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ABSTRACT: A wide range of chemicals and dyes are being used in textile industry, and
are often found in the wastewater produced. This study attempts to investigate the
reduction of COD, TSS, and dye in effluents from the dyeing and washing unit of textile
industry, using electrocoagulation process. The reactor is equipped with 10 iron
electrodes, connected to a direct current (DC) source in a monopolar electrode
configuration. In each stage of the experiment, 2.5 | of the effluent enters the reactor and
the effects of a number of important operational parameters such as voltage, pH, and
reaction time is studied on the removal of COD, TSS, and dye parameters. Results show
that the optimum operational conditions are reaction time of 120 min, voltage of 30 V,
and pH of 7, which reduces COD, TSS, and dye by 87%, 91%, and 98%, respectively.
Therefore, it has been concluded that the efficiency of pollutants removal from the
wastewater improves as voltage and reaction time are increased.
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INTRODUCTION
The volume of water, used in textile
industry, has increased with the expansion

al., 2012; Manenti et al., 2014). Moreover,
this wastewater includes heavy metals and
organic pollutants, the amount of which

of this industry. It has been estimated that
in order to produce one kilogram fabric, as
much as 40-65 L of wastewater is
generated, while this aftermath is one of
the important sources to contaminate
surface water and groundwater resources
(Imran et al., 2015; Phalakornkule et al.,
2010). The textile industry produces
wastewater in very different quantities and
qualities, for it employs various production
methods, dyes, and chemicals. Large
guantities of wastewater, produced in this
industry, contain various dyes, potentially
toxic to all forms of life (Daassi et al.,
2013; Danwittayakul et al., 2015; Kabra et
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depends on the type of the used dyes or
chemicals (Shehzadi et al., 2014; Zaharia
& Suteu, 2013). The use of various nano-
materials for treatment of various
wastewaters is under investigation (Fathi et
al., 2016). Discharge of colored wastewater
into receiving waters leads to reduced
sunlight penetration into water, causing
eutriphication phenomenon, and interfering
with the ecology of these bodies of water.
This can damage the environment in
addition to influencing the photosynthesis
rate of aquatic plants and algae in aqueous
environments. Therefore, this type of
wastewater must be desirably treated
before  being discharged into the
environment (Dasgupta et al.,, 2015;
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Shamsnejati et al., 2015; Verma et al.,
2012). Numerous processes have so far
been used to treat this type of wastewater,
including precipitation, adsorption by
activated carbon, chemical oxidation,
membrane processes, and biodegradation
processes (Belkacem et al., 2008; Ellouze
et al., 2012; Eren et al., 2012; Kobya &
Demirbas., 2015; Silva et al., 2016).
Electrocoagulation process is another
method to remove pollutants from water
and wastewater. It has attracted a
substantial interest, thanks to its good
performance when treating large volumes
of water and wastewater at a low cost
(Sahu et al., 2014). Electrocoagulation is
used to treat the wastewater from
pharmaceutical industry (Deshpand et al.,
2010), landfill leachate (Kabuk et al.,
2014), electroplating wastewater (Verma et
al, 2013), and laundry wastewater
(Janpoor et al., 2011). Along with these
processes, bubbles of hydrogen gas
produced at the cathode entrap the
pollutants, bringing them up to the surface
of the wastewater (Cerqueira et al., 2009;
Un & Aytac, 2013). In the recent years
some new views of environmental
pollution prevention have been developed
in Iran (Karbassi et al., 2016a; 2016b). We
hope that the present investigation can
meaningfully add more practical measures
in this direction.

The effluents from the dyeing and
washing unit of textile industry is used in
this study to investigate the effect of
electrocoagulation process on the removal
of COD, TSS, and dye pollutants.

MATERIALS AND METHODS
Samples of wastewater were taken from
the dyeing and washing unit of Alipoosh
Textile Factory, which produces worsted
fabric and uses disperse dye. Table 1
presents the characteristics of the initial
tested wastewater.

A three-liter Plexiglas pilot was
constructed with iron electrodes, having

the following dimensions: 0.2x8x12 cm?®.
These were 2 cm apart and had a
monopolar electrode configuration inside
the reactor. A HUA ELECTRONICS
converter (model DC POWER SUPPLY
HY3003-F), capable of adjusting the
voltage from zero to 40 V was used to
apply the desired voltage to the
electrocoagulation reactor. A magnetic
stirrer (model RCT Basic made by the
German company, IKA) was employed to
mix the wastewater. Also the utilized
products in this experiment were originated
from the German company, Merck. They
included 1N sulfuric acid and sodium
hydroxide for adjusting the pH as well as
hydrochloric acid for washing the blades.
Figure 1 shows the schema of the used
reactor.

Table 1. Summary of physico-chemical
characterization of textile effluent

Characteristics Value
Chemical Oxygen Demand
(COD) 691 (mg/L)
Total Suspended Solids
(TSS) 301 (mg/L)
Dye 922 (mg/L)
pH 7.55

Fig. 1. Electrocoagulation reactor with
monopolar electrodes
1- Electrical coagulation cell 2- Cathode 3-
Anode4- Magnetic stirrer 5- Magnetic bar-
stirrer 6- Direct current source

In each stage of the experiment, 2.5 L of
the wastewater was poured into the reactor
which was equipped with a discharge valve
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for taking samples during the treatment
process. After performing each
electrocoagulation experiment, the content
of the reactor was given 45 min to settle
and then the samples were taken, to be
poured into 100cc containers and kept at
4°C. Electrocoagulation processes were
carried out in reaction time periods, which
lasted 15-120 min, at voltages of 10-40 V,
and with pH values of 3-9.

The Reactor Digestion Method
(Franson, 2005) was employed and a
HACH DR 5000 spectrophotometer was
used to measure COD values in order that
the effect of each mentioned parameter
could be studied. Moreover, the dye was
measured using the HACH DR 5000
spectrophotometer. Employing the
standard platinum-cobalt (Pt-Co) method,
pH values were determined, using a pH-
meter (model Metrohm 691, made in
Switzerland) (Franson, 2005), and TSS

values were measured following the
standard gravimetric method (Franson,
2005). To guarantee the accuracy of the
obtained results, each experiment was
performed three times. Furthermore, the
standard deviation was in the range of 0.5
to 0.8. Excel 2010 was used to plot the
related diagrams.

RESULTS AND DISCUSSION
The pH of about 7 was used to determine
the optimum reaction time of the

experiments at a voltage of 30 V. As shown
in Tables 2-4, efficiencies of COD, TSS,
and dye removal from the wastewater,
obtained from the dyeing and washing unit
of the textile factory improved as the
reaction time rose. COD, TSS, and dye
removal efficiencies improved from 42%,
55%, and 93% to 87%, 91%, and 98%,
respectively, when the reaction time
increased from 15 to 120 min.

Table 2. COD removal efficiency in the electrocoagulation process at various reaction times

Time Voltage Initial pH Initial COD Removal Percentage
(min) V) P (mg/L) (%)

15 30 7.09 691 42.69

30 30 7.15 691 68.5

45 30 6.89 691 71.15

60 30 7.05 691 74.19

75 30 7.18 691 77.42

90 30 7.35 691 79.59

105 30 7.34 691 83.88

120 30 7.22 691 87.79

Table 3. TSS removal efficiency in the electrocoagulation process at different reaction times

Time Voltage Initial pH Initial TSS Removal Percentage
(min) V) (mg/L) (%)

15 30 7.09 301 55.04

30 30 7.15 301 56.82

45 30 6.89 301 64.15

60 30 7.05 301 73.02

75 30 7.18 301 75.14

90 30 7.35 301 81.9

105 30 7.34 301 87.79

120 30 7.22 301 91.34
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Table 4. Dye removal efficiency in the electrocoagulation process at different reaction times

Tir_ne Voltage Initial pH Initial Dye Removal Percentage
(min) V) (mg/L) (%)
15 30 7.09 922 93.66
30 30 7.15 922 94.23
45 30 6.89 922 94.95
60 30 7.05 922 95.82
75 30 7.18 922 96.97
90 30 7.35 922 97.69
105 30 7.34 922 98.05
120 30 7.22 922 98.88

Initial COD: 691(mg/L)
Initial TSS: 301(mg/L)
Initial Dye: 922(mg/L)

500
400
300
200
100

Final concentrations (mg/L)

15 30 45
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75 90 105 120
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Fig. 2. Comparison of TSS, COD, and dye removal from the wastewater by electrocoagulation process at
various reaction times

Figure 2 also shows that the removal
efficiencies of COD, TSS, and the dye from
the wastewater, obtained from the dyeing
and washing unit, improved as the reaction
time was increased, because the extent of
oxidation rose as electrolysis duration
became longer, thus increasing the
concentration of the produced ions. This, in
fact, induced the formation of metal
hydroxide (iron hydroxide in this case)
flocs, leading to higher efficiencies in the
removal of the mentioned parameters. Al-
Shannag et al. (2014) studied COD
reduction in baker’s yeast wastewater, using
electrocoagulation method. They concluded
that percentages of COD removal improved
when the reaction time increased from 10 to
50 min. Furthermore, a study, conducted in
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2014 on COD removal from tannery
wastewater using aluminum and steel
electrodes, showed that COD removal
ascended by 82.2% for aluminum and by
67.4% for steel electrodes when reaction
time rose from 5 to 45 min (Varank et al.,
2014). Results from the above-mentioned
studies, which indicated the improvement of
removal percentages with the increases of
electrolysis duration, confirm the results of
the present study. Results of the
experiments showed that the best reaction
time for wastewater treatment was 120 min.

The voltages, used to study the effect of
voltage on the electrocoagulation process,
ranged from 10 to 40 V. As shown in
Tables 5-7, efficiencies of COD, TSS, and
dye removal from the wastewater got



better; similarly the removal percentages of
COD, TSS, and dye improved from 40%,
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respectively, when the
increased from 10 to 40 V.

voltage

65%, and 57% to 95%, 94%, and 99%,

Table 5. COD removal efficiency in the electrocoagulation process at different voltages

Time Voltage Initial Initial COD Removal Percentage
(min) %) pH (mg/L) (%)

120 10 6.85 691 40.23

120 20 7.13 691 66.42

120 30 7.22 691 87.79

120 40 7.05 691 95.03

Table 6. TSS removal efficiency in the electrocoagulation process at different voltages

Time Voltage Initial Initial TSS Removal Percentage
(min) M) pH (mg/L) (%0)

120 10 6.85 301 65.37

120 20 7.13 301 80.46

120 30 7.22 301 92.78

120 40 7.05 301 94.77

Table 7. Dye removal efficiency in the electrocoagulation process at different voltages

Time Voltage Initial Initial Dye Removal Percentage
(min) \%) pH (mg/L) (%)
120 10 6.85 922 57.31
120 20 7.13 922 79.71
120 30 7.22 922 98.91
120 40 7.05 922 99.49
Initial COD: 691 (mg/L)
Initial TSS: 301 (mg/L)
Initial Dye: 922 (mg/L)
- 450
> 400
£ 350
S 300
® 250
E 200
2 150
3 100
£ 50
LL 0 4
10 20 30 40
Voltage (V)
——COD TSS —&— Dye

was

Fig. 3. Comparison of TSS, COD, and dye removal from the wastewater by electrocoagulation process at

various voltages
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In all electrochemical processes, the
applied voltage is one of the important
parameters to control reaction rate in
electrochemical reactors. As shown in
Figure 3, removal efficiencies of the
studied pollutants improved with an
increase in voltage. In fact, at low voltages,
less iron hydroxides were produced, thus
the lower removal efficiencies; however,
production of iron hydroxides improved as
the voltage increased, which raised the
removal efficiencies. Furthermore, the
number of bubbles produced on the
surfaces of the electrodes increased and the
bubbles became smaller as the current
density rose. Consequently, the effective
surfaces of the bubbles as well as their
residence time increased, improving the
pollutants’ removal efficiencies. This
variable determines the extent of coagulant
production, also adjusting the number of
hydrogen gas bubbles produced, hence
influencing the removal percentages of the
pollutants (Bazrafshan et al., 2007).

In 2016, results of a study, conducted to
determine the effects of voltage parameter
on percentages of COD and TSS removal
from dairy wastewater by means of
electrocoagulation method, indicated that
the removal percentages of these two
parameters improved as the voltage
ascended up to 25 V (Kandasamy et al.,
2016). Bazrafshan et al. (2016) carried out

a study, using a combination of chemical
coagulation,  electrocoagulation,  and
adsorption, with their results showing that
the removal percentages of pollutants from
textile wastewater improved as the applied
voltage rose, reaching 93%, 88%, and 98%
for COD, BOD, and dye, respectively
(Bazrafshan et al., 2016). These studies on
the effects of voltage confirm the results
obtained in the present study. Comparing
the experiments' results showed that the
optimum voltage was 30 V.

Considering the results of the previous
experiments, in order to determine the effect
of pH parameter, the experiments were
carried out at a reaction time of 120 min, a
voltage of 30 V, and solution pH values of
3, 5, 7 (the approximate initial pH value of
the wastewater), and 9. As it can be seen in
Tables 8-10, removal percentages of COD,
TSS, and dye were higher at pH= 7 (the
initial pH of the wastewater) because more
iron hydroxide was produced at this pH and
operations of charge neutralization took
place, raising the COD, TSS, and dye
removal from 41%, 86%, and 74% to 87%,
91%, and 99%, respectively, when the pH
increased from 3 to 7. Removal efficiencies
declined at higher pH values and
percentages of COD, TSS, and dye removal,
dropping from 87%, 91%, and 99% to 9%,
86%, and 35%, respectively, when the pH
was raised from 7 to 9.

Table 8. COD removal efficiency in the electrocoagulation process at different pH values

Time Voltage Initial pH Initial COD Removal Percentage
(min) V) (mg/L) (%)

120 30 2.85 691 41.82

120 30 5.13 691 69.36

120 30 7.22 691 87.36

120 30 9.08 691 9.98

Table 9. TSS removal efficiency in the electrocoagulation process at different pH values

Time Voltage Initial pH Initial TSS Removal Percentage
(min) M) (mg/L) (%)

120 30 2.85 301 86.79

120 30 5.13 301 89.67

120 30 7.22 301 91.89

120 30 9.08 301 86.57
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Table 10. Dye removal efficiency in the electrocoagulation process at different pH values

Time Voltage Initial pH Initial Dye Removal Percentage
(min) W) P (mg/L) (%)
120 30 2.85 922 74.74
120 30 5.13 922 88.56
120 30 7.22 922 99.02
120 30 9.08 922 35.95
Initial COD: 691(mg/L)
Initial TSS: 301(mg/L)

. Initial Dye:922(mg/L)

-

S, 700

E 600

g 500

T 400

€ 300

[«5]

g 200

o

S 100

©

= 0

- 2.85 513 7.22 9.08

pH
——CoD TSS —4&—Dye

Fig. 4. Comparison of TSS, COD, and dye removal from the wastewater by electrocoagulation process at
various pH values

According to the results of Fig. 4, the
highest removal efficiencies of COD, TSS,
and dye were achieved at pH of about 7.
One of the most important parameters and
indices,  affecting the trend  of
electrocoagulation process is pH of the
wastewater, entering the reactor, whose
effect on pollutants removal depends on the
formation of complexes along with the
production of various metal hydroxides,
such as Fe(OH)", and Fe(OH)s, produced
under acidic and neutral conditions, not to
mention Fe(OH)4, produced under alkaline
conditions (Akyol, 2012; Akyol et al.,
2013). Fe(OH); performs better in
adsorbing pollutants. That is why pollutants
removal efficiencies decline under alkaline
pH as Fe(OH)’, negatively influences the
removal efficiency in electrocoagulation,
thanks to its electrical repulsion (Pirkarami
et al., 2013; Thirugnanasambandham et al.,
2014). Al-Shannag et al. (2014) studied
reduced levels of COD in baker’s yeast
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wastewater,  using  electrocoagulation
method, and concluded that the COD
removal percentage improved up to pH=4,
then remained almost constant from pH
value of 4 to 8, eventually to decline at
higher pH values. In a review study on
industrial wastewater treatment using the
electrocoagulation method, one of the
results indicated that, when treating textile
wastewater by this method, the removal
percentage of disperse red dye improved
and reached 85% when pH increased from 6
to 9, while COD removal percentage also
rose to 80% (Kabdasli et al., 2012). This
indicated that removal of COD and dye took
place in a parallel operation. Moreover, the
removal percentages of these pollutants
declined at pH>9 (Kabdasli et al., 2012).
Ghanbari et al. (2014) studied textile
wastewater treatment and noticed that dye
removal percentage improved when pH of
the solution increased from 4 to 7. They
also concluded that increasing pH values
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from 7 to 9 at a constant reaction time,
reduced the efficiency of dye removal. In
their study, they found out that
simultaneous use of iron and aluminum
electrodes led to optimum flocculation at
pH=7. In the present study too, the pollutant
removal efficiency was at its maximum
level at pH=7, and the reduction of removal

efficiency  occurred under  alkaline
conditions.
CONCLUSION

This study investigated the removal of COD,
TSS, and dye parameters from the dyeing
and washing unit of a textile factory.
Studying the effects of some parameters such
as reaction time, voltage, and pH showed
that removal percentages improved as the
reaction time and voltage rose, which was
due to increased anode corrosion as well as
higher production rate of metal hydroxide
ions that result from anodes' ionization.
Moreover, it was found that the best pH for
the pollutants removal was 7, because at this
pH value, iron oxide was in the form of
Fe(OH)3, a gelatinous hydroxide, playing an
effective role in pollutants removal,
therefore, it was concluded that the use of
electrocoagulation process is a suitable
method to treat dyeing wastewater.
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