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Abstract

Microplastic pollution is an increasing environmental issue, so it is essential to understand the treatment process
for their removal. These microplastic can be harmful for both environment and human health, particularly in
busy urban regions. One promising solution is the electrocoagulation (EC) process. When designed and operated
properly, EC has shown the potential to remove up to 98% of microplastics under the right conditions.
Aluminium electrodes perform better than iron and specific operational setups significantly improve removal
rates. This review evaluates the influence of parameters such as electrode type, current density (A/m?2), stirring
speed (rpm), and contact time (min) on treatment performance.
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1 Introduction

Microplastic (MP) pollution is currently being identified as one of the most severe environmental hazards to the
planet aquatic ecosystems. The size of this microplastic is mainly under 5 mm and is formed by the breakdown
of larger plastic garbage as a result of exposure to sunlight, wind action, wave action, and also due to microbial
breakdown (Barnes et al., 2009). After they enter the water, microplastics can remain in the environment for
hundreds or even thousands of years, since their components are durable and resistant to destruction (Cézar et al.,
2014). This kind of persistence is extremely hazardous to a fish let alone to humans (Shen et al., 2022).

Microplastics are a threat in two ways; firstly, they majorly harm aquatic life and secondly, they can affect
human health. The particles may become a part of the food chain once they are consumed by aquatic organisms,
which results in physical damage, which includes intestinal blockage, internal damages, and even death
(Slootmaekers et al., 2019). Additionally, microplastics have the property of being able to carry toxic substances,
e.g., heavy metals, persistent organic pollutants, and harmful bacteria because of their high surface area and
hydrophobic properties (Antunes et al., 2018; Bhatt et al., 2021). These contaminants are potential in
bioaccumulation and possible entrance into the human bloodstream, that would raise concerns regarding the
health consequences of the population in the long-term (Leslie et al., 2022).

Figure 1. Microplastics
While significant research has been conducted to understanding the occurrence, toxicity, and transport behavior
of microplastics (Dong et al., 2020; Huang et al., 2021) studies focusing on efficient removal technologies are
still limited (Hu et al., 2023). Addressing this gap is critical to ensuring clean and safe water resources. Various
treatment approaches have been explored, including coagulation (Ma et al., 2019), membrane separation
(Malankowska et al., 2021), magnetic extraction (Grbic et al., 2019), photocatalysis (Ebrahimbabaie et al., 2022)
and biological treatment systems such as activated sludge (X. Liu et al., 2019). Among these, electrocoagulation
(EC) has drawn particular attention due to its simplicity, cost-effectiveness, and chemical-free operation. This
method applies by aluminum or iron electrodes, under an electric current into water, which release metal ions

2931



Nusrat Jahan Preoty, S.M Zinnurine Adib, Niloy Debnath & Md. Yasin
ICCEI 2025

into the water. These ions subsequently interact with hydroxide ions to form metal hydroxides. Acting as natural
coagulants, these hydroxides adsorb and neutralize microplastic particles, encouraging their aggregation and
eventual removal from the solution (Holt et al., 2005; Khandegar & Saroha, 2013; Zailani & Zin, 2018).

Electrocoagulation (EC) is a promising technology for enhancing the removal of microplastics from water. It
applies an electrical current to metal electrodes, typically iron or aluminum, which dissolve and release coagulant
species. These coagulants facilitate aggregation of microplastic particles into larger flocs that can be removed
through sedimentation or filtration (Mollah et al., 2001). Shen et al. (2022) reported 98.7% removal of
polyethylene (PE) using Al and Cu electrodes at 150 rpm over 6 hours. Perren et al. (2018) achieved 99%
removal with Al electrodes in just 1 hour at 60 rpm and 15 mA/cm?2. Polyamide fibers showed efficiencies
between 53%-74% at 5A and 57%-72% at 10A, showing the effect of current intensity and polymer type.
Cellulose Acetate (CA) reached 99.9% removal using Al and Cu electrodes at 150 rpm over 6 hours. Akarsu et
al. (2021) achieved 100% removal of PE and PVC with Al electrodes at 200 rpm and 10 min stirring, at 2
mA/cmz2, The optimum pH range for over 95% removal is 5-7 (Y.-H. Liu et al., 2016). Omwene et al. (2018)
found that at a current density of 20 A/m?, removal approached 100% within 10 minutes. (Pilco-Nufiez et al.,
2024) achieved 98.04% removal with aluminum electrodes and reported a strong correlation between predicted
and observed values (R = 0.99). The dense flocs made from electrocoagulation are easily filtered or settled,
proving that this method not only coagulates but also helps remove microplastics physically in an eco-friendly
manner. Therefore, EC supports SDG 6-Clean Water and Sanitation by acting as a coagulation and preliminary
treatment step for efficient microplastic removal.

Given the growing contamination of microplastics, this review will assess the electrocoagulation efficiency under
various operating conditions such as electrode type, contact time, stirring speed, pH, and current density.
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Figure 2. Diagram of Electrocoagulation system (Pilco-Nufiez et al., 2024)

2 Survey to Literature Antecedent to Experimental Analysis

Shen et al. (2022) found that a combination of aluminum and copper electrodes could successfully remove
polyethylene (PE) particles, with an efficiency of 98.7% when operated at 150 rpm and a contact time of six
hours. Perren et al., (2018) observed that aluminum electrodes may achieve 99% removal under gentler
conditions (agitation speed of 60 rpm, contact length of one hour, and current density of 15 mA/cm2.
Furthermore, studies using polyamide fibers showed lower efficiency, ranging from 53% to 74% at 5A and 57%
to 72% at 10A. These data highlight that both the applied current intensity and the type of polymer play an
important role in the overall removal performance. In terms of electrode configuration, 98.6% removal for PE
microplastic was possible using Al electrodes with an agitation time 1.5 hour at 60 rpm and a current density of
8.07 mA/cm?. The data obtained in acidic or neutral environment was satisfactory, the optimum pH range for a
particle removal efficiency above 95% is 5-7 (Y.-H. Liu et al., 2016). In terms of the coagulant dosage, bubble
production rate, floc size and growth; high current density and application time tends the particle removal
efficiency almost 100% after a 10 min treatment, at current density of 20A/m? (Omwene et al., 2018). For
Cellulose Acetate (CA) microplastic the removal reached 99.9% using Al and Cu electrodes with 6 hours of
agitation time at 150 rpm (Shen et al., 2022). Also, PE and PVVC microplastics with Al electrodes achieved 100%
removal with a stirring time of 10min at 200 rpm speed, at a current density of 2mA/cm? (Akarsu et al., 2022).
Wulandari et al. (2022) investigated the effect of current intensity on the removal efficiency of microplastic
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fibers and found that polyester fiber removal ranged from 55%-68% at 5A and increased to 42%-85% at 10A.
Similarly, polyamide fibers showed removal efficiencies between 53%-74% at 5A and 57%-72% at 10A,
highlighting the impact of current intensity and polymer type on removal outcomes. Subair et al. (2024)
investigated additional electrode configurations and discovered that aluminum-aluminum (Al-Al) electrode
combinations had the highest efficacy, with over 90% removal across various microplastic sizes. Sezer et al.
(2024) showed that electrocoagulation can remove up to 99% of microplastics, highlighting its potential for
large-scale applications. In the same year, Kasmuri et al. (2024) investigated polystyrene microplastics and
achieved an 82% clearance rate, demonstrating the method's efficiency for certain plastic forms. Pilco-Nufiez et
al. (2024) achieved 98.04% removal efficiency using an aluminum anode and discovered a remarkable
correlation between predicted and observed results (R2 = 0.99), indicating great process validity.

Table 1. Removal of microplastics by electrocoagulation using the fractional factorial design
(Pilco-Nuriez et al., 2024)

Treatments Experimental  Electrode Time Speed Current TSS Microplastics
runs type (min) (rpm) density (mg/L) removal (%)
(A/m3)
T0 0 - 0 0 0 255.0 0.00
T1 1 Iron 10 70 20 46.2 81.88
9 Iron 10 70 20 41.1 83.88
T2 2 Aluminum 10 70 70 38.3 84.98
10 Aluminum 10 70 70 35.5 86.08
T3 3 Iron 15 70 70 29.6 88.39
11 Iron 15 70 70 34.2 86.59
T4 4 Aluminum 15 70 20 5.0 98.04
12 Aluminum 15 70 20 5.6 97.80
T5 5 Iron 10 150 70 67.3 73.61
13 Iron 10 150 70 71.9 71.80
T6 6 Aluminum 10 150 20 31.0 87.84
14 Aluminum 10 150 20 26.4 89.65
T7 7 Iron 15 150 20 323 87.33
15 Iron 15 150 20 38.7 84.82
T8 8 Aluminum 15 150 70 19.8 92.24
16 Aluminum 15 150 70 22.0 91.37

The Table 1 shows the experimental results demonstrate that electrocoagulation using aluminum electrodes is
highly effective for microplastic removal, with the highest efficiency reaching 98.04% under optimized
conditions 15 minutes of treatment time, 70 rpm stirring speed, and 20 A/m2 current density. This performance is
notable when compared to other studies, which often required significantly longer treatment durations (up to 6
hours) to achieve similar or slightly higher removal rates. Aluminum electrodes consistently outperformed iron
electrodes across all configurations. While some setups using iron achieved moderate efficiencies (around 86%-—
88%), the overall removal percentages were lower than those obtained with aluminum. The results demonstrate
how electrocoagulation technology may remove microplastics from water quickly and effectively by utilizing
reduced processing times and optimized current density (Pilco-Nufiez et al., 2024).

Table 2. Comparison of different microplastics treated by electrocoagulation (Pilco-Nufiez et al., 2024)

Types of Anode Cathode Efficiency Stirring Stirring Feed Reference
microspheres time speed

PE Aluminum  Aluminum 99% 1 hour 60 rpm 15 (Perren, et
microbeads mA/cm? al., 2018)
PE Aluminum  Aluminum 98.60% 1.5 hours 60 rpm 8.07 (Elkhatib, et
microplastics mA/cm? al., 2021)
PE Aluminum Copper 98.70% 6 hours 150 rpm v (Shen, et al.,
microplastics 2022)
Microplastic Aluminum Copper 99.10% 6 hours 150 rpm v (Shen, et al.,
PMMA 2022)
CA Aluminum Copper 99.90% 6 hours 150 rpm 0V (Shen, et al.,
Microplastics 2022)
PP Aluminum Copper 99.90% 6 hours 150 rpm v (Shen, et al.,
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Microplastic 2022)
PE Fe Copper 84.60% 6 hours 150 rpm v (Shen, et al.,
microplastics 2022)
PMMA Fe Copper 69.50% 6 hours 150 rpm v (Shen, et al.,
microplastic 2022)
CA Fe Copper 96.80% 6 horas 150 rpm v (Shen, et al.,
Microplastic 2022)
PP Fe Copper 93.80% 6 hours 150 rpm v (Shen, et al.,
Microplastic 2022)
Spherical Aluminum  Aluminum 92.80% 30 min 70 rpm v (Kim and
microspheres Park, 2021)
PE Fe Aluminum 100% 10 min 200 rpm 2 (Akarsu, et
microplastic mA/cm? al., 2021)
PVC Fe Aluminum 100% 10 min 200 rpm 2mA (Akarsu, et
microplastic fem? al., 2021)
PA Aluminum  Aluminum 83.74% 2 hours 200 rpm v (Hu, et al.,
microplastic 2023)
PA Aluminum Fe 86.94% 2 hours 200 rpm 0V (Hu, et al.,
microplastic 2023)
PA Fe Aluminum 90.92% 2 hours 200 rpm v (Hu, et al.,
microplastic 2023)
PA Fe Fe 88.38% 2 hours 200 rpm v (Hu, et al.,
microplastic 2023)
PE Aluminum  Aluminum 97.50% 30 min - 12mA/  (Xu,etal.,
microplastic cm? 2022)
PE Aluminum  Aluminum 98.04% 15 min 70 rpm 2mA/  Este estudio

microplastic cm?

Table 2 shows a wide range of studies have evaluated the efficiency of electrocoagulation in removing different
types of microplastic microspheres. The removal efficiency varied based on factors such as electrode materials,
stirring time, stirring speed, and electrical current or voltage applied.

Aluminum-based electrode systems consistently demonstrated high performance, achieving efficiencies up to
99.9% for microplastics such as polypropylene (PP), cellulose acetate (CA), and polymethylmethacrylate
(PMMA), though these outcomes typically required long stirring times (6 hours) and high speeds (150 rpm).
Polyethylene (PE) microbeads and microplastics were also removed at a comparable level utilizing aluminum
electrode under more moderate circumstances, such as 1 to 1.5 hours of stirring.

Iron electrodes showed more variable results. While some studies reported 100% removal of PE and PVC
microplastics within 10 minutes at high agitation speeds (200 rpm) and low current densities (2 mA/cm?), other
results showed lower efficiency for polymers like PMMA, where removal dropped to 69.5%. Experiments using
aluminum or iron electrodes with stirring times of 2 to 2.5 hours and speeds of 200 rpm showed moderate to high
efficiencies ranging from 83.74% to 88.38% for polyamide (PA) microplastics. One recent study demonstrated
that 98.04% removal could be achieved in just 15 minutes with aluminum electrodes, 70 rpm agitation speed, and
2 mA/cm?, indicating the potential for more time-efficient processes without compromising performance.
Overall, the data emphasize that electrode material, treatment duration, and agitation intensity play critical roles
in determining microplastic removal efficiency, with aluminum consistently overcoming iron in most
combinations. (Pilco-Nufiez et al., 2024)

2934



Nusrat Jahan Preoty, S.M Zinnurine Adib, Niloy Debnath & Md. Yasin
ICCEI 2025

BEfficiency (%) B Stirring Time (min)  OStirring Speed (rpm)

400
350
300
250
200 1o
=5
I
—-g & 150
SEQ
B E3 100
50 &
L]
— Wl
g2 *°
e |
M2 E 0
“a S N I R R IR S TSP 0 e SIS SR TS
LRSS IR IR LR CAPCIRCHR R SR M M0 S0 0 P o
F &L TR L e R LTI &
_@\wv\ YL N \@.L_-Q\\C.\\uQ\«a VR | RP RY R
I < ¢ R
g

Microsphere & Electrode Pair

Figure 3. Effect of electrode pair and microsphere type on efficiency, stirring time and stirring speed graph

3 Conclusion

On the basis of the study, a highly successful microplastic removal effectiveness of 98.04% was attained by the
electrocoagulation setup that used aluminum electrodes, a 15-minute agitation period, an agitation speed of 70
rpm, and a current density of 20 A/m2. However, while using electrocoagulation to remove microplastics, a
100% removal efficiency was attained with a pH of 7, an electrode pair of Al-Fe, and a retention duration of 10
minutes. Maintaining the pH level is critical in the process of eliminating 100% microplastic. The removal rate
was lowest when an Al electrode was utilized as both anode and cathode, stirring time was 2 hours, speed was
200 rpm, and voltage was 10V. The removal rate was 83.74 percent. The findings also indicate that stable flocs
that are easily filtered or settled are produced by electrocoagulation. It is a non-toxic, environmentally friendly
technique that promotes clean water objectives. Due to some restrictions, additional study must be conducted
with the goal of maintaining proper temperature. Future research should focus on the existence of organic
substances, which may cover microplastics. Other properties including as salinity and ionic strength should also
be investigated.
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