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Abstract

Background: Nowadays there is a problem related to wastewater handling which is released from
different activities. Electrocoagulation has been a dominant treatment method for wastewater treatment.
There are different forms of electrocoagulation methods for wastewater treatment. Nevertheless, there
was no comparison made for the removal efficiency of the sono-alternate current (SAC), alternate
current (AC), sono-direct current (SDC), and direct current (DC) electrocoagulation process.
Methods: The efficiency of electrocoagulation method was compared for removal of color and turbidity
from Jimma University domestic wastewater. Batch reactor DC/AC electrocoagulation cell was used to
determine the removal efficiency. During the comparison, the response surface methodology (RSM)
was used to analyze and optimize the data taken from the laboratory. In addition, ANOVA was used to
analyze the interaction effects of different parameters.

Results: The removal of color and turbidity from domestic wastewater was about 97.53% and 95.28%
respectively, using direct current electrocoagulation (DCE). For alternate current electrocoagulation
(ACE), the removal of color and turbidity was 98.35% and 96.12%, respectively. The removal of color
and turbidity for sono-DCE (SDCE) was obtained to be 98.55% and 98.27%, respectively and for sono-
ACE (SACE), the removal of color and turbidity was 99.95% and 99.76%, respectively at the optimum
experimental conditions of chemical oxygen demand (COD) 960 g/L, initial wastewater pH of 6.8, the
current density of 0.4 A/dm?, inter-terminal spacing of 1 cm, and the association of electrode of Al-Al
Conclusion: According to the findings of this study, it can be concluded that, the SAC electrocoagulation
method is the best and promising technique compared with all other electrocoagulation methods.
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Introduction

Domestic wastewater outlets are considered as one of the
sources of pollution (1). Domestic wastewater is a dark
burnished color liquid with high concern with chemical
oxygen demand (COD) and biochemical oxygen demand
(BOD) due to a large number of natural substances like
proteins, polyphenols, organic acids, and polysaccharides
(2). Untreated wastewater from domestic wastewater
can bring about high soil and water pollution (3, 4).
However, the discharge of domestic wastewater can lead
to pollution for both surface and groundwater (5). The
increased concentrations of these contaminants pose a
serious threat to vegetable life, fauna, the atmosphere, and
human beings (6, 7). There has been an increasing interest

in the current time in the treatment of toxins from water,
soil, and air (8, 9). Electrocoagulation is a promising
wastewater treatment method based on the cathode and
anode separation technique (10, 11). Chemical methodical
study of parts of material world methodologies happens
inefficiently, requires heavy use of chemicals, and produces
large amounts of mud (12). The drawback of biological
processing method is, it requires a large dilution which
favors a slow and long process for the treatment (13).
Therefore, powerful and efficient wastewater treatment
is a primary approach to increase the biodegradability
of contaminants, or as a more complex type of treatment
to defeat COD or to minimize COD (14). It is influential
to use technology and to bring successful conclusions
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with high performance and low supply drawn upon
consumption (15, 16). Unending mechanical cleaning
results and formation of sound cavitation bubbles near
the conductor surface, makes quick waves which are the
second stage in combination with electrocoagulation to
clean the conductors (17).

Electrocoagulation offers great potential for removing
ionic species capable of disintegration, a very influential
metal, from wastewater (18-21). Electrocoagulation is an
electrochemical process in which soluble iron (Fe) and/or
container (Al) is secondhand as the anode and/or cathode,
and metal ions (Fe** or Fe**, AI**) are free due to anodic
decay. In the overall response, the M(OH)n formed is used
as a coagulant for the system. This may be the minimum
hydroxide or iron hydroxide, contingent upon the
electrodes used. Ultrasound is transmitted to the material
by waves that compress and decompress the smallest part.
Cavitation bubbles are developing in the mind or physically
when the negative pressure is big enough to disturb the
distance between liquid smallest part (22). The collapse
of these bubbles can produce very high coldness of some
degree and pressures, and these conditions can demolish
the water molecules in the cavitation bubbles. Therefore,
the gap by ultrasonic rot of water molecules produces
sensitive percent radicals of OH. It exists as a non-selective
oxidizer for the organic contaminants in wastewater (23).
The unification of the sono-alternate current (SAC) and
sono-direct current (SDC) electrocoagulation processes
helps to optimize the removal efficiency of dependent
limit by combining electrocoagulation and ultrasound
utilizing the alternate current (AC)/direct current (DC)
method. The effects of SAC/SDC, current mass, pulse
event, electrode organization, and electrolysis duration
on COD the act of moving efficiency exist investigated
utilizing Al-Al electrodes and simulated wastewater. This
study reported the findings in relation with other similar
studies of direct and alternative electrocoagulation,
integrated electrocoagulation, and quick methods. The
discharging of liquid waste product to the water body
made high concentration of material body and toxic COD
shock. Thus the cytotoxic chemicals found in waste water
need appropriate treatment before discharging to the water
body. A correct treatment technology that is well tested and
applied is needed to discharge this waste product to water
bodies. Otherwise, it will affect the setting and human life
(24). Sono-electrocoagulation is becoming a promising
wastewater treatment technology- appearing with a
substantial reduction of chemical cost and a significant
reduction of sludge production. Sono-electrocoagulation
has a high application potential, principally derived from
the high reactivity and low property of the hydroxyl
group radicals. DC and AC electrocoagulation treatment
technology have been distinctly studied and their
corresponding treatment efficiency and limitations are
well-identified under different settings.

The following equations show the mechanism of the

electrocoagulation process by the aluminum electrode:

Anodic reaction: Al(s)eAl+3(aq)+3e’ (1)
Cathodic reaction: 3"+ 3H,0 > H2<g) + ZOH'(aq) (2)
Chemical reaction that takes place in the aqueous medium:
Al®(aq) + OH (aq) > Al(OH)W (3)

+3H*(aq) (4)

Overall reaction: A1*3(aq)+3HZO 9A1(OH)3(S)

Based on the literature review, most of the previous
studies focused on the efficiency of the electrocoagulation
process for removal of pollutants from the contaminated
water and wastewater separately. This study aimed to
compare and find the best highly effective and less power
usage electrocoagulation process in removing turbidity
and color from the domestic wastewater to reduce the
risks of these pollutants on human and environmental
health.

Materials and Methods

Materials and chemicals used

The materials used in this study were batch reactor (DC/AC
electrocoagulation cell), DC/AC power supply, ultrasonic,
parallel electrode (Iron and Aluminum), magnetic stirrer,
copper wires, magnetic bar stirrer, electrical clips, locally
available chip woods (holding electrodes), turbidometry,
kits, spectrophotometry, and wash bottle. The chemicals
used were potassium dichromate, sulfuric acid, ferrous
ammonium sulfate, silver sulfate, mercury sulfate, ferroin
indicator, and organic free distilled water.

Sample collection and preservation method

Samples were taken from the Jimma University cafeteria
at the University’s shared wastewater treatment plant
in southwestern Ethiopia. Samples were collected in
polyethylene containers, transported to the laboratory in
1 hour, and protected at 4°C during the experiment.

Experimental set-up

Figures 1 and 2 show the process layout of Sono direct
electro coagulation (SDCE) and Sono alternative
electro coagulation (SACE) used for the color and
turbidity removal efficiency from domestic wastewater,
respectively. The electrochemical reactor capacity of
2.25 L of an acrylic object that reflects an image capacity
was used for the effective active capacity of wastewater
established at capacity of 1.0 L. The required color and
turbidity concentration of wastewater established by the
accumulation of distilled water to the raw make pure
effluent utilizing a dilution factor. The beginning pH
value of the wastewater was measured with a pH beat
(Elico: model LI120) and changed to the equivalent value
in the range 1-11 accompanying 0.1 NH,SO, and 0.1 N
NaOH solutions before the start of the test. The electrode
association Al/Al) plates were used as anodes and/
or cathodes with dimensions of 13 cm x 6 cm X 1 cm,
respectively, acceptable length, breadth, and thickness.
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Figure 1. Color removal efficiency versus different factors (pH), (current), and (time), using Al-Al electrode.
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Figure 2. Turbidity removal efficiency versus different factors (pH), (Current), and (time), using Al-Al electrode.

The effective terminal surface area was 10 cm x 10 cm X
0.1 cm. There was a 2-cm gap between the below of the
electrode and below of the electrochemical cell reactor to
admit proper agitation (Figure 3). The terminal distance
between the anode and cathode was transformed by
2 cm. Before starting each experiment, the electrodes
were laundered with 15% HCI and water purified by
distillation or demineralization. The anode and cathode
were connected to the sono direct and AC capacity packs

(0-5 A, 0-270 V) in a unipolar parallel boundary. Samples
were removed from the electrical device at regular
opportunity intervals and centrifuged at 15000 rpm for 15
minutes (REMI, model: R24) for the removal of color and
turbidity. The results were obtained from samples taken
and run in the laboratory-based on various parameters.
Eighty experiments were conducted and each experiment
contains twenty running.
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Figure 3. Real setup of sono-electrocoagulation process.

Response surface methodology (Design Expertl1)
Response surface methodology (RSM) established as
a mathematical-mathematical method is useful for
optimizing concerned with atom and molecule change
reactions and related to manufacturing processes and is
often secondhand in the design of experiments (25, 26).
RSM is a special set of mathematical and mathematical
methods, containing the design of experiments, model
fitting and validation, and state optimization. The purpose
of the RSM (Design Expertll) searches is to optimize
the reaction of objects affected by a large number of
variables. RSM (Design Expert11) is a beneficial statistical
system for optimizing chemical reactions and related to
manufacturing processes and is frequently used in the
design of experiments. RSM is the ultimate common
addition method and is secondhand in many areas,
including the study of chemical and biochemical processes
(27-29). This method is used to fit practical models to
experimental data (30-33). The RSM process applied
in a group of statistical data concerning manipulation
of numbers according to its methodology. It is used to
expand and optimize processes in which affected by
several variables (34-37). RSM is an effective technique
accompanying important use in experimental design, new
results or goods created development, and design, and
addition of existing product and process design (38, 39).
Besides RSM define the impact of key determinants alone
or together with related processes.

Analysis

Removal efficiency of color and turbidity

The removal efficiency (%) was measured based on the
color and turbidity of domestic effluent before and after
the integrated SDCE and SACE process.

Equations (5) and (6) were used to determine the
percentage of color and percentage of turbidity removal
efficiency.

Color reoval (%) = %*IOO (5)
Where:
A, - is initial absorbance and,

A, —is absorbance after treatment.

Turbidity removal (%) = M*loo (6)
Where: &

T -is initial turbidity and,

T- is turbidity after treatment (in NTU)

Results

Wastewater characterization

The effluent was obtained from the institutional domestic
wastewater located in Oromia, Jimma University. The
water quality parameters such as color - (dark brown),
odor - (burnt sugar), COD - (960 mg/L), and wastewater
pH - (6.8) were analyzed for the institutional effluent as
shown in Table 1.

Removal efficiency of color and turbidity

The removal efficiency (%) was measured based on the
color and turbidity of domestic effluent before and after
the integrated SDCE and SACE process. In Table 2, factors
like pH, electric current, and reaction time were considered
with different ranges. Similarly, the removal efficiency for
color and turbidity was determined. Hence, using Al-Al
electrode consumption by DC electro coagulation the
removal efficiency of color and turbidity was up to 97.53%
and 95.28%, respectively.

In Table 3, factors like pH, electric current, and reaction
time were considered with different ranges just like that
of Table 2. Similarly, the removal efficiency of color
and turbidity was determined by considering all those
factors. Hence, using AC electrocoagulation, the removal
efficiency of color and turbidity was up to 98.35% and
96.12%, respectively.

In Table 4, factors like pH, electric current, and reaction
time were considered with different ranges just like that
of Table 3. Similarly, the removal efficiency of color
and turbidity was determined by considering all those
factors. Hence, using SDC electrocoagulation the removal
efficiency of color and turbidity was up to 98.55% and
98.27%, respectively.

In Table 5, factors like pH, electric current, and reaction
time were considered with different ranges. Similarly, the
removal efficiency of color and turbidity was determined
by considering all those factors. Hence, using SAC
electrocoagulation the removal efficiency of color and
turbidity was up to 99.95% and 99.76%, respectively.
Furthermore, the removal efficiency of color and turbidity

Table 1. Characteristics of domestic wastewater before treatment

Parameters Quantity Unit
pH 6.8 -
Color 3 -
Turbidity 116 NTU
COD 960 mg/L
BOD 384 mg/L
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Table 2. Input data and removal percentage by DC electrocoagulation

Factor1 Factor 2 Factor 3 Response 1 Response 2
Run A: pH B: Current (A) C: Time (min) Color removal efficiency (%) Turbidity removal efficiency (%)
1 7 0.4 60 92.56 91.23
2 5 0.4 40 94.93 92.72
3 9 0.5 50 91.03 89.59
4 3 0.5 50 97.53 95.28
5 9 0.4 40 88.93 88.84
6 5 0.4 40 95.25 92.56
7 7 0.4 40 91.34 90.12
8 9 0.5 30 86.32 88.73
9 3 0.5 30 96.83 95.32
10 5 0.4 40 95.15 92.50
11 3 0.3 30 94.66 94.23
12 7 0.4 20 85.43 89.73
13 5 0.2 40 91.69 90.57
14 7 0.4 40 91.36 90.23
15 9 0.3 30 83.45 87.53
16 7 0.4 40 91.55 90.53
17 3 0.3 50 95.26 94.56
18 9 0.4 40 88.16 88.96
19 5 0.5 50 95.78 92.81
20 3 0.3 40 94.83 94.29

Table 3. Input data and removal percentage by AC electrocoagulation

Factor 1 Factor 2 Factor 3 Response 1 Response 2
Run A: pH B: Current (A) C: Time (min) Color removal efficiency (%) Turbidity removal efficiency (%)
1 7 0.4 60 93.96 92.51
2 5 0.4 40 95.93 93.72
3 9 0.5 50 92.54 90.15
4 3 0.5 50 98.35 96.12
5 9 0.4 40 89.65 89.84
6 5 0.3 30 94.65 93.56
7 7 0.4 40 92.55 91.13
8 9 0.5 30 90.58 89.75
9 3 0.5 30 96.25 96.17
10 5 0.4 40 95.94 93.50
11 3 0.3 30 95.68 95.25
12 7 0.4 20 89.35 91.28
13 5 0.2 40 92.58 89.19
14 7 0.4 40 92.68 91.82
15 9 0.3 30 87.54 89.32
16 7 0.4 40 92.38 91.54
17 3 0.3 50 96.23 94.95
18 9 0.4 40 90.56 89.90
19 5 0.5 50 96.95 93.81
20 3 0.3 40 95.68 94.18
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Table 4. Input data and removal percentage by SDC electrocoagulation

Factor 1 Factor 2 Factor 3 Response 1 Response 2
Run A: pH B: Current (A) C: Time (min) Color removal efficiency (%) Turbidity removal efficiency (%)
1 7 0.4 60 94.83 93.6
2 5 0.4 40 97.19 95.23
3 9 0.5 50 92.59 91.59
4 3 0.5 50 98.55 98.27
5 9 0.4 40 93.25 90.59
6 5 0.4 40 96.94 92.55
7 7 0.4 40 94.96 92.17
8 9 0.5 30 91.57 90.53
9 3 0.5 30 97.39 96.83
10 5 0.4 40 96.82 92.62
11 3 0.3 30 95.85 95.63
12 7 0.4 20 92.45 91.73
13 5 0.2 40 91.45 91.93
14 7 0.4 40 94.93 92.18
15 9 0.3 30 90.78 89.87
16 7 0.4 40 94.88 92.16
17 3 0.3 50 97.46 95.29
18 9 0.4 40 92.87 91.22
19 5 0.5 50 96.89 94.56
20 3 0.3 40 96.91 95.26

Table 5. Input data and removal percentage by SAC electrocoagulation

Factor 1 Factor 2 Factor 3 Response 1 Response 2

Run A: pH B: Current (A) C: Time (min) Color removal efficiency (%) Turbidity removal efficiency (%)
1 7 0.4 60 94.40 94.26
2 5 04 40 97.17 96.55
3 9 0.5 50 93.35 91.83
4 3 0.5 50 99.95 99.76
5 9 0.4 40 92.25 91.02
6 5 0.4 40 97.17 96.53
7 7 0.4 40 93.22 93.76
8 9 0.5 30 92.09 91.35
9 3 0.5 30 97.91 97.94
10 5 0.4 40 97.16 96.46
1 3 0.3 30 96.59 95.83
12 7 0.4 20 92.90 91.94
13 5 0.2 40 96.33 94.45
14 7 0.4 40 94.57 93.65
15 9 0.3 30 90.81 90.14
16 7 04 40 93.83 93.75
17 3 0.3 50 97.88 97.52
18 9 0.4 40 91.92 91.81
19 5 0.5 50 98.65 96.73
20 3 0.3 40 97.76 96.31
182 | Environmental Health Engineering and Management Journal 2022, 9(2), 177-188
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is clearly explained in Figures 1 and 2 concerning different
factors.

As shown in Figures 1 and 2, SACE showed higher color
and turbidity removal among the three factors of pH,
current, and time. Hence, using SAC electrocoagulation,
the removal efficiency of color and turbidity was up to
99.95% and 99.76%, respectively. Figure 1 shows color
removal efficiency versus three factors using Al-Al
electrode. Figure 2 shows turbidity removal efficiency
versus three factors using Al-Al electrode.

Laboratory results of SACE/SDCE by aluminum
electrode

During the electrocoagulation system, several processes
take place whatever types of electrodes are used up.
Especially, the formation of flocs on the upper part of the
electrocoagulation cell due to the formation of hydrogen
gas and the formation of a small quantity of sludge at the
bottom of the electrocoagulation cell. The treatment with
SAC and AC shows clear water compared with before
treatment and DC treatment as shown in Figure S1.

Discussion

All tests were performed in the laboratory at range
temperature. A batch electrical device was also tested
and a 1-liter wastewater sample was filled in a beaker
for electrode consolidation. This Electrocoagulation
process uses aluminum electrodes weighing 30.70 g and
with dimensions of 13 cm x 6 cm x 1 cm thickness. The
policeman wire is affiliated to a DC/AC power source and
at one end is connected to the electrode by an energetic
clip. The current was therefore supplied and the results
were acted under various influence limits.

Al-Al electrode combination

In this experiment, two aluminum electrodes were
combined parallel by considering different determinants
according to the study of Sanchez et al (40), to evaluate
the removal efficiency of color and turbidity individually.

Effect of SAC/SDC electrocoagulation

Usually DC happens using an electrocoagulation process.
In this case, an impermeable group of chemical elements
layer makes possibility of formation on the cathode
as well as disintegration formation in contact with the
anode due to burning. These process prevents the active
current transport between the anode and cathode, so the
effectiveness of electrocoagulation processes declines
(41). These disadvantages of DC have been overcome
by adopting change AC in the electrocoagulation
processes (42).

In Table 2, determinants like pH, electric current, and
reaction opportunity were measured with different ranges.
Similarly, the removal efficiency of color and turbidity was
determined. Hence, using Al-Al terminal consumption
by DC electrocoagulation the removal efficiency of color

and turbidity was up to 97.5% and 95.281%, respectively.
In Table 3, determinants like pH, electric current, and
backlash time are shown with various ranges just like
those of Table 2. Similarly, the removal efficiency of
color and turbidity was determined by considering all
these determinants. Hence, using AC electrocoagulation,
the removal efficiency of color and turbidity was up to
98.352% and 96.12%, respectively. In Table 4, factors like
pH, electric current, and reaction time were considered
with different ranges just like those of Table 3. Similarly,
the removal efficiency of color and turbidity was
determined by considering all those factors. Hence, using
SDC electrocoagulation the removal efficiency of color
and turbidity was up to 98.55% and 98.27%, respectively.

In Table 5, factors like pH, electric current, and reaction
time were considered with different ranges. Similarly, the
removal efficiency of color and turbidity was determined
by considering all those factors. Hence, using SAC
electrocoagulation, the removal efficiency of color and
turbidity was up to 99.952% and 99.76%,respectively.
Furthermore, the removal efficiency of color and turbidity
is clearly explained in Figures 1 and 2 concerning different
factors.

Factors affecting Sono-Electro coagulation
Electrocoagulation is the process of applying energetic
current for the treatment of wastewater using some
coagulant. However, the treatment of wastewater by
electrocoagulation process may be done by considering
various factors. In this paper, pH, current density, and
reaction time were considered as factors affecting the
treatment of wastewater from Jimma University.

pH
Initial pH (pH,) exhibits a significant impact on the
(SDC and SAC) electrocoagulation process. There
are different allowable concentrations of hydroxyl
radicals and different forms of aluminum hydroxide
complexes under the condition of various solution pH
values. Under the acidic conditions (pH<5), the most
favorable species are AI(OH),*, AI(OH)*, and Al(OH)*,
which easily react with H,O, to produce OH (43). The
maximum concentration of AlI** is observed at solution
pH 3 and more OH is generated through the reaction
of HO, In this experiment, the sample regulated
solution pH using sulfuric acid solution and sodium
hydroxide to pH 3-9. This range will give the data about
how acidic pH, neutral pH, and bases pH will affect the
electrocoagulation efficiency in the removal of COD, color,
and turbidity by DC, AC, SDC, and SAC, respectively (44,
45). For all pH, color and turbidity are decreased; but
the maxim removal was recorded at pH 3 (97.53%) and
(95.28%), respectively, by DC electrocoagulation. For AC,
the maximum removal efficiency of color and turbidity
was obtained to be (98.35%) and (96.12%), respectively at
pH 3. At pH 3, the maximum removal efficiency of color
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and turbidity by SDC was obtained to be (98.55%) and
(98.27%), respectively by SDC and the maximum removal
efficiency of color and turbidity by SAC was obtained to
be (99.95%) and (99.76%), respectively.

Current

It refers to the amount of electric current in Ampere
that is used to wastewater employed or rented during
the electrocoagulation process. By changing the value
of energetic current applied to the sample with various
parameters, the removal efficiency also changes. By
increasing the current in Ampere, the removal efficiency
of pollutants also increases. Higher removal efficiency
of pollutants is obtained while gradual decrement of the
electric current was used. By increasing current density
from 0.2 A to 0.5A, the removal efficiency also increases
(46). This is due to the large number of ions produced on
the electrode’s which is advanced destabilization of the
pollutant.

Reaction time

The reaction period is also another determinant that
affects the electrocoagulation process. It is the time
necessary to complete the reaction process of a sample
taken by electrocoagulation. According to this activity, the
response time is an individual hour in which the removal
efficiency is checked at various time intervals utilizing
the initial value as a baseline. In this study, the testing
room result shows that one hour of backlash time is
somewhat enough to remove the contaminant. Increasing
the reaction time increases the removal efficiency of
contaminants from wastewater (21, 47-49).

Optimization with RSM (Design Expert 11)

RSM is a concerning manipulation of numbers-
mathematical procedure useful for optimizing concerned
with atom and molecule change response and related
to manufacturing processes and is used frequently
as a second-hand fashionable method in the design
of experiments (49, 50). One of the main advantages
of RSM by central composite design is to obtain the
optimum conditions for removal of pollutants based on
the laboratory experiments. The results were optimized
using the regression equation of RSM (Design Expert
11) based on the central composite design. In the
optimization, factors like pH (A), current (B), and time
(C) were selected and the responses such as color, and
turbidity removal efficiency were optimized. For DCE, the
optimum value was obtained at pH 3, current of 0.5A, and
time 50minute, so that the optimum value of color and
turbidity was 97.53% and 95.28%, respectively. Similarly
for alternative current electrocoagulation, the optimum
value was obtained at pH 3, current 0.5A, time 50 such
that the optimum value of color and turbidity was 98.35%
and 96.12% respectively. For SDCE, the optimum value
was obtained at pH 3, current 0.5A, and time 50 minutes

such that the optimum value of color and turbidity was
98.55% and 98.27% respectively. Similarly, for SACE, the
optimum value was obtained at pH 3, current of 0.5A,
time of 50 minutes so that the optimum value of color
and turbidity was 99.95% and 99.76%, respectively. The
ANOVA analysis is presented for all electrocoagulation
methods from Table S1 to Table S8.

According to Table S1, the model is significant. It means
that all P-values less than 0.0500 indicate the model terms
are significant. In this case, A, B, C, AC, A? and C? are
significant model terms. The quadratic model regression
equation for color removal is obtained by RSM (Design
Expert 11) according to Eq.7.

Color Removal (%) = 91.7706 -3.1747A + 1.24384B +
1.76354 C + 0.0161826 AB + 0.762029 AC -0.0574674BC
-0.328139 A% -0.168592B° -0.701383 C* (7)

According to Table S2, the model is significant. It means
that all P-values less than 0.0500 indicate the model terms
are significant. In this case, A, B, C, AC, A? and B? are
significant model terms. The quadratic model regression
equation for turbidity removal is obtained by RSM (Design
Expert 11) according to Eq. 8.

Turbidity Removal (%) =90.4002 -1.82076 A + 0.495112 B
+ 0.367234C + 0.0588338AB+ 0.10836AC -0.035158BC +
0.244952A% -0.265446B% + 0.0140078C* (8)

The comparison between the experimental and
predicted value from the model is expressed in Table S3.
It was observed that the model predictions matched the
experimental values and the data points lay close to the
diagonal line indicated above. This indicates that the
analysis of variance of the regression model was highly
significant (P<0.0001). According to Table S3, the model
is significant. It means that all P values less than 0.0500
indicate the model terms are significant. In this case, A, B,
and C are significant model terms. The quadratic model
regression equation for turbidity removal is obtained by
RSM (Design Expert 11) according to Eq. 9.

Color Removal (%) = 93.0331-2.63278A + 1.35219B +
0.879572C + 0.335682 AB + 0.121849 AC + 0.424108 BC-
0.306784 A’-0.131826 B>-0.298931C* 9)

According to Table S4, the model is significant. It means
that all P-values less than 0.0500 indicate the model terms
are significant. In this case, A, B, A% and B? are significant
model terms. The quadratic model regression equation
for turbidity removal is obtained by RSM (Design Expert
11) according to Eq. 10.

Turbidity Removal (%) = 91.5619-1.77523 A + 0.457193 B
+ 0.111264 C-0.0889244AB + 0.1061AC + 0.235679 BC +
0.261887 A?-0.765569 B + 0.143006 C* (10)
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According to Table S5, the model is significant. It means
that all P values less than 0.0500 indicate model terms
are significant. In this case, A, B, C, AB, B? and C* are
significant model terms. The quadratic model regression
equation for COD removal is obtained by RSM (Design
Expert 11) according to Eq. 11.

Color Removal (%) =95.026 -1.92375A + 0.502824B +
0.59484C-0.100644AB -0.0612501 AC -0.0430777BC-
0.0373135 A? -1.05326B%-0.338604 C? (11)

According to Table S6, the model is significant. It means
that all P-values less than 0.0500 indicate model terms are
significant. In this case, A, B, C, AB, and A? are significant
model terms. The quadratic model regression equation
for COD removal is obtained by RSM (Design Expert 11)
according to Eq. 12.

Turbidity Removal (%) = 91.8009-1.12714 A + 0.650306B
+ 0.748792C -0.454289 AB -0.0993755 AC-0.225915BC +
0.573586 A?-0.318724 B* -0.135157C? (12)

The comparison between the experimental and
predicted values from the model is expressed in Table S7.
It was observed that the model predictions matched the
experimental values and the data points lay close to the
diagonal line indicated above. This indicates that the
analysis of variance of the regression model was highly
significant (P<0.000). According to Table S7, the model
is significant. P values less than 0.0500 indicate that the

(a) (b)

model terms are significant. In this case A, B, C, and A*are
significant model terms. The quadratic model regression
equation for color removal is obtained by RSM (Design
Expert 11) according to Eq. 13.

Color Removal (%) = 94.526 -2.46924A + 0.892367B +
0.44072 C + 0.0420437 AB -0.187845 AC + 0.265598 BC
-0.319395 A% + 0.306116 B> + -0.237268 C? (13)

According to Table S8, the model is significant P-values
less than 0.0500 indicate model terms are significant.
In this case A, B, C, and C? are significant model terms.
The quadratic model regression equation for Turbidity
removal is obtained by RSM (Design Expert 11) according
to Eq. 14.

Turbidity Removal (%) = 93.9293-2.37556A + 0.609093B
+ 0.534959C-0.238754AB -0.137921AC -0.133093BC-
0.186216A2-0.0320387B° + -0.21838 C? (14)

Interactions of different parameters and responses by
DC, AC, SDC, and SAC

The interactions of different parameters and the responses
by electrocoagulation method is shown in Figures 4 and 5.

Comparison of SDCE and SACE process

An experiment was conducted to analyze the color and
turbidity removal rate by comparing DCE, ACE, SDCE,
and SACE methods using domestic wastewater. The results
are shown using operating conditions such as COD- of

(© (d

Figure 4. Three-dimensional color removal response surface graphs for DC (a), AC (b), (c) SDC, and (d) SAC versus pH, time, and current.

(a) (b)

Figure 5. Three-dimensional turbidity removal response surface graphs for DC (a), AC (b), (c) SDC, and (d) SAC versus pH, time, and current.

(© (d)
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960 mg/L, wastewater pH-of 6.8, current density —of 0.50
A, electrode spacing-of 1 cm, electrode combination-
of Al/Al, and reaction time-of 1 hour. According to
Figures 1 and 2, it can be seen that the percentage of color
and turbidity removal is higher in the ACE process than
that in the DCE process and higher in the SACE than in
the SDCE process. This is because ACE and SACE having
lower sludge formation and impermeable layer formation
than DCE and SDCE processes according to the study
of Souza and Ruotolo (50). Therefore, when comparing
DCE and ACE and SDCE and SACE methods to remove
the percentage of color and turbidity from domestic
wastewater, the ACE method is more appropriate than
using the DCE method, and the SACE method is better
than using the integrated SDCE procedure.

Conclusion

In this study, the application of DC, SDC, AC, and SAC
electrocoagulation processes in the treatment of domestic
wastewater was compared. Under optimal experimental
conditions, SAC and AC electrocoagulation had a
higher color and turbidity removal rate and less sludge
formation than the SDC and DC electrocoagulation. In
the SAC and AC electrocoagulation methods, current
density, initial sewage pH, and pollutant concentration
are the main factors that affect the color and turbidity
removal rate from domestic wastewater. With SAC and
AC electrocoagulation, the maximum removal efficiency
was obtained at pH-3 and obtained as 99.95% of color,
and 99.76% of turbidity for SAC, and 98.35% of color, and
96.12% of turbidity for AC. However, the SDC and DC
electrocoagulation method had the maximum removal
efficiency of color, and turbidity at pH-3, so that the removal
efficiency of color and turbidity by SDC was obtained
as 98.55% and 98.27%, respectively, and the removal
efficiency of color and turbidity by DC electrocoagulation
method was 97.53% and 95.28%, respectively. Thus, the
SAC and AC electrocoagulation methods produced less
sludge and had a much higher water recovery rate than
the SDC and DC electrocoagulation methods. Therefore,
it can be concluded that the SAC electrocoagulation
method is the best and a novel technique compared to all
electrocoagulation methods.
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