. Carbon active as a
physical conditioner acts as a skeleton builder and increases the porosity and decreases compressibility
of sludge which triggers thickening process improvement. according to results, carbon active and water
treatment plant sludge are effective in the thickening process and recommended after semi-pilot tests,
they are considered as a physical conditioner in the sludge treatment process.
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