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A B S T R A C T

The environmental industry has demonstrated an increasing interest in employing electrocoagulation (EC)
process to treat industrial wastewater/effluent for recycling/drinking purposes. An iron (Fe)/aluminum (Al)
plate-based batch recirculation electrocoagulation technology for wastewater treatment in the distillery industry
is discussed in this work. The impact of different operational parameters, including COD, wastewater pH, cur-
rent, inter-electrode spacing, combination of electrodes, recirculation flow rate, concentration of electrolytes,
and treatment duration on % color, % COD reduction efficiency, and energy consumption was examined. The
experimental outcomes demonstrated that, the color removal was 100 %, COD removal was 99.90 %, and energy
consumption was 7.73 kWh m−3 for COD of 3600 mg L−1, current of 0.56 Amp, combination of electrodes of Fe/
Fe, inter-electrode spacing of 1 cm, wastewater pH of 7, flow rate of 15 L h−1, concentration of electrolytes of
5 g L−1, and treatment time of 180 min, respectively. It was found that, a longer treatment period, higher
electrolyte concentrations and current, lower COD concentrations and recirculation flow rates, Fe/Fe electrode
pairings, a pH of 7, and a smaller inter-electrode spacing all contributed to increased % COD reduction effi-
ciency. The quantity of solid sludge formed were studied with the help of operational parameters, and the results
were reported. Under the optimized process conditions, the wastewater treated can be fully recovered as clean
water. As a consequence of this, the results of the experiments have shown that the batch recirculation elec-
trocoagulation process has the potential to be a more promising solution to the problem of eliminating con-
taminants from wastewater and industrial effluent.

1. Introduction

In recent years, electrocoagulation (EC) technologies has garnered
recognition as a water and wastewater treatment method that is both

effective and environmentally friendly, and it is able to remove a wide
variety of contaminants [1,2]. It has been suggested that EC is an ef-
ficient approach for the treatment of a variety of wastewaters, including
those from the dairy wastewater [3], slaughterhouse wastewater [4],
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metal-plating wastewater [5], municipal wastewater [6], reactive dye
bath wastewater [7], marble processing wastewater [8], heavy metal
wastewater [9], mining industry [10], etc. Most EC research has so far
been done in batch reactors that are small enough to operate in la-
boratories to wastewater treatment [11–13]. This is due to the ease
with which these reactors can be installed and operated. The benefits
and capabilities of coagulation, flotation, and adsorption, in addition to
electrochemistry, are included into the EC process [2,14,15]. As a
consequence of this, it provides a number of benefits that are not
available with the more traditional approaches to treatment, and it is
distinguished from other approaches by its eco-friendliness, simplicity
of operation, adaptability, compactness, and low chemical demand
[15,16].

The EC method, on the other hand, is plagued by excessive energy
and electrode consumption, in addition to electrode passivation [17].
Thus, the batch-electrocoagulation method showed worse outcomes in
terms of pollutant removal, performance with high energy consump-
tion, and operating costs, the process was denied [18]. To prevent the
drawback of the batch electrocoagulation process, it is possible to use
the batch recirculation electrocoagulation technique for the treatment
of industrial effluent and wastewater [1,18].

However, a batch reactor cannot successfully treat vast amounts of
wastewater in the same manner that a continuous flow reactor can
[19]. As a result, implementing a continuous flow electrocoagulation
reactor is a viable choice. Currently, continuous flow electrocoagula-
tion is utilized across the world in a range of industries to treat was-
tewater, including metal working wastewater [20], moquette industry
wastewater [21], removal of fluoride [22], removal of azo dyes [23],
removal of arsenic [24]. Changing the mode of operating is one of the
many ways that have been suggested to cope with passivation. Of these,
it has garnered the most attention. Over the last several years, there has
been an increasing interest in running EC with a process that utilizes
continuous flow[25]. During the last decades, there has been a sig-
nificant amount of study conducted in this area, and several research
papers have been published as a result [1,20,26–28].

In order to remediate wastewater from printing ink, Zampeta et al.
[1] assessed a continuous flow electrocoagulation reactor technology
and stated that it had the first research. Additionally, they discovered
that the chemical oxygen demand (COD), color, and total suspended
solids (TSS) removal rates were 82 %, 98 %, and 85 %, respectively,
under the optimal operating parameters of flow rate of 6 mL min−1 and
current density of 21 mA cm−2. In addition, they came to the conclu-
sion that using a continuous flow electrocoagulation reactor to treat
wastewater with high COD concentrations was successful and afford-
able.

Continuous electrocoagulation using iron electrodes to remove
textile dye from wastewater was shown to be a quite efficient treatment
method by Hendaoui et al. in 2021 [25]. They succeeded in doing so;
under optimum operating conditions, the color removal efficiency was
93.97 % at a cost of 0.0927 USD m−3. Furthermore, they claimed that a
continuous electrocoagulation technique could effectively be used on
an industrial scale to quickly and cheaply detoxify actual wastewater.
Kobya et al. [20] employed a continuous EC technique to treat waste-
water from a metalworking plant. In order to establish their efficiency,
operational factors were examined. Under optimum circumstances,
they acquired the highest total organic carbon (TOC), COD, and tur-
bidity removals via the EC process.

According to Abbasi et al., 2020 [29] used a continuous EC reactor
to treat effluent from the manufacturing of licorice. They achieved
elimination of COD of 91.50 %, color of 91 %, turbidity of 82 %, and
alkalinity of 73.3 % while operating at optimal conditions. Continuous
electrocoagulation (CEC) technique to remove COD, TS, turbidity, and
color from pulp and paper mill effluent was explored by S. Maheshab
et al. in 2016 [30]. Overall, they came to the conclusion that the CEC
process can be utilized to treat the pulp and paper effluent in con-
junction with other treatment processes after observing maximal COD

and color removal were about 82.2 % and 89.9 % throughout the
process. According to [31] Caizares et al., at the optimum conditions of
flow rate of 10.5 L h−1, oil content of 3000 mg L−1, supporting elec-
trolyte of 3000 mg L−1 NaCl, initial pH of 8.5, current density of 105 of
A m−2, and temperature of 25 °C, a continuous EC reactor removed 80
% COD from oil-water emulsions using Al electrodes.

Studies that have already been published have shown that the
continuous electrocoagulation method can reduce color, COD, TOC, TS,
and turbidity in wastewater [25,29]. From a practical and economic
standpoint, electrical energy consumption is an essential part of the
continuous electrocoagulation process in addition to removing con-
taminants from wastewater and industrial effluent. To the authors'
knowledge, no research article has been published specifically re-
garding the role of continuous batch recirculation electrocoagulation
process in reducing pollutant with consumed of electrical energy. With
this in mind, the purpose of our study is to attempt to fill in this gap. To
the best of the authors' knowledge, no research has been published on
the continuous batch recirculation EC process's ability to treat actual
distillery industrial wastewater. For the treatment of industrial waste-
water from distilleries, continuous batch recirculation EC process stu-
dies are crucial for applicability.

Therefore, the goal of the present research was to give a detailed
assessment of continuous batch recirculation electrocoagulation (BRE)
process for the removal of color and COD together with a calculation of
the electrical energy consumption from industrial effluent from dis-
tilleries. The effects of operational factors such as treatment time
(30–240 min), COD (1800–6000 mg L−1), wastewater pH (1−12),
current (0.11–0.65 Amp), inter-electrode spacing (1–4 cm), electrode
combinations (Fe/Fe, Fe/Al, Al/Fe, and Al/Al), recirculation flow rate
(15–90 L h−1), and concentration of electrolytes (1–7 g L−1) were in-
vestigated and reported.

2. Material and methods

2.1. Wastewater characterization

Distillery industrial wastewater, or DIW, was used in experiments; it
was collected from distilleries in Addis Ababa, Ethiopia. Wastewater
quality characteristics for the distillery's industrial effluent were mea-
sured, including color: dark brown, odor: burned sugar, pH: 4.2–4.4,
COD: 80,000–90,000 mg L−1, BOD: 7000–8000 mg L−1, TDS:
14.44 g L−1, and TDS: 5450–6650 mg L−1. In the investigations, che-
micals such as K2Cr2O7, (NH4)2Fe(SO4)20.6 H2O, H2SO4 and NaOH,
HCl, Ag2SO4, HgSO4, etc. were utilized. Each and every chemical was
bought from Merck in India, and it was utilized precisely as it had been
provided.

2.2. Experimental set-up

The batch recirculation electrocoagulation (BRE) process experi-
mental setup is depicted schematically in Fig. 1. With an entrance at the
bottom of one side and an exit at the top of the other, the electro-
coagulation reactor is built of acrylic sheet and has a 2.50 L capacity.
The 2.0 L is the wastewater's active working volume. The anode and
cathode used in the electrocoagulation process had inter-electrode
spacing that ranged from 1 to 4 cm. Electrical connections were made to
form an electrocoagulation cell with a constant current of 0.56 Amp
using a direct current (DC) power source (AMETEK Model: EC 1000 S;
0–5 A, 0–270 V, 50 Hz).

The magnetically powered self-priming centrifugal pump and a
5000mL reservoir were the other parts of the setup, and they were
linked via silicone rubber tubing. A total of 5000mL of wastewater with
the necessary beginning COD content and supporting electrolyte con-
centrations of 5 g L−1 were added to the reservoir. Prior to starting the
experiments, the original pH of the effluent was determined using a pH
meter (Elico: Model LI120) and adjusted with 0.1 NH2SO4 and 0.1 N
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NaOH solution to the proper value in the range of 1–12. Pumping and
regulating the valves allowed for the establishment of the necessary
flow rate through the reactor. Using a calibrated Rota meter, the ef-
fluent recirculation flow rate into the electrochemical reactor was ad-
justed to 15, 30, 45, 60, 75, and 90 L h−1. The performance of the
electrolytic cell was further investigated when the concentration of the
NaCl electrolyte varied from 1 g to 7 g L−1 at a fixed flow rate. For the
combinations of electrode (Fe/Fe, Fe/Al, Al/Fe, and Al/Al), electrodes
such as iron (Fe: grade MS 104) and aluminum (Al) plates were used,
and the dimensions were 10×13×0.1 cm. Effective electrode surface
area was 10×10×0.1 cm. A multimeter was used to measure the cell
voltage in order to calculate the amount of electricity used throughout
the needed treatment period. At regular intervals, samples were taken
out of the reactor and centrifuged (REMI, Model: R-24) for 30min at
15,000 rpm before being examined for COD and color removal. The
COD and color were measured using the closed reflux technique
(Spectroquant® TR 320) and UV/Vis-Spectrophotometer
(Spectroquant® Pharo 300).

2.3. Analysis

2.3.1. Efficiency of removal, (%)
The pollutant reduction efficacy (%) was determined using COD and

color of distillery industry effluent before and after the batch re-
circulation electrocoagulation process.

Eqs. (1–2) were used to compute the color and COD reduction ef-
ficiency.

= A A
A

Color removal, (%) *100i t

i (1)

Where, Ai and At represent the effluent from distilleries' absorbance
at a constant wavelength (λma) before and after treatment, respectively.

= C C
C

COD removal, (%) *100i t

i (2)

Where, Ci and Ct are, respectively, the COD (mg/L) values of the
distillery effluent before and after treatment.

2.3.2. Energy consumption
Electrical energy consumption is a crucial factor in the batch re-

circulation electrocoagulation (BRE) process that must be considered
from a practical and economic standpoint. Eq. (3) was used to calculate
this electrical energy usage [20–22].

= +Energy consumption VIt
V

C kWhr m,
R

pump
3

(3)

Where, V is the voltage of the cell (volts), I is the applied current
(amps), t is the BRE treatment time (hours), Cpump is the energy con-
sumed pump, and VR is the volume of wastewater utilized (L).

2.3.3. Solid sludge formed
Solid sludge formed was determined using the Eq. (4) and is defined

as the proportion of the mass of the sludge generated (mp) to the vo-
lume of the reactor (m3) and the treatment duration (hr)[32–35].

=Y
m
V t

kg m hr
*

,STY
p 3 1

(4)

3. Results and discussion

3.1. Operating parameters for the BRE process

In order to find the best parameter conditions for the BRE process to
remove the maximum percentage of COD with the least amount of
energy, process parameters including COD concentration, wastewater
pH, current, inter-electrode spacing, combination of electrodes, re-
circulation flow rate, concentration of electrolytes, and treatment time
were examined. Following is a discussion of how various operational
parameters affect the BRE process.

Fig. 1. The continuous batch recirculation electrocoagulation (CRE) process is shown in a schematic.
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3.1.1. Effect of treatment time
One of the most important factors in industrial wastewater treat-

ment employing batch recirculation EC methods is the effect of treat-
ment time [21,29]. Using a BRE process with COD of 3600mg L−1,
combination of electrodes of Fe/Fe, current of 0.56 Amp, inter-elec-
trode spacing of 1 cm, wastewater pH of 7, recirculation flow rate of
15 L h−1, concentration of electrolytes of 5 g L−1, and the results is
shown in Fig. 2, this study examined the effects of treatment time on
energy consumption and efficiency in reducing color and COD. The
figure shows that as treatment time has increased from 30 to 240min,
energy usage (1.15–11.3 kWhr−3) and the percentage color (32–100 %)
and COD (16–100 %) reduction have both increased. A consistent
quantity of electrode ions and associated oxidizing species are produced
as the treatment duration increases. As a result, the effectiveness of
removing color and COD rises as treatment duration increases. Because
of the increased production of hydroxyl radicals, there is an improve-
ment in both the color and the COD removal when there is an increase
in the energy consumption through cell voltage.

3.1.2. Effect of concentration electrolyte
In electrochemical wastewater treatment technology, the con-

centration of the electrolyte is a key factor that not only affects the
reaction result but also significantly affects the amount of electricity
used and the cost of operation [36,37] The addition of various sodium
chloride (NaCl) concentrations as a supporting electrolyte improves the
conductivity of wastewater [37].

+Cl Cl e2 2aq g( ) 2( ) (5)

+ + + +Cl H O HOCl Cl H2 2 (6)

+ +HOCl OCl H (7)

When employing a batch recirculation EC method, a NaCl con-
centration of between 1(2.036 mS/cm) and 7(6.936mS/cm) g L−1 was
utilized to raise the solution's conductivity (2.036–6.936mS/cm) in
order to save energy and increase the ability to remove COD from in-
dustrial wastewater. The results are given in Fig. 3. With an increase in
NaCl content from 1(2.036 mS/cm) to 5(3.60 mS/cm) g L−1, the energy
consumption reduced from 17 to 7.73 kWhr m−3 and the percentage of
COD elimination increased from 52.96 % to 100 %. By producing
oxychloride (OCl-) and chlorine gas, more Cl- ions may contribute to
this by acting as a stronger oxidizing agent [38]. The amount of pas-
sivation effect is reduced and the current efficiency is increased when
chloride ions scavenge oxygen in the electrode to generate OCl- ions
[39]. However, a further increase in NaCl concentration from 5(3.60
mS/cm) to 7(6.936 mS/cm) g L−1 marginally reduces COD removal
efficiency from 100 % to 96.64 %, whereas an increase in NaCl

concentration from 1 to 7 g L−1 significantly reduces energy con-
sumption from 17 to 6.19 kWhr m−3, respectively. Due to better con-
ductivity, this can be achieved by increasing the dose of the coagulant,
but at higher NaCl concentrations, insufficient Fe dissolution results in
unfavorable interactions between the coagulant and the particles. Using
NaCl as an electrolyte results in two processes that may be utilized to
treat wastewater: electrocoagulation with coagulant production and
electrochemical degradation as a result of indirect hypochlorine oxi-
dation. Furthermore, the treated DIW was tested for Cl- (25mg L−1)
and the findings revealed that the water is safe for both public and
environmental health.

3.1.3. Effect of recirculation flow rate
Fig. 4 shows that, the impact of recirculation flow rate on percen-

tage COD removal and energy consumption at fixed COD of
3600mg L−1, combination of electrodes of Fe/Fe, current of 0.56 Amp,
inter-electrode spacing of 1, wastewater pH of 7, concentration of
electrolytes of 5 g L−1, and treatment time of 180min, respectively. As
the recirculation flow rate is increased, the percentage of COD removal
declines. The COD elimination percentage fixed time at 180min of
operation has been observed to range from 99.38 % to 46.24 %, re-
spectively, when the recirculation flow rate is adjusted from 15 to
90 L h−1. Degradation of organic pollutants depends on their bulk
concentration. The rate of COD elimination increases noticeably at
lower flow rates [22]. This could be as a result of the process' enhanced
production of hydroxyl radicals. As recirculation flow rates rise, less
Fe2+ is transported from the bulk to the electrode surfaces [20]. This

Fig. 2. Effect of treatment time on (a) % color, % COD reduction efficiency, and
energy consumption by using BRE process (Experimental conditions: COD -
3600mg L−1; wastewater pH - 7; current - 0.56 Amp; inter-electrode spacing -
1 cm; combination of electrodes - Fe/Fe; recirculation flow rate - 15 L h−1;
concentration of electrolytes - 5 g L−1).

Fig. 3. Effect of concentration electrolyte on % COD reduction efficiency and
energy consumption by using BRE process (Experimental conditions: COD -
3600mg L−1; wastewater pH - 7; current - 0.56 Amp; inter-electrode spacing -
1 cm; combination of electrodes - Fe/Fe; recirculation flow rate - 15 L h-1 and
treatment time - 180min).

Fig. 4. Effect of recirculation flow rate on % COD reduction efficiency and
energy consumption by using BRE process (Experimental conditions: COD -
3600mg L−1; wastewater pH - 7; current - 0.56 Amp; inter-electrode spacing -
1 cm; combination of electrodes - Fe/Fe; concentration of electrolytes - 5 g L−1

and treatment time - 180min).
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would make it easier to produce Fe(OH) and dissolve Fe2+ to create
hydroxyl OH for reactions that aid in the greater elimination of COD. By
increasing the recirculation flow rate of the effluent recirculation from
15 to 90 L h−1, the energy consumption was significantly improved
from 7.73 to 15.3 kWhr m−3.

3.1.4. Effect of current
By performing the BRE process for industrial wastewater treatment

at various currents between 0.1125 and 0.65Amp, the impact of current
on energy usage and COD reduction efficiency was examined. The
findings, as shown in Fig. 5, revealed that an increase in current re-
sulted to a significant removal of COD. It was evident that during the
course of the 180min treatment, the removal efficiencies for COD was
increased from 26.08 % to 100 % for applied current from 0.1125 to
0.65 Amp, respectively. According to the findings, the current played a
significant role in boosting COD elimination during batch recirculation
EC treatment. Two factors, including an increase in current, may im-
prove COD removal: (1) The direct proportionality between the direct
current field and potential electrolysis was impacted by the higher
current, which meant that there was a greater formation of iron hy-
droxides; (2) the hydraulic condition in batch recirculation. The electric
field's direct impact on particle movement and response during the EC
treatment, including collisions between the coagulants that were pro-
duced and the bubbles that were created, might have an impact on the
elimination of COD [20,22,40,41].

Since the cell potential rises with increasing current, which is di-
rectly proportional to the electrical energy consumption, Fig. 5 in-
dicates that energy consumption increased from 0.63 to 10.3 kWhr m−3

with the increasing current from 0.1125 to 0.65 Amp. In order to pre-
vent the generation of heat, the evolution of extra O2 at a higher current
density, and accomplish maximal COD elimination with the lowest
amount of electric energy consumption, the current must be maintained
at an optimal level. Operation with the proper current not only in-
creases the effectiveness of COD removal but also reduces energy con-
sumption. The beginning of excess sludge generation in the reaction
system would rely on the reactor's circumstances, particularly the cur-
rent, and may be used to ascertain the best time to operate the reactor
in concern.

3.1.5. Effect of pH
According to earlier research, the batch recirculation EC process's

treatment effectiveness was impacted by the wastewater's starting pH
[41]. To examine the impact on energy use and COD reduction effi-
ciency utilizing a batch recirculation EC method, the starting pH of the
wastewater was changed from 1 to 11. The efficiency of COD reduction
and energy use are shown in Fig. 6(a) as functions of the pH of the

initial wastewater. With an increase in the starting pH of wastewater
from 1 to 7, the percentage COD reduction and energy consumption
were continuously increased from 32.80 % to 100 % and 3.5–7.73 kWhr
m−3, respectively. However, when the initial pH of the wastewater
increased from 7 to 12, the COD removal percentage and the energy
consumption reduced from 100 % to 81.52 % and 7.73–6.19 kWhr
m−3, respectively. The highest percentage of COD removal was seen at
a pH of 7 for the real wastewater. The majority of investigations dis-
covered that when wastewater had a pH that was more acidic or al-
kaline than neutral, removal effectiveness was reduced [41]. The reason
for the high percentage COD removal efficiency at neutral pH may be
due to the precipitation of their hydroxides at the cathode. When the
pH of wastewater changes to an acidic condition, ferrous iron (Fe2+) is
oxidized to ferric iron (Fe3+), which reduces the efficiency of COD
removal. The neutral and alkaline pH of wastewater seems to promote
complex polymerization and the oxidation of Fe2+ to Fe3+. In the end,
hydroxylated colloidal polymers and an insoluble precipitate of hy-
drated ferric oxide were produced, increasing the COD removal effi-
ciency by %.

The effect of pH on solid sludge formed for distillery wastewater was
examined using a batch recirculation EC technique; the results are
shown in Fig. 6. (b). The solid sludge formed increased from 34 to
75 kgm−3hr−1 with a rise in wastewater pH from 1 to 7, but decreased
from 75 to 53 kgm−3hr−1 with a further increase in pH from 7 to 12, as
can be seen in Fig. 6(b). The reason might be that the greatest COD
removal rate and the highest solid sludge formed were reported at the
starting pH of 7 for the wastewater and the lowest loading levels
[33–35].

3.1.6. Effect of COD concentration
With the remaining operating parameters held constant, such as

wastewater pH - 7, current - 0.56 Amp, inter-electrode spacing - 1 cm,

Fig. 5. Effect of current on % COD reduction efficiency and energy consump-
tion by using BRE process (Experimental conditions: COD - 3600mg L−1;
wastewater pH - 7; inter-electrode spacing - 1 cm; combination of electrodes -
Fe/Fe; recirculation flow rate - 15 L h−1; concentration of electrolytes - 5 g L−1

and treatment time - 180min).

Fig. 6. Effect of pH on (a) % COD reduction efficiency and energy consumption
and (b) Solid sludge formed by using BRE process (Experimental conditions:
COD - 3600mg L−1; current - 0.56 Amp; inter-electrode spacing - 1 cm; com-
bination of electrodes - Fe/Fe; recirculation flow rate - 15 L h−1; concentration
of electrolytes - 5 g L−1 and treatment time - 180min).
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combination of electrodes - Fe/Fe, flow rate - 15 L h−1, concentration of
electrolytes - 5 g L−1, and treatment time - 180min, five experiments
with COD concentrations of 1800, 3600, 4400, 5200, and
6000mg L−1of distillery wastewater solutions were conducted. Fig. 7
demonstrates that when COD content increased from 1800 to
6000mg L−1, energy consumption and COD elimination reduced from
9.21 to 4.17 kWhr m−3 and 100–53 %, respectively. This is due to the
fact that the electrode consistently created the same number of iron
hydroxide complexes under a particular operating environment, which
led to the production of the same amount of hydroxide radicals [42,43].
With rising COD concentrations in wastewater, the amount of hydroxyl
radicals needed to degrade all organic and inorganic compounds was
insufficient into H2O, CO2, and certain other organic ions [44]. It is
evident that, in contrast to higher COD concentrations, lower COD
concentrations had a high% COD removal efficiency under the given
experimental conditions.

3.1.7. Effect of inter-electrode spacing
In Fig. 8, a schematic representation of the outcomes of tests using

the batch recirculation EC approach is shown. The distance between the
anode and cathode ranged from 1 to 4 cm. When the distance between
the anode and cathode was extended, the percentage of COD removal
efficiency was decreased from 95.27 % to 66.40 %, while the energy
consumption increased from 7.73 to 18.3 kWhr m−3. When the distance
between the anode and the cathode was increased, electrical current
reduced, voltage and IR-drop increased [45,46]. Furthermore, less ion
interaction with hydroxide polymer and electrostatic attraction,

respectively, result in a reduction in the percentage of COD removal
and an increase in energy consumption of distillery effluent [47,48].
Therefore, the optimum value of the inter-electrode spacing between
the anode and cathode was chosen as 1 cm in order to achieve a higher
percentage of COD removal while using the least amount of energy
possible during the batch recirculation EC process.

3.1.8. Effect of combination electrode
Electrode material is a crucial design element since the electrode is

the electrocoagulation process' core aspect[49]. Iron (Fe) and alu-
minum (Al) electrodes are the most often utilized electrode materials in
the EC process because they are affordable, easily available, and have a
history of efficiency [50]. One of the most crucial elements in batch
recirculation EC treatment was the material of the combination elec-
trode[20]. Combination electrodes such as Fe/Fe (anode/cathode), Fe/
Al, Al/Fe, and Al/Al were evaluated in batch recirculation EC treatment
to achieve the optimum COD reduction performance, as shown in
Fig. 9. As shown in fig, batch recirculation EC - Fe/Fe had the maximum
COD removal efficiency at 180min (100 %), whereas Fe/Al, Al/Fe, and
Al/Al had respective removal efficiencies of 73.12 %, 78.16 %, and
59.68 %, respectively. Due to the higher adsorption capacity of hydrous
ferrous and iron hydroxides than aluminum hydroxides, batch re-
circulation EC treatment with a Fe anode produced the highest COD
removal performance [51]. Similar results were made by other authors,
who claimed that the generated iron hydroxides had outstanding ad-
sorption capacity and good removal efficacy when used in the EC
treatment of metal-containing wastewater [52]. Due to the metal hy-
droxides' ability to successfully adsorb the arsenate, Kumar et al., 2004
discovered that a Fe-based electrode had a considerably greater re-
moval efficiency for removing arsenate than an Al electrode [53]. Be-
cause it was more successful at eliminating COD, subsequent studies
employed batch recirculation EC treatment with Fe anode/cathode. In
addition, the treated DIW was tested for iron concentration
(1.50mg L−1) and found to be safe to public and environmental health.

4. Conclusion

As a potential solution for treating distillery industrial effluent, an
electrocoagulation process with continuous recirculation was tested
and assessed. It has been found, on the basis of the experimental in-
vestigations that were carried out, that batch recirculation electro-
coagulation (BRE) utilizing Fe electrodes is an effective and low-cost
solution for the treatment of distillery industrial effluent. The effec-
tiveness of the process as well as the influence of operating parameters
such as concentration of chemical oxygen demand (COD), pH of was-
tewater, current, inter-electrode spacing, combination of electrodes,

Fig. 7. Effect of COD on % COD reduction efficiency and energy consumption
by using BRE process (Experimental conditions: wastewater pH - 7; current -
0.56 Amp; inter-electrode spacing - 1 cm; combination of electrodes - Fe/Fe;
recirculation flow rate - 15 L h−1; concentration of electrolytes - 5 g L−1 and
treatment time - 180min).

Fig. 8. Effect of inter-electrode spacing on % COD reduction efficiency and
energy consumption by using BRE process (Experimental conditions: COD -
3600mg L−1; wastewater pH - 7; current - 0.56 Amp; combination of electrodes
- Fe/Fe; recirculation flow rate - 15 L h−1; concentration of electrolytes - 5 g L−1

and treatment time - 180min).

Fig. 9. Effect of combination electrode on % COD reduction efficiency and
energy consumption by using BRE process (Experimental conditions: COD -
3600mg L−1; wastewater pH - 7; current - 0.56 Amp; inter-electrode spacing -
1 cm; recirculation flow rate - 15 L h−1; concentration of electrolytes - 5 g L−1

and treatment time - 180min).
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recirculation flow rate, concentration of electrolytes, and treatment
time of distillery industrial wastewater have been investigated. It has
been noticed that both the percentage of color and COD that was re-
moved and the amount of energy used dramatically increased when the
treatment time was raised to 240min and the current was increased to
0.56 Amps. When the starting pH of the effluent is neutral, it may be
possible to accomplish more pollutant removal while maintaining the
needed level of energy consumption. The percentage of COD removal
decreased from 100 % to 53 % when the COD concentration increased
from 1800 to 6000 ppm. Additionally, the Fe/Fe electrode combination
with a minimum inter-electrode distance between the anode and
cathode of 1 cm had high color and COD removal. This combination
had high pollutant removal. The quantity of solid sludge formed were
evaluated and reported, also it is totally recover the treated wastewater
as clean water under the optimal process conditions. In conclusion, the
batch recirculation electrocoagulation technique is a productive and
cost-effective way to treat industrial effluent and wastewater.
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