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This work has been carried out to minimize environmental pollution by investigation of efficient 
electrocoagulation of methylene blue by aluminum electrode cell setup using graphene oxide as 
adsorbent. The efficiency of dye removal was evaluated by the absorbance of methylene blue at 665 nm. 
The operating parameters for electrocoagulation such as current density (10-30 mA/cm2), electrolysis 
time (5-20 minutes), pH of the medium (2 to 10), stirring speed  (150-350 rpm), inter electrode distance 
(0.8 to 2 cm) and NaCl concentration (1.5-5.0 g/L) were optimized and found to be 30 mA/cm2, 20 min, 
pH 7.0, 300 rpm, 2 cm and 5 g/L respectively. The results showed that the dye removal efficiency was 
enhanced to 99% by the addition of graphene oxide. The result of the present research work can be 
useful for an efficient large-scale treatment of industrial effluents contaminated with methylene blue. 
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1. Introduction 

Modern dyes have a multiple array and they are often intended to be 
fashioned to resist the breakdown of long-term exposure to sunlight, 
water, and other atrocious conditions, and thus making the management 
of dye wastewater more complex. The effluents from textile plants contain 
portions of dyes, which are important water pollution sources. The dyes 
are deeply colored, multicomponent, and consume dissolved oxygen, and 
destroy aquatic life. Moreover, some dyes and their degradation products 
may be carcinogens and toxic, Therefore, it is necessary to treat the dyes 
before disposal. Many dyes are difficult to decolourise due to their 
complex structure and synthetic origin. A wide range of methods has been 
developed for the removal of synthetic dyes from waters and wastewaters 
to decrease their impact on the environment. Electrocoagulation is an 
effective electrochemical approach for the treatment of dye effluent. 
Among various processes, electrocoagulation is a latest innovation for 
wastewater treatment with high removal efficiency for several pollutants; 
oil and grease, metal, nutrient, turbidity and colour [1,2]. The 
electrocoagulation process offers an easy, trustworthy, and commercial 
method for the treatment of wastewater without the need for additional 
chemicals, and thus, without the production of secondary pollution [3–6]. 
It also reduces the amount of sludge which needs to be disposed [7]. The 
separation by electrocoagulation of pollutants such as hydrocarbons [8,9], 
dyes [10–13], heavy metal ions [14,15], leachate [16], and various other 
ions such as boron [17] and fluorine [18] have been reported. The 
reduction in COD during the electrocoagulation of methylene blue (MB) 
and eosin yellowish (EY) in presence of NaCl as electrolyte was reported 
as efficient tool [19]. There was an efficiency enhancement in removal of 
methylene blue dye using an electromagnetic field i.e. iron electrode 
during the electrocoagulation process [20]. The effect of operational 
parameters and mechanism of removal of methylene blue dye by 
electrocoagulation was studied and maximum dye removal efficiency was 
found to be 99.37% [21]. Taguchi method was applied to determine the 
optimum removal of methylene blue (MB) using iron electrodes [22]. De-
colorization of methylene blue dye waste by electrocoagulation technique 
was studied and found that the energy consumption for dye removal using 
aluminum and iron electrodes was 0.634 and 0.375 kW.h/m3, respectively 
[23]. In this present study the synthetic dye methylene blue was selected. 
The parameters such as pH, TSS, BOD and COD were analyzed for the 
synthetic dye effluent before and after electrocoagulation. The spectral 
characterizations such as FT-IR and UV-Vis characterisation of the 
samples were done. Electrolytic cell reactor set up for electrocoagulation 

process was developed and the removal efficiency of dye was compared 
with effluent having graphene oxide as adsorbent. 
 

2. Experimental Methods 

2.1 Equipment Setup 

The electrocoagulation unit mainly consists of aluminum sheet as 
cathode, anode and a DC power supply. Working volume of the 
electrochemical reactor was around 0.25 L, inter electrode distance was 1 
cm and the effective electrodes area was approximately 18 cm2. A digital 
DC source (PICO, 0-30 V, 0-5 A CVCC MODE) was used to supply the power 
to the ECF system. A magnetic stirrer was used to provide thorough mixing 
to the solution. Synthetic textile dye effluent was prepared by mixing 0.1 g 
of the methylene blue dye in 1 liter of distilled water along with starch (1 
mg/L), Na2SO4 (1 mg/L), and Na2HPO4 (1 mg/L).  Then it was placed on a 
hot plate equipped with a magnetic stirrer at 80 °C for 1 hour. After 
attaining the uniform concentration, the samples were cooled and packed 
in air tight containers. The parameters such as pH, TSS, COD, BOD of the 
samples were analyzed in Global lab and consultancy services, Salem, 
Tamilnadu and the reports are discussed here. 
 
2.2 Procedure 

Electrolysis is a process in which oxidation and reduction reactions take 
place when electric current is applied to an electrolytic solution. 
Electrocoagulation is based on dissolution of the electrode material used 
as an anode. This so called “sacrificial anode” produces metal ions which 
act as coagulant agents in the aqueous solution in situ. At its simplest, an 
electrocoagulation system consists of an anode and a cathode made of 
metal plates, both sub- merged in the aqueous solution being treated. The 
electrodes are usually made of aluminum, iron, or stainless steel (SS), 
because these metals are cheap, readily available, proven effective, and 
non-toxic [24].  

During EC, the following main reactions take place at the electrodes.  
 
Anodic reactions, 

Al(s)                    Al3+ + 3e-  Eo = +1.66 V 
2H2O (l)                   O2 (g) + 4H+ + 4e- Eo = -1.23 V 

 
Cathodic reaction, 

2H2O + 2e-                  H2 (g) + 2OH- Eo = -0.83V 

 
Additionally, when chloride is present and the anode potential is 

sufficiently high, the following reactions may take place in the EC cell. 
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2Cl-                   Cl2 + 2e-   Eo = -1.36V 
Cl2  + H2O                   HClO + H+ Cl- Eo = -0.93V 
HClO                 H+ + OCl- 
 
The formation of active chlorine species (Cl2, HClO, OCl-) enhances the 

performance of the EC reactor through oxidation reactions. 
The methylene blue dye solution of 0.25 L and concentration of 100 

ppm was added to the electrocoagulation reactor system. Then the 
operating factors of current density (10-30 mA/cm2), electrolysis time (5-
20 minutes), pH of the medium (2 to 10), stirring speed (150-350 rpm), 
inter electrode distance (0.8 to 2 cm) and NaCl concentration (1.5-5.0 g/L) 
were varied. The temperature was maintained 25 °C. At the end of 
experiments, the solution was centrifuged to remove the sludge. The 
solution was centrifuged and the absorbance was measured by UV-visible 
spectrophotometer (Deep Vision UV-VIS single beam spectrophotometer) 
at 665 nm. The efficiency of dry removal was calculated using Eq.(1). 

 
Efficiency (%)  = 1- (final absorbance / initial absorbance) x100            (1) 
 

3. Results and Discussion 

3.1 Analysis of pH, TSS, COD and BOD 

The parameters such as pH, TSS, COD and BOD of the sample was 
analyzed and shown in Table 1. The pH level describes the amount of 
alkalinity or acidity of water. The pH of the sample was tested and found 
to be almost neutral. Total suspended solids (TSS) are the dry-weight of 
suspended particles that are not dissolved in the water sample that can be 
trapped by a filter that is analyzed using a filtration apparatus. The sample 
exhibited the values less than 5 mg/L. The chemical oxygen demand (COD) 
test is used to measure the quantity of organic compounds in a water 
sample. It measures the capacity of water to consume oxygen during the 
decomposition of organic matter and the oxidation of inorganic chemicals 
such as ammonia and nitrate. The COD behavior of the synthetic dye 
effluents was found to be 60 mg/L. Biochemical oxygen demand (BOD) 
also called biological oxygen demand is the amount of dissolved oxygen 
needed by aerobic biological organisms to break down organic material 
present in a given water sample at certain temperature over a specific time 
period. BOD character of the synthetic dye effluent was determined by 
incubating the water sample with aerobic microorganisms on a three-day 
incubation period at 27 °C. The BOD of the synthetic dye effluents was 
found to be 19 mg/L. Results of the parameters after electrocoagulation 
has been reported in Table 1. 
 
Table 1 pH, TSS, COD and BOD characteristics of the sample 

Sample pH TSS (mg/L) COD (mg/L) BOD (mg/L) 

Methylene blue solution  7.36 <5  60 19 

Methylene blue solution 

after coagulation  

6.78 36 438 1320 

 
3.2 UV-Visible Behavior of the Synthetic Dye Effluent Samples 

The UV- Visible spectral behavior of the effluent was studied using 
JASCO V-530 spectrophotometer using a 1 cm quartz cuvette filled with 
the samples. The peak around 347 corresponds to the n→π* (N=N) in dye 
molecules. The peaks present around 220-264 nm is due to π→π* 
transition of the benzenoid rings present in the dye molecule (Fig. 1). Since 
the synthetic dye effluent was coloured there will be interaction of 
radiation from the visible part (λ= 380-720 nm) of the electromagnetic 
spectrum with a chemical species in a dye molecule. Thus, in UV spectrum 
of the sample strong intense band appears in the visible region. 
 

 
Fig. 1 UV-Vis spectral behavior of the methylene blue 

3.3 FT-IR Spectral Behavior of the Synthetic Dye Effluent Samples 

The spectrum of sample 1 was given in Fig. 2. The methylene blue is a 
non azo dye. The band at 1635 and 2132 cm-1 is due to the presence of 
some functional groups like -CH2- and -CH3 respectively. The bands due to 
the aromatic region in the range of 1400-1600 cm-1 are also significant as 
azo bond stretching appears between the bands of the aromatic region. 
The stretching of aromatic region is prominent and strong. The absorption 
band of the azo chromophore is clearly distinct from the C=C absorption 
bands which are quite evident in their spectrum. The azo absorption bands 
were sited between 1500 cm-1 and1700 cm-1. Due to aromatic region, the 
higher energy bands appeared from 1590 cm-1 to 1619 cm-1. The broad 
band around 3100 cm−1 can be referred to the N–H stretching vibration. 
 

 
Fig. 2 FTIR spectrum of methylene blue synthetic water 

 
3.4 Analysis of Dye Removal Efficiency 

3.4.1 Effect of Current Density 

The initial absorbance spectra of methylene blue solution presented the 
highest peak at 665 nm (Fig. 1), thus the reduction of the highest peak was 
referred for the dye removal efficiency. After treatment by EC the 
absorbance was measured at 665 nm using a UV-VIS spectrophotometer. 
The peak at 665 nm decreased from 0.5 absorbance at the initial to 0.3 
absorbance at the current density of 10 mA/cm2, and further decreased to 
0.2 and 0.1 at the higher current densities (Fig. 3). From Fig. 3, it is evident 
that the dye removal efficiency was increased by increasing current 
densities as linear relation. The efficiency was 58% at 10 mA/cm2 and 
increased to 83% at 20 mA/cm2 and reached the maximum of 92% at 30 
mA/cm2. This is because a large amount of aluminium hydroxide particles 
(i.e., Al(OH)3) are generated at the higher current densities. The aluminium 
hydroxide particles act as coagulant to destabilize the colloid particles of 
dye, and remove the destabilized dye from the water [25,26]. 
 

 
Fig. 3 Effect of current density on absorbance 

 

 
Fig. 4 Effect of electrolysis time on  dye removal efficiency 

 
3.4.2 Effect of Electrolysis Time 

At various electrolysis times, the dye removal efficiency was increased 
by increasing electrolysis times as exponential relation. The efficiency was 
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sharply increased to 66% at 5 minutes, and continuously increased at the 
longer electrolysis times (Fig. 4). The efficiency reached 78% at 10 
minutes, then slightly increased to 82% at 15 minutes and reached its 
maximum of 93% at 20 minutes. The longer electrolysis times causes high 
sludge formation and Al electrode degradation occurs. This prevents the 
chemical interaction during coagulation process and increase the energy 
consumption. 
 
3.4.3 Effect of pH 

To study the effect of initial pH of the solution on the removal by the EC 
process, the pH was varied from 2 to 10 (Fig. 5). It has been observed that 
pH has not much significance in the color removal efficiency. Therefore, 
optimum pH value was considered as 7 which is neutral. Fig. 5 shows the 
percentage removal of color by varying initial pH of the solution. At pH 7, 
aluminum hydroxide being amphoteric easily precipitated whereas it does 
not precipitate at very low pH. At higher pH, efficiency reduces because of 
the formation of new aluminum complex Al(OH)4 - which was soluble and 
coagulates poorly and affects the coagulation process. 
 

 
Fig. 5 Effect of pH on  dye removal efficiency 

 
3.4.4 Effect of NaCl Concentration 

Concentration of NaCl was varied from 1 to 5 g/L, the dye removal 
efficiency was in the range between 80-92% (Fig. 6). NaCl played a role as 
conductive solution, and without NaCl addition the chemical reaction does 
not takes place in the EC system. Efficiency increases slightly when the 
concentration of NaCl increases. At the end of experiments, the surface of 
Al electrodes was decayed to produce the aluminium ions and form the 
coagulant as aluminium hydroxide. Further, the sludge of aluminium 
hydroxide particles and dye were observed at the water surface. The water 
became clear and colourless after sludge removal. 
 

 
Fig. 6 Role of concentration of NaCl on dye removal efficiency 
 

 
Fig. 7 Effect of stirring speed on dye removal efficiency 

 
3.4.5 Effect of Stirring Speed 

The main function of stirring is to ensure a good homogenization of the 
mixture dispersing the coagulant species in the reactor, thus causing 
efficient contact between the neutralized molecules and destabilized 
colloids and the cationic metallic species. Influence of stirring speed on 

colour removal efficiency was studied by varying the stirring speed from 
150 to 350 rpm. Efficiency increases slightly when the stirring speed 
increases and attains its maximum at 300 rpm (Fig. 7). After that the 
efficiency was decreased because of flocculation process allows the 
aggregation of colloidal particles into flocs which could hinder the removal 
process and has negative effect on colour removal. 
 
3.4.6 Effect of Inter Electrode Distance 

The distance between the electrodes is an important parameter 
implicated in the design of the electrochemical cell. Optimizing the inter 
electrode distance contributes to the regulation of the electrocoagulation 
process. To study the influence of electrode distance on dye removal 
efficiency, the distance between the electrodes was varied between 0.8 
and 2.5 cm (Fig. 8). The removal efficiency is relatively low when the 
electrode distance was small due to short circuits when distance is above 
2 cm and more energy was consumed in the EC process. Thus 2 cm inter 
electrode is maintained throughout the processes. 
 

 
Fig. 8 Inter electrode distance Vs  dye removal efficiency 

 
3.5 Enhanced Activity of Electrocoagulation using Graphene Oxide 

Graphene oxide (GO) is obtained by oxidation or sonication of graphite, 
and it possesses oxygen-containing functional groups, including hydroxyl 
groups (–OH), epoxy groups (–C=O), and carboxyl groups (–COOH). The 
presence of these functional groups enables the stable dispersion of GO in 
water and other polar organic solvents. GO also possesses a high specific 
surface area. Compared to other carbon-based materials, GO have better 
environmental compatibility and biocompatibility. Oxygen-containing 
functional groups can be used as the adsorption sites [27]. Through 
interaction with these oxygen-containing functional groups, dyes can be 
easily electrocoagulated.  

The methylene blue dye solution of 0.25 L of 100 ppm concentration 
and 0.01 g of grapheme oxide was added to the electrocoagulation reactor 
system. The operating factors were optimized fixed as current density 30 
mA/cm2, electrolysis time 20 minutes, pH of the medium pH 7.0, stirring 
speed 300 rpm, inter electrode distance 2 cm and NaCl concentration 5.0 
g/L. The temperature was maintained 25 °C. Fig. 9 shows the sludge 
formed after electrocoagulation with and without graphene oxide. At the 
end of experiment, the surface of Al electrodes was slightly decayed to 
produce the aluminium ions and form the coagulant as aluminium 
hydroxide. Further, the sludge of aluminium hydroxide particles and dye 
were observed at the bottom, as shown in Fig. 9. Finally, the water became 
clear and colourless after sludge removal. 

 

  
Sludge formed after electrocoagulation Sludge formed after electrocoagulation 

using graphene oxide as adsorbent 
 

Fig. 9 Sludge formed after electrocoagulation with and without graphene oxide 
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4. Conclusion  

From the results obtained in the electrocoagulation process it was 
concluded that use of graphene oxide enhances the efficiency of dye 
removal process. The optimum operating parameters were found to be 
current density 30 mA/cm2, electrolysis time 20 minutes, pH of the 
medium pH 7.0, stirring speed 300 rpm, inter electrode distance 2 cm and 
NaCl concentration 5.0 g/L. The sludge of aluminium hydroxide particles 
and dye were observed at the bottom and the water became clear and 
colourless after sludge removal. Thus, this process can be adopted for the 
effective removal of methylene blue from industrial effluents. 
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