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Graphical abstract Abstract

The electrocoagulation (EC) process has emerged as a viable
alternative for treating textile effluent before its release into the
environment. However, a notable limitation of this method is the
requirement for frequent replacement of the sacrificial anode,
leading fo elevated costs associated with electrode material. Thus, this
research aims to conduct a comparative study between waste steel
containers (WSC) and commercially available iron (Fe) electrodes in
terms of electrochemical behaviour that significantly influences the EC
performance in freating Acid Red 18 (AR18) dye. The electrochemical
experiments were performed using an electrochemical analyser,
B - followed by a batch EC experiment for AR18 dye removal. The results
” indicate that the WSC electrode has a more negative corrosion
‘ " -!‘ potential, Ecorr value of -0.954 V vs. SCE, compared to Commercial
y s ) Pure Iron (CPI) at -0.947 V vs. SCE and Commercial Mild Steel (CMS) at

Treated solution \ @ Electrochemical -0.908 V vs. SCE. This suggests that WSC is more susceptible to corrosion,

Fe-based
material

Omin 10 min Prefreated Fe-based
electrc]des

analysis leading fo a higher dissolution rate of Fe ions than the commercial
electrodes. The findings were also in line with the EC performance,
where the removal efficiency of the WSC electrode (99.7%) was found
to be slightly higher than that of the commercial electrodes of CMS
(98.7%) and CPI (98.1%). In conclusion, the utilization of WSC has
demonstrated its efficacy as an electrode option to serve as an
alternative to conventional Fe electrodes in the treatment of AR18 dye
solutions.

Batch EC cell

Keywords: AR18 dye removal, electrochemical behaviour,
electrocoagulation, Fe-based electrodes

Abstrak

Proses elektrokoagulasi (EC) telah menjadi alternatif yang berdaya
maju untuk rawatan air sisa fekstil sebelum dilepaskan ke alam sekitar.
Walau bagaimanapun, kelemahan utama kaedah ini adalah
keperluan untuk penggantian anod korban secara kerap, yang

87:6 (2025) 1071-1078 | https://journals.utm.my/jurnalteknologi| eISSN 2180-3722 | DOI:
| https://doi.org/10.11113/jurnalteknologi.v87.21159 |



1072

Nurulhuda Amri et al. / Jurnal Teknologi (Sciences & Engineering) 87:6 (2025) 1071-1078

membawa kepada peningkatan kos yang berkaitan dengan bahan
elektrod. Oleh itu, penyelidikan ini bertujuan untuk menjalankan kajian
perbandingan antara elektrod bekas sisa keluli (WSC) dan elekirod
besi (Fe) komersial dari segi tingkah laku elektrokimia yang boleh
mempengaruhi prestasi EC dalam rawatan penyingkiran pewarna
merah asid 18 (AR18). Eksperimen elekfrokimia dijalankan
menggunakan pengandalisis elekirokimia diikuti dengan eksperimen
EC untuk penyingkiran pewarna AR18. Keputusan menunjukkan
bahawa elektrod WSC mempunyai potensi kakisan, Ecor Yang lebih
negafif sebanyak -0.954 V vs SCE, berbanding besi tulen komersial
(CPIl) pada -0.947 V vs SCE dan keluli ringan komersial (CMS) pada
-0.908 V vs SCE. Ini menunjukkan bahawa WSC lebih cenderung
kepada kakisan, yang membawa kepada kadar pembubaran ion Fe
yang lebih tinggi daripada elektrod komersial. Penemuan ini juga
adalah selari dengan prestasi EC di mana kecekapan penyingkiran
bagi elekirod WSC (99.7%) didapati lebih tinggi daripada elekirod
komersial CMS (98.7%) dan CPI (98.1%). Kesimpulannya, penggunaan
WSC sebagai alternatif kepada konvensional elektrod Fe telah
menunjukkan  keberkesanannya dalam rawatan  penyingkiran
pewarna AR18.

Kata kunci: Penyingkiran pewarna AR18, fingkah laku elektrokimia,

elektrokoagulasi, elektrod berasaskan Fe

© 2025 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

For numerous decades, the textile industry in Malaysia
has played a vital role in bolstering the nation's
economy and providing substantial employment
opportunities. However, this industry relies on a wide
range of chemicals for processes like dyeing,
bleaching, and finishing. Improper disposal of these
chemicals can lead to soil and water contamination,
affecting ecosystems and potentially harming human
health. Azo dyes are commonly utilised in the texfile
industry because of their stability, low cost, resistance
and ability to produce a variety of colours [1].
However, the azo group dyes pose a high risk to
health, as foxic and carcinogenic amines are
released by the chromophore’s cleavage during the
degradation reaction [2]. Acid red 18 (AR18) is an azo
dye classified as anionic with two main absorbance
bands in the visible region, located at the wavelength
of 507 nm and 330 nm, corresponding to the
chromophore containing azo linkage and aromatic
(naphthalene) rings, respectively.

Electrocoagulation (EC) is an electrochemical
process involving direct current and sacrificial anodes
to produce metal coagulants without the use of
chemical reagents. It is a potential technique for
freating textile industrial effluent because of its simple
design, ease of operatfion, and ability to effectively
remove a wide range of pollutants [3, 4, 5]. The EC
method depends on using electricity to produce
coagulants from the electrodes. These coagulants
help heavy particles settle in the water, while gas
bubbles formed during the process aid in floating
lighter constituents [6]. Thus, the EC method has the
potential fo  simultaneously remove  various

contaminants like dyes, COD, heavy metals and
suspended solids (TSS) from textile wastewater [7, 8, 9].

Electrode material selection is crucial because it
not only influences the efficiency of the EC process
but also plays a significant role in determining energy
consumpftion and operational expenses. The most
commonly used electrodes for the EC process are Al
aoand Fe electrodes. Several studies have
demonstrated the effectiveness of Al and Fe
electrodes used in freafing various types of dyes
pollutant via the EC process [3, 10]. Recently, more
research has highlighted the utilization of waste-based
materials as sacrificial electrodes in the EC process.
These materials include Fe anode scrap [11], food can
waste [12] and Al plate scrap [13], Al and Fe scrap
from industrial waste [14] and various types of metallic
wastes, including beverage cans, used Al foil, scrap
iron, and scrap mild steel [15]. Exploring waste
materials as electrodes aims to reduce the high
operational costs of regular electrode replacement in
the EC process.

In this work, a waste steel container (WSC) is used
as one of the sustainable alternatives to commercial
Fe electrodes in the electrocoagulation (EC) process.
In general, electrodes made of different Fe-based
materials represent different compositions of metal
elements and electrochemical behaviour that can
significantly affect the rate of electrode dissolution as
well as EC performance [16]. Bani-Melhem and Al-
Kilani (2023) compared the efficiency of iron and mild
steel electrodes in treating highly loaded grey water
[17]. Their findings indicated that mild steel electrodes
outperform iron electrodes in pollutant removal
efficiency and energy consumption, likely due to
differences in metal alloy composition or the physical
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properties of the electrodes. In the other study, Dura &
Breslin  (2019) also reported on comparing the
electrochemical behaviour of the Fe and stainless
steel electrodes used in the EC process to remove
Orange Il dye, In?* and phosphates simultaneously
from synthetic wastewater [18]. They reported that the
highest removal efficiencies of Orange Il dye, Zn?* and
phosphates were obtained by pure Fe electrode,
which has a more negative Ecor value and no passive
film formation. To date, no study has been reported on
the electrochemical behaviour of the WSC and its
comparison with the commercial Fe electrodes as well
as their EC performance for the removal of AR18 dye.

Thus, this research aimed to investigate the
electrochemical behaviour of the WSC and the
commercial Fe electrodes, which are commercial
mild steel (CMS) and commercial pure iron (CPI), using
potentiodynamic polarisation analysis via a three-
electrode electrochemical system. The batch EC
process at a constant current density of 25 mA/cm?,
initial AR18 dye concentration of 100 mg/L and pH of
6.8 was then conducted to investigate the correlation
of the electrochemical behaviour of the three
different Fe-based electrodes (WSC, CMS and CPI)
with EC performance for AR18 dye removal.

2.0 METHODOLOGY
2.1 Materials

Waste steel container (WSC), commercial mild steel
(CMS) and commercial pure iron (CPI) were chosen
as Fe-based electrodes for the decolourisation of
AR18 dye using the EC process. The waste steel
container (WSC), a food tfin packaging manufactured
by Mondelez Malaysia Sdn. Bhd., was collected from
student hostels at Universiti Sains Malaysia, as shown in
Figure 1 (a). Meanwhile, both commercial electrodes,
which are commercial mild steel (CMS) and
commercial pure iron (CPl), were obtained from
Neilement Engineering Resources & Services, Penang.
The elemental compositions of the WSC are Fe
(83.65%), C (9.98%), O (3.63%) and Sn (2.74%), which
was determined using Energy-dispersive X-ray (EDX)
analysis [19]. The CMS was categorized under a
mild/low carbon steel with a composition of Fe (98.81-
99.26% as remainder), C (0.14-0.20% max), Mn (0.60-
0.90% max), P (< 0.04% max) and S (0.05% max) [20].
Meanwhile, CPl was a pure iron with a composition of
99.9% Fe.

The dimensions of the commercial electrodes were
7cmxé6cmx0.1 cm (W xHxT), asillustrated in Figure
1 (b). The WSC was also cut intfo dimensions resembling
commercial electrodes but with a different thickness
of 0.03 cm (the original thickness of the WSC). They
were then pre-freated with SiC paper (P180) to
eliminate the decorative paint and chemical coatings
from both the outer and inner walls of the metal waste.
Meanwhile, the commercial electrodes were polished
by sanding both sides of the electrodes with the same

SiC paper, followed by rinsing with deionized water to
remove any confaminants and oxides layer to
activate the electrode's surface before being used in
each of the EC experiments.

10cm

7em
(a) (o)

Figure 1 (a) Waste steel container (WSC) used as iron-based
electrodes and (b) Dimensions of WSC electrode

2.2 Electrochemical Study for the Pre-treated Waste-
Based and Commercial Electrodes

The electrochemical experiments were conducted
using a compact electrochemical analyser
(PalmSens4, Netherlands) connected to a computer
with PSTrace 5.8 software. The schematic diagram of
the electrochemical set-up for the three-electrode
system is shown in Figure 2. The electrochemical
measurements were performed using 80 mL of 100
mg/L AR18 dye solution with 2 g/L NaCl, at room
temperature in a three-electrode standard corrosion
cell with a volume of 100 mL. The working electrodes
(WE), which were either pre-tfreated WSC, CMS or CPI,
were embedded in a Teflon holder with an exposed
area of 1.0 cm?2. A platinum electrode with a surface
area of 2.0 cm? served as the counter electrode (CE),
while o saturated calomel electrode (SCE)
(Ha/Hg2Cl/KCI) was positioned in a Luggin capillary
to function as the reference electrode (RE) (E = 0.241
V versus standard hydrogen electrode). The surface
area of the CE should be larger than the surface area
of the WE to ensure that the kinetics of the reaction
occurring at the CE did not inhibit those occurring at
the WE.

Software analysis

!

Electrochemical analyser

R S
K-
S

3-electrode corrosion cell ARIS dye solution

Figure 2 The schematic diagram of the electrochemical set-
up for the three-electrode system
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Before each of the analyses, the PalmSens instrument
was calibrated using a dummy cell to ensure the
reading was accurately recorded. Next, the open
circuit potential (OCP) was performed for 30 minutes
by monitoring the anode potential (V vs SCE) by time
to ensure the stabilisation of the electrode was
achieved before the potentiodynamic polarisation
analysis [21]. The polarisation curves were then
recorded, starting at -1.5 V vs. SCE up to 0.0 V SCE
using a scan rate of 5 mV/s. The experiments were
conducted a minimum of three fimes, and the
measurement that best represented the results was
chosen for plotting.

For large overpotentials, the Tafel equations for the
anodic and cathodic reactions are given by Equation
(1) and (2), respectively [22]. Accordingly, the Tafel
plot was obtained by plotting the logarithm of the
current density (log j) as a function of overpotential.
The classical Tafel analysis was performed by
extrapolating the anodic and cathodic Tafel lines. The
corrosion current density, denoted as jcor, Was
calculated by identifying the intersection point
between the cathodic slope and a line passing
through the corrosion potential, Ecor.

Anodic reaction, n = a + g, logj (1)
Cathodic reaction, n = a' + g log j (2)

Where n is overpotential, a is anodic constant

2.303 RT . Ve . 2.303 RT
(— o log ]O), a' is cathodic constant, ( (0 aInF log

jo), B, is anodic Tafel slope, B, is cathodic Tafel slope,

jis measured current density, a is fransfer coefficient, n
is number of electrons, Fis Faraday’s constant (96,485
C/mol), R is universal gas constant (8.314 J/K.mol) and
Tis temperature (K).

The optical images of the electrode surface were
recorded after polarisation experiments using a digital
optical microscope (HD Colour CMOS Sensor, High-
Speed DSP) with a magnification of 1600x and an
optimum resolution of 640 x 480. This microscope was
also equipped with digital measurement sofftware and
a calibration ruler.

2.3 Baich EC Process

Batch monopolar EC experiments were conducted in
arectangular EC cell reactor with a capacity of 1.1 L.
Two pieces of Fe-based electrodes were used as
electrodes and placed at the centre of the cell, with
a 0.5cm gap between electrodes. Each electrode
submerged in the solution had dimensions of 6 cm x 7
cm, providing a total effective surface area of 84 cm?2
for both sides of the anode. An 800 mL volume of the
AR18 dye solution was initially intfroduced into the
electrocoagulation (EC) cell. The electrodes were
connected to an external DC power supply using
crocodile wire clips to supply the required current to
the system, as shown in Figure 3.

Figure 3 The experimental setup of the EC cell

Throughout the EC process, a magnetic sfirer
(Topolino, IKA) was used fo ensure confinuous and
uniform mixing of the solution at a medium speed. All
experiments were conducted at a room temperature
of 25+1 °C. The pH of the samples was assessed using
a pH meter (Eutech pH2700, Thermo Scientific).
Treated AR18 dye samples were collected at various
fime intervals and passed through Whatman filter
paper before their concentrations were determined
using a double-beam UV-visible spectrophotometer
(UV-1800, Shimadzu, Japan) at the maoximum
wavelength, Amax oOf 507 nm. The dye removal
efficiency for each of the run is calculated using
Equation (3):

Co-Cy

Removal Efficiency, % = o, X 100% (3)

Where Cj is initial dye concentration (mg/L) and C; is
dye concentration at a time, t (mg/L).

Each of the EC experiments was performed twice
[23, 24, 25, 26] and the average dye removal
efficiency was calculated to ensure the precision and
consistency of the experimental data with variations
within +5% of standard deviation (SD). The SD value
was determined using Eqg. (4). The variations of the
experimental data are represented by the error bars
marked in the plofted graphs.

sD= L3, 0x - 02 (4)

Where x; is the dye removal efficiency (%), X is the
average of dye removal efficiency (%) and n is the
number of experimental data points.

The concentrations of Fe ions remaining in the
freated water were then analysed using an
inductively  coupled plasma-optical  emission
spectrometer (ICP-OES) (ICAP 7600, Thermo Scientific,
USA) using the APHA 3120 (B) standard method. The
ICP analysis was carried out at a nebulizing argon flow
of 0.50 L/min, a radio frequency generator power of
1,150W, a plasma gas flow rate of 12 L/min and an
auxiliary gas flow rate of 0.50 L/min.
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2.4 The Operational Cost

The operational cost is typically assessed by
considering the energy, electrode, and chemical
consumption utilized during the EC process. The
electrode consumption cost for WSC in this present
sfudy was neglected since the electrodes used
originated from waste material. However, the
electrode consumption of the commercial electrodes
was included in the overall operational cost. The
electrical energy consumption (EEC), electrode
consumption (ELC) and overall operating cost are
calculated using Equation (5), Equation (6) and
Equation (7), respectively [27]:

EEC, (kWh)_ VxIxt

m> /) 1000 x v (5)
Where V is applied voltage (V), lisrequired current (A),
tis time (h) and v is volume of dye solution (m?3).

ELC, (k_g) = _ IxtxM (6)

m3, zx Fxvx1000

Where | is required current (A), t is fime (h), M is
molecular mass of the Fe elecfrode (55.84 g/moal), z is
number of electrons transferred (Zre=2), F is Faraday
constant (96,485 C/mol) and v is volume of dye
solution (m3).

Operating cost, (RM/m?3)= a x EEC +b x CC +c x ELC
(7)

Where a is electricity price (RM/kWh), bis chemical
unit price (RM/kg). c is material price (RM/kg), EEC s
electrical energy consumption (kWh/m3), CCis
chemical consumption (kg/m3) and ELC is electrode
consumption (kg/m3).

Based on the rates and tariffs in Malaysia
throughout January 2021, the electrical cost was
RMO0.337/kWh as per the electricity rate for the
industrial application [28]. Meanwhile, the metal price
based on the London Metal Exchange for steel/Fe
materials was RM3.49/kg [29]. The price for NaCl
chemical was RM0.70/kg [30].

3.0 RESULTS AND DISCUSSION

3.1 Electrochemical Behaviour of Different Fe-Based
Electrodes

The electrochemical study, including corrosion and
passive behaviour, was compared between WSC,
CMS and CPI electrodes using potentiodynamic
polarisation analysis. The experimental runs for this
electrochemical study were carried outin a 100 mg/L
AR18 dye solution with 2 g/L NaCl as a supporting
electrolyte. The potentiodynamic polarisation curves
recorded for different Fe-based electrodes are
illustrated in Figure 4, and the Tafel data obtained
from the curve plots are tabulated in Table 1.

0 Logj (MA/cm2)
1 2 3

02 E

0.4
o046 | Passive WSC
9 Ecor region
¢ -08 r — CMS
Z
o Chr

-1.2

1.4t

-1.6

Figure 4 Effect of different Fe-based electrode materials on
potentiodynamic polarisation curve. (AR18 dye initial
concentration= 100 mg/L and NaCl = 2 g/L)

Table 1 Parameters obtained from the potentiodynamic
polarisation test by the Tafel extrapolating method for
different Fe-based electrodes

Parameters WSC CMS CPI
Ecor, (V) -0.954 -0.908 -0.947
jcorr, (uA/cm?) 61.14 58.20 59.02

The corrosion potential, Ecor of WSC was found fo
be more negative value with -0.954 V vs. SCE than CPI
and CMS electrodes with -0.947 V vs. SCE and -0.908 V
vs. SCE, respectively. As expected, the jeor value was
consistent with the Ecor in which the highest jeor value
was represented by WSC (61.14 pA/cm?) followed by
CPI (59.02 yA/cm?2) and CMS (58.20 uA/cm?) (Table 1).
The more negative Ecor and higher jcor for WSC
indicate that WSC is more prone to corrosion and
hence exhibits a higher dissolution rate of Fe ions
compared to CPl and CMS. The finding was in
agreement with the study reported by Dura & Breslin
(2019) [18] and Sarah et al. (2024) [16]. This was
attributed to the presence of a small amount of Sn
remaining on the WSC surface after the pre-
freatment, which resulted in galvanic corrosion [31].

Galvanic corrosion, also called bimetallic
corrosion, occurs when two dissimilar metals are
electrically connected in a conductive solution,
resulting in an electrical potential difference [32]. In
the case of WSC, the Sn on the WSC surface was more
stable than the underlying steel. This means that Sn is
less likely to corrode compared to the steel, leading to
preferential corrosion of the steel when both are in
electrical contact. This phenomenon caused WSC
metal to corrode faster at an anode, which was
corroborated by a more negative Ecor value than that
of commercial Fe electrodes. However, at the
potfential level higher than Ecor, an intense passive
region was remarkably more evident in WSC
electrodes than in commercial ones, as illustrated in
Figure 4. Thus, a slightly higher energy supply might be
required by the EC system with the WSC electrode.
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Meanwhile, a similar trend of active-passive transition,
often referred to as an ‘anodic nose”, was
demonstrated by both commercial electrodes of CMS
and CPI. This fransition was also reported for stainless
steel alloys, such as AlSI310 behaviourin 0.017 M NaCl
[22].

Furthermore, a pitting attack was evidenced, with
the distribution and size of the pits varying according
to the type of Fe materials used (Figure 5).

Figure 5 Optical microscope photos of the electrode surface
after the potentiodynamic polarisation test at a
magnification of 500 x for (a) WSC, (b) CMS and (c) CPI
electrodes

The pure iron electrode (CPl) revealed irregular
small-size pits that were dispersed all over the surface,
as can be seen in Figure 5 (c), which was in
agreement with a more negative Epit value of CPI.

Dura & Breslin (2019) reported similar findings, as pure
iron demonstrated little evidence of large pits with
uniform dissolution compared to stainless steel
electrodes [18]. Meanwhile, the regular pitting of smalll
size could be observed on the surface of WSC and
CMS in Figure 5 (a) and (b), respectively. The similar
type of pitting obtained on the surface of WSC and
CMS might be aftributed to the similar category of
mild steel materials.

3.2 Dye Removal Performance by Different Fe-Based
Electrodes

The effect of different Fe-based electrodes on the
AR18 dye removal efficiency was further examined to
correlate  their  surface  characteristics  and
electrochemical behaviour with the removal
performance via the EC process. Figure é displays the
AR18 dye removal efficiency with time using WSC,
CMS and CPI electrodes. The removal efficiency of
WSC (99.7%) was found to be slightly higher than that
of the commercial electrodes of CMS (98.7%) and CPI
(98.1%).

120
OwsC
= 100 | _
& BCMS FE
3 §7
c 80 r
o BCPl g
Dot P
O H
5 B
£ 40 | ;f;
o -k
& 20 e
0
0 1 3 5 7 10
Time (min)

Figure 6 Removal efficiency of AR18 dye versus time using
different Fe-based electrodes of WSC, CMS and CPI (Current
density=25 mA/cm?, initial dye concenfration =100mg/L,
pH=6.8 (original pH of dye), NaCl=2g/L and [ED=0.5cm)

However, it can be concluded that all Fe-based
electrodes performed an excellent removal efficiency
performance, indicating that the different purity,
composition and electrochemical behaviour of Fe
materials did not significantly influence the dye
removal process during the EC treatment. MUller et al.,
(2019) reported a similar observation, as the purity of
the Fe anodes (99% and 92% of Fe composition) used
in their work did not substantially influence the long-
term performance of the electrodes [33]. Their results
showed almost idenfical faradaic efficiency
behaviour, surface layer growth mineralogy and total
cell potential. Since electrode purity did not appear
to be a critical factor in the performance of the EC-Fe
system, this finding suggests that more affordable and
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readily accessible lower-purity electrode materials like
WSC could be employed without diminishing its long-
term efficiency.

Meanwhile, the remaining Fe ions concentration in
the freated water using different types of Fe-based
electrodes was also examined, and the findings are
shown in Table 2. All types of Fe-based electrodes
revealed that Fe ions were not detected in the freated
water after the EC process. This was due to the Fe ions
released from the anode being actively coagulated
with the pollutants during the EC process and
consequently removed through sedimentation or
floatation of flocs [34].

Table 2 The amount of Fe ions present in the treated water
and the permissible Fe ion limit specified in the Environmental
Quality (Industrial Effluent) Regulation 2009 [35]

Electrode Treated Standard A Standard B

material water [Fe3*] [Fe3]
[Fe3] (ppm) (ppm)
(ppm)

WSC *N.D<0.02

CMS *N.D<0.02 1.0 5.0

CPI *N.D<0.02

. N.D is not detected

Moreover, the energy consumption of the WSC
was found to be slightly higher but still comparable
with the CMS and CPI (Table 3), which was in
agreement with the passivation behaviour of the
WSC, as discussed previously. Meanwhile, the
consumption of the electrode for all the Fe-based
electrodes during the EC process was found to be
almost similar at a constant current density. The
operating costs for the EC process using WSC, CMS,
and CPI were found to be comparable, in the range
of RM2.36 to RM2.47/m3. Therefore, it could be
concluded that WSC was an efficient, low cost and
harmless electrode [36]. The WSC electrodes could
also be beneficially used as an alternative to the
commercial Fe-based electrodes in the EC process to
freat dye-containing wastewater.

Table 3 Performance of different Fe-based electrodes for
AR18 dye removal by EC process

Elecirode  Percentage Voltage Energy Electrode Operating
materials removal required Consumption  Consumption cost
(%) v) (kWh/m?) (kg/m3) (RM/m3)
WSC 99.7 6.5 2.84 0.046 2.36
CMS 98.7 5.5 2.46 0.047 2.39
CPI 98.1 6.0 2.69 0.047 2.47

4.0 CONCLUSION

In this study, WSC demonstrated an excellent potential
electrode as an alternative to the commercial ones
for the EC process. From the electrochemical
behaviour study, the corrosion potential (Ecor) of WSC
was found to be more negative (-0.954 V vs. SCE)

compared fo CPI (-0.947 V vs. SCE) and CMS (-0.908 V
vs. SCE), indicating a slightly higher Fe ion dissolution in
WSC electrodes. This aligns with its EC performance,
where WSC achieved a removal efficiency of 99.7%,
slightly higher than CMS (98.7%) and CPI (98.1%).
However, the application of WSC electrodes required
a slightly higher voltage to produce an equivalent
current density as the commercial electrodes. Thus, fo
reduce energy consumpfion, a parameter effects
study is required fo idenfify the opfimal operating
conditions for WSC electrodes in the removal of AR18
dye using the EC process.
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