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Abstract
The degradation of diluted textile effluent was studied by electrochemical technique. For electrochemical 

degradation, the graphite carbon electrodes were used as anode and cathode. Electrochemical behavior of effluent 
was performed with cyclic voltammetry in different pH 1 to 11 using pencil graphite as working electrode. The 
potentials selected for the dyes were in the range +0.8 V to –0.4 V. The voltammetric curve of effluent at pH 1 shows 
cathodic peaks at +0.3365 V and +0.0613 V and anodic peaks at +0.396 V and +0.689 V. During electrochemical 
degradation, the chromoporic groups and aromatic rings were destroyed. Decolourisation and degradation of 
the effluent was followed using UV-vis spectroscopy, LC-MS and COD measurements. The dyes present in the 
textile effluent were completely oxidised and degraded with graphite electrodes. The effect of initial pH, supporting 
electrolyte and current density on the degradation of textile effluent was discussed.

Keywords: Carbon electrodes; Cyclic voltammetry; Electrochemical
degradation; LC-MS; Textile effluent

Introduction
Textile wastewater includes a large variety of dyes and chemicals 

that make the environmental challenge for textile industry not only as 
liquid waste but also in its chemical composition [1]. Main pollution 
in textile wastewater came from dyeing and finishing processes. These 
processes require the input of a wide range of chemicals and dyestuffs, 
which generally are organic compounds of complex structure [2]. 
Effluent from most textile dyeing operations generally has a dark 
reddish-brown color that is aesthetically unpleasing when discharged 
to receiving waters [3] that include public sewers, ponds, rivers and 
irrigation lands [4]. Textile industries generate effluent at an average 
of 100-170 L Kg−1 of cloth processed, which is characterized by strong 
color, high COD with wide variation in pH [5]. Major pollution load 
from the textile industry is from the various wet processing operations 
like scouring, bleaching, mercerizing, dyeing and the amount of 
composite effluent discharged from the textile mills varied from 1 to 10 
million liters per day depending upon the quantity of cloth produced 
and various manufacturing processes employed [4].

Conventional biological treatment is the most efficient and economic 
way of reducing the environmental impact of the industrial effluents 
containing organic pollutants, but this technique is time consuming and 
cannot be employed for textile effluent, as textile effluent is recalcitrant 
to biodegradation. On the other hand, the physical adsorption is 
expensive and difficult for adsorbent regeneration. Further, biological 
and chemical methods generate considerable quantity of sludge, 
which itself requires treatment. Due to the large variability of the 
composition of textile wastewater, most of the traditional methods 
are becoming inadequate [6-8]. As environmental regulations become 
stringent, new and novel processes for efficient treatment of various 
kinds of wastewater at relatively low operating cost are needed. In this 
context, researchers are trying various alternative processes, such as 
electrochemical technique, wet oxidation, ozonization, photocatalytic 
method for the degradation of organic compounds. Among these 
advanced oxidation processes, the electrochemical treatment has been 
receiving greater attention in recent years due to its unique features, 
such as versatility, energy efficiency, automation and cost effectiveness 
[9,10] and giving promising results [11,12].

The electrochemical treatment of textile dye wastewater has also 
been studied using cast iron [13], boron doped diamond (BDD) 
[14,15], Pt/Ti [16,17], Ti/RuO2 [18] Ti/Pt/Ir, active carbon fiber (ACF), 
stainless steel 304 [19] and graphite carbon electrodes [20]. In the 
past, graphite was frequently used as an anode for the electrochemical 
degradation of textile wastewater as it is relatively cheaper and gives 
satisfactory results [21]. The aim of this work was to test the feasibility 
of electrochemical method for the degradation textile effluent

Experimental Part
Materials 

The textile effluent was collected from after dyeing process 
(concentrated) in textile industry Himatsingka Linens, Hassan, India. 
After bringing the laboratory the effluent was diluted with potable 
water for laboratory studies. All other chemicals used for experiments 
were of analytical grade reagents and obtained from s d fine chem-
limited, Mumbai, India. Double distilled water was used to prepare 
the reagents. Cylindrical carbon electrodes (Chemical composition: 
graphite carbon + coke: 85% and ash 15%) were obtained from Power 
Cell Battery India Limited. A digital DC power supply (AD 302S: 30V, 
2A) was used as an electrical source.

Instrumentation 

Electrochemical measurements: The electrochemical measurements 
were carried out for dye effluent using CHI660D electrochemical 
workstation (CH Instruments Austin, USA) controlled by 
electrochemical software. A three electrodes system was used for the 
cyclic voltammetric experiments. The working electrode was highly 
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polished, pencil graphite disc with an effective surface area of 0.002 
cm2. A platinum wire and saturated calomel were used as counter and 
reference electrodes, respectively.

Electrochemical degradation studies: Figure 1 shows the 
experimental setup for the electrolysis. Graphite carbon electrodes of 
4.5 cm length and 0.8 cm diameter were used as anode and cathode. 
The effective electrode area was 11.82 cm2. The supporting electrolytes 
such as NaCl and Na2SO4 were added to the electrolytic solution, 
which increases the conductivity of the dye effluent and reduces the 
electrolysis time. The solution was kept under agitation using magnetic 
stirrer.

UV-visible studies: A UV-Vis Spectrophotometer (ELICO, SL-
159) was employed to measure the optical density of (at λmax=440 nm) 
dye effluent before and after electrolysis. The decolourisation efficiency 
was calculated using the relation:

i f

i

A  A%E = 100
A
−

×                                                                               (1)

where, Ai and Af are absorbance values of dyes solutions before and 
after treatment with respect to their λmax, respectively or Ai and Af are 
initial and final COD values of the dye effluent, respectively.

pH and conductivity measurement: A water analyser (Systronics, 
Model-371) was used to measure the pH and conductivity of the dye 
effluent before and after electrolysis under different electrolysis 
conditions.

Liquid chromatography-mass spectrometry studies (LC-MS)

The extent of degradation of dye effluent was analyzed by LC-MS 
studies (LCMS-2010A, Shimadzu, Japan). The LC-MS was fitted with 
column C18. The mobile phase was methanol: water (90:10). The flow 
rate was 0.2 mL min-1 and the injection volume of dye was 5 µ L. The dye 
solutions were injected into LC column before and after electrolysis. 
Analyses using ESI (electron spray ionization) interface were done 
under the same chromatographic conditions as described for the APCI 
(atmospheric pressure chemical ionization) analysis, except the guard 
column, which was not used in the ESI analysis.

Results and Discussion
Voltammetry 

The cyclic voltammagrams of dye effluent (diluted) were recorded 
in pH 1 to pH 11 using pencil graphite as working electrode. The 

potential range selected was +0.8 V to –0.4 V. The voltammetric curve 
of effluent shows cathodic peaks at +0.3365 V (Ipc) and +0.0613 V (IIpc) 
in the forward scan and anodic peaks at +0.396 V (Ipa) and +0.689 V 
(IIpa) in reverse scan at pH 1 (Figure 2). The reduction and oxidation 
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Figure 1: Schematic diagram of the experimental setup (1, DC power supply; 2, 
Electrode pair; 3, Electrolytic cell; 4, Magnetic stirrer.

Figure 2: Cyclic voltammograms of dye effluent at different pH on PGE at a scan 
rate of 100 m Vs-1.
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Figure 3: Cyclic voltammograms of dye effluent at (a) pH 1 and (b) pH 3 on PGE 
at different scan rate. Inset plots: linear relationship between the current and 
υ1/2.
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peak observed in the voltammagrams (Ipc and Ipa) at pH 1 attributed due 
to strong solution of H2SO4. The peaks IIpc and IIpa were attributed due 
to colour producing organic groups (chromophores) present in the dye 
effluent. By increasing pH of the solution reduction and oxidation peaks 
were shifted towards higher negative of potential range. In basic pH 
peaks were found to be disappeared, indicates that, the dye molecules 
present in the textile effluent was reduced at acidic pH. These data are 
very much important to assess the feasibility of the electrochemical 
process for the degradation of dye effluent. 

Figure 3a (at pH 1) and Figure 3b (at pH 3) show the effect of scan 
rate on the cyclic voltammograms of dye effluent. The reduction 
peak current (IIpc) increased linearly with square root of the scan 
rate (υ1/2) over the range 0.025 V s-1 to 0.150 V s-1. Inset plots showed 
linear relationship. The correlation co-efficient (r2) of dye effluent was 
found to be 0.950 and 0.990 for cathodic peak current at pH 1 and pH 3, 
respectively (IIpc) indicates electrode process was diffusion controlled. 
The difference between the anodic peak and cathodic peak potentials, 
ΔEp was increased with increasing scan rate.

Influence of electrolytic conditions on dyes degradation 

Effect of initial pH: Solution pH is one of the important factors that 
affect the performance of electrochemical process. Hence experiments 
were conducted to study the effect of pH on the degradation efficiency of 

textile effluent. A significant difference in the extent of decolourisation 
was noted when concentration of NaCl was at 25 g L-1. The initial pH of 
the solution (3-11) was adjusted using 1N H2SO4 or NaOH [22]. The 
electrolysis was carried out at the current density of 170 Am-2 for 4 
hours with a textile effluent and at room temperature (315K). After 
electrolysis the results indicate that final pH was slight varied from 
acidic condition and decreased from basic conditions (Figure 4). The 
decolouration efficiency of dye effluent was found percentage of 95.54 
% in acidic pH-3 and at initial pH was 11 the decolouration efficiency 
was only the percentage of 86.22%. It indicated that the degradation 
of dye effluent in acidic solution is higher than that of in the basic 
media. Therefore the optimum pH 3 was maintained in subsequent 
experiments.

Effect of current density: Current density is a very important 
variable in electrochemical engineering. As shown in the Figure 5, both 
the colour and COD removal efficiency was increased by increasing the 
applied current density (85, 170, 255, 340 and 425 A m−2) the results 
may attributed to the increased oxidant such as: chlorine/hypochlorite, 
hydroxyl radicals at higher current densities. The hydroxyl radical 
adsorbed on the active sites at the anodic surface of the graphite 
carbon increases with current density, which in turn would enhance 
the rate of electro-oxidation of dye molecule present in the effluent. 
Further increase in the current density did not have much effect on 
decolourisation, which can be attributed to the fact that increasing 
current density increases over potential required for the generation 
of oxidants [23]. At the same time, more energy will be consumed at 
higher current density applied. Therefore, the optimal current density 
for the successive electrochemical degradation of dye effluent was 170 
A m−2.

Effect of supporting electrolytes

Figure 6 show the effect of supporting electrolytes (NaCl and 
Na2SO4) and their concentration of on decolourisation efficiency. As 
can be seen from the Figure when Na2SO4 was substituted by NaCl, 
the decolourisation efficiency increased with a subsequent decrease 
in the applied voltage. From this observation it concluded that the 
introduction of NaCl as electrolyte can enhance the degradation 
efficiency and shortens electrolysis time, which may be attributed due 
to the reaction between the electro generated chlorine/hypochlorite 
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Figure 4: Effect of initial pH on (a) decolourisation efficiency and (b) final pH .
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Figure 5: Effect of current densities on decolourisation and COD removal at 
optimal conditions.
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Figure 6: Effect of different supporting electrolyte and their concentration on 
decolouration of effluent.
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and the dye molecule present in the effluent. The possible mechanism 
of electrochemical degradation is given bellow:

Anode reaction: 2Clˉ → Cl2 + 2eˉ                                                         (2)

Cathode reaction: 2H2O + 2eˉ → H2 + 2OHˉ                                   (3)

Bulk solution reaction: Cl2 + H2O → HOCl + HCl                            (4)

HOCl → H+ + OClˉ                                                                               (5)

The generated hypochlorite ions act as main oxidizing agent in 
the pollutant degradation [5] and were classified as indirect electro-
oxidation of pollutant. Moreover, the increased NaCl results in a 
decrease in the operating voltage at constant current density (Figure 
6a). Increase in the concentration of NaCl up to 25 g L-1 accelerated the 
degradation rate, enabling degradation of dye effluent (Figure 6b) to the 
extent of 95.54% decolourisation efficiency in 4hrs. A further increase 
in NaCl concentration (> 25 g L-1) there was a slight improvement in 
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Figure 7: Effect of (a) pH and (b) NaCl concentration on removal of COD.
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Figure 8: Absorption spectra for textile effluent before and after electrolysis (4 
hrs) at different pH in NaCl 25 g L-1.
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Figure 9: Absorption spectra for textile effluent before and after electrolysis (4 
hrs) at different concentration of NaCl keeping constant pH 3.

decolourisation efficiency, so the optimal concentration of NaCl used 
in the successive experiments was 25 g L-1.

Analysis of COD

The standard COD measurement is known to be affected by a 
number of inorganic substances [24]. Of these, chloride may have 
the significant effect on the test which is due to its reaction with 
potassium dichromate [25]. The COD was measured by adopting open 
reflux titrimetric method. In the present study it can be seen that the 
degradation of dye effluent may proceed by indirect electrochemical 
oxidation rather than direct electrochemical process. The electrolysis 
was carried out at a current density of 170 A m-2. At this current density, 
Cl2 generated in the solution drives the oxidation process. The Cl2 
species is a powerful oxidizing agent capable of oxidizing the dyestuffs. 
In the absence of chloride containing electrolytes, the COD removal 
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Figure 10: Absorption spectra for textile effluent before and after electrolysis 
(4 hrs) at different concentration of Na2SO4 keeping constant pH 3.



Citation: Kariyajjanavar P, Narayana J, Nayaka YA (2011) Degradation of Textile Wastewater by Electrochemical Method. Hydrol Current Res 2:110. 
doi:10.4172/2157-7587.1000110

Page 5 of 7

Volume 2 • Issue 1 • 1000110
Hydrol Current Res
ISSN: 2157-7587 HYCR, an open access journal 

and dye effluent degradation efficiencies were very low [26]. The 
percent removal of COD increased with increase in the concentration 
of NaCl (Figure 7b). This confirmed that the electrogenerated chlorine/
hypochlorite will play an important role in the electrocatalytic 
degradation process of the dye-effluent. The maximum COD removal 
efficiency was observed at pH 3 (Figure 7a).

UV-vis spectra

Typical UV-Visible spectra for untreated and treated dye effluent 
have been done and changes in absorbance of dye effluent were 
recorded (Figure 8 to 10). The initial spectra of dye effluent showed 
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Figure 11: Mass spectrum of textile effluent (a) before electrolysis and (b) after electrolysis at the operational conditions of pH: 3; NaCl 25 g L-1; current density: 170 A 
m-2; time: 4 hrs.

that the wavelength of maximum absorbance (λmax) was at 440 nm 
in the visible region and corresponds to presence of chromopHores 
(colour producing) groups. In order to perceive distinctions between 
intermediates and initial dye effluent absorbance was monitored 
during the electrochemical degradation processes. The maximum 
decolouration of effluent was observed in 4 hours of electrolysis at pH 
3 (Figure 8). At pH 3 active chlorine species hypochlorous acid will 
be generated which oxidizes the effluent effectively. The intensity of 
optical density at λmax was decreased with increase in the concentration 
of NaCl (Figure 9). The degradation efficiency was found to be low in 
presence of Na2SO4 (Figure 10). During electrochemical degradation, 
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the cleavage of chromophoric groups present in the textile effluent 
has taken place, which results in the decrease of optical density of the 
effluent. Also the absorption band has been shifted from visible to 
UV region, which indicated the degradation of large dye molecules 
(present in the effluent) into smaller fragments [27]. However, the 
active chlorine can lead the partial mineralisation of dye effluents [28].

LC-MS studies

LC-MS technique was employed to monitor the diminution in 
mass fragments of dyes molecules present in the effluent before and 
after electrolysis. Since this technique is specifically useful to study the 
degradation of dye effluent as well as the formation of intermediates, 
the decolourisation produced during the electrolysis. Before 
electrochemical treatment MS spectrum shows more number of peaks 
due to the presence of other impurities (Figure 11a). The MS spectrum 
of electrolysed dye effluent shows the absence of majority of earlier 
peaks, indicated that the entire dye effluent has been decomposed to 
colorless low molecular weight fragments (Figure 11b). The remaining 
peaks in the mass spectra may be due to the presence of simple aromatic 
compounds, particularly different substituted benzene moieties.

Electric energy consumption

The major operating cost is associated with the electrical energy 
consumption during electrochemical degradation process. The 
electrical energy consumption (E) is required to decompose diluted 
textile dye effluent at various current densities was calculated using the 
relation: 

3 = 10E

s

VItE
V

−×                                                                                     (6)

where E is the electrical energy consumption (kWhm-3), V is the 
applied voltage (V), I is the applied current (A), tE is the electrolysis 
time (h) and Vs is the volume of dye effluent (m3). As per the results the 
minimum electrical energy consumption was 14.640 k W h m-3

 for dye 
effluent at 170 A m-2 current density. At higher current densities, the 
energy consumption was found to be increased (Table 1), which may be 
attributed to the increased hydrogen and oxygen evolution reactions. 

Conclusion
In the present work the electrochemical degradation of textile 

effluent by using graphite carbon as anode and cathode, in the 
optimal operational electrolytic conditions (current density 170 A 
m-2, NaCl concentration 25 g L-1, pH 3 and temperature 300.15 K) 
influences the degradation of dyeing intermediates. Increasing the 
initial pH and current density will lead to corresponding decrease in 
the effluent degradation. The effect of conducting salt clearly showed 
that, introduction of Cl¯ containing electrolytes could enhance the 
degradation efficiency of the effluent. Cyclic voltammograms indicated 
the quasi-reversible electrochemical nature of effluent. UV-Vis and 

Current (A) Current 
density (Am-2)

Electrolysis time 
(hrs)

Energy Consumption (k 
W h m-3)

0.10 085 4.00 07.060
0.20 170 4.00 14.640
0.30 255 4.00 29.760
0.40 340 4.00 40.800
0.50 425 4.00 63.000

Table 1: The electric energy consumed during degradation of diluted textile effluent 
(pH 3) at various current densities.

MS spectral studies confirmed that the proposed electrochemical 
degradation process could be effective method for the degradation of 
textile dye effluent.
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