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ABSTRACT: Textile industry wastewater is one of the most important hazardous wastewater species
threatening the environment and public health. Textile wastewater with a high proportion of dyestuffs
accumulates in the receiving environment, disrupts the aesthetic appearance of the waters and reduces
the light penetration. Reduction of light penetration and dissolved oxygen leads to a decrease in the
living organism population and restricts the use of water resources. It is also known that certain types of
dyestuffs have toxic properties. Textile wastewaters containing even very small amounts of dyestuffs
have high dispersion rates and can spread to largely water bodies and threaten the environment and
human health, when discharged without treatment. While adsorption, filtration and chemical processes
are preferred for color removal, biological activated sludge systems are used for COD removal from
colored wastewaters, generally. Today, nanotextile membrane processes are used for more efficient
treatment. However, compared to other treatment methods, it can be concluded that electrocoagulation
(EC) processes are more suitable for color and COD removal from textile industry wastewater.
Electrocoagulation, which has a wide application area in wastewater treatment, makes a major
contribution to the economy of concentrated waste discharging industries. Moreover, these processes
can greatly reduce the pollutant load. In the studies carried out by the electrocoagulation process of
textile industry wastewater, up to 100% color removal was determined. In addition, high levels of
chromium, COD and turbidity removal efficiencies were observed from tannery industry wastewater
with high Cr content by EC process.
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1. INTRODUCTION

In recent years, studies on electrooxidation and electrocoagulation (EC), which have environmental
impact, high pollutant removal rates, operational convenience and economic efficiency, have begun to
attract much attention (Cameselle et al., 2005; Chen, 2004; Mollah et al., 2001). With the
electrocoagulation process, the pollutant removal from wastewater can be provided by coagulation,
adsorption, precipitation and flotation methods and combinations. In this process, metal anodes such as
aluminum and iron are used and hydrolysis of metal hydroxides is formed by anodic dissolution and
thus, the basic mechanism of the treatment process is realized. Due to its advantages, the
electrocoagulation process is now used as an effective method in treatment of various industrial
wastewaters.

In general, the wastewaters from the textile industry are among the high polluted wastewaters due to
their high pH, high color content and also low biodegradability (Lin and Chen, 1997). The increase in
product diversity and the use of dyestuffs with highly variable chemical properties make the treatment
of textile industry wastewater much more difficult (O’neill et al., 1999).

These wastewaters contain high concentrations of dyestuff, BOD, COD and suspended solids.
Substances with high COD and color content cause wastewater to be aesthetically distorted, reducing
the amount of dissolved oxygen required for normal aquatic life and making the treatment of wastewater
more difficult (Dortkol, 2014). In terms of dye process, the properties of the wastewater vary depending
on the chemistry of the process, the batch or continuous dyeing process (Sahin, 2014). Wastewater
discharged into the receiving aquatic environments with color content prevents the spread of light into
the water and thus, photosynthetic activities are adversely affected. In addition, dyestuffs accumulate in
some aquatic organisms and this poses a risk of toxic and carcinogenic products (Kocaer and Alkan,
2002). These toxic effects cause the change of flora and fauna of the current receiving aquatic
environment. As a result of direct discharge of wastewater containing dyestuff without treatment, may
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cause significant environmental impacts such as the formation of aromatic amines having toxic and
carcinogenic properties under anaerobic conditions (Midik, 2011). The wide range of pollutant
parameters present in textile industry wastewaters necessitates the use of different treatment methods in
treatment of wastewater belonging to this sector (Dortkol, 2014). Therefore, before the discharge of the
textile wastewater into the receiving environment, the sources of the pollutant parameters should be
determined and the necessary treatment processes should be applied in accordance with the
characteristics of the wastewater.

For this purpose, conventional methods such as adsorption, biological treatment, oxidation, coagulation
and flocculation are used (Jia et al., 1999). However, due to the difficulty of adsorbent regeneration in
the adsorption process (Daneshvar et al., 2004), extra contamination and excess sludge formation due
to unwanted reactions as a result of chemical addition in chemical coagulation (Lin and Chen, 1997),
toxic effects of certain dyestuffs on microorganisms, there is need to develop other methods from
biological treatment. However, these methods are often expensive and ineffective due to the wide variety
of components of textile wastewater (Vlyssides et al., 1999). Many studies show that COD, turbidity
and dissolved solids are effectively eliminated by EC process in treatment of textile wastewater
(Bayramoglu et al., 2004; Daneshvar et al., 2004; Kobya et al., 2003; Can et al., 2003; Lin and Chen,
1997). For the development and optimization of the EC unit; process configurations such as the
characteristics of wastewater such as pH, current density and application time, and the type of
connection with the type of electrode material should be considered in detail. In this study, the effects
of the treatment of textile wastewater with EC on the COD and turbidity parameters were determined
by taking into consideration the effect of electrode material and connection form. For this purpose,
process analysis were carried out both technically and economically by founding the conditions when
the highest pollutant removal occurs for the EC process widely used in treatment of textile wastewater
and at the same time economic data are minimum. In addition, the advantages and disadvantages of this
process and the issues to be considered in process selection were investigated.

2. ELECTROCOAGULATION PROCESS

Electrocoagulation (EC) is a process that consists of dissolving the anode as a result of electrolysis and
forming metal hydroxide flocks in the wastewater to be treated. The principle of the EC process in
removing contaminants is based on one or more of the coagulation, adsorption precipitation and flotation
removal mechanisms, the anodic dissolution, hydrolysis of the metal anodes such as aluminum and iron
and the formation of metal hydroxides such as Al(OH)s, Fe(OH), ve Fe(OH); (Holt et al., 2002; Mollah
et al., 2001). Metal ions dissolved from these electrodes form metal-polymer complexes according to
ambient conditions and are coagulated adsorbing the contaminants. It is generally accepted that there
are three consecutive stages in EC process; 1. formation of coagulant species and electrode dissolving
in electrolytic oxidation, 2. destabilization of pollutants, particle suspension and breakage of emulsions,
3. collecting of flocks in destabilized phases (Mollah et al., 2001; Canizares et al., 2005). The rate of
formation of different types of metal-polymer complexes plays an important role in color removal.
Several interaction mechanisms are possible between dye molecules and hydroxyl products. They
depend on the ambient pH and the type of ions present. In general, there are two main mechanisms.
Adsorption at pH>6.5 and precipitation at lower pH values (Kobya et al., 2003; Alinsafi et al., 2005;
Gurse et al., 2002; Rebhun and Lurie, 1993).

Precipitation
DYE + monomeric Al » [DYE - monomeric Al]  pH4-5 (1)

DYE + polimeric Al —— [DYE - polimeric Al] pH5-6 (2)

Adsorption
DYE + Al(OH)3 gargicul (3)

[DYE - polimeric Al] + Al(OH)s; < > —partieul  (4)
The formed amorphous Al(OH); “sweeper flocks” have a large surface area. Thus, they rapidly remove
the organic compounds in wastewater and remove the collodial particles by catching them from the
wastewater. These flocks are polymerized as n AI(OH)s; Al,(OH)sn. They can be easily removed either
by precipitation or H, flotation.
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3. ELECTROCOAGULATION OF TEXTILE WASTEWATERS

Due to its advantages, the electrocoagulation process is now used as an effective method in treatment of
industrial wastewater, especially in treatment of textile industry wastewater. The increase in product
diversity and the use of dyestuffs with highly variable chemical properties make the treatment of textile
wastewater difficult (O degiskenneill et al., 1999). In addition, a wide range of pollutant species in textile
industry wastewater requires the use of different methods for treatment of such wastewater (Dortkol,
2014).

Many studies have shown that COD, turbidity and dissolved solids are effectively eliminated by
electrocoagulation process in treatment of textile wastewater (Bayramoglu et al., 2004; Daneshvar et al.,
2004; Kobyaet al., 2003; Can et al., 2003; Lin and Chen, 1997). In this study, the effects of the treatment
of textile and tannery wastewater with EC on the removal efficiencies were demonstrated considering
the effect of the electrode material and the shape of the connection (Table 1.). Process analyzes were
carried out both technically and economically by founding the conditions when the highest pollutant
removal occurs for the EC and at the same time economic data are minimum. Also, the advantages and
disadvantages of the process and the issues to be considered in process selection were investigated.
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Table 1. The effects of the treatment of textile wastewater with EC on the removal efficiencies

Konya, Turkey, May 25-27, 2019

Wastewater type

Reaction conditions

Removal efficiencies (%0)

References

Textile wastewater

continuous operation mode,
iron anode and aluminum cathode

35% BOD, 42% TDS, 42% COD and 46% Cr

Babu et al. (2007)

Textile wastewater

Fe hexagonal wire anode-cathode,
200 A/m? current density, pH 7 and 90 min
reaction time

%93 and 93 for COD and dyestuff

Tezcan and Aytac (2011)

Textile wastewater

batch mode and monopolar parallel iron
anode&cathode

70% SS, 97% Cr, 46% COD and 90% sulfide

Apaydin et al. (2009)

Textile wastewater

batch mode, iron anode&cathode

84% COD and 100% color

Zaroual et al. (2006)

Textile wastewater

pH 7,5-10, 30 min reaction time and 30 V
voltage with Fe-Fe anode&cathode

60-92% orange Il dye

Nazrul et al. (2011)

Textile wastewater

batch mode with monopolar parallel
aluminum anode&cathode and iron
anode&cathode

82.2% COD (Al-Al), 85.5% TSS (Al-Al),
67.4% COD (Fe-Fe) and 86.2% TSS (Fe-Fe)

Varank et al. (2014)

Tannery wastewater

batch mode with monopolar parallel iron
anode&cathode

96% turbidity, 98% Cr, 80% TVS,
more than 80% Ca, 80% Zn, 50% COD and
65% TSS&TFS

Espinoza-Quinones et al.
(2009)

Textile wastewater

batch reactor operation and aluminum
anode&cathode

98% dyestuff (direct red 81)

Aoudj et al. (2010)

Textile wastewater

monopolar parallel, aluminum anode&cathode
with batch mode

49%, 57% TOC and 59% 63% dye
for DY and 81%, 89% TOC and 96% 99.9%
dye

Eyvaz et al. (2009)

Textile wastewater

pH 9, 140-170 A/m? current density with
Fe-Fe anode&cathode, 60 min reaction time

%76 and %95 for BR dye 5001B and COD

Tyagi et al. (2014)

Textile wastewater

pH 3-11, 10-50 V, with Al-Al anode&cathode
for 10-60 min reaction

%99,88 for RG-19 dye

Alizad et al. (2014)

Textile wastewater

batch operation mode with monopolar aluminum

and iron anode&cathode

76% COD (Fe-Fe) and 65% COD (AI-Al)

Can et al. (2006)

Textile wastewater

at pH 12 and 80 A/m? with Fe-Fe
anode&cathode for 10-20 min

%80 for MB dye

Mahmoud et al. (2013)
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Textile wastewater

2 stage electrocoagulation process at batch
mode with iron and aluminum anode&cathode

68% COD, 43.1% ammonia, 55.1% TOC
96.7% sulfide and 84.3% color

Feng et al. (2007)

Textile wastewater

batch reactor mode with bipolar iron and
aluminum anode&cathode

82% COD, 90% sulfide and 96% oil-grease

Sengil et al. (2009)

Textile wastewater

Al-Al anode&cathode, pH 6,5-9,7
251,6 A/m? current density and 60 min reaction
time

87-97% for 4 synthetic dyes

Zerrouki et al. (2014)

Textile wastewater

at the conditions of 10-40 V, pH 2,
10-25 min reaction time

99.27% for azo dye

Yari et al. (2013)

Textile wastewater

100-300 A/m? current density with Fe-Fe
anode&cathode

96.5% for RS dye

Kumar and Sahu (2013)

Textile wastewater

pH 5-7, 50-125 A/m? current density with Fe-Fe
anode&cathode, 0-60 min reaction

%79.86 for COD and %96.88 for turbidity

Hossain et al. (2013)

Textile wastewater

at pH 3-11, 10-60 V, 0-5 A for 10-60 min
with Al-Al anode&cathode

97.7% for BR-18 dye

Abbas and Ali (2018)

Textile wastewater

at pH 3-9 and 10-50 A/m? current density with
Fe-Fe and Al-Al anode&cathode for 2-24 min of
reaction

100 (Fe-Fe) and 95.78 (Al-Al) for MB dye

Mostafa et al. (2015)
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Babu et al. (2007) studied treatment of textile wastewater with electrocoagulation (EC) process, at the
conditions of continuous operation mode, iron anode and aluminum cathode and they obtained 35%
BOD, 42% TDS, 42% COD and 46% Cr removal efficiencies. Tezcan and Aytac (2011) obtained max
removal efficiency (%) as %93 and 93 for COD and dyestuff parameters, respectively for the EC of
textile wastewater, with Fe hexagonal wire anode-cathode, 200 A/m? current density, pH 7 and 90 min
reaction time. Apaydin et al. (2009) investigated EC of textile wastewater with batch mode and
monopolar parallel iron anode&cathode, and 70% SS, 97% Cr, 46% COD and 90% sulfide removals
were observed. Zaroual et al. (2006) studied EC with batch mode, iron anode&cathode and they found
84% COD and 100% color removal efficiencies. Nazrul et al. (2011) obtained 60-92% removal rates as
the best for the orange Il dye parameter, with pH 7.5-10, 30 min reaction time and 30 V voltage with
Fe-Fe anode&cathode. Varank et al. (2014) obtained 82.2% COD (Al-Al), 85.5% TSS (Al-Al), 67.4%
COD (Fe-Fe) and 86.2% TSS (Fe-Fe) removal, at the conditions of batch mode with monopolar parallel
aluminum anode&cathode and iron anode&cathode. Espinoza-Quinones et al. (2009) investigated EC
of tannery industry wastewater and they observed 96% turbidity, 98% Cr, 80% TVS, more than 80%
Ca, 80% Zn, 50% COD and 65% TSS&TFS at batch mode with monopolar parallel iron anode&cathode.
Aoudj et al. (2010) studied with batch reactor operation and aluminum anode&cathode and they
observed more than 98% dyestuff (direct red 81) degradation. Eyvaz et al. (2009) investigated
electrocoagulation of textile wastewater containing disperse dye (DY) and reactive dye (RY) and they
obtained 57% TOC and 63% dye removals for DY and 89% TOC and 99.9% dye removals for RY, at
the conditions of monopolar parallel, aluminum anode&cathode with batch mode. Tyagi et al. (2014)
studied at the conditions of pH 9, 140-170 A/m? current density with Fe-Fe anode&cathode, and they
obtained %76 and 95 removal efficiencies for the BR dye 5001B and COD parameters respectively, in
0-60 min reaction time. Alizad et al. (2014) found 99.88 removal efficiency for RG-19 dye at pH 3-11,
10-50 V, with Al-Al anode&cathode for 10-60 min reaction. Can et al. (2006), found 76% COD (Fe-
Fe) and 65% COD (Al-Al) mineralizations at batch operation mode with monopolar aluminum and iron
anode&cathode. Mahmoud et al. (2013) studied electrocoagulation of textile wastewater and they found
%80 removal efficiency for MB dye for 10-20 min, at pH 12 and 80 A/m? with Fe-Fe anode&cathode.
68% COD, 43.1% ammonia, 55.1% TOC, 96.7% sulfide and 84.3% color removal efficiencies were
obtained in a study with textile wastewater for 2 stage electrocoagulation process at batch mode with
iron and aluminum anode&cathode (Feng et al., 2007). Sengil et al. (2009) found 82% COD, 90%
sulfide and 96% oil-grease removals in their studies made at batch reactor mode with bipolar iron and
aluminum anode&cathode. Zerrouki et al. (2014) studied removal of 4 synthetic dyes with EC, at the
conditions of Al-Al anode&cathode, pH 6.5-9,7, 251.6 A/m? current density and 60 min reaction time
and 87-97% max removal efficiencies were observed. Yari et al. (2013) investigated azo dye removal
from the wastewater with EC, at the conditions of 10-40 V, pH 2, 10-25 min reaction time and they
found 99.27% degradation. Kumar and Sahu (2013) obtained 96.5% removal efficiency for RS dye at
100-300 A/m? current density with Fe-Fe anode&cathode. Hossain et al. (2013) investigated the
electrocoagulation of textile watewater and they observed the removal efficiencies %79.86 for COD and
9096.88 for turbidity parameter as the best, at the conditions of pH 5-7, 0-60 min reaction time, 50-125
A/m? current density with Fe-Fe anode&cathode. In a study made with textile wastewater for EC
process, 97.7% removal rate was observed for BR-18 dye, at pH 3-11, 10-60 V, 0-5 A for 10-60 min
with Al-Al anode&cathode (Bazrafshan et al., 2014). MB dye treatment was investigated with
electrocoagulation in textile wastewater by Mostafa et al. (2015), and 100, 95.78 removal efficiencies
were observed as the best at pH 3-9 and 10-50 A/m? current density with Fe-Fe and Al-Al
anode&cathode for 2-24 min of reaction.

4. CONCLUSIONS

Studies on electrocoagulation (EC), have begun to attract attention in recent years, for the textile
wastewater treatment. The process is now used as an effective method in treatment of textile industry
wastewaters, due to its advantages. These wastewaters, threaten the environment and human health,
when discharged without treatment due to, have high dispersion rates, containing even very small
amounts of dyestuffs. Nowadays, adsorption, filtration, chemical processes and biological activated
sludge processes are preferred for color and COD removal from colored textile wastewaters. However,
the electrocoagulation processes are more suitable for COD and color removal compared to other
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methods. EC processes, having a wide range of application area in wastewater treatment, could make a
major contribution to the economy of concentrated waste discharging industries. Moreover, these
processes can greatly reduce the pollutant load. Up to 100% color removal and high levels of chromium,
COD and turbidity removal efficiencies were observed from textile and tannery industry wastewaters
by EC process, in the studies made by different researchers.
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