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Abstract: This research explores the optimization of electro-coagulation (EC) for treating wastewater from the sugar
industry. By evaluating the impact of different electrode materials (Aluminum, Iron, and Copper), current densities, flow
rates, and polyelectrolyte dosages, the study aims to enhance the removal efficiencies of Chemical Oxygen Demand (COD),
Biochemical Oxygen Demand (BOD), turbidity, and color intensity. The findings indicate that Aluminum electrodes are
superior in performance, with optimal conditions identified as current densities of 30-40 A/m? flow rates of 1.0-1.5 L/min,
and polyelectrolyte dosages of 10-20 mg/L. The study highlights the effectiveness of electro-coagulation to traditional
methods, demonstrating reduced operational costs and improved environmental benefits.
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1. Introduction

Electro-coagulation (EC) has emerged as a promising
technology for wastewater treatment, particularly in
industries like the sugar sector where high organic and
particulate loads are common. Traditional treatment

methods such as sedimentation and chemical
coagulation often encounter challenges including
inefficiencies, high chemical consumption, and

significant environmental impacts. This research focuses
on optimizing the EC process by systematically analyzing
the effects of various parameters on treatment
performance. The primary objectives are to determine
the optimal electrode materials, current densities, flow
rates, and polyelectrolyte dosages for maximizing the
removal efficiencies of key contaminants.

The significance of this study lies in its potential to
improve wastewater treatment processes in the sugar
industry, which is critical for meeting environmental
regulations and sustainability goals. The study focuses
on optimizing electrocoagulation (EC) parameters to
develop a more cost-efficient and eco-friendlier
alternative to conventional treatment methods.
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Figure: Schematic Diagram of Electro-Coagulation Process
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2. Analysis
2.1. Experimental Setup

The experimental setup for this study includes a batch
electro-coagulation reactor designed to test various
combinations of electrode materials, current densities,
flow rates, and polyelectrolyte dosages. The reactor is
equipped with Aluminum, Iron, and Copper electrodes to
compare their effectiveness in treating sugar industry
wastewater.

o Electrode Materials: Aluminum, Iron, and Copper
electrodes were selected for their different
electrochemical properties. Aluminum electrodes
are known for their high reactivity and efficiency in
removing contaminants, while Iron and Copper offer
varying degrees of performance.

e Current Densities: Current densities ranging from
10 to 50 A/m? were tested to determine their impact
on treatment efficiency. The range includes low,
moderate, and high current densities to evaluate
performance across different operational conditions.

o Flow Rates: Flow rates from 0.5 to 2.0 L/min were
varied to assess how the rate of wastewater flow
through the reactor affects removal efficiencies.
Flow rates were selected to represent typical
operational conditions in industrial settings.

e Polyelectrolyte Dosages:

Polyelectrolyte dosages ranging from 5 to 20 mg/L
were used to evaluate their impact on the
coagulation process. Polyelectrolytes enhance the
coagulation process by improving the flocculation of
suspended particles.
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Figure: Electro-Coagulation Process Diagram
2.2. Statistical Analysis

The data collected from the experiments were analyzed
using statistical methods to determine mean removal
efficiencies and standard deviations. The analysis helps
to identify the optimal conditions for each parameter
and compare the performance of different electrode
materials.

2.2.1. Electrode Materials

Table 1. Statistical Analysis of Electrode Materials

Electrode Materials Performance
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Aluminium
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The results indicate that Aluminum electrodes achieved
the highest mean removal efficiencies for all parameters,
followed by Iron and Copper electrodes. Aluminum
electrodes excelled in removing COD, BOD, turbidity, and
color intensity, making them the preferred choice for EC
processes in wastewater treatment.
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2.2.2. Current Density

Table 2. Statistical Analysis of Current Density's Effect on

Performance
Performance
Current Parameter Mean Removal Standard
Mean Density Efficiency (%) Deviation
Electrode Parameter Removal Standard (A/m?)
Material Efficiency Deviation
(%) CoD 70 3.5
CcoD 85 3.2 BOD 65 3.0
Al BOD 83 25 10 Turbidity 68 3.2
Turbidity 90 2.8 Color Intensity 65 3.1
COD 78 3.2
Color . 88 30
Intensity BOD 75 31
cop 80 3.0 20 | Turbidity 80 3.4
Fe BOD 85 28 Color Intensity 77 3.3
Turbidity 87 3.2 coD 85 3.0
Color 86 2.9 BOD 83 2.8
Intensity
30 Turbidity 90 3.1
COD 75 3.5
Color Intensity 88 3.2
Cu BOD 78 3.3
o CoD 87 33
Turbidity 82 3.6
Col BOD 85 3.2
olor
Intensity 80 3.4 40 Turbidity 91 3.5
Color Intensity 89 3.4
CoD 86 3.4
BOD 84 3.3
50 Turbidity 89 3.6
Color Intensity 87 3.5
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Current Density Analysis
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The data shows that higher current densities generally
improve removal efficiencies, with the optimal range
identified as 30-40 A/m?% Beyond this range, the
efficiency improvements become marginal, suggesting
that excessively high current densities may not be

beneficial.

2.2.3. Flow Rate

Table 3. Statistical Analysis of Flow Rate's Effect on

Flow Rate Analysis
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The results reveal that lower flow rates generally yield
higher removal efficiencies, with the optimal flow rate
identified as 1.0-1.5 L/min. increased flow rates tend to
dilute the effectiveness of the coagulation process,
highlighting the importance of maintaining appropriate
flow conditions.

2.2.4. Polyelectrolyte Dosage

Table 4. Statistical Analysis of Polyelectrolyte Addition's

Performance Effect on Performance
Flow Mean Removal Standard Poly Mean Removal Standard
Rate Parameter Efficiency (%) Deviation electroly Parameter Efficiency (%) Deviation
(L/min) te
coD 82 33 Dosage
' (mg/L)
BOD 79 3.1 coD 79 3.2
0.5 Turbidity 84 3.5 BOD 76 3.0
Color 81 3.4 5 Turbidity 82 3.1
Intensity
Color 78 3.0
COoD 86 3.2 Intensity
BOD 83 3.0 CoD 83 31
1.0 Turbidity 88 3.3 BOD 80 32
Color 85 3.2 10 Turbidity 86 33
Intensity
Color 82 3.1
COD 81 3.4 Intensity
BOD 78 3.2 COD 85 3.0
15 Turbidity 83 3.6 BOD 82 31
Color 80 3.5 15 | Turbidity 88 3.2
Intensity
Color 85 3.2
COD 78 3.5 Intensity
BOD 75 3.3 coD 84 3.3
2.0 Turbidity 81 3.7 BOD 81 3.3
Color 79 3.6 20 Turbidity 87 35
Intensity
Color 84 3.4
Intensity
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Flow Rate Analysis
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The data suggests that increasing polyelectrolyte dosage
improves removal efficiencies up to a certain point, with
the highest efficiencies observed at 15-20 mg/L. Beyond
this dosage, the removal efficiencies plateau, indicating a
threshold beyond which additional polyelectrolyte does
not significantly enhance performance.

3. Results
3.1. Electrode Materials

Aluminum electrodes demonstrated superior
performance across all parameters compared to Iron and
Copper electrodes. The mean removal efficiencies for
Aluminum electrodes were consistently higher,
indicating their effectiveness in electro-coagulation
processes for sugar industry wastewater.

3.2. Current Density

The optimal current density range for effective electro-
coagulation was identified as 30-40 A/m? This range
provided the best balance between treatment efficiency
and operational cost. Higher current densities beyond
this range did not significantly improve performance and
could potentially increase energy consumption.

3.3. Flow Rate

The optimal flow rate for the EC process was found to be
1.0-1.5 L/min. This range ensured that the treatment
efficiency was maximized while maintaining operational
feasibility. Flow rates above this range resulted in
reduced removal efficiencies due to decreased contact
time between the wastewater and electrodes.

3.4. Polyelectrolyte Dosage

The study found that the addition of polyelectrolytes
improved removal efficiencies, with the most effective
dosage being 15-20 mg/L. Higher dosages did not
provide additional benefits, indicating that excessive
polyelectrolyte usage may not be necessary and could

lead to increased costs without corresponding
improvements in performance.

4. Discussion
4.1. Comparison with Traditional Methods

Electro-coagulation presents a significant improvement
over traditional wastewater treatment methods.
Traditional methods, such as chemical coagulation and
sedimentation, often require substantial chemical inputs
and longer processing times to achieve comparable
results. Electro-coagulation, with its high removal
efficiencies and reduced chemical requirements, offers a
more sustainable and cost-effective solution. The use of
Aluminum electrodes in particular highlights the
potential of EC to outperform traditional methods,
making it a viable alternative for treating high-load
industrial wastewater.

4.2. Practical Implications

The findings suggest that Aluminum electrodes are
optimal for electro-coagulation in the sugar industry.
The identified optimal parameters for current density,
flow rate, and polyelectrolyte dosage provide a guideline
for implementing effective EC systems. The technology’s
scalability and flexibility make it suitable for various
industrial applications, contributing to environmental
sustainability and regulatory compliance. The study
underscores the potential for EC technology to be
integrated into existing wastewater treatment
infrastructure, offering a path towards more efficient
and eco-friendly operations.

4.3. Limitations and Future Research

While the study provides valuable insights into the
optimization of electro-coagulation, there are limitations
to consider. The experiments were conducted under
controlled laboratory conditions, which may not fully
represent the complexities of real-world industrial
applications. Future research should focus on exploring
different electrode materials, varying operational
conditions, and testing the technology in actual
industrial settings. Additionally, long-term studies are
needed to evaluate the durability and performance of EC
systems over extended periods of operation.

5. Conclusions

This study demonstrates that electro-coagulation,
particularly with Aluminum electrodes, offers significant
advantages for wastewater treatment in the sugar
industry. The optimal parameters for current density,
flow rate, and polyelectrolyte dosage identified in this
research enhance treatment efficiency and align with
sustainability goals. The technology shows promise as a
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viable alternative to traditional treatment methods,
providing reduced operational costs and improved
environmental benefits. Further research and real-world
testing are necessary to fully assess the potential of
electro-coagulation technology in diverse industrial
applications.
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