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This study evaluates the effectiveness of the aluminum sulfate
coagulation in treating the wastewater from thermal power plants to
efficiently remove pollutants. Key operational parameters—the pH of
the wastewater (5 to 9), dosage of coagulant (10 to 40 mg/L), and mixing
time (10 to 30 minutes)—were systematically investigated for their
impact on the removal of chemical oxygen demand (COD) and total
dissolved solids (TDS). The coagulation mechanism involves the
hydrolysis of aluminum sulfate, generating charged species that
neutralize particle charges, followed by adsorption, bridging, and floc
formation, which together promote the aggregation and sedimentation
of pollutants. Utilizing the response surface methodology (RSM) with
the Design Expert software, the process was optimized, revealing that a
pH near 7.4, dosage of approximately 40 mg/L of the coagulant, and
mixing time of around 22 minutes maximize the treatment efficiency.
Under these conditions, the removal of COD and TDS reached 71.1%
and 97.3% respectively, demonstrating the potential of this approach for
the sustainable and cost-effective wastewater treatment in thermal
power plant operations.
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1. Introduction

pollutants, including heavy metals like

Thermal power plants generate substantial
volumes of wastewater, with quantities
depending on factors such as the capacity of
plant and the type of cooling system used.
Large-scale plants can produce millions of
gallons of wastewater daily [1]. This
wastewater contains a complex mixture of

mercury, arsenic, lead, and cadmium,
suspended solids, dissolved salts, organic
matter, oils, and thermal pollutants. These
contaminants pose significant risks to aquatic
ecosystems, affecting fish populations, plant
life, and overall water quality. To mitigate
these impacts, stringent regulations govern the
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discharge of the thermal power plant
wastewater, mandating treatment processes
that effectively remove pollutants before
environmental release. Common treatment
technologies include sedimentation, filtration,
chemical precipitation, and biological
methods, each designed to target specific
contaminants. The efficiency of these
treatments plays a critical role in minimizing
the environmental footprint of thermal power
generation [2, 3]. Depending on the fuel source
and processes, heavy metals can be present in
concentrations exceeding permissible limits
and accumulate in the food chain, causing
harm to aquatic life and posing risks to
environmental and human health [4]. One of
the important characteristics of the power plant
wastewater is temperature, which can affect
aquatic ecosystems by changing water
temperature, disrupting aquatic habitats, and
affecting the breeding, migration, and survival
of aquatic organisms [5]. Changes in pH and
turbidity levels may affect the biological
balance of aquatic systems and potentially
cause disturbance to aquatic flora and fauna
[6]. In addition, the discharge of thermal power
plant effluents—particularly those containing
heavy metals—can lead to the contamination
of soils and sediments near discharge sites,
adversely affecting terrestrial ecosystems.
Various international environmental
regulations and standards set permissible
pollutant limits for effluents released by
thermal power plants [7]. Compliance with
these regulations is essential to mitigate
environmental damage and protect
ecosystems. Therefore, the effective treatment
of the thermal power plant wastewater is
critical not only to meet regulatory
requirements but also to minimize
environmental disturbances and prevent
potential health risks to both ecosystems and
human populations. Among the treatment
methods employed for power plant effluent

management, membrane filtration stands out.
This technique utilizes selective membranes to
remove impurities and suspended solids
through processes such as microfiltration,
ultrafiltration, nanofiltration, and reverse
osmosis [8]. Biological processes mimic
natural processes and use microorganisms,
plants, and substrates to filter pollutants in a
cost-effective manner [9]. Sand filtration
employs physical filtration to remove
suspended  solids, whereas  chemical
precipitation—using agents such as lime or
ferric chloride—forms insoluble compounds
that effectively eliminate heavy metals [10].
Each treatment method offers distinct
advantages, focusing on physical, biological,
or chemical processes. The selection of an
appropriate approach depends on factors
including the types of contaminants present,
treatment goals, available space, and cost
constraints. Often, combining these methods
or integrating advanced technologies results in
comprehensive treatment solutions that not
only ensure regulatory compliance but also
significantly reduce the environmental impact
of the power plant wastewater.

Despite the widespread use of aluminum
sulfate as a coagulant in the wastewater
treatment, there is limited research focusing on
its optimized application to thermal power
plant effluent, which presents unique
challenges due to its high salinity, elevated
temperature, and complex pollutant profile.
This study addresses this gap by systematically
investigating and optimizing key coagulation
parameters—the pH of wastewater, dosage of
coagulant, and mixing time—using the
response  surface methodology (RSM)
specifically tailored for the thermal power
plant wastewater. Additionally, the study
includes the preliminary economic analysis of
coagulant consumption under optimized
conditions to assess the practical feasibility of
full-scale implementation. By combining
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process  optimization  with  economic
evaluation, this work offers novel insights that
enhance both the scientific understanding and
industrial applicability of the aluminum sulfate
coagulation in the context of the thermal power
plant wastewater treatment. In this paper, the
aluminum sulfate coagulant was used to treat
the thermal power plant wastewater and the
effect of pH, the dosage of coagulant, and the
mixing time on the removal of total dissolved
solids (TDS) and chemical oxygen demand
(COD) was investigated.

2. Materials and Methods

In the present investigation, aluminum sulfate,
denoted by the chemical formula of Al2(SO4)s,
was selected and implemented as the primary
coagulant for the treatment process. The
wastewater utilized in this study originated
from a thermal power plant. This wastewater
stream represents a complex mixture resulted
from the diverse array of operational activities
that are integral to the power plant's
functioning. The sources contributing to the
production of this wastewater are multifaceted,
with some being more critical than others in
terms of their contribution to the overall
volume and pollutant load. Specifically, the
wastewater streams include the cooling water,
which is generated as a byproduct of the heat
exchange processes; effluent from flue gas
desulfurization (FGD) systems, responsible for
removing sulfur oxides from the emissions
from power plants; water used in the chemical
washing of equipment, which is periodically
performed to maintain efficiency and prevent
corrosion; and sanitary wastewater originating
from the plant's personnel and facilities. To
properly evaluate the efficacy of the aluminum
sulfate coagulation, a comprehensive series of
tests were conducted on the effluent sample.
These tests were designed to characterize the
physical and chemical properties of the
wastewater before and after treatment. The
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analytical methods employed encompassed a
range of standard procedures, including the
measurement of turbidity to assess the clarity
of the water; the determination of pH to
quantify the acidity or alkalinity of the sample;
the assessment of TDS to evaluate the
concentration of dissolved substances; and the
analysis of COD to estimate the amount of
organic pollutants present in the sample. These
analytical procedures were performed in
accordance with established standard methods
to ensure the accuracy and reliability of the
results obtained. A detailed summary of the
key characteristics of the thermal power plant
wastewater, as determined through these initial
analyses, is presented in Table 1. This table
serves as a reference point for understanding
the composition of the wastewater stream and
for evaluating the impact of the coagulation
treatment on its quality.

Table 1.
Quality of the industrial wastewater from
thermal power plants.

Variable Unit Amount in
wastewater
Turbidity NTU 45
pH - 7.3
TDS mg/L 2150
COD mg/L 450

Coagulation experiments were conducted in a
one-liter tank, followed by flocculation in a
tank equipped with a static mixer to promote
floc formation through gentle stirring. The
study investigated the effects of the pH
(ranging from 5 to 9) of the wastewater, dosage
(10 to 40 mg/L) of the coagulant, and mixing
time (10 to 30 minutes) on the coagulation
efficiency. Experimental design, data analysis,
and process optimization were carried out
using the Design Expert software (version 11)
with  RSM. This approach enabled the
regression analysis, analysis of variance



Azimi et al. / Iranian Journal of Chemical Engineering, Vol. 22, No. 2, 86-99, (2025)

(ANOVA), and model fitting to identify
significant factors, interactions, and quadratic
effects. Additionally, RSM facilitated the
visualization of factor-response relationships
and prediction of optimal operating conditions,
thereby maximizing the treatment efficiency
while reducing the need for extensive
experimental trials.

3. Discussion and Results

3.1. Statistical Analysis

RSM, specifically employing a central
composite design (CCD), was utilized to
optimize the experimental variables within the
study. This statistical approach facilitates the
establishment of correlations between the
carefully selected experimental variables and
the observed responses. A key advantage of
RSM with CCD is its ability to achieve this
optimization while simultaneously minimizing
the overall number of experiments required.
This efficiency is crucial for the resource
management and time savings during the

Table 2.

experimental process. The chosen design
allows for the comprehensive understanding of
the relationship between factors and responses
with a relatively small set of runs. Table 2
comprehensively presents the complete design
matrix, detailing all 17 experiments conducted.
This matrix incorporates the specific settings
for each experimental variable in each of the
17 runs. Notably, the design also included 3
replicate experiments performed at the center
points of the experimental space. These center
point replicates are essential for estimating the
experimental error and assessing the adequacy
of the fitted model. Alongside the design
matrix outlining the experimental parameters,
Table 2 also presents the corresponding results
obtained for both COD removal percentages
and TDS removal percentages. These removal
percentages represent the responses measured
for each of the 17 experiments, providing the
data necessary for the subsequent RSM
analysis and model development.

Complete experimental response design matrix and independent variables.

Factor 1 Factor 2 Factor 3 Response 1 Response 2
Run A:pH B:coagulant C:time CODRE TDS RE
dosage

- mg/L min % %
1 7 25 10 58.5 73
2 7 40 20 78 97.25
3 5 10 10 32.5 41.75
4 7 10 20 67.75 84.5
5 5 40 10 48.5 61.75
6 5 40 30 55 70
7 9 10 30 62 77.5
8 9 10 10 37 46.25
9 5 25 20 50 63.75
10 7 25 20 72 90
11 9 25 20 57.5 715
12 5 10 30 53.5 68
13 7 25 30 75 93.75
14 9 40 10 51.75 64.5
15 9 40 30 61.75 77
16 7 25 20 73 91.25
17 7 25 20 75 93.75
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The ANOVA analysis for the quadratic model
isshown in Table3 and Table 4. It is a
statistical technique used to assess the
significance of the model and its terms. The p-
value in the ANOVA tables is an important
indicator that helps researchers decide on the
statistical significance of their findings. If the
p-value is less than the selected significance
level (0.5), it is considered statistically
significant. The p-value for the quadratic
model and the independent variables indicated
that they were significant in removing COD
and TDS within the specified range. In
addition, high R? and RZ%gj (<0.9) indicate an
acceptable fit of the quadratic model to the

Table 3.

data. The F-value in the ANOVA table is a key
statistic used to assess the overall significance
of the model or specific model terms.
Comparing the F-values for the variables
shows that in this study, the mixing time was
the most important factor in the coagulation
process. The significance of the interaction
indicates whether the effect of combining two
variables significantly affects the baseline.
Meanwhile, the only interaction affecting the
process was the binary interaction BC (the
dosage of the coagulant and mixing time),
while the quadratic terms of A2 and B2 were
found to be influential for both responses.

ANOVA analysis for the quadratic model for the removal of COD.

Source Sum of Squares df Mean Square F-value p-value
Model 2795.50 9 310.61 174.02 <0.0001 significant
A-pH 93.03 1 93.03 52.12 0.0002
B-coagulant dosage 178.51 1 178.51 100.01 <0.0001
C-time 624.10 1 624.10 349.66 <0.0001
AB 1.13 1 1.13 0.6303  0.4533
AC 7.03 1 7.03 3.94 0.0876
BC 108.78 1 108.78 60.95 0.0001
A? 886.17 1 886.17 496.49 <0.0001
B2 2.36 1 2.36 1.32 0.2880
c? 72.07 1 72.07 40.38 0.0004
Residual 12.49 7 1.78
Lack of Fit 7.83 5 1.57 0.6709  0.6893 not significant
Pure Error 4.67 2 2.33
Cor Total 2807.99 16
Table 4.
ANOVA analysis for the quadratic model for the removal of TDS.
Source Sum of Squares df Mean Square F-value p-value
Model 4196.99 9 466.33 161.61 <0.0001 significant
A-pH 99.23 1 99.23 34.39  0.0006
B-coagulant dosage 27563 1 275.63 95.52 <0.0001
C-time 980.10 1 980.10 339.65 < 0.0001
AB 226 1 226 0.7824  0.4058
AC 1070 1 10.70 3.71  0.0956
BC 168.82 1 168.82 58.50  0.0001
A2 131425 1 1314.25 455.45 <0.0001
B2 325 1 3.25 1.13  0.3235
C? 109.67 1 109.67 38.01  0.0005
Residual 20.20 7 2.89
Lack of Fit 1291 5 258 0.7081  0.6736 not significant
Pure Error 729 2 3.65
Cor Total 4217.19 16
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A plot of residuals versus experimental steps
can provide valuable insight into the quality of
the model and experimental design. In this
plot, the residuals are randomly scattered
around the zero line. As shown in Figure 1, the
residual values are scattered in the range of -

4.8 t0 4.8, indicating the accuracy of the model
in predicting the responses. Quadratic models
were predicted by the software in terms of the
coded values of the variables to describe the
relationship between the input variables and
the output responses as follows:

COD RE (%) = 72.54 + 3.05A + 4.23B + 7.90C — 0.3750A4B + 0.9375AC — 3.69BC — 18.194% + 0.9384B% —

5.19C*?

TDS RE (%) = 90.58 + 3.15A4 + 5.25B 4+ 9.90C — 0.53134B + 1.16AC — 4.59BC — 22.15A% + 1.10B? —

6.40C?
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Figure 1. Statistical plot of residual values against experimental steps for responses.

3.2. Effect of variables on the process
efficiency

1.3.2. Effect of pH

Figure 2 provides a visual representation of
how pH critically affects the overall efficiency
of the treatment process. A properly adjusted
pH plays a vital role in boosting the removal
rates of both COD and TDS. This significant
achievemet is primarily accomplished through
the facilitation of effective coagulation, a
crucial step in the treatment process.

Maintaining the pH at the optimal level creates
a conducive environment for charge
neutralization and particle aggregation. This
favorable condition then promotes enhanced
sedimentation, allowing for more efficient
settling and removal of both organic and
inorganic matter present in the water. The pH
level fundamentally changes the properties of
the surface charge of the particles suspended in
the water. These alterations in surface charge
have a direct influence on how these particles
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interact with the aluminum sulfate coagulant,
which is a key component in the treatment
process. When the pH level is lower, creating
a more acidic environment, the particle
protonation increases, resulting in a higher
positive charge on the particles. This increase
in the positive charge can potentially hinder
the coagulation process because particles with
similar charges tend to repel each other.
Conversely, an optimum range of the pH level
, typically falling between 6.5 and 7.5, results
in carefully balancing the charges of both the
particles and the coagulant. This balance
promotes the charge neutralization, which is
essential for initiating the formation of flocs —
larger aggregates of particles that can be easily
removed. However, deviating from this
optimal range of the pH level can significantly
impair the performance of the coagulant. At
low pH levels, higher dosages of the coagulant
may be required to compensate for the
repulsive forces. At excessively high pH
levels, the coagulation process might be
completely inhibited. In addition to the effects
of the charge, pH also exerts a significant
influence on the size and settleability of the
flocs that are formed during the coagulation
process. The optimal pH level encourages the
formation of larger, denser, and more readily
settleable flocs. These larger flocs are easier to
remove from the water, leading to the
improved treatment efficiency. In contrast,
deviations from this optimal pH level can
result in the formation of smaller, less dense,
and therefore less effective flocs. These
smaller flocs are more difficult to settle and be
removed, reducing the overall effectiveness of
the treatment process. Therefore, in order to
achieve the desired process outcomes and
maximize the treatment efficiency, it is crucial
to carefully optimize the pH level in
conjunction with other critical parameters,
such as the dosage of the coagulant and mixing
time. Finding the right balance between these
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factors is essential for achieving optimal
performance of the entire treatment system.
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Figure 2. Effect of pH on the efficiency of
the coagulation process in removing COD and
TDS.

2.3.2. Effect of the dose of the coagulant
Figure 3 illustrates the impact of the dosage of
the coagulant on the process efficiency. The
optimal dosage significantly enhances the
removal of COD and TDS by effectively
destabilizing  suspended  particles and
promoting their aggregation and precipitation.
Aluminum sulfate, acting as the coagulant,
neutralizes particle charges, fostering floc
formation. While higher dosages can increase
the particle instability, exceeding the optimum
range leads to inefficiency and increased
chemical consumption. This range balances
the efficient coagulation with economic
considerations. The appropriate dosage
encourages the formation of larger, denser
flocs that settle readily, improving the removal
efficiency. Insufficient dosage hinders the
formation and settling of flocs, while the
excessive dosage can yield smaller, poorly
settleable flocs or introduce coagulant residue,
negatively affecting water quality.
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Figure 3. Effect of the dosage of the
coagulant on the efficiency of the coagulation
process in removing COD and TDS.
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3.3.2. Effect of the mixing time

Figure 4 illustrates the impact of the mixing
time on the process efficiency, particularly the
removal of COD and TDS. The optimal mixing
time promotes effective coagulation and
formation of flocs, crucial for aggregating and
sedimenting organic and inorganic particles.
The mixing time governs the duration of the
coagulant-effluent interaction; sufficient time
allows for the adequate contact and floc
growth. The effective mixing fosters particle
collision and aggregation, resulting in larger,
denser flocs, thereby improving
sedimentation. An optimal mixing time
balances sufficient coagulant interaction for
floc formation by avoiding excessive floc
shearing. The mixing time influences floc
strength; insufficient mixing yields weak flocs,
while excessive mixing can cause floc

breakage, both detrimental to the settling
efficiency.

100
coagulant dosage: 25 mg/L
— 4 pH:7
g 40P
£ 80 -
c
b}
2 70 A
g
< 60
o
£
$ 50 { —e—CODRE
TDS RE
40 T T T
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Mixing time (min)
Figure 4. Effect of the mixing time on the
efficiency of the coagulation process in
removing COD and TDS.

4.3.2. Effect of the Interaction of Variables
Understanding binary interactions is essential
for optimizing the process and achieving
optimal results. The interaction between the
dosage of the coagulant and mixing time (AB)
on the process efficiency is shown in the
surface plots and contour plots in Figure 5.
Higher dosages of the coagulant may result in
faster settling rates due to the increased
availability of ions resulted from the coagulant
hydrolysis. This can result in shorter mixing
times to achieve the desired removal of COD
and TDS. However, very short mixing times
may not allow flocs to form and settle,
resulting in the incomplete removal.
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Figure 5. Effect of the interaction of the dosage of the coagulant and mixing time on the
efficiency of the coagulation process in removing COD and TDS.

The result of the optimization of variables to
achieve the maximum removal of COD and
TDS by the software is shown in Figure 6. The
goal of optimization is to find a combination of
factors or conditions that maximizes the
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overall utility value, a utility value of 1
represents the optimal range. This set of
conditions represents the best fit to the desired
results across the responses.
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Figure 6. Process optimization results for the range of variables and the maximum process
efficiency.

To validate the optimization results obtained
via RSM, coagulation experiments were
repeated under the optimal conditions of the
pH of 7.4, dosage of 39.96 mg/L of the
coagulant, and mixing time of 21.81 minutes.
The validation tests yielded the removal of
70.4% of COD and of 96.87% of TDS, which
are in close agreement with the model
predictions of 71.1% and 97.32% respectively.
This confirms the accuracy of the model and
the effectiveness of the optimized coagulation
process for the thermal power plant wastewater
treatment.

3.3. Mechanism of the coagulation with
aluminum sulfate

The coagulation process using aluminum
sulfate involves several physicochemical
mechanisms, primarily hydrolysis, charge
neutralization, adsorption, bridging, and floc
formation, which together facilitate the
aggregation and removal of pollutants from the
thermal power plant effluent. Upon dissolution
in water, aluminum sulfate dissociates to
release AIR* and SO,2” ions. The AB* ions
undergo successive hydrolysis to form
monomeric and polymeric hydroxide species

such as Al(OH)?*, AI(OH),*, and AI(OH)3,
depending on the pH of the solution [11]. At
near-neutral pH levels (~7.4), which were
found to be optimal in this study, amorphous
aluminum hydroxide (AI(OH)s3) precipitates
dominate and serve as effective sweep
flocculants [12]. These hydroxide flocs can
adsorb and enmesh suspended particles and
dissolved  organic  matter,  promoting
aggregation. Additionally, the positively
charged hydrolysis products neutralize the
surface charges of colloidal particles, reducing
electrostatic ~ repulsion and  enhancing
coagulation. Bridging mechanisms further
support flocculation as hydrolyzed species
bind  multiple  particles into  larger
agglomerates [13]. The experimental data
obtained in this study align with these
mechanisms: the optimal removal of COD
(71.10%) and TDS (97.32%) was achieved at
the pH of 7.4 with a dose of 39.96 mg/L of the
coagulant, conditions under which aluminum
hydroxide precipitates are most stable and
effective. The reduction in TDS indicates the
substantial removal of dissolved inorganic and
organic matter, likely via adsorption and
entrapment within flocs. These results confirm
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that the classical coagulation mechanisms are
effective for the unique composition of the
thermal power plant effluent, highlighting
aluminum sulfate's suitability under optimized
conditions.

3.4. Potential for scaling up the coagulation
process

Aluminum sulfate is already extensively used
in full-scale water and wastewater treatment
facilities. ~ The  coagulation-flocculation
process does not require advanced equipment,
making it suitable for integration into existing
treatment systems. The optimized
conditions—the moderate pH, short mixing
time, and low dosage of the coagulant—are
operationally achievable at industrial scale
with minimal energy and chemical input.
Further pilot-scale tests are planned to quantify
sludge characteristics and evaluate disposal or
reuse options. The low chemical dose and high
efficiency achieved suggest favorable cost-
performance outcomes. To evaluate the
economic feasibility of implementing this
process at a larger scale, a preliminary
estimation of chemical consumption costs was
performed based on the optimized dose of
39.96 mg/L of the coagulant. Assuming the
treatment of 1,000 m2 (1 million liters) of the
thermal power plant wastewater per day—a
typical mid-size industrial scenario—the total
aluminum  sulfate required would be
approximately 39.96 kg/day. At an average

Table 5.

bulk market price of $300-$400 per the metric
ton of aluminum sulfate, the daily coagulant
cost would range from $12 to $16 USD. This
translates to an estimated cost of $0.012—
$0.016 per cubic meter of the treated
wastewater, which is considered cost-effective
compared to many advanced treatment
options. Additional operational costs, such as
sludge handling and pH adjustment, would
need to be assessed in a full-scale techno-
economic study. However, the low dosage
requirement and high removal efficiencies
indicate favorable cost-performance potential
for practical application.

3.5. Comparing the COD and TDS Removal
Performance with Previous Studies

To address the lack of comparative analysis,
discussion was expanded to compare COD and
TDS removal results with existing literatures.
According to Table 5, while [14] and others
[15-18] reported' the moderate removal of
COD at higher doses of the coagulant for
industrial wastewater, our study achieves
similar or higher removal (71.1 %) of COD
alongside the exceptional reduction (97.3 %)
in TDS at the comparatively low dosage
(~40 mg/L) of ???. This underscores the
efficacy and efficiency of our optimized
approach for the high-salinity thermal power
plant effluent, setting our work apart through
the advantages of its practical performance in
both the pollutant removal and chemical usage.

Comparison of COD and TDS Removal Efficiencies Using Various Treatment Methods for Thermal and

Industrial Wastewater.

Removal (%0)

Wastewater Type Treatment Method Ref.
COD TDS
Thermal power plant effluent Coagulation with aluminum sulfate 71.1 97.3 This study
Municipal & industrial Coagulation + filtration ~65 ~45  [10]
Surface water Alum and iron coagulants ~60 - [14]
General industrial Hydrolyzing metal salts ~50-75 - [11]
Thermal power plant effluent Membrane capacitive deionization — ~90 [8]

96



Azimi et al. / Iranian Journal of Chemical Engineering, Vol. 22, No. 2, 86-99, (2025)

Recent advancements in wastewater treatment
technologies have explored a variety of
approaches, including biochar adsorption [15],
membrane filtration [16], and sustainable or
natural coagulants [17]. While these methods
show promises, some challenges remain
regarding cost, chemical usage, and efficiency
in removing both COD and TDS, especially in
high-salinity industrial effluents. Metal-
organic frameworks and advanced hybrid
systems have also been investigated [18], yet
their scalability and affordability are under
evaluation. Qiao et al. [19] provided a
comprehensive review, highlighting the
difficulty of achieving high removal of COD
and TDS at the same timed, using conventional
methods. In contrast, the present study
demonstrates  superior  performance by
achieving the removal of 71.1% of COD and
97.3% of TDS, using aluminum sulfate at a
low dose of ~40 mg/L, which outperforms or
matches the efficiency reported regarding
these recent technologies, while maintaining
operational simplicity and cost-effectiveness.
This reinforces the practicality of our
optimized approach for treating wastewater
from thermal power plants and affirms its
novelty and relevance in the context of current
treatment challenges.

4. Conclusions

The coagulation process using aluminum
sulfate in the thermal power plant wastewater
treatment is a crucial step in achieving the
effective removal of pollutants. This process
involves the hydrolysis of aluminum sulfate,
which results in the formation of charged
species that neutralize the opposite charges of
suspended particles. The coagulant facilitates
particle aggregation through adsorption,
bridging, and subsequent floc formation,
forming larger, settleable flocs. The
optimization of variables, such as the pH
(optimum value: 7.4) of the wastewater,

dosage (optimum value: 39.96 mg/L) of the
coagulant, and mixing time (optimum value:
21.81 min), significantly affects the
coagulation efficiency. Maintaining the
optimal pH value helps balance the charges for
the effective coagulation, while the
appropriate dosages of the coagulant cause
particle destabilization and floc formation.
Balancing the dosage is essential to achieve
efficient coagulation while minimizing
excessive chemical consumption for the
effective wastewater treatment. Controlling
the mixing time within a suitable range allows
for sufficient contact between the coagulant
and the wastewater to form well-developed,
settleable flocs. Balancing the mixing time
allows for efficient coagulation and
flocculation without causing excessive floc
breakage or insufficient settling. Therefore, the
optimization of these variables and a deeper
understanding of the coagulation process are
essential to increase the efficiency of the
wastewater treatment and achieve the cleaner
wastewater suitable for discharge or further
treatment processes. Finally, the mechanism
for the aluminum sulfate coagulation process
shows how flocs form during the process and
facilitates the control of process conditions,
thereby helping to improve water quality.
This study optimized the use of aluminum
sulfate for this wastewater, achieving high
removal efficiencies with low doses. A cost
analysis, based on the optimized dosage of
39.96 mg/L, estimated a daily chemical cost of
12-\16 USD to treat 1,000 m® of wastewater
(0.012-\0.016 per md3). Results suggested that
aluminum sulfate was cost-effective and
environmentally compatible for treating
thermal power plant effluents with optimized
parameters. While alternative coagulants
weren't tested, aluminum sulfate showed
promises as a benchmark for future studies.
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