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Abstract

This research was carried out to evaluate the effects of different dosages (1.85-4.44 g kg™! Ts™!) of three cationic polyelec-
trolytes with charge densities (CD) of 20%, 40%, and 60% on the dewatering properties of an aerobically digested sludge. The
sludge was collected from the sludge processing line in a wastewater treatment plant in the city of Mashhad, Iran MWWTP).
To assess the sludge dewatering properties, parameters such as specific resistance to filtration, sludge cluster geometry, fil-
tration rate, and filtrate turbidity and volume were measured. The experimental results were then compared with the effects
of a reference polyelectrolyte that was used in the conditioning of the sludge in that treatment plant. The results indicated
that the sludge samples treated with the polyelectrolyte of the highest CD matched better dewatering performance than the
samples conditioned with the other two polyelectrolytes. This polyelectrolyte (60%CD) presented its best effects at the dos-
age of 4.07 g kg™! Ts~!. With this dosage, its performance was similar to the performance of the reference polyelectrolyte
at the dosage of 4.44 g kg™ Ts™!.

Keywords Aerobically digested sludge - Chemical conditioning - Cationic polyelectrolytes - Sludge dewatering - Sludge

cluster

Introduction

Sequencing batch reactor (SBR) technology is more afford-
able and energy-efficient than alternative biological treat-
ment processes for treating wastewater due to the minimal
land and aeration requirements. However, waste-activated
sludge (WAS) extracted from this technology is a complex
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mixture consisting mostly of water, organic matter, micro-
organisms, and suspended solids. Sludge with high water
content leads to a considerable increase in operational costs
of sludge treatment (Al-Dawery 2015; Kamizela and Kow-
alczyk 2021; Baroutian et al. 2013; Xiao et al. 2017; Zhang
et al. 2016a). Moreover, due to higher concentration of bio-
degradable organic matter, more polymer consumption is
expected for the conditioning of an activated sludge when a
modified version of activated sludge processes (ASP) such
as advanced sequencing batch reactors (ASBRs) are applied
for biological wastewater treatment (Jafarinejad 2017).
Therefore, one of the most critical tasks in decreasing the
costs of sludge treatment, transportation, and final disposal
is to efficiently remove the sludge water during the dewater-
ing process. Dewatering is usually applied after the sludge
is destabilized through the conditioning process. Challenges
related to polymer demand needed for chemical condition-
ing will exacerbate when sludge digestion is simultaneously
employed with ASBRs technology. Major studies have been
found that aerobic digestion of sludge can negatively affect
its dewaterability properties such as flocculability (Zhang
et al. 2016b). Murthy and Novak (1999) concluded that
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applying aerobic digestion leads to poor dewatering effi-
ciency and a larger amount of polyelectrolyte consumption.
Chen et al. (2021) showed that digestion process has the
highest association with the elements affecting dewatered
sludge of 32 wastewater treatment plants in Japan.

Because of such impact, it is often necessary to optimize
the conditioning process and improve the dewatering effi-
ciency, and it is critical to apply the proper chemical agent
as well as proper dosages. Unsuitable chemicals, especially
in overdose quantity, lead not only to lower efficiency but
also significantly higher operational costs (Langer et al.
1994; Ayol et al. 2005; Abu-Orf and Dentel 1999; B6hm
and Kulicke 1997; Ghernaout and Ghernaout 2012).

During the conditioning process, negative surface charge
neutralization and bridging cause considerable agglomera-
tion of the sludge particles and generate sludge clusters. This
in turn improves sludge dewatering efficiency (Homeyer
et al. 1999; Zhang et al. 2022). Thus, using cationic poly-
electrolytes with high charge density (CD) is more effective
in flocs formation than ionic polyelectrolytes (Homeyer et al.
1999). It has been reported that the cationic polyelectro-
lytes perform effectively in particle capture and the genera-
tion of denser flocs, resulting in better dewaterability while
reducing the possibility of overdose (Lee and Liu 2000).
To et al. (2020) used cationic polyelectrolyte Zetag8185
for chemical conditioning of mesophilic anaerobic diges-
tion. In a study by Wu et al. (2021), PAM with 70% CD
improved anaerobically digested sludge filtration perfor-
mance. Zhang et al. (2019) indicated that chitosan-based
polyelectrolytes performed well in anaerobically digested
sludge filtration and result in stronger sludge floc structure.
Sun et al. (2014) showed that polyelectrolyte with 40% CD
outperformed other polyelectrolytes in the conditioning of
activated sludge. Abrahams et al. (2021) used polyelectrolyte
FLOPAM with 55-80% CD in conditioning of four activated
sludge and in their study lower dosage of high charge density
polyelectrolytes was suggested. Shi et al. (2019) evaluate the
performance of different polyelectrolytes with 35 to 45%
CD in single conditioning of activated sludge. In the study
by Shaikh et al. (2017), cationic PAM FO 4800 SH (very
high CD, MW) was shown to be the best flocculent among
different investigated PAMs.

In general, while the majority of current investigations
of PAM are concentrated upon high charge neutralization
action and molecular weight (MW) of the amide groups with
WAS and anaerobically digested sludge, little focus has been
given to the specific impact of charge density on the dewa-
tering properties of aerobically digested sludge after waste-
water treated with SBR technology.

The features of conditioned digested sludge and its
dewaterability performance are influenced by the floc/
aggregate geometrical properties such as their size and
compactness (Wei et al. 2018). Various approaches, such as
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image analysis or light scattering, in association with fractal
theory, are used to examine floc/aggregate characteristics
(Wei et al. 2009). According to Cao et al. (2016), small flocs
with adequate compactness serve as skeleton developers
that facilitate the dewatering process. To achieve successful
flocculation of sludge particles during the conditioning
process, considerable attention should be paid to the applied
polyelectrolytes such as their charge density and molecular
weight as well as the applied dosage (Wang et al. 2014;
Gray and Ritchie 2006). Homeyer et al. (1999) discovered
that molecular weight is a crucial element in floc stability.
High MW polyelectrolytes generate large, tightly packed
flocs that are shear resistant and can remarkably improve
filterability performance. Gray and Ritchie investigated the
impact of polyelectrolyte MW and CD on floc strength and
demonstrated that polyelectrolytes with high MWs generate
denser flocs than low molecular weight polyelectrolytes
(Shaikh et al. 2017).

Most well-established approaches for sludge dewatering
research are limited to the analysis of either generated floc
which needs labor-intensive analysis to reveal a strong cor-
relation, this means that our understanding of the interac-
tion between sludge characteristics and PAM is still time-
consuming. Therefore, sludge clusters or sludge aggregates
should be examined for further investigation. The present
study was carried out to investigate the effects of cationic
polyelectrolytes with different charge densities and dosages
on the conditioning performance and dewaterability char-
acteristics of aerobically digested sludge with an emphasis
on sludge clusters.

Materials and methods
Sludge samples and conditioners

The aerobically digested activated sludge (ADAS) used in
this study was collected from a holding tank in Khein-Arab
WWTP, Mashhad, Iran (KWWTP). The treatment capacity
of this treatment plant is approximately 83,000 m*d~! and
the treatment technology is an advanced sequencing batch
reactor (ASBR). The waste-activated sludge from the SBR
reactors is aerobically digested and is conditioned before
dewatering with cationic polyacrylamide C-25 (called ref-
erence polyelectrolyte) at the dosage 4.44 g kg™! Ts™!. In
this research, 40 L of digested sludge from the holding tank
was transferred to the WWTP’s laboratory periodically and
stored at 4 °C. All the experiments and analyses were con-
ducted within a day of collecting the samples. The properties
of the unconditioned ADAS are summarized in Table 1. To
carry out the necessary experiments and analysis, 450 mL
samples of digested sludge were conditioned separately with
ultra-high cationic polyelectrolytes having different charge
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Table 1 Characteristics of the unconditioned sludge used in this study

Parameters Uncon-
ditioned
ADAS

Total solids (g L™}) 32

Total suspected solids (g L) 15

Total volatile solids (g LY 25

pH 7.2-7.4

densities of 20%, 40%, and 60%. The dosages of each poly-
electrolyte were 4.44, 4.07, 3.70, 3.33, 2.96, 2.59, 2.22, and
1.85 gkg™! Ts™!. The polyelectrolytes were purchased from
BASF company with the brands Zetag®8167(60%CD),
Zetag®8147(40%CD), and Zetag®8127(20%CD), and the
main properties of these polyelectrolytes and reference poly-
electrolytes are summarized in Table 2.

Sludge conditioning process

For conditioning the ADAS, in the first step, the stock solu-
tions of each polyelectrolyte were prepared by dissolving
2.5 g of the polyelectrolyte in 500 mL of distilled water
(0.5% w/v solutions) and using a mechanical stirrer. To
achieve the selected dosages of each polyelectrolyte, the
proper concentration of the related stock solution was added
to 450 mL ADAS followed by stirring the mixture with a
mechanical stirrer at 30 rpm.

Sludge dewaterability and properties

The dewaterability performance of the conditioned ADAS
samples was evaluated via parameters such as SRF (specific
resistance to filtration), filtration rate, and filtrate charac-
teristics, as well as the size of geometrical sludge clusters
properties (effective diameter, and two-dimensional frac-
tal). Parameters such as total solids (TS), suspended solids
(SS), and volatile solids (VS) were determined based on the
standard method (APHA 2005). To evaluate the quality of
filtrate water, turbidity was measured by a turbidity meter
(HANNA, HI93703). To examine the dewaterability perfor-
mance (SREF, filtration rate, and filtrate characteristic), the
conditioned sludge samples were filtered through a vacuum
filtering system consisting of a Biichner funnel (fitted with
9 cm diameter filtrate paper) and a one-stage vacuum pump
operating at 0.2 bar. The main components of the filtering
system are shown in Fig. 1.

The parameter SRF was calculated based on the following
equation proposed by Christensen and Dick (1985).

_2xPxA’xb
HX W

SRF ¢))
where SRF is specific resistance to filtration (m kg™!), A
is area of filtering paper (m?), P is hydrostatic pressure
(N m™2), b is the slope of “W versus V plot “(s mL7?), pis
filtrate viscosity, (N s m_z), and w is ratio of the dry weight

of sludge cake to the volume of sludge before filtration
(kg m™3).

Table 2 Characteristics of the

o Flocculent Manufacturer Charge density Molecular weight Ion character
polyelectrolytes used in this (CD) (wt%)
study
CPAM (C-25) China N.A - Cationic
Zetag®8167 BASF, Germany 60% Ultra-high Cationic
Zetag®8147 BASF, Germany 40% Ultra-high Cationic
Zetag®8127 BASF, Germany 20% Ultra-high Cationic

N.A not available

Fig.1 The vacuum pump

and the main components of
Biichner funnel used in vacuum
filtration system
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Sludge geometry characteristics

The geometrical characteristics [diameter and two-dimen-
sional fractal (D,)] of the conditioned sludge clusters were
derived from their images captured by a Canon S20 digital
camera. To prepare the clusters for taking images, the sludge
clusters were placed on microscopic slides with a dimension
of 26 mm width and 76 mm length (Saveyn et al. 2005). The
images were then transferred to image processing software
(Image. J) and were modified to 8-bit being calibrated based
on the slide dimension (Jarvis et al. 2005). The diameter of
sludge clusters was determined by measuring the effective
diameter as the equivalent diameter (Zhao 2003). The two-
dimensional fractals (D,) of sludge clusters were obtained by
the regression analysis of the projected area logarithm (A)
versus its logarithm of the corresponding maximum diam-
eter (dL) (logA—logdL) (Chen and Wang 2015).

Statistical analysis

Statistical analysis of the resulting data was carried out by
establishing a correlation heating map in Python software (V
3.9). The heating map shows a two- dimensional correlation
matrix between factors. Based on the results, a significant
correlation was observed between the key variables and the

performance parameters. The Seaborn library was then used
to determine linear-type correlations.

Results and discussions
Effects of polyelectrolyte type and dosage on SRF

The results of the SRF tests with polyelectrolytes at various
dosages are shown in Fig. 2. As the figure shows, increas-
ing the dosages of each polyelectrolyte reduces its related
SRF value, as found by Zhu et al. (2017). Comparing the
values in Fig. 2 indicates that, at all dosages, the best result
of SRF was associated with the polyelectrolyte Zetag®8167
(60% CD) with a maximum value of 1.1x 10°> m kg™! at the
dosage of 4.44 g kg™! Ts™!. The SRF values for the poly-
electrolytes Zetag®8147 and Zetag®8127 at the dosage of
4.44 gkg ' Ts™! were 4.61 x 10> m kg™ and 6 x 10> m kg™,
respectively. However, it should be noted that the values
of SRF for Zetag®8167 polyelectrolyte did not change sig-
nificantly beyond the dosage of 3.70 g kg~! Ts™'. The bet-
ter performance of polyelectrolyte Zetag®8167, compared
to the other polyelectrolytes, was most likely related to its
higher charge density and larger bridging capability, which
forms denser sludge clusters with better dewaterability. The
SRF value for the reference polyelectrolyte (C-25) used as

Fig.2 Effect of polyelectrolyte 80
dosages on SRF

70

N N D
el el [
| | |
/

(%)
)
|

SRF (m.kg'x10%)

20

10

—&— Zetag®8167

o Zetag®8147

—A— Zetag®8127
C-25

1.5 2.0

@ Springer

T | |
2.5 3.0 3.5 4.0 4.5

Polyelectrolyte dosage (g.kg.Ts™)



Applied Water Science (2024) 14:57

Page50f14 57

the conditioner agent in the KWWTP was 1.0 x 10° m kg™,
similar to the SRF values obtained for the polyelectrolyte
Zetag®8167 dosages in the range of 3.70—4.44 g kg™ Ts~.
Therefore, the C-25 (at the dosage of 4.44 g kg™ Ts™!) could
be replaced by Zetag®8167 polyelectrolyte at the dosage
of 3.70 g kg~! Ts™!. This is an important point considering
the cost-effectiveness of polyelectrolyte Zetag®8167. Based
on the results, a dosage greater than 3.70 g kg™! Ts™! is not
recommended for any of the polyelectrolytes used in this
research due to the frequent filter clogging observed during
the filtration process.

Effects of polyelectrolyte type and dosage on filtrate
volume and turbidity

The effect of the dosage of polyelectrolytes Zetag®8167,
Zetag®8147, and Zetag®8127 on filtrate volume and tur-
bidity are presented in Figs. 3, 4 and 5, respectively. As it is
observed, for any polyelectrolyte type of this study, accord-
ing to the Yousefi study, the filtrate volume increased with
an increase in polyelectrolyte dosage, while its filtrate tur-
bidity showed a decreasing trend (Yousefi et al. 2020).
Based on the filtrate volume and turbidity data, the best
dewatering performance was related to polyelectrolyte
Zetag®8167 during the 7 min filtration of ADAS. This

polyelectrolyte at the dosage of 4.44 g kg~! Ts™! resulted
in a filtrate volume of 166 mL almost similar to the volume
(170 mL) obtained for the reference polyelectrolyte (C-25)
at the same dosage. However, the filtrate turbidity for
Zetag®8167 was 15.56 NTU, much lower than the value
of 34 NTU achieved for C-25. It should be mentioned that
at dosages greater than 3.50 g kg™! Ts™!, the performance
of Zetag®8167 was excellent. This polyelectrolyte consists
of a long chain of monomers with dense positive charges.
Thus, it can neutralize the negatively charged sludge par-
ticles efficiently (You et al. 2018; Yousefi et al. 2020).

In comparison, as shown in Figs. 4 and 5, for the polye-
lectrolytes with lower CD (Zetag®8147 and Zetag®8127),
no satisfactory results were observed for the filtrate vol-
ume and turbidity values even at high dosages in the
range of 3.5-4.44 g kg~! Ts™!. To achieve better perfor-
mance with these polyelectrolytes, their dosage should be
increased much more than 4.44 g kg~! Ts™!, which will
remarkably raise the operational costs.

In general, the results revealed that the charge den-
sity and the molecular weight of polyelectrolytes play an
important role in enhancing sludge filtration. In a study by
Yousefi et al. (2020), it was also shown that charge density
and molecular weight of polyelectrolytes are among the
main factors affecting filtration performance and turbidity
removal.
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Effects of polyelectrolyte type and dosage
on geometry properties of the sludge clusters

The effects of polyelectrolytes’ dosages on the geometrical
characteristics of sludge clusters are presented in Figs. 6 and
7. Figure 6 shows the effects on the sludge cluster’s effec-
tive diameter and Fig. 7 presents the effects on the fractal
dimension (D,). From Fig. 6, it can be observed, up to the
dosage of 4.07 g kg™! Ts™, for all the polyelectrolyte types,
the effective diameter of the sludge clusters was gradually
increased with higher dosages which agreed with Zhao et al.
(2011). But at dosages greater than 4.07 g kg™ Ts™!, while
the effective diameter of sludge clusters formed by polyelec-
trolyte Zetag®8167(60%CD) continued to rise, the size of
sludge clusters that were conditioned with polyelectrolytes
Zetag®8127 and Zetag®8147 showed a sudden fall. These
sudden reductions in the size of the sludge clusters at higher
dosages could be related to the repulsive force generated by
the accumulation of positive charges released by the latter
two polyelectrolytes. This repulsive force could lead to the
dispersion of sludge clusters. A similar effect could occur for
the polyelectrolyte Zetag®8167(60%CD); however, because
of its higher molecular weight, the binding effects of the
molecular chains kept the sludge particles together and pro-
duced larger sludge clusters.

The average sludge cluster size at the dosage of
4.07 g kg™! Ts™! of polyelectrolyte Zetag®8167 was
13.63 mm which was greater than the average cluster size
of 11 mm formed by the application of the C-25 polyelectro-
lyte at the dosage of 4.44 g kg=! Ts~!. In Fig. 7, the effects
of polyelectrolyte type and dosage on the tightness of the
sludge clusters are shown. The tightness of clusters was
determined by measuring the fractal dimension (D,) of the
clusters. As illustrated in Fig. 7, the fractal dimensions of
the sludge clusters fluctuated widely at dosages less than
3.70 g kg~ Ts™! of the applied polyelectrolytes. Therefore,
no specific trend could be established at such dosages. Wen
et al. (1997) also observed similar results in their study. At
dosages of 3.70 g kg™ Ts™! and higher, however, the D,
of the sludge clusters related to different polyelectrolytes
were relatively similar and constant, although the high-
est value (1.89) belonged to the Zetag®8167 at dosage of

4.07 gkg~! Ts~!. The fractal dimension of the sludge clusters
generated by the application of 4.44 g kg™! Ts™! of reference
polyelectrolyte was 1.83. Regarding the results of D, it can
be indicated that with polyelectrolyte Zetag®8167(60%CD),
the generated clusters were much denser and stronger than
the clusters formed by other applied polyelectrolytes includ-
ing the reference one. The formation of denser and stronger
sludge clusters when using high charge density polyelectro-
lytes was also reported by other authors (Zhao et al. 2011;
Wen et al. 1997).

In general, the results of this study showed that the
response of the sludge clusters' geometric parameters to
different tested polyelectrolytes and dosages was not as
sensitive as the responses of other dewatering sludge char-
acteristics. For further illustration, a summary of the sizes
and fractal dimensions (D,) of the sludge clusters formed by
the application of different polyelectrolytes at the dosage of
4.07 g kg~! Ts™! is presented in Table 3.

Effects of polyelectrolyte type and dosage on filtrate
volume and filtration rate

The results presented in the previous section showed that
the three polyelectrolytes Zetag®8127, Zetag®8147, and
Zetag®8167 had their best conditioning performance at
the dosage of 4.07 g kg_1 Ts~!: therefore, the filtration rate
for the related sludge samples was determined only at this
applied dosage. Each filtration test was performed for a total
period of 7 min during which the volumes of the filtrate were
collected every 30 s, and based on them, the filtration rate
was calculated. The results of filtration volumes and filtra-
tion rates versus filtration times are included in Figs. 8 and
9, respectively. As the Figures show, under all the tested
conditioners the filtrate volume increased while filtration
rates decreased as the process proceeded. These results were
expected due to the clogging of the filter media.
According to Fig. 8, after 300 s of the filtration pro-
cess, there was no filtrate passing through the filter media
for the sludge samples conditioned with polyelectrolytes
Zetag®8127 and Zetag®8147. The total filtrate volumes
collected for these polyelectrolytes were 90 and 95 mL,
respectively. In contrast, the passage of filtrate continued

Table 3 The sizes and fractal

; . : Polyelectrolyte type Charge density Dosage Sludge cluster size Fractal
dimensions of the sludge (gkg™! Ts ™) (mm) dimension
clusters generated at dosage of D)

4.07 g kg~! Ts™! of different 2
polyelectrolytes C-25 (Reference polyelec- N.A 4.44 116 1.83
trolyte)
ZETAG® 8167 60% 4.07 13.63 1.89
ZETAG®8147 40% 4.07 15.2 1.80
ZETAG®8127 20% 4.07 15.08 1.83

N.A not available
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Table4 Image of sludge clusters generated at the dosage of
4.07 g kg~ Ts™! of different polyelectrolytes

Polyelectrolyte type Dosage Sludge clusters’ image
(gkg™' Ts7h
C-25 (Reference poly-  4.44 ‘
electrolyte) .". '
ZETAG® 8167 4.07 . g
ZETAG®8147 4.07
ZETAG®8127 4.07

to the end of the filtration period (420 s) for the poly-
electrolytes Zetag®8167 and reference polyelectrolyte
(C-25), with the corresponding filtrate volumes of 161
and 170 mL. The faster clogging of filter media associated
with polyelectrolytes Zetag®8147 and Zetag®8127 could
be attributed to differences between the size of the sludge
clusters as the images shown in Table 4. The images dem-
onstrate that the clusters formed under the usage of poly-
electrolytes Zetag®8167 and C-25 were much smaller than
the sludge clusters generated by the application of other
polyelectrolytes.

Fig. 10 The average filtration 0.5 4
rates obtained during 7 min of
filtration process
':'\
w 0.4
o
g
S
= .
s 0.3
=
=
o
N
o]
S
é 0.2 1
%)
=]
<
P
> 0.1
2V
0.0 T

As shown in Fig. 9, the filtration rate decreased gradually
as the filtration process continued. This figure also illustrates
that the filtration of the sludge samples conditioned with
polyelectrolyte Zetag®8167 outperformed the sludge sam-
ples conditioned with Zetag®8147 and Zetag®8127, and
was quite compatible with the results obtained for the refer-
ence polyelectrolyte. The calculated average filtration rates
for the filtration period of 7 min (420 s) can be observed in
Fig. 10.

Based on the results shown in this figure as well as the
ones demonstrated in Fig. 8, it can be concluded that in the
practical sense, due to faster clogging that occurs with the
usage of polyelectrolytes Zetag®8127 and Zetag®8147, the
number of washing cycles and hence the operational costs
will be increased if these polyelectrolytes were to be used.

Data analysis

To evaluate the relative effect of the variables (polyelec-
trolyte type and dosage) and to determine the correlation
between these variables and the sludge dewatering proper-
ties (SRF, turbidity, D,, and filtration rate), a data analysis
was performed. The experimental data were compiled as a
dataset and analyzed in Python software.

The correlation coefficients between tested variables and
parameters are shown in Fig. 11. As illustrated in this figure,
the correlation coefficients between the polyelectrolyte type
(charge density) and the parameters varied in the range of

[ ]4.07 gkg!.Ts!
[ 4.44 g kg! . Ts™!

C-25
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Fig. 11 Seaborn heatmap results on the correlation coefficients between tested variables and parameters

—0.22 and 0.31, while, for the polyelectrolyte dosage, the
related coefficient’s values were in the range of —0.9 and
0.89.

As the higher value of correlation coefficients indicates
a higher impact, the polyelectrolyte dosage remarkably
affected the dewaterability performance parameters more
than the polyelectrolyte type. The figure also indicates
that the effect of dosage (positive or negative) on some

parameters such as SRF, and turbidity was higher than on
other parameters. For example, the negative correlation
value of —0.9 between the dosage and SRF shows a
negative stronger effect of the dosage on SRF values,
compared to the effects on other parameters. Moreover,
Fig. 11 reveals the existing correlation between different
parameters. In this regard, the higher coefficient values
represent a higher correlation. For instance, the highest
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Fig. 12 Seaborn pairplot results on the trend of correlation between variables and parameters as well as among different parameters

positive correlation value (+0.9) was associated with
turbidity and SRF while the highest negative value
(—0.95) was attributed to the SRF and filtration rate.

The output results of the software on the trend of cor-
relation (linear, logarithmic, and so on) between variables
and parameters as well as among different parameters are
shown in Fig. 12. It can be observed, for example, that
the correlation between polyelectrolyte dosage and most
parameters such as SRF, turbidity, and filtrate volume are
relatively linear, while the correlation between the dosage
and filtration rate is relatively logarithmic.

@ Springer

Techno-economical analysis

A techno-economic analysis was carried out to determine
the effect of polyelectrolyte dosage removal on sludge
dewatering cost of MWWTP. As shown in Table 5,
the dosage of 4.07 g kg~! Ts™! of polyelectrolyte
Zetag®8167 was considered as proper dosage which lead
to a cost reduction of $4.29 compared to the reference
polyelectrolyte with capital price of $4.67 in digested
sludge dewatering process. The cost per ton of dry
sludge was decreased from 20.73 to $16.24 (i.e., 21%
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Table 5 The techno-economic analysis of proper dosages applied in chemical conditioning of ADAS

Polyelectrolyte type Polyelectrolyte dos- Polyelectrolyte dos- ~ Purchase Cost per ton of Cost removal per ton  Polymer cost
age (g/kg.TS) age reduction (%) cost ($/g) dry sludge ($) of dry sludge ($) reduction (%)
C-25 4.44 Reference 4.67 20.73 - -
Zetag®8167 4.07 8.33 3.99 16.24 4.49 21
Zetag®8147 4.07 8.33 3.74 15.22 5.51 27
Zetag®8167 3.70 16.67 3.99 14.76 597 29

cost reduction) when polyelectrolyte Zetag®8167 was
employed in chemical conditioning of ADAS process.

Conclusion

In this lab-scale study, the conditioning effects of three poly-
electrolytes of Zetag®8167(60%CD), Zetag®8147(40%CD),
and Zetag®8127(20%CD), each with dosages in the range
of (1.85-4.44 g kg~! Ts™!) on dewatering characteristics
of an aerobically digested sludge were assessed. Based
on the results, the dewatering performance of the sludge
samples was enhanced, up to a certain dosage of each poly-
electrolyte. The results also indicated that the best perfor-
mance in terms of the parameters of SRF, filtrate volume
and turbidity, filtration rate, and sludge clusters properties
belonged to the polyelectrolyte Zetag®8167 at the dosage
of 4.07 g kg~!' Ts~!. At this dosage, the polyelectrolyte was
performed as well as the reference polyelectrolyte (C-25)
at the dosage of 4.44 g kg™! Ts™!. The other two polyelec-
trolytes (Zetag®8127 and Zetag®8147) could also perform
satisfactorily at dosages higher than 4.07 g kg~! Ts~!. Con-
sidering the performance and the cost associated with each
tested polyelectrolyte, the WWTP might replace the refer-
ence polyelectrolyte, already in use, with the polyelectrolyte
Zetag®8167 during the process of the sludge conditioning.
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