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Application of electrochemical treatment for the removal
of triazine dye using aluminium electrodes
Sakthisharmila Palanisamy, Palanisamy Nachimuthu,
Mukesh Kumar Awasthi, Balasubramani Ravindran, Soon Woong Chang,
Manikandan Palanichamy and Dinh Duc Nguyen

ABSTRACT
Textile efﬂuents contain triazine-substituted reactive dyes that cause health problems such as
cancer, birth defects, and hormone damage. An electrochemical process was employed effectively
to degrade azo reactive dye with the aim of reducing the production of carcinogenic chemicals
during biodegradation. Textile dye C.I. Reactive Red 2 (RR2), a model pollutant that contains dichloro
triazine ring, was subjected to the electrocoagulation process using aluminium (Al) electrodes.
A maximum of 97% of colour and 72% of chemical oxygen demand (COD) removal efﬁciencies were
achieved and 9.5 kWh/kg dye electrical energy and 0.8 kg Al/kg dye electrode consumption were
observed. The dye removal mechanism was studied by analysing the results of UV-Vis spectra of RR2
and treated samples at various time intervals during electrocoagulation. Fourier transform infrared
(FTIR) spectra and energy dispersive X-ray (EDX) spectral studies were used for analysing the
electrocoagulated ﬂocs. The results indicate that in this process the dye gets removed by adsorption
and there is no signiﬁcant carcinogenic by-product formation during the degradation of dye.
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INTRODUCTION
Textile industries use different types of fabrics for dyeing

characterised by high colour content due to the presence

and produce large quantities of wastewater. Approxi-

of unﬁxed dyes, which affects its biodegradability by redu-

mately 1,000–3,000 m

3

of wastewater is produced for

cing the penetration of light and decreases the dissolved

every 10,886.2–18,143.7 kg of textile fabrics processed

oxygen content (Muthukumar et al. ). The ﬁxation

(Al-Kdasi et al. ). Textile wastewater consists of

of dyes on fabrics depends on the nature of the dyes

unﬁxed dyes, inorganic and organic chemicals and trace

and fabrics. To increase ﬁxation, heterofunctional dyes

metals that are harmful to the environment and can

such as sulfonic and chlorine substituted triazine groups

cause haemorrhage, nausea, skin diseases, cancer, and

containing azo dyes are used in industries; however,

mutagenesis (Ghaly et al. ). Textile wastewater is

dyes containing chloro-substituted triazines are easily
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hydrolysed and get converted into their constituent com-

triazine substituted azo dyes, such as reactive yellow 84

ponents (Sala et al. ). Hence, the removal of these

and reactive blue 49 which are removed using Al, Fe and

dyes is difﬁcult, and only limited methods can be adopted

stainless steel (SS) electrodes. Reactive orange 84 is elimi-

for the removal of triazine-substituted dyes from textile

nated using Fe and SS electrodes (Kim et al. ; Yuksel

industrial efﬂuents.

et al. ). A central composite design (CCD) modelling soft-

The abatement of RR2 triazine dye from wastewater is

ware is utilised to optimise the removal of reactive red 141

carried out using various adsorbents such as Metapenaeus

(Salmani et al. ) with Fe electrodes and reactive red

monoceros shell (Thiyagarajan et al. ), nanoscale zerova-

198 (Khosravi et al. ) with Al electrodes. He et al.

lent iron (Lin & Chen ), Fe3O4 nanoparticles (Lin et al.

() experimented with the decolourisation of reactive

) and textile sludge (Sonai et al. ). Catalysts such as

yellow 84 by electrocoagulation which is enhanced with

anthraquinone-2,6-disulfonate (AQDS) (Costa et al. )

ozonation. The degradation of reactive red 120 is studied

and platinised titanium dioxide (Kuo & Lin ) are used

by using the electrocoagulation process and the dye degra-

to remove RR2 from aqueous solution. Catalytic ozonation,

dation mechanism is analysed through gas chromatography

iron powder reduction and photooxidation (Feng et al.

mass spectrometry (GC-MS) studies (Pirkarami & Olya ).

), biodegradation using Pseudomonas sp. SUK1,

At anode:

advanced oxidation (Wu & Ng ) and UV/chlorine
advanced oxidation (Wu et al. ) have been employed
for treating RR2 contained wastewater.

Al ! Al3þ þ 3e

(1)

The current study focuses on the use of electrochemical
methods for the removal of textile dyes from wastewater.

At cathode:

Electrochemical methods are classiﬁed with respect to the
electrode material, used chemicals and the pollutant
removal mechanism. Well known electrochemical methods

3
3H2 O þ 3e ! H2(g) þ 3OH
2

(2)

are electro-oxidation (using stable electrodes such as PbO2,
mixed metal oxides (MMO) and RuO2), electro-Fenton,

In the solution;

and peroxi-coagulation (using H2O2 as an activator).
Electrocoagulation is cost-effective, operationally simple,
with no sensitivity to toxicity and has less sludge generation
than other processes (Nguyen et al. b, ). The theory
of the process is described as the generation of metal ions

þ
Al3þ þ 3H2 O ! Al(OH)3 þ 3H(Aq)

(3)

nAl(OH)3 ! Aln (OH)3n

(4)

from anodes hydrolysed into metal hydroxides, and the generation of hydrogen (H2) bubbles that occur at the cathode

Based on the reported literature, the removal of RR2 dye

which help the coagulated matters to ﬂoat (Equations

was studied by varying key process parameters of the elec-

(1)–(4)) (Mollah et al. ; Ozyonar & Karagozoglu ).

trocoagulation process such as: solution pH (3–11),

The performance of the electrocoagulation process depends

applied potential (2–6 V), electrolyte (NaCl) concentration

on wastewater properties, especially pH, conductivity, and

(1–3 g/L),

chemical composition. The electrocoagulation process

active surface area of electrodes (10–30 cm2) and inter-

involves three successive stages for pollutant removal: (i)

electrode distance (2–4 cm). The process efﬁciency was

generation of coagulants by the oxidation of electrodes in

optimised based on parameters of colour, chemical oxygen

an electrolyte solution, (ii) destabilisation of pollutants and

demand (COD) removal efﬁciencies, electrical energy and

suspensions by compression of diffuse double layer and

electrode consumption, and operational cost. The dye abate-

charge neutralisation and (iii) agglomeration of destabilised

ment mechanism during the treatment was analysed with

pollutants with coagulants (Singh et al. ). The electro-

UV-visible, Fourier transform infrared (FTIR) spectra and

coagulation process is applied for the removal of some

energy dispersive X-ray (EDX) spectral studies.
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represented in Equations (6) and (7) (Şengil & Özacar
):

C.I reactive red 2 (RR 2) (C19H10Cl2N6Na2O7S2, MW
615.34 g/mol) was selected as a typical model pollutant,
and the molecular structure of dye is depicted in

Electrical energy consumption ¼

Figure S1 (Supplementary Data). The textile dye was dissolved in distilled water and stored as a stock solution

Electrode consumption ¼

(5,000 ppm). Before the experiment, a certain concen-

V  I  t  103
60  (C0  Ct )  ν

MIt
n  F  ν  (C0  Ct )

(6)

(7)

tration of dye solution was prepared by diluting the stock
solution. The solution pH and conductivity were adjusted

where V is the applied potential (V ), I is an applied current

using dilute HCl (0.1 N), NaOH (0.1 N) and NaCl (1–

(A), t is the time of electrolysis (min), and v is the working

3 g/L). Variations in pH (ELICO pH LI 120) and conduc-

volume of dye solution (L). M is the molecular mass of

tivity (CM 180) were measured using respective meters. A
working volume of 0.3 L was placed in the reactor and
an Al (HE18) electrode (dimensions 15 × 15 × 0.1 cm) was

Al (g Mol–1), n is the number of electrons contributed
in the reaction (Al ¼ 3), and F is the Faraday constant
(F ¼ 96,487 C Mol–1).

ﬁtted in the reactor with the help of non-conducting

The current efﬁciency of the electrocoagulation process

holders which maintained the desired effective surface

is the calculated ratio between actual release of aluminium

area of the electrode. During the experiment, the residual

ions and theoretical value as shown below (Ahmadi &

dye concentration was measured using a UV-Vis Spec-

Ghanbari ):

trometer (DR3900, Hach Company, USA) and the UV-Vis
spectra were recorded with an ELICO (BL198) spectropho-

CE ¼

tometer. The dye solution was collected at different time

ma
ItM
nF

× 100

(8)

intervals. It was ﬁltered using Whatman ﬁlter paper (size
41), and the COD was measured as per the standard proto-

where CE is current efﬁciency, ma is the actual mass of Al

col (APHA/AWWA/WEF ). After electrocoagulation,

ions released as calculated by the weight loss of electrodes

electrocoagulated ﬂocs were collected, ﬁltered, and dried

before and after treatment.
The rate of dye removal efﬁciency of Al electrodes can



at 105 C in a hot air oven. Dried ﬂocs were subjected
to FTIR analysis which was carried out using a JASCO

be represented by the pseudo ﬁrst-order reaction:

(FT-IR-V 400 series) spectrophotometer.
The COD removal efﬁciency based on colour change
was calculated by the following equation:

Ln

 
C0
¼kt
Ct

(9)

where k is the pseudo ﬁrst-order rate constant (min–1).
Y¼

(C0  Ct )  100
C0

Equation (9) indicates that a plot of Ln (C0/Ct) against t
(5)

would be a straight line with a slope of k (El-Ashtoukhy &
Amin ).
Similarly, the voltage drop (hIR) is governed by the
following equation (Ghosh et al. ):

where Y is the colour or COD removal efﬁciency, C0 is
the initial concentration of RR2 or COD (ppm) and Ct
is the concentration of RR2 or COD (ppm) at time t

hIR ¼

Id
Ak

(10)

(min).
The electrical energy (kWh/kg of dye) and electrode

where d is the inter-electrode distance of two electrodes (m)

consumption (kg of Al/kg of dye) are calculated as

in an electrocoagulation reactor, A is the active surface area
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Effect of solution pH: (a) change of solution pH and (b) colour removal efﬁciency with respect to time.

of the anode (m2), and k is the electrical conductivity of the

change in solution pH before the experiment affected the

dye solution (mS/m).

performance of Al electrodes and this is evidenced by
colour removal efﬁciency which is decreased by 89.98,
79.83 and 71.73% whereas the initial pH of dye solution

RESULTS AND DISCUSSION

is ﬁxed at 3, 7 and 11, respectively. Figure 1(b) shows
that when the electrocoagulation time increases, the

Effect of solution pH in the removal of RR2

colour removal efﬁciency increases in all ranges of pH
up to 45 min and then reaches equilibrium. This behaviour

During the electrocoagulation process, solution pH vari-

is caused by the different mechanisms followed by the dye

ations and colour removal efﬁciency were studied and

removal process, such as precipitation, charge neutralis-

the results are depicted in Figure 1(a) and 1(b). During

ation, and adsorption (Barrera-Díaz et al. ), as shown

the electrolysis, dye removed water pH was raised to alka-

in Equations (11)–(14).

line medium while the initial pH of dye solution is ﬁxed at
3, 5 and 7. The increase in pH after the treatment is due
to the generation of hydroxyl ions which is generated
from the cathodic site during the electrolysis of dye
solution. The dye solution pH is ﬁxed at 9 and it is main-

Dye þ monomeric Al ! [Dye monmerical Al]s (11)
Dye þ polymeric Al ! [Dye polymerical Al]s (12)
Precipitation

〉

tained throughout the process. The dye solution pH is
increased to 11 before the treatment and it is decreased

Dye þ Al (OH]3(s) ! [Particle]

to 9.5 after the treatment. The initial pH 9 and 11 are buf-

[Dye polymerical Al] þ Al (OH)3(s) ! [Particle]

fered to pH 9 because the generated hydroxyl ions are

(13)
(14)

〉

Adsorption

equilibrated with aluminium ions, which is caused by the
chemical dissolution of aluminium electrodes at basic

The highest enhanced colour removal efﬁciency was

medium (Amour et al. ; Nguyen et al. ). The

achieved at pH 3 due to the combined effect of these
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Effect of an electrolyte dosage in the removal of RR2

lower colour removal efﬁciency was observed at alkaline
(pH 9 and 11), which may be caused by the repulsion

The addition of electrolytes leads to an increase in the con-

between anionic dye molecules and Al (OH)–4 ions.

ductivity of the dye solution which reduces the ohmic
resistance among the electrodes (Nguyen et al. a;
Nandi & Patel ). The electrolyte concentration increases

Effect of an applied potential in the removal of RR2

the current density of electrocoagulation reactor at the same
applied voltage (Şengil & Özacar ). In major studies,

The generation of metal hydroxide ﬂocs and bubble for-

NaCl is selected as an electrolyte to perform electrocoagula-

mation is ampliﬁed with the increase in applied voltage.

tion as it is used for dye ﬁxation in textile industries. It also

The colour removal effectiveness increased from 60.07 to

acts as a pitting agent to remove oxide ﬁlms from the electro-

79.38% whereas the applied potential varied from 2 to

de’s surface (Pajootan et al. ; Pirkarami & Olya ). In

4 V. When further increasing the applied potential from 5

this study, the conductivity of the dye solution ranges from

to 6 V, the colour removal efﬁciency slightly increased

3.36 to 8.24 mS/cm for NaCl dosages of 1–3 g/L, respect-

(Figure 2). According to Faraday’s law, the metal dissolution

ively. It leads to a change in voltage drop from 2.5 to

and ﬂoc generations are directly proportional to the current

3.07 V which simultaneously inﬂuences the increase in

density of the reactor (Daneshvar et al. ). The metal

energy

hydroxide increases with the increase in applied voltage,

10.14 kWh/kg dye and 0.32 to 0.85 kg Al/kg dye. The high

which is attributed to colour removal efﬁciency up to 4 V.

concentration of electrolyte leads to more metal dissolution

The colour removal efﬁciency attained at 5 and 6 V is due

(Mbacké et al. ) which enhances the colour removal efﬁ-

to unsaturated concentration dye and metal hydroxides.

ciency from 79.38 to 86.93% by raising the electrolyte

The COD removal efﬁciency was improved from 25.37

concentration from 1 to 3 g/L (Table 1). From the above

to 65.07% by raising the applied potential from 2 to 6 V.

results, it can be concluded that increasing electrolyte con-

The energy consumption was calculated as 0.71 and

centration

12.05 kWh/kg for applied potentials of 2 and 6 V, respect-

consumption.

and

electrode

greatly

consumption

affects

the

energy

from

and

3.86

to

electrode

ively. The ﬁnal pH of the treated solution is approximately
8.5, which shows that the applied potential does not affect
the reaction scheme.

Effect of an initial dye concentration in the removal
of RR2
Characterisation of real-time textile efﬂuents shows ﬂuctuating values of COD and different colour intensities
(Manikandan et al. ). Concentration of RR2 varies
Table 1

|

Effect of electrolyte (NaCl) concentration on colour removal efﬁciency, energy
and electrode consumption

Colour

Figure 2

|

Effect of an applied potential in the removal of RR2.
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NaCl

removal

Energy

Electrode

Voltage

concentration

efﬁciency

consumption

consumption

drop

(g/L)

(%)

(kWh/kg dye)

(kg Al/kg dye)

(×10–3 V)

1

79.38

3.86

0.32

2.50

1.5

81.86

4.83

0.40

2.68

2

84.09

6.80

0.57

2.72

2.5

85.81

8.30

0.70

2.91

3

86.93

10.14

0.85

3.07
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Effect of an active surface area of electrode in the
removal of RR2
The electrode active surface area in the electrocoagulation
reactor varies from 10 to 30 cm2. The colour removal efﬁciency, electrical energy, and electrode consumption are
shown in Table 2. The colour removal efﬁciency increases
from 53.24 to 84.10% with an increase in the electrode
active surface area of 10–30 cm2. A similar trend has been
observed by Daneshvar et al. (). The colour removal efﬁciency due to the ﬂoc density and distribution increases with
the active surface area of electrode. At certain voltages, the
Figure 3

|

Effect of an initial dye concentration in the removal of RR2.

passage of current increases with the increase in the active
surface area of the electrode which affects the electrical

between 100 and 500 ppm to study the colour parameters,
COD abatement efﬁciencies, and kinetics. With an increase
in the dye concentration from 100 to 500 ppm, the colour
and COD removal efﬁciencies decrease from 97.65 to
63.89% and 71.43 to 35.92%, respectively (Figure 3). The
pseudo ﬁrst-order kinetics was studied to determine the
rate of colour removal efﬁciency. This rate constant value
decreases from 0.082 to 0.026 min–1 while the dye concentration increases from 100 to 500 ppm. The decrease in
colour, COD abatement efﬁciencies and rate constant at
different dye concentrations are due to the generation of
coagulants. The coagulant generation rate is found to be
constant at the same current density. The generation of an
inadequate amount of coagulants at a constant current density prevents the removal of dye molecules at high
concentration of dyes from aqueous solution (Nandi &
Patel ).

energy use. The highest value of electrical energy consumption was 4.18 kWh/kg when the electrode active surface
area was 30 cm2. It was observed that the dye removal
capacity per unit area of electrodes decreased from 16.77
to 8.50 ppm/cm2 when the surface area of the electrode
increased from 10 to 30 cm2 (Table 2). The increasing concentration of ﬂocs is unsaturated with the decreasing
concentration of dye during the course of the experiment
(Sakthisharmila et al. ). Therefore, the dye removal
capacity decreases while increasing the active surface area
of the electrode.
Effect of inter-electrode distance (IED) in the removal
of RR2
Variation in the inter-electrode distance in the electrocoagulation reactor affects the shear rate of solution, which in turn
affects the average size of coagulated ﬂocs (Spicer et al.
). The inter-electrode distance is varied from 2 to 4 cm

Table 2

|

Effect of electrode surface area on colour removal efﬁciency, energy consumption and amount of dye removed per unit area of electrode

Amount of dye
Energy

removed per unit

Surface area of

Colour removal

consumption

area of electrode

electrode (cm2)

efﬁciency (%)

(kWh/kg dye)

(ppm/cm2)

10

53.24

3.18

16.77

15

62.31

3.45

12.89

20

69.14

3.76

10.63

25

79.39

3.86

9.67

30

84.10

4.18

8.50
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to analyse the colour removal efﬁciency and charge loading
on RR2 containing solution. A decrease in the colour
removal efﬁciency was observed from 81.86 to 76.67%
when the IED increased from 2 to 4 cm. The observation
may be attributed to the longer migration time required for
the electro generated Al (III) ions from the anode and the
hydroxide ions (OH–) from the cathode. The generated
Al (III) ions are readily oxygenated and become less reactive. The generated hydrogen bubbles are not adequate to
help the ﬂotation of ﬂocs at high electrode distance
(Mbacké et al. ). The required charge loading for dye
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where OC is the operational cost ($/kg dye), ENC is the electrical energy consumption (kWh/kg dye), ELC is the
electrode consumption (kg/kg dye) and CC is the chemical
used (kg/kg dye) (Sakthisharmila et al. ).
The operational cost was analysed with respect to the
applied voltage. The derived analysis shows that the increase
in applied voltage from 2 to 6 V leads to an operational cost
increase from 0.92 to 3.54 $/kg dye. The increase in applied
voltage leads to more energy and electricity consumption by
increasing the current density. Hence, the current density
needs to be optimised before the application of the electrocoagulation at industrial scale.
Figure 4

|

Effect of inter electrode distance on the removal of RR2.

removal after 60 min of electrolysis is calculated using the
following formula (Kobya et al. ):

Charge loading

F
m3


¼

It
Fν

UV-visible spectral studies
The UV-Vis spectra of RR2 recorded at an initial dye con-

(15)

centration of 300 ppm and an initial pH of 7 at frequent
time intervals during the electrocoagulation process is

where I is electrical current (A), t is time (sec), F is Faraday’s
constant (96,485.33 coulombs), and v is the volume of solution obtained for the electrocoagulation process (m3).
The charge loading decreases from 12.45 to 4.95 F/m3
by increasing IED from 2 to 4 cm (Figure 4). The increase
in electrode distance causes resistance to the passage of current into the solution. This leads to low current intensity
during electrocoagulation by simultaneously reducing
charge loading. The decrease in charge loading directly

depicted in Figure 5. Before the treatment of RR2 dye, the
peaks observed at 214, 232, 282, 314 and 535 nm represent
the presence of aromatic substituted benzenes, substituted
naphthalene ring and n → π* transition of the N ¼ N
group. Further into the electrocoagulation process, the
peaks at time intervals 10–60 min show a gradual decrease
in intensity, no-peak shifts are also observed. These observations support the adsorption mechanism followed for
the removal of RR2 using Al electrodes.

affects the quantity of ﬂoc generation and colour removal
efﬁciency.
The effective removal of RR2 using Al electrodes ranges
from 98 to 100%. While varying the interelectrode distance
from 2 to 4 cm, this observation can be attributed to the
possibility that an increase in the inter-electrode distance
increases the discharge of Al ions into the solution. Similar
results have been observed by Singh et al. ().
Operational cost analysis for the removal of RR2
The operational cost for electrocoagulation on the removal
of RR2 from aqueous solution is calculated as:
OC ¼ aENC þ bELC þ cCC
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|

UV-visible spectrum of RR2 on different time intervals during the electrocoagulation process.
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FTIR spectrum of (a) RR2 dye alone and (b) electrocoagulated ﬂocs with dye.

FTIR spectral studies of the electrocoagulated ﬂocs

mechanism for the removal of RR2 using A1 electrodes
(Coates ).

The FTIR spectra of dye before treatment (RR2 alone)
and after treatment with electrocoagulated Al ﬂocs are

EDX analysis of electrocoagulated ﬂocs

shown in Figure 6(a) and 6(b). The peaks at 3,452.56
and 3,428.81 cm–1 of the dye alone and electrocoagulated

The electrocoagulated ﬂocs were collected with and without

ﬂocs with dye correspond to the existence of O-H and N-

dye. The ﬂocs were dried and used for EDX analysis. The

H stretching vibrations. The peak shift from 3,452 and

electrocoagulated ﬂocs without dye contain 31.06% alu-

3,428 cm–1 is due to the adsorption of dye on the electro-

minium, 62.35% oxygen, 2.77% sodium, and 3.82%

coagulated ﬂocs. Similarly, the peaks at 1,630.16 and

chlorine while the electrocoagulated ﬂocs with dye contain

1,638.23 cm–1 indicate the presence of the C¼O group
in the dye and electrocoagulated ﬂocs with dye mol-

14.04% carbon, 50.38% oxygen, and 26.28% aluminium.
The presence of carbon in electrocoagulated ﬂocs supports

ecules. The stretching peak at 1,555.14 cm–1 shows the

that the dye molecules are adsorbed on the electrocoagu-

presence of C ¼ C groups, and it shifted to 1,540.99 cm–

lated ﬂocs. The adsorption mechanism is followed for the

1

elimination of RR2 from aqueous solution using Al electro-

for dye containing electrocoagulated ﬂocs. The peak

of the chromophoric group (N ¼ N) is observed at
1,496.93 cm–1 which is shifted to 1,419.81 cm–1 in electro-

des (Singh et al. ; Sakthisharmila et al. ).

coagulated ﬂocs with dye which showed that there is no
degradation of the chromophoric group during electro-

CONCLUSIONS

coagulation. It indicates dye adsorption on ﬂocs. The
stretching vibrations of S¼O peaks are observed at

The buffering capacity of electrocoagulated aluminium ﬂocs

1,186.54 cm–1 for dye alone and electrocoagulated ﬂocs

maintained a pH of 9 irrespective of the initial pH. The

with

and

colour removal efﬁciency decreased with the increase of

668.21 cm–1 of dye are shifted to 1,156.15, 1,072.22, and

the solution pH from acidic to alkaline medium. The

dye.

630.60 cm
above

–1

The

peaks

at

1,129.39,

1,048.24,

in electrocoagulated ﬂocs with dye. The

derived

points

supported

the

adsorption
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increase in applied voltage led to high energy consumption
and COD removal efﬁciency. Moreover, an increase in
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electrolyte concentration resulted in slight colour removal
efﬁciency, but electrical energy, electrode consumption,
and voltage drop were found to be increased. The high concentration of dye present in the solution affects the
electrocoagulation process which is supported by the
decrease in the pseudo ﬁrst-order kinetics rate constant.
The effective surface area of the electrode has a better
impact on colour removal effectiveness and the amount of
dye removed per unit area of the electrode decreases. The
operational cost of the electrocoagulation process is
favoured at low voltages of the electrocoagulation reactor.
The adsorption of dyes over the electrocoagulated ﬂocs is
supported by UV-visible studies of treated samples, FTIR,
and EDX analysis of dried electrocoagulated ﬂocs.
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Ş engil, İ. A. & Özacar, M.  The decolorization of CI Reactive
Black 5 in aqueous solution by electrocoagulation using
sacriﬁcial iron electrodes. J. Hazard. Mater. 161 (2),
1369–1376.
Singh, S., Srivastava, V. C. & Mall, I. D.  Electrochemical
treatment of dye bearing efﬂuent with different anode–
cathode combinations: mechanistic study and sludge
analysis. Ind. Eng. Chem. Res. 53 (26), 10,743–10,752.
Sonai, G. G., de Souza, S. M. G. U., de Oliveira, D. & de Souza,
A. A. U.  The application of textile sludge adsorbents for
the removal of Reactive Red 2 dye. J. Environ. Manage. 168,
149–156.
Spicer, P. T., Pratsinis, S. E., Trennepohl, M. D. & Meesters, G. H.
 Coagulation and fragmentation: the variation of shear
rate and the time lag for attainment of steady state. Ind. Eng.
Chem. Res. 35 (9), 3074–3080.
Thiyagarajan, E., Saravanan, P., Saranya, P., Gandhi, N. N. &
Renganathan, S.  Biosorption of reactive red 2 using
positively charged Metapenaeus monoceros shells. J. Saudi
Chem. Soc. 21, S1–S6.
Wu, C.-H. & Ng, H.-Y.  Degradation of CI Reactive Red 2
(RR2) using ozone-based systems: comparisons of
decolorization efﬁciency and power consumption. J. Hazard.
Mater. 152 (1), 120–127.
Wu, J., He, Z., Du, X., Zhang, C. & Fu, D.  Electrochemical
degradation of acid orange II dye using mixed metal oxide
anode: role of supporting electrolytes. J. Taiwan Inst. Chem.
Eng. 59, 303–310.
Yuksel, E., Eyvaz, M. & Gurbulak, E.  Electrochemical
treatment of colour index reactive orange 84 and textile
wastewater by using stainless steel and iron electrodes.
Environ. Progr. Sustain. Energy 32 (1), 60–68.

First received 19 July 2019; accepted in revised form 15 November 2019. Available online 17 February 2020

Downloaded from http://iwaponline.com/aqua/article-pdf/69/4/345/724756/jws0690345.pdf
by guest

|

