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Abstract: The present work focuses on the systematic study of the removal of diary industrial pollutants 

from effluent of MILMA – Kerala Co-operative Milk marketing Federation limited, Calicut through 

electrocoagulation process (EC).  An electrocoagulation batch reactor with aluminium as anode and 

mild steel as cathode were designed and used for the treatment process.  Optimization of various 

operating parameters such as operating time, pH and current Density on COD and Turbidity removal 

were studied. The results indicates that the operating time and the applied current density has a positive 

relationship with the removal efficiency. Higher removal efficiency was found at neutral to alkaline 

region pH of 7 to 9.  Over 95.00 % of pollutants removal efficiently was observed by conducting the EC 

treatment at current density (CD) of 33.33 A/m2, pH of 7 and EC time of 75 min. The effect of multi-

electrode system was studied with the obtained optimized parameters in which Monopolar and Bipolar 

configurations were tested. Out of which Monopolar configuration was found to be most effective in 

reduction of COD.  
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1. Introduction: The major challenges being faced by the present world is for water and energy. Water 

bodies are contaminated due to both domestic and industrial waste. Significant amount of water were 

used in industries for manufacturing and purification cycles. Ejection of these effluents straight away to 

the water bodies will affect the stringent environmental strategy adopted by industrialized countries, so a 

greater care has been given for treatment of the effluents [1]. Treatment of industrial wastewater is very 

difficult due to the high concentrations of organic/inorganic pollutants and variation in their volume and 

compositions [2]. The conventional method of biological treatment were widely used, and they 

experiences the difficulties such as the low bio solid separation, voluminous biological sludge and low 

removal efficiencies [3]. So the existing water treatment technologies have to improve the performance 

efficiencies for the improvement of quality of treated water and to reach the strict environmental 

regulations.  

 

Now a days, the advanced oxidation process and the electrochemical process were considered as an ideal 

tool for addressing the current environmental scenario. In the case of electrochemical treatment 

processes electrons are the main reagents, which are clean reagents and eliminate the need of additional 

reagents in the process [4]. Electrocoagulation (EC) is a process of destabilizing the suspended, 

emulsified or the dissolved contaminates by introducing electric current through it. EC reactor is a 
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simplest electrolytic cell with an electrode pair, commonly used electrodes were conductive metal sheets 

such as aluminium and iron. The anode acts as the sacrificial electrode which dissolve and insitu 

coagulants were generated the destabilized contaminates will attached to these generated coagulants thus 

the removal take places [5 - 7].   

 

The series of electrochemical reactions has been shown in equations (1) to (3) [8, 9]  

 

Anode: 

 

        +                   (1) 

 

Cathode:  

 

 +        +                   (2) 

 +       +                 (3) 

 

This process is characterized by the reduced sludge production, no chemical addition, environmental 

friendly treatment process, relatively compact and robust and the removal of wide variety of pollutants 

are possible. EC has applied successfully to various industrial effluents such as textile industry, dairy 

wastewater treatment, paper mill effluents, electroplating industry and tannery wastewater etc. [4, 10 - 

13]. 
  

The performance of EC process depends on effect of the operational variables such as electrode 

materials, operating time, current density, solution pH, inter electrode distance and the rotational speed. 

Various electrode materials are used in the treatment process by their ability to provide metal ions by the 

electrochemical reactions for coagulation and flocculation process. Among which aluminium and iron 

are most chosen as they are easily available, cheap and above all anodically soluble [14, 15]. The applied 

current per unit area (current density) is a key variable which effects in the rate of generation of insitu 

coagulants, their size and the number of hydrogen bubbles formed. In additional it has an impact on the 

electrode potential and the reactions occurring at the surface of electrodes. From a detailed literature 

survey it is observed as the applied current density values were varied between 1 – 100 mA/cm2 

depending on the pollutant present and electrode used [3, 16, 17]. The solution pH is the another 

effecting parameter of the treatment process, the solution pH continuously changes during the process 

due to the generation of charged particles. This situation indicates a pH buffering effect during 

electrocoagulation which is different from traditional chemical coagulation. The type of aluminium 

hydroxides formed will be different in the different pH regions and these will determine the coagulation 

capacity [18 - 20]. As the electrode spacing increases the percent removal was found to be decreased. 

The Ohmic potential drop decreases when inter-electrode distance decreases. A narrow spacing of less 

than 10 mm is accompanied with lower energy consumption. 

 

In the present work electrocoagulation process is used for the treatment of Diary effluent.  The EC 

method is a clean environmental free technique and it can be used irrespective of the pollutant present in 

the water sample it can be performed. It is very effective for the removal of high COD and BOD 

contents. Diary wastewater is the mainly consists of high amount of turbidity, biological oxygen 

demand, chemical oxygen demand and other types of impurities.    

 

2. Materials and methods 
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2.1 Sample collection and analysis: The wastewater sample is collected from the inlet channel of 

effluent treatment plant, Kerala Co-operative Milk Marketing Federation limited popularly known as 

Milma. However from the available literatures, the diary wastewater consist of biodegradable and non-

toxic, but with high concentrations of biochemical oxygen demand (BOD), chemical oxygen demand 

(COD) and suspended solids (SS). The collected sample with a high BOD, COD and SS were subjected 

the electrocoagulation studies.   

 

2.2 Experimental setup and Procedure: The experiments were conducted at room temperature using 

aluminium strips as the anode and mild steel as cathode to remove contaminates from the aqueous 

solution of collected industrial sample. The electrocoagulation experiment was performed in EC 

reaction setup as shown in Figure (1) for both single electrode system with dimension 8 x 10 x 0.2 cm 

and multi-electrode system with dimension 23 x 10 x 0.5 cm were used. The effect of various 

operational parameters such as pH, reaction time and the applied current density on the removal 

efficiency were determined. After each experiment run the supernatant was removed and the same was 

used for the analysis of COD and turbidity (as a measure of SS). The standard procedure available in the 

Environmental protection agency (Standard methods for the examination of water and waste water 14th 

edition, 1975) were followed for the COD analysis of the supernatant after the treatment. The turbidity 

were analyzed by turbidity analyzer ELICO CL 52 D nephelometer. 

 

   

Figure (1): Experimental setup (a) Single electrode system, (b) Multi-electrode system. 

The performance efficiency of EC process is mainly depends on the number and size of insitu 

coagulants formed during the electrochemical reactions. The rate of formation of insitu coagulants is 

increased by increasing the effective surface area exposed for the reactions. However it can be achieved 

by increasing the number of electrode plates and that enables to avoid the generation of significant 

Ohmic resistance. These characteristic properties will depends on the type of electrode configuration and 

the number of electrodes used [21 - 23]. Generally, we have two types of electrode configurations 

 

1. Monoplar electrode Configuration in which each electrode is connected to either to anode or to 

cathode. 
2. Bipolar electrode configuration where we connect the first electrode to the anode and last to the 

anode. 
 

So we assembled both the connections by taking 5 pair of electrodes i.e. Al as anode and Mild steel as 

cathode. The connections are made accordingly in Figure (2) lab scale Monopolar and bipolar electrode 

configurations are shown.  
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Figure (2) Schematic diagram of Monopolar and Bipolar.  

 

3. Results and discussion: 

 

3.1 Effect of reaction time: Dairy wastewater was subjected to the EC experiments, the conditions were 

made constant as a 20 V applied voltage, solution pH of 10, and effective surface area of electrode as 25 

cm2 and rotation speed of 200 rpm with varying reaction time [24]. The results are shown in Figure (3) 

and optimum time was found at 75 mins. After 75 mins there the COD removal efficiency and turbidity 

were found to be constant. And after certain period of time, degradation of electrode takes place & 

accumulation of sludge on the electrode which causes to the slight decreases its % COD removal 

decreases. 

 
 

Figure (3): Time vs. % Removal for COD and Turbidity. 

 

3.2 Effect of Solution pH: Effect of pH on the EC operational efficiency were conducted by varying the 

pH by keeping the other operational parameters constant as 75 mins of reaction time, applied voltage of 

20 V, effective surface area of electrode as 25 cm2 and rotation speed of 200 rpm. Previous reported 

literatures [18, 19] shows that the EC process efficiency favors the neutral conditions due to the 

formation of higher oxidation state aluminium hydroxides. The optimum pH was found to be pH 7. 
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Figure (4) Optimization of pH. Figure (5) Optimization of Current Density. 

 

3.3 Effect of Current Density: The effect of current density was varied by changing the effective 

surface area of the electrodes used for the EC treatment. The experiments were performed at the 

constant operational conditions of 75 min operating time, solution pH of 7, and applied voltage of 20 V 

and rotational speed of 200 rpm. Turbidity is almost showing a constant, the lower current is sufficient 

enough for the removal of turbidity from the treating solution. The increase in current density is a 

measure of the amount of in-situ coagulant released, as the rate of coagulant dosage increases the 

removal efficiency also increases [16, 17, 19, 25].  

 

3.4 Multi-Electrode system: (a) Monopolar System: For monopolar connection % COD Removal was 

89.33 % and Turbidity was 99.89 %. The removal efficiency was more than bipolar configuration 

because inner electrode distance was less in monopolar while in bipolar the distance between the first 

electrode and last electrode is more. As the inter electrode distance decreases the effective resistance 

decreases and the removal efficiency increases, the similar observations were discussed by N. Huda et 

al. [26].   

 

(b) Bipolar system: For bipolar connection % COD Removal was 78.67 % and Turbidity was 99.63 %. 

Which shows removal efficiency is increased when comparing with the single electrode system, but 

when it is compared with the monopolar system the efficiency is less. Based on the amount of current 

utilized by these two connections, the monopolar were found to be more. As the current utilized were 

more the insitu coagulant release will be also more thus the removal also.  

 

Conclusions: Electrocoagulation is an effective option that can be chosen to treat wide variety of 

industrial wastewater. This study revealed that the feasibility of the same in the removal of pollutants 

from the diary wastewater. This study investigates the effect of various operational parameters on the 

treatment of industrial wastewater using a scrap aluminium sheet as the anode and mild steel as cathode. 

The most affecting factors on the process was found to be as pH, current per unit area or current density, 

reacting time / operating time. Best removal was achieved at pH 7 for 75 minutes of EC process. Current 

density was another factor which effects in the removal process to make the process more efficient and 

an 88 % of removal efficiency was achieved for the both responses. From the above results we can 

conclude that the EC process is favorable for wastewater treatment. Carboxylic acids, fats, oils and other 

organic matter was efficiently filtered in this process. Multi-electrode system is proved to be more 

effective than single electrode system and it was found that Monopolar configuration gives optimum 

removal.  
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