i S
74

S Journal of Technology Research (JTR) g ﬁ
X v Volume 4, Issue 2, (2026), pp 201-207, ISSN 3005-639X ", I

o
200

Treatment of Pond Water by Electrocoagulation Process Using
Iron Electrodes

Mohamed K. Zambri™! @9, Ali J. Bseibsu? 2, Ibrahim M. Eghwita?(?,
Mohammed A. Abo-Sherenta?

1Libyan Academy for Postgraduate Studies, Alkhoms, School of Applied Sciences and Engineering, Alkhoms,
Libya.
2 Chemical and Petroleum Engineering, Faculty of Engineering-Alkhoms, Elmergib University, Alkhoms, Libya.
*Corresponding author email: mkzambri@academy.edu.ly

Received: 19-10-2026 | Accepted: 22-10-2026 | Available online: 08-11-2026 | DOI:10.26629/jtr.2026.16

ABSTRACT

The electrocoagulation (EC) process is an electrochemical treatment that can be used for the removal
of contaminants from wastewater. The primary objective of this study is to investigate the
effectiveness of EC for pond water treatment. Batch experiments were conducted using iron electrodes
and an 800 ml working volume. The effects of reaction time, applied voltage, electrode area, and
solution temperature on the removal of contaminants from pond water. These contaminants including
total dissolved solids (TDS), calcium (Ca), sodium (Na), and turbidity. The reaction time was varied
between 30 and 90 min, applied voltage between 10 and 30 V, electrode area between 5 x 3 and 10 X 6
cm2, and temperature between 30 and 70 °C. The results showed that the removal of TDS and Ca has
been improved by increasing reaction time, while removal of Na showed small change between 30 and
90 min. At 90 min, the efficiency of TDS removal was 49.09%, the efficiency of Na removal was
35.19%, the efficiency of Ca removal was 79.25%, and the efficiency of turbidity removal was
95.95%. In addition, the removal of contaminant was improved by increasing the applied voltage. The
highest efficiency was reported at 30 V with a value of 46.00% for TDS, 41.67% for Na, 45.28% for
Ca, and 96.61% for turbidity. Also, the removal efficiencies was increased by increasing solution
temperature from 30 to 70 °C. The highest values was reported at 70 °C, the highest removal
efficiencies were reported at values of 29.27%, 47.22%, 69.81%, and 98.34% for TDS, Na, Ca, and
turbidity respectively. The results demonstrates that the EC process using iron electrodes can
effectively reduce the measured contaminants and turbidity under the investigated operating
conditions.
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remove various types of pollutants, such as
1. INTRODUCTION various anions, various organic compounds,

Water is essential for various purposes, heavy metals, and suspended oils [5].
including domestic activities, agricultural Furthermore, the EC technology has many
production, and industrial processes. Pollution advantages, such as compactness and
is the introduction of contaminants in to the simplicity of the equipment required, high
natural environment that causes adverse efficiency at low operating cost and simplicity
change. Water pollution means contaminated of process control, leading to enhanced

water that is harmful for living being. The reliability [6, 7]. The EC, is also, integration

increasing of water demand has increased the with renewable energy systems has also been

need for effective wastewater treatment suggested due to it requires low electrical

technologies [1]. Electrocoagulation (EC) energy [8]. The electrochemical reactions

technology is the one of the most widely used occurring  during EC  process with iron

and practical technique for the removal of electrodes include anodic iron and cathodic

containments and colloidal solids from water. In iron electrodes, the cathodic reaction

wastewater. The EC technology has been can be described by Equation whereas anodic

successfully applied for removing numerous iron dissolution is generally considered to
. . . . +2 1

contaminants  from  industrial,  various produce Fe™ ions [9].

agricultural, and urban wastewaters [2, 3, 4]. Fey —> Fe*' (uq +2¢ (1)

Additionally, the EC technology can be used to
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Subsequently, Fe”> can be oxidized to Fe™ at
the electrode surface or in the bulk solution by
dissolved oxygen of pollutants [10], however,
other reaction pathways have also be proposed
[11], while water oxidation represents an
additional possible anodic process [9].

2H20 —> O+ 4H g +4e 2

Consequently, the objective of this study is to
investigate the effectiveness of EC for pond
water treatment, through batch experiments, as
a function of various operating parameters
including reaction time, applied voltage,
electrode area, and solution temperature.

2. MATERIALS AND METHODS

In this study, pond water was selected as a case
study and was collected from the dam of Wadi
Kaam, Alkhoms City. The contaminant
removal efficiency was investigated using
batch experiments. The experimental work was
conducted at the Instrument Laboratory,
Chemical and  petroleum  Engineering
Department, Elmergib University.  First,
samples were analyzed for contaminant
concentrations at the Advanced Laboratory of
Chemical Analysis, Tajoura. Second, turbidity
measurements were performed at the Libyan
Petroleum Institute (LPI). The materials used
in this study include pond water, distilled
water, and HCIl solution. In addition, the
equipment include iron electrodes, constant
DC current, a laboratory model DC power
supply, magnetic stirrer, hot plates/stirrer, stop
watch, portable multi parameters, turbidity
meter, and flame photometer.

3. THEORY AND CALCULATION

3.1 Preparation of Electrocoagulation Cell

The electrocoagulation unit was consisted of,
as shown in Figure 1, of 1000 ml beaker and a
direct-current power supply. Two iron
electrodes, an anode and a cathode, were used
in the electrocoagulation process with different
dimensions since these dimensions were used
as a parameter. The electrodes were immersed
to a depth of 7 cm and a distance of 1.5 cm
from each other. The electrocoagulation cell

has a working volume of 800 ml. The voltage
was regulated at 10V, 20V, and 30V. After
each batch experiment run, the iron electrodes
were cleaned by immersion in a dilute HCI
solution (5%) to remove oxide layers and
surface deposits, then reined by distilled water
and dried before being placed in the EC cell.

Fig 1. Construction of the electrocoagulation cell.

3.2 Parameters Affecting Experiment

The parameters affecting experiment include
applied voltage, reaction time, solution
temperature, and electrode area. The applied
voltage was 10, 20, and 30V. Reaction times
were investigated at 30, 60, and 90 min.
Solution temperatures were investigated at 30,
50, and 70 °C. Electrode area were evaluated at
areas of 5 x 3 cm? and 10 x 6 cm”.

3.3 Analytical Measurements

Samples were analyzed for TDS, pH, electrical
conductivity, sodium, calcium, and turbidity.
The analytical measurements were conducted
according to standard methods for the
examination of water and wastewater. A
turbidity meter was used to determine
turbidity, portable multi parameters meters
were used for water-quality parameters, a
flame photometer was used for relevant ionic
measurements.

4. RESULTS AND DISCUSSION

4.1 Initial Characteristics of Pond Water

The initial characteristics of the pond water
were examined to establish a reference for
evaluating the efficiency of  the
electrocoagulation (EC) technique. Table 1
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shows the initial measured parameters
including TDS, pH, concentrations of Na and
Ca, and turbidity. Moreover, the EC technique
performance was evaluated by comparing the
measured parameters before and after EC
under the operating conditions.

Table 1. Initial characteristics of pond water.

Parameter | TDS | PH Na Ca | Turbidity

Units mg/l |- mg/l | mg/l NTU

Value 275 8.1 108 53 15.05

4.2 Effect of Applied Voltage

The effect of applied voltage on the process
was investigated in the range of 10 — 30V. The
obtained results are presented in Table 2. The
measured concentrations of TDS, sodium,
calcium, and turbidity were decreased with the
increasing of applied voltage. Consequently,
the removal efficiency has increased with
applied voltage.

Table 2. Experimental results at different applied voltage.

Voltage | TDS PH E.CON | Na | Ca | Turbidity

10 179.4 | 8.76 328 93 35 2.18
20 168.7 | 8.6 309 75 33 1.24
30 148.5 | 8.71 273 63 29 0.51

Figure 2 shows that the removal efficiencies
were 34.76% for TDS, 13.89% for Na, 33.96%
for Ca, and 85.51% for turbidity at 10 V. In
addition, at 20 V, the removal efficiencies
were 38.65% for TDS, 30.56% for Na, 37.74%
for Ca, and 91.76% for turbidity. At 30 V, the
removal efficiencies were 46% for TDS,
41.67% for Na, 45.28% for Ca, and 96.61% for
turbidity. The highest removal efficiencies
were obtained at 30 V.

60 —e—RTDS
—e—RNa

—a—Rca

Removal Efficiency %

¢ | —o—Rturbidity

10 12 14 16 18 20 22 24 26 28 30
Voltage (V)

Fig 2. Effect of applied voltage on removal efficiency.

4.3 Effect of Reaction Time

The effect of reaction time was investigated at
30, 60, and 90 min. The obtained results are
presented in Table 3. The removal efficiency
has increased with increasing reaction time.
However, we can noted that the removal
efficiency of Na remained constant at 60 and
90 min whereas the improvement in removal
efficiency of turbidity from 60 to 90 min was
relativity small.

Table 3. Experimental results at different reaction times.

Time
TDS PH E.CON | Na | Ca | Turbidity
(min)
30 168.7 8.6 309 75 | 33 1.24
60 159.7 | 8.71 293 70 | 16 0.7
90 140 10.27 257 70 | 11 0.61

Figure 3 shows that at 30 min, the removal
efficiencies were 38.65% for TDS, 30.56% for
Na, 37.74% for Ca, and 91.76% for turbidity.
In addition, at 60 min, the removal efficiencies
were 41.93% for TDS, 35.19% for Na, 69.81%
for Ca, and 95.35% for turbidity. At 90 min,
the removal efficiencies were 49.09% for TDS,
35.19% for Na, 79.25% for Ca, and 95.95% for
turbidity. In conclusion, the highest removal
efficiency in the reaction-time experiments
were obtained at 90 min.

»’/_—_‘——‘-

—e—RTDS
50 —e—RNa

—&—Rea

/._——, —0— Rturbidity
30

Removal Efficiency %

30 40 50 60 70 80 %0
Time (min)

Fig 3. Effect of reaction time on removal efficiency.

4.4 Effect of Solution Temperature

The effect of solution temperature was
investigated at 30, 50, and 70°C. The results of
contaminates decreased with increasing
solution temperature as shown in Table 4
below:

J Technol Res. 2026;4:201-207.

https://jtr.cit.edu.ly



205

Zambri etal

Table 4. Experimental results at different solution

temperatures.

Temp (°C) TDS PH | E.CON | Na | Ca | Turbidity
30 2124 | 7.72 388 83 | 36 0.86
50 208.4 | 7.77 381 64 | 32 0.77
70 1945 | 7.78 355 57 | 16 0.25

Additionally, the improvements in removal
efficiency can be explained by enhancing ion
transfer and reduce solution viscosity, which
can increase ion diffusivity.

Figure 4 shows that the removal efficiencies
were 22.76% for TDS, 23.15% for Na, 32.08%
for Ca, and 94.29% for turbidity at 30 °C. At
50 °C, the removal efficiencies were 24.22%
for TDS, 40.74% for Na, 39.62% for Ca,
94.88% for turbidity. In addition, at 70 °C, the
removal efficiencies were 29.27% for TDS,
47.22% for Na, 69.81% for Ca, and 98.34% for
turbidity. The highest removal efficiencies
were obtained at 70 °C.

100

—8—RTDS
—®—RNa
50 —4—Rca

Removal Efficiency %
o
g

—0— Ruurbidity

30 35 a0 45 50 55 60 65 70
Temperature (°c)

Fig 4. Effect of solution temperature on removal

efficiency.

4.5 Effect of Electrode Area

The effect of electrode area was studied at
variable values of the single electrode areas of
5 x 3 cm? and 10 x 6 cm®. The obtained results
are presented in Table 5.

Table 5. Experimental results at different electrode areas.

Electrode
TDS PH | Na | Ca | Turbidity
area. (cm?)
(5%3) 162.1 | 8.18 | 93 | 36 1.38
(10x6) 168.7 | 8.6 75 | 33 1.24

The Figure 5 shows that the removal
efficiencies increased with increase electrodes
area. For an electrode area of 5 x 3 cm?, the
removal efficiencies were 41.05% for TDS,
13.89% for Na, 32.08% for Ca, and 90.83% for
turbidiry. In addition, for an electrode area of
10 x 6 cm? the obtained removal efficiencies
were 38..65% for TDS, 30.56% for Na,
37.74% for Ca, and 91.76% for turbidity. It can
be noted that the highest removal efficiences
for Na, Ca, and turbidity were obtained at
electrode area of 10 x 6 cm®, whereas the
highest removal efficiency for TDS was
obtained at electrode area of 5 x 3 cm?.

90 4
80 4
70 1
60 1
50 | (3x§)

0 4 m (6x10)

Removal Efficiency %

30 4

20 4

10 4

TDS Na Ca Turbidity

Fig 5. Effect of electrode area on removal efficiency.

4.6 Energy Consumption

In this study, energy consumption was
calculated, as a function of treatment time,
using Equation 3:

E = VxIxt 3)

Where: E is the electrical energy consumption
(Wh); V is the applied voltage (volt); I is the
current (A); and t is the operating time (h).
Table 6 shows energy-consumption data. It can
be noted that the energy consumption
increased with reaction time due to increased
electrodes polarization as the operation time
increased. Additionally, a voltage of 20 V was
selected as the optimum operating voltage
because it provides high process efficiency
while minimizing excessive electrical energy
consumption.

J Technol Res. 2026;4:201-207.
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Table 6. Energy — consumption data of
electrogoagulation cell.

. Energy . Energy
time . time .
V) | I(A) (min) consumption ) consumption
(W.min) (kWh/L)
0 0 0 0 0 0

20 0.5 30 300 0.5 0.00625

20 0.5 60 600 1 0.0125
20 0.5 90 900 1.5 0.01875

Figure 6 illustrates that the power consumption
was increased with increasing reaction
time.This is Dbecause of increasing in
polarization on the two electrodes.

o o
s B
2 2
S

0.012

o
e
=

0.008

0.006

Energy consumption (KWh'L)

=4
=1
e
B

0.002

0 02 04 06 08 1 12 14 16
Reaction time (h)

Fig 6. Energy Consumption of the EC treatment with
respect to time.

5. CONCLUSIONS

In this study, the removal of contaminants
from pond water by electrocogulation process
using iron electrodes was investigated.
Additionally, the effect of applied voltage,
reaction time, solution temperature, and
electrode area on the removal of TDS, Na, Ca,
and turbidity were evaluated. The EC process
can reduce the measured contaminants and
turbidity from pond water by determining the
removal efficiency of contaminants under the
investigated  conditions. The removal
efficiencies were increased with increasing the
applied voltage from 10 to 30 V with
maximum values of 46.00% for TDS, 41.67%
for Na, 45.28% for Ca, and 96.61% for
turbidity at 30 V. Increasing reaction time from
30 to 90 min improved the -efficiencies
removal of TDS and Ca, while Na removal
efficiency at 35.19% between 60 and 90 min.
At 90 min, the removal efficiencies were
49.09% for TDS, 35.19% for Na, 79.25% for

Ca, and 95.95% for turbidity. The removal
efficiencies of TDS, Na, Ca, and turbidity were
increased with increasing solution temperature
from 30 to 70 °C. At 70 °C, the removal
efficiencies were 29.27% for TDS, 47.22% for
Na, 69.81% for Ca, and 98.34% for turbidity.
In addition, the electrode area of 10 x 6 cm’
produced the highest removal efficiencies for
Na, Ca, and turbidity whereas the electrode
area of 5 x 3 cm?” produced the highest removal
efficiency for TDS. Overall, the results showed
that the iron-electrode electrocoagulation
process is an effective technique for reducing
the contaminants and turbidity in the pond
water.

Based on the obtained results of this study, the
proposed including:
investigate the effectiveness of Aluminium-

recommendations

Aluminium electrodes and iron-Aluminium
electrodes for wastewater treatment by
electrocoagulation. Also, the effect of other
operating variables such as stirring speed,
electrode type and conductivity affecting the
removal efficiency of the electrocoagulation
process should be investigated. In addition,
study the effect of sample PH and add salts
during the electrocoagulation process on the
removal efficiency. Furthermore, procedure
further tests to find removal efficiency of
heavy metals, COD, BOD and color for
wastewater.
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