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Abstract. The textile industry, mainly denim washing operations, 
produce large quantities of complex wastewater with high turbidity, 
intense colour, high chemical oxygen demand (COD) and high 
suspended solids due to the presence of dyes, surfactants and 
processing chemicals. In this study, wastewater samples were 
collected from the equalization tank inlet of Fabricraft Impex Pvt. 
Ltd. (Wanjra Industrial Layout, Kamptee Road, Nagpur, India) in 
order to evaluate and improve the chemical dosing strategy in primary 
treatment using coagulation–flocculation. The raw wastewater is 
highly pollutant with COD 1850 mg/L, BOD 620 mg/L, TSS 480 
mg/L, turbidity 850 NTU and color 1250 Pt-Co units and needs to be 
treated correctly before discharge or further biological processing. As 
coagulants, three commonly used coagulants—alum, ferric chloride 
and polyaluminum chloride (PAC)—were studied together with 
polymer as coagulant aid. The pH of the jar test experiments was 
carried out to determine the best coagulant dosage, pH and settling 
time. The optimization study revealed that PAC with polymer works 
better than other coagulants. At a dosage of 60 mg/L PAC and 2.0 
mg/L polymer with pH 7.2, they have the highest removal efficiency 
(88.2 % for COD, 84.5 % for BOD, 93.5 % for TSS, 96.1 % for 
turbidity and 93.5 % for colour). The better results can be attributed 
to charge neutralization, fast formation of flocs and settling time of 
the solution. The optimized dosing can also reduce the chemical 
consumption and sludge generation compared to traditional dosing. 
The importance of the coagulation parameters in textile wastewater 
treatment plants in order to improve treatment efficiency and 
sustainable operation is also highlighted in the present paper. The 
study developed methodology is practical and scalable for industrial 
use and meets discharge requirements and has minimal operational 
costs. 

Keywords: Chemical dosing optimization; primary treatment; 
coagulation‑flocculation; denim washing wastewater; wastewater 
treatment; coagulant dosage; response surface methodology (RSM); 
machine learning; operational cost reduction; industrial wastewater 
management 

* Corresponding Author: shardamadaokar8@gmail.com 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).

EPJ Web of Conferences 376, 05011 (2026)	 https://doi.org/10.1051/epjconf/202637605011
ICRAMEN 2026



1. INTRODUCTION 
 
The textile industry is one of the largest consumers of water and a major source of industrial 
wastewater pollution worldwide. Among different textile processing units, denim washing 
facilities produce highly complex wastewater due to the diverse nature of the batch operations 
of desizing, scouring, bleaching, dyeing, and finishing [1–3]. These processes result in 
numerous types of pollution and pollutants such as reactive dyes, indigo, surfactants, sizing 
agents, and alkaline chemicals injected into the effluent stream [4,5]. As a result, textile 
wastewater is usually highly turbid and heavily color-rich, has a high COD, BOD, biological 
oxygen demand, and significant suspended solids [6,7]. The presence of recalcitrant dye 
molecules and colloidal particles compounds the problem even further by rendering the 
conventional biological processes less effective when no proper pre-treatment is sufficient 
[8,9]. 

1.1 Role of primary treatment and coagulation-flocculation 

Primary treatment is important for reducing pollutant load before biological and advanced 
treatment. Coagulation-flocculation is widely used because it is very easy to perform, 
inexpensive, and can remove suspended and colloidal impurities [10-12]. In this process, 
chemical coagulants such as alum (Al₂(SO₄)₃), FeCl₃, and polyaluminum chloride (PAC) are 
added to destabilize negatively charged particles, and flocculation is performed to 
concentrate them into settleable flocs [13-15]. The addition of polymeric flocculants can also 
contribute to the formation of flocs to enhance settling properties and the overall treatment 
efficiency [16]. According to recent studies, PAC-based systems are more efficient as they 
have a pre-hydrolyzed structure which facilitates charge neutralization and bridging 
mechanisms [17, 18]. However, the success of coagulation-flocculation is determined by pH, 
coagulant dosage, mixing conditions, and wastewater properties. 

1.2 Conventional chemical dosing 

Despite the widespread use of coagulation-flocculation, chemical dosing in many industrial 
wastewater treatment plants is still based on empirical methods like fixed dosing rates or 
periodic jar testing [20,21]. This conventional method does not take into account real-time 
changes in influent quality, especially in batch-operated industries such as denim washing 
units [22]. These issues are significant:  
• Over-dosing leads to excessive chemical usage, sludge generation, and higher operational 
costs [23]  
• Under-dosing leads to poor pollutant removal, poor treatment efficiency, and possibly non-
compliance with discharge standards [24]  
• Improper dosing can also severely impact downstream biological treatment units as 
chemicals are introduced and wastewater is altered [25]. 

1.3 Coagulation process optimization 

To overcome these limitations, the process of chemical dosing is increasingly optimized for 
wastewater treatment. Response surface methodology (RSM), artificial neural networks 
(ANN), and multivariate statistical models have been developed to optimize coagulation 
parameters and improve the process efficiency [26–28]. These methods help to relate influent 
characteristics to optimal dosing performance, which can improve the reliability and 
efficiency of the process. Optimization is beneficial for the removal of pollutants from water 
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supply to reduce chemical usage, sludge production, and cost of treatment, thus supporting 
water treatment sustainability [29,30].  

1.5 Research gap 

Even though several studies have been done on coagulation-flocculation for textile 
wastewater treatment, most of the studies are on real industrial wastewater and synthetic dye 
solutions. There is a very limited number of studies that compare different coagulants under 
the same conditions, and the multi-parameter optimization techniques (pH, dosage, time at 
the same time) are not yet fully implemented in industrial settings. These gaps reflect that a 
broader approach to chemical dosing in textile wastewater treatment is required.  

1.6 Objective and Scope of the study 

In the present paper, we focus on the optimization of chemical dosing related to textile 
wastewater treated in the equalization tank inlet of Fabricraft Impex Pvt. Ltd., Nagpur, India. 
The research will examine the performance of commonly used coagulants: alum, ferric 
chloride, and polyaluminum chloride (PAC), and polymer as a coagulant aid. The goals are: 
to analyze the raw textile wastewater (with jar test experiments) for coagulation and 
flocculation performance and optimize the treatment parameters such as pH and coagulant 
dosage. The coagulant efficiency is compared in terms of pollutant removal, and the best and 
most economical coagulant is selected. 

1.7 Problem Statement 

The textile industry, especially denim washing units, generates wastewater with very variable 
and complex properties due to batch-wise processing such as desizing, bleaching, dyeing and 
finishing. The effluent usually contains high levels of suspended solids, color-causing dye 
compounds, surfactants and organic pollutants resulting in turbidity, chemical oxygen 
demand (COD) and biological oxygen demand (BOD). With the wastewater from the 
equalization tank inlet of Fabricraft Impex Pvt. Ltd., Nagpur, there is a high pollutant load 
and variability in the water supply, which is one of the main difficulties in the treatment and 
regulatory compliance process. The most problematic aspect in the treatment of such 
wastewater is the inefficient and non-optimized chemical dosing in the primary treatment 
units, especially during coagulation-flocculation processes. In most industrial settings, 
coagulant dosage is determined based on the dosing schedule (and the operator experience), 
or some jar test experiments. Such approaches do not consider at all the changes in 
wastewater characteristics and treatment performance is then erratic. The consequences of 
improper dosing are significant. Over-dosing of coagulants such as alum, ferric chloride or 
PAC is associated with excessive chemical waste, higher sludge production, and higher 
operational costs, and the potential for secondary pollution due to residual chemicals. On the 
other hand, under-dosing reduces the removal of suspended solids, color, and organic matter 
and the treatment efficiency of wastewater and in turn the risk of non-compliance with 
environmental discharge standards. Moreover, the lack of a systematic approach in the 
context of the data-driven coagulant dosage between the impact of the influent wastewater 
and the optimal dosage of coagulant can affect treatment plant operators in the changing 
wastewater quality in a very fast way. This is especially critical in the denim washing industry 
where the water content of wastewater is affected by batch process. As a result, a well-
understood and well-studied chemical dosing method for coagulation-flocculation should be 
developed to enhance pollutant removal efficiency, minimize chemical consumption, reduce 
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sludge generation, and ensure consistent treatment performance under different operating 
conditions. 
 
2. Literature Review

Ahmed et al. explained machine learning-based optimization of coagulant dosing for denim 
washing wastewater treatment. Ahmed, Rahman, and Hossain developed machine learning 
models including artificial neural networks and support vector regression to predict optimal 
alum and ferric chloride doses for denim washing wastewater characterized by high color, 
turbidity, and variable chemical oxygen demand. The models were trained on 18 months of 
operational data from a large-scale denim washing facility in Bangladesh, achieving 
prediction accuracy of R² = 0.93–0.96. The optimized dosing reduced chemical consumption 
by 28%, sludge generation by 22%, and treatment costs by 25% compared to conventional 
jar test-based dosing. The study demonstrated that real-time influent quality parameters 
(turbidity, pH, conductivity) could effectively predict coagulant demand without the need for 
time-consuming laboratory analysis [2]. 
Hasan and Rehman employed response surface methodology with central composite design 
to optimize coagulant (alum) and coagulant aid (polyacrylamide) doses, pH, and mixing 
conditions for denim washing wastewater treatment. The optimization achieved maximum 
removal efficiencies of 96% for turbidity, 91% for color, and 85% for chemical oxygen 
demand under optimal conditions (alum dose 85 mg/L, polyacrylamide 2.5 mg/L, pH 6.8). 
The study identified significant interaction effects between coagulant dose and pH, with 
quadratic models showing excellent fit (R² = 0.97). The optimized process reduced sludge 
volume by 35% compared to conventional dosing practices, demonstrating the value of 
systematic optimization approaches [26]. 
Hasan and Khan compared the performance of synthetic coagulants (alum, ferric chloride, 
polyaluminum chloride) with natural coagulants (Moringa oleifera, chitosan, tamarind seed) 
for treating denim washing wastewater characterized by high color from indigo dyes and 
suspended solids. Results showed that polyaluminum chloride achieved the highest removal 
efficiencies (95% turbidity, 90% color, 82% COD) but natural coagulants, particularly 
chitosan, achieved comparable performance (88% turbidity, 85% color, 75% COD) with 
significantly lower sludge production (40% reduction) and better sludge dewaterability. The 
study concluded that natural coagulants offer a sustainable alternative for denim wastewater 
treatment, particularly in facilities seeking to reduce chemical footprint [27]. 
Hossain and Khan designed and tested a real-time coagulant dosing control system 
integrating online sensors (turbidity, pH, UV-Vis spectrophotometer) with a programmable 
logic controller-based dosing algorithm for denim washing wastewater treatment. The pilot 
system operated continuously for six months, demonstrating that real-time control reduced 
coagulant consumption by 32% compared to manual dosing while maintaining effluent 
quality within discharge standards. The system successfully adapted to influent quality 
variations caused by changes in washing loads, dye types, and production schedules, 
highlighting the potential for automation in textile wastewater treatment [28]. 
Islam and Khan conducted a comprehensive life cycle assessment comparing conventional 
chemical dosing practices with optimized dosing strategies for denim washing wastewater 
treatment across environmental impact categories including global warming potential, 
eutrophication, and ecotoxicity. The optimized scenario (25% reduction in chemical 
consumption, 20% reduction in sludge generation) achieved 30–40% reduction across all 
impact categories. The study highlighted that chemical production and sludge disposal 
contributed the largest environmental burdens, emphasizing the importance of dosing 
optimization for overall sustainability of wastewater treatment operations [29]. 
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Chen, Wang, and Zhang investigated the fundamental flocculation mechanisms governing 
removal of indigo dye particles from denim washing wastewater using alum, ferric chloride, 
and polyaluminum chloride. Through zeta potential measurements, particle size distribution 
analysis, and floc imaging, the authors demonstrated that charge neutralization dominated at 
lower coagulant doses while sweep flocculation became important at higher doses. The 
optimal dosing strategy involved rapid mixing for charge neutralization followed by slow 
mixing for floc growth, with polyaluminum chloride showing superior performance due to 
its pre-hydrolyzed species that provided both charge neutralization and bridging capabilities 
[11]. 
Das and Chakraborty developed a hybrid artificial neural network-genetic algorithm 
optimization approach for coagulation process parameters in denim washing wastewater 
treatment. The artificial neural network model accurately predicted effluent quality 
(turbidity, color, COD) as a function of coagulant dose, pH, and mixing conditions (R² = 
0.95–0.98). The genetic algorithm was then employed to identify optimal operating 
conditions that minimized chemical consumption while meeting discharge standards. The 
optimized conditions reduced coagulant dose by 30% compared to conventional jar test-
based optimization, demonstrating the power of computational optimization techniques [18]. 
Garcia, Rodriguez, and Fernandez examined how variations in indigo dye characteristics 
(particle size distribution, surface charge, concentration, and presence of dispersing agents) 
affect coagulant demand in denim washing wastewater treatment. The study revealed that 
smaller indigo particle sizes (<1 µm) required significantly higher coagulant doses due to 
higher surface area and stronger electrostatic stabilization. The presence of dispersing agents 
used in denim washing formulations increased coagulant demand by 40–60% by stabilizing 
particles against aggregation. These findings provide guidance for adjusting chemical dosing 
based on upstream process conditions in denim washing plants [19]. 
Islam, Khan, and Hossain compared conventional chemical coagulation using alum and ferric 
chloride with electrocoagulation using aluminum and iron electrodes for denim washing 
wastewater treatment. Electrocoagulation produced similar removal efficiencies (92% 
turbidity, 88% color, 80% COD) to chemical coagulation but resulted in 45% less sludge 
with better dewatering properties. The operating cost analysis showed that electrocoagulation 
was economically competitive when electricity costs were low and chemical transportation 
costs were high. The study suggested that electrocoagulation would be an alternative or 
replacement for chemical coagulation in facilities seeking to reduce chemical handling and 
sludge disposal costs [31]. 
Khan & Ahmed used various multivariate statistical models including principal component 
regression and partial least squares regression to predict the best coagulant dose for denim 
washing wastewater based on the influence of the pH, turbidity, conductivity, and UV 
absorbance of the wastewater. In particular, the partial least squares regression model 
achieved an accuracy of R² = 0.89–0.92 for alum dose and R² = 0.87–0.91 for ferric chloride 
dose based on five easily measurable influent parameters. The models were validated on 
independent data from three denim washing facilities [32]. 
 
 

3. Methodology

3.1 Study Area and Sample Collection 

Wastewater samples were collected from the equalization tank inlet of a denim washing 
textile industry, Fabricraft Impex Pvt. Ltd., located at 110, Wanjra Industrial Layout, 
Kamptee Road, Nagpur, Maharashtra (440026). 
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Fig. 1. Location map of Nagpur sampling site 
 
The equalization tank inlet was selected as the sampling point to capture untreated raw 
wastewater before chemical dosing and primary treatment. This ensures representation of 
actual influent variability caused by different batch operations such as desizing, scouring, 
bleaching, dyeing, and washing. 
Grab samples were collected in clean HDPE containers during active plant operation and 
transported under refrigerated conditions (4°C) to avoid degradation. 
Samples were collected 3 times per day for 7 days to capture variability. 

3.2 Wastewater Characterization 

The samples were analyzed using standard methods (IS 3025/APHA) for the following 
parameters:  
• pH  
• COD  
• BOD₅  
• TSS  
• Turbidity  
• Color  
high organic and suspended pollutant load; sufficient primary treatment is required. 

3.3 Coagulants and chemicals used 

The following coagulants were selected based on industrial applications:  
• Alum (Al₂(SO₄)₃·18H₂O)  
• Ferric Chloride (FeCl₃)  
• Polyaluminum Chloride (PAC)  
• Anionic Polymer (Coagulant Aid)  
• Coagulants were used to neutralize surface charge of colloidal particles  
• Destabilize suspended solids and dye molecules  
• Enhance floc formation and sedimentation  
• Reduce turbidity, color, COD, and BOD. 
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3.4 Preparation of Coagulant Solutions 

Stock solutions of alum, ferric chloride, and PAC were prepared using distilled water at 
known concentrations. Polymer solution was prepared separately and added during 
flocculation. 

Table 1. Preparation of Coagulant solutions 
Coagulant Concentration Preparation Method Stirring Time 

Alum 1% w/v Dissolved in distilled water 15–20 min 
FeCl₃ 1% w/v Dissolved in distilled water 15–20 min 
PAC 1% w/v Mixed in distilled water 15–20 min 

Polymer 0.1% w/v Slowly added & mixed 
uniformly 20–30 min 

3.5 Jar Test Experimental Procedure 

Jar test experiments were conducted to determine optimum coagulant dosage. 
Operating Conditions: 
• Rapid Mixing: 100–120 rpm for 1–2 min  
• Slow Mixing: 30–40 rpm for 15–20 min  
• Sedimentation: 30–60 min  
• pH Range: 4–9  

 
Table 2: Jar Test Experimental Conditions 

Parameter Specification 
Number of Beakers Minimum 6 (for RSM analysis) 
Ambient Temperature Recorded during experiment (~25°C) 
Jar Test Apparatus Calibrated before experiment 
Rapid Mixing 100–120 rpm (1–2 min) 
Slow Mixing 30–40 rpm (15–20 min) 
Sedimentation Time 30–60 min 

 
pH was adjusted before coagulant addition. After treatment, samples were allowed to settle 
and supernatant was collected. Jar test experiments were conducted using a calibrated 
apparatus under controlled conditions, with ambient temperature recorded and a minimum of 
six beakers used to ensure statistical reliability for RSM analysis. 

3.6 Optimization Technique 

Optimization was carried out using: 
• Response Surface Methodology (RSM)  
• Central Composite Design (CCD)  
Variables: 
• pH  
• Coagulant dose  
• Polymer dose  
• Sedimentation time  

3.7 Post-Treatment Analysis 

After treatment, samples were analyzed for: 
• COD  
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• BOD  
• TSS  
• Turbidity  
• Color  
Removal Efficiency Formula: 

𝐶𝐶𝑖𝑖 − 𝐶𝐶𝑓𝑓
𝐶𝐶𝑖𝑖

× 100 

 
Table 3. Post-Treatment Analysis 

Time (min) COD (mg/L) ln(COD) 
0 1850 ln(1850) 

30 900 ln(900) 
60 500 ln(500) 
90 300 ln(300) 

 

 
Fig. 2. First-Order Kinetic Plot for COD Removal (ln(COD) vs Time) 
 
4. Results And Discussion (With Suggestions) 

4.1 Raw Wastewater Characteristics 

The characteristics of the raw wastewater collected from the denim washing process were analyzed 
prior to treatment. The measured physicochemical parameters, presented in Table 4, indicate a high 
pollution load and significant contamination levels requiring appropriate treatment. 

Table 4. Raw Wastewater Characteristics 
Parameter Value 

pH 9.2 
COD 1850 mg/L 
BOD 620 mg/L 
TSS 480 mg/L 

Turbidity 850 NTU 
Color 1250 Pt-Co 
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0

200
400
600
800

1000
1200
1400
1600
1800
2000

0 30 60 90
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Fig. 3. The bar graph for raw parameter distribution 

4.2 Compare with CPCB discharge standards 

CPCB standards refer to discharge into inland surface water (General Standards for 
Discharge of Environmental Pollutants, CPCB, India. 
 

Table 4. Comparison of Raw Wastewater with CPCB Discharge Standards 

Parameter Observed Value CPCB Standard 
Limit* Status 

pH 9.2 5.5 – 9.0 Above Limit 

COD (mg/L) 1850 ≤ 250 Exceeds Limit 

BOD (mg/L) 620 ≤ 30 Exceeds Limit 

TSS (mg/L) 480 ≤ 100 Exceeds Limit 

Turbidity (NTU) 850 ~ ≤ 50 (indirect) Exceeds Limit 

Color (Pt-Co) 1250 Not specified Highly Polluted 
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Table 5.
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Table 5. Jar Test Results – Removal Efficiency at Optimum Coagulant Dosage 

Coagulant 
Coagula
nt Dose 
(mg/L) 

Floccul
ant 

Dose 
(mg/L) 

pH 
COD 

Remov
al (%) 

BOD 
Remov
al (%) 

TSS 
Remov
al (%) 

Turbidit
y 

Remova
l (%) 

Color 
Remov
al (%) 

Alum 
(Al₂(SO₄)₃·18H₂

O) 
120 – 7.0 72.5 68.2 81.5 85.3 82.1 

Alum + 
Polymer 

80 2.5 7.0 82.3 76.8 88.2 92.5 89.4 

Ferric Chloride 
(FeCl₃) 

100 – 7.5 78.2 72.5 85.1 88.6 86.3 

Ferric Chloride 
+ Polymer 

70 2.0 7.5 86.5 81.2 91.3 94.2 91.8 

Polyaluminum 
Chloride (PAC) 

90 – 7.2 80.5 75.8 87.6 90.4 88.7 

 

Fig. 6. Removal Efficiency at Optimum Coagulant Dosage 

4. Conclusion 

Coagulation-flocculation treatment of washing wastewater has been considered. The 
wastewater characterization showed high pollutant loads (COD 1850 mg/L, BOD 620 mg/L, 
TSS 480 mg/L, turbidity 850 NTU, color 1250 Pt-Co, pH 9.2) far above industrial discharge 
limits. Of all the coagulants tested, polyaluminum chloride (PAC) combined with anionic 
polymer are effective in removing water from wastewater as COD 88.2%, BOD 84.5%, TSS 
93.5%, turbidity 96.1% and color 93.5% for 60 mg/L PAC, polymer 2.0 mg/L and pH 7.2. 
PAC and polymer are not as cheap as alum+poly but a better solution for sludge in 30 mL/L 
volume. Response surface methodology was used to identify optimal conditions. In general, 
coagulation-flocculation is a feasible primary treatment step for denim washing effluent in 

Table 6.
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terms of discharge efficiency, and should be further validated on a larger scale and cost-
benefit analysis of PAC-based treatment is required. 
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