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Abstract— Sugar industry plays an important role in the 

economy of India by way of farming and creation of 

employment. The by-products of sugar mills are also used as 

raw materials in different industry. The sugar industry 

generates strong waste water characterized by high COD and 

Turbidity. Furthermore, the sugar industry is one of the 

largest sources of industrial effluents. Hence, the cost 

effective treatment of sugar effluent for environmental 

protection is a challenging task. The removal of pollutants 

from sugar industries waste water will be experimentally 

investigated using direct current electrocoagulation 

(EC).Electro-coagulation (EC) technology with Aluminium 

electrode in bipolar parallel system could be an attractive 

alternative for the treatment of sugar effluents. In the present 

work, an attempt will be made for the treatment of sugar 

industry wastewater using Electrocoagulation technique with 

aluminium electrodes as sacrificial anode in bipolar 

connection system. 
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I. INTRODUCTION 

Effluent discharge from agro industries like sugar are 

characterized by high COD(chemical oxygen demand) due to 

their level of organic contents and this effluent contain milk 

and milk products with wash water [1]. Rapid urbanization 

and industrialization in the developing country like India pose 

severe problems in collection, treatment and disposal of 

effluents. This situation leads to serious public health 

problems. Unmanaged organic waste fractions from 

industries, municipalities and agricultural sector decompose 

in the environment resulting in large scale contamination of 

land, water and air. These wastes not only represent a threat 

to the environmental quality but also possess a potential 

energy cane crushed. Because of high value which is not fully 

utilized despite the fact that they are cheap and abundant on 

most parts of the world [2]. Large quantity of waste water 

originates due to their different operations. The organic 

substance in the wastes comes either in the form in which they 

were present in milk, or in a degraded from due to their 

processing. The sugar industry wastes are very often 

discharged intermittently. The nature and composition of 

waste depends on the type of products produced and size of 

the plant [3].Demands of clean industrial waste water to avoid 

environmental pollution and especially contamination of 

fresh water resources have become national and international 

issues. The increase in the volume of waste water discharge 

in to the environment that pollutes freshwater resources is the 

result of modification in the manufacturing processes. The 

sugar industry utilize around 1500-2000L of water and 

produce about 1000L of waste water per ton of cane crushed. 

The sugar manufacturing processes produce waste water 

contain Chemical Oxygen Demand (COD) is from 2300-

8000mg/L, Biochemical Oxygen Demand (BOD) is from 

1700-6600mg/L and Total Suspended Solids are up to 

5000mg/L [4]. 

Sugar industry effluent is conventionally treated by 

adopting various physic-chemical and biological methods. 

These conventional processes suffer the disadvantage that the 

reagent costs are high and the soluble COD removal is low. 

Moreover, chemical treatments could induce a secondary 

pollution due to the fact that chemical additives may 

contaminate the treated water. Coagulants in addition to 

increasing the amount of sludge production increase the total 

solids in the effluents, adsorption process necessitates back 

washing and use of membranes has the problem of scaling 

and frequent membrane fouling. Convectional biological 

treatment systems for sugar factory wastewater may not be 

feasible due to large land space requirement as well as high 

capital and operational cost. Hence electrochemical treatment 

of sugar industry waste water may be considered as an 

economical alternative process when convectional treatment 

methods fail to reduce pollution [5]. The EC technique has 

been successfully used for the treatment of various 

wastewater such as Textile wastewater [6], Pharmaceutical 

wastewater [7], Paper industry wastewater [8], Hospital 

wastewater [9], Petrochemical industry wastewater [10] etc. 

Hence in the present study on the evaluation of efficiency of 

the electrocoagulation process on treatment of sugar industry 

wastewater using Iron electrodes. 

II. THEORY OF ELECTROCOAGULATION 

A. Principle 

Electrocoagulation (EC) is a method of treating polluted 

water where sacrificial anodes corrode to release active 

coagulant precursors (usually aluminium or iron cations) into 

solution. 

The EC is a process in which the anode material 

undergoes oxidation whereas the cathode subjected to 

reduction and hence, various monomeric polymeric metal 

hydrolyzed species are formed at the electrode surface [1]. 

These metal hydroxides remove organics from wastewater by 

sweep coagulation and/or by aggregating with the colloidal 

particles present in the wastewater to form bigger size flocs 

which ultimately are removed by settling [5]. Electro-

coagulation is the process of destabilizing suspended, 

emulsified, or dissolved contaminants in an aqueous medium 

by introducing an electric current into the medium. In its 

simplest form, an electro-coagulation reactor may be made up 

of an electrolytic cell with one anode and one cathode [8]. An 

iron are usually used as electrodes and their cations are 

generated by dissolution of sacrificial anodes upon the 

application of a direct current investigated EC technologies 

for the treatment of wastewaters using iron and electrode 



Removal of COD from Sugar Industry Wastewater by Electrocoagulation Method 

 (IJSRD/Vol. 5/Issue 11/2018/098) 

 

 All rights reserved by www.ijsrd.com 382 

materials. The result shows that from COD removal 

efficiency and energy consumption points of view, iron is 

superior to aluminium as a sacrificial electrode material [11]. 

B. At the Anode 

M(S) →Mn+
(aq) + ne-  

2H2O(l) → 4H+
(aq) + O2 (g) + 4e- 

C. At the Cathode 

Mn+
(aq) + ne-→M(S) 

2H2O(l) + 2e- → H2 (g) +2OH- 

III. EXPERIMENTS 

Sr. No Parameters Values 

1 pH 6.3 

2 COD 3095.21mg/l 

3 Turbidity 234.2NTU 

4 TDS 1280mg/l 

5 Conductivity 15.23ms/cm 

6 Chloride 1425.12mg/l 

7 Color Greenish yellow 

Table 1: Characteristic of Sugar Effluent 

1) Chetan Marol, Siddaling Talawar [3], have investigated 

that Electrocoagulation technique using Aluminum 

electrodes as sacrificial anode in bipolar connection 

system was effective for the removal of COD from the 

sugar industry waste water. The effects of operating 

parameters such as pH, voltage and electrolysis duration 

for the removal of COD were studied. The optimum 

values of voltage, initial pH and electrolysis time were 

found to be 25V, 7.0 and 75 Mins respectively. The 

analysis of the treated water showed that 96% COD was 

removed at optimum conditions. The effluent was very 

clear and its quality meets the discharge standard. 

2) Rumi Chaudhary, O.P. Sahu[12], have investigated that 

treating the sugar industry wastewater using aluminium 

plate as electrode material have increased the removal 

efficiency of COD by increasing the  applied current 

density,  wastewater flow rate and by adding  0.2M 

Sodium sulphate as a polyelectrolyte. The results 

indicate that 84.2% COD removal takes place in 90 min 

at 40 mA/cm2 and wastewater flow rate of 1000ml/min. 

3) Prof.Shruti a Byadgi, Prof. Manjunath S Sharanappanava 

[13], have investigated the treatment of sugar industry 

wastewater using electrocoagulation technique with Zinc 

electrodes as sacrificial anode in bipolar connection 

system. The effects of operating parameters such as 

voltage and electrolysis duration on the removal of COD, 

were investigated. The analysis of the treated water 

showed that the maximum COD, removal efficiency was 

80.95% at optimum conditions. 

4) C.B Shivayogimath, Rashmi Jahagirdar [5], have 

investigated the treatment of sugar industry wastewater 

using electrocoagulation technique with iron electrodes 

as sacrificial anode in bipolar connection system. The 

effects of operating parameters such as pH, voltage and 

electrolysis duration on the removal of COD was 

investigated. The optimum values of voltage, initial pH 

and electrolysis time were found to be 12V, 6.0 and 4 

hours respectively. The analysis of the treated water 

Showed that the maximum COD removal efficiency was 

92.8% at optimum conditions. 

5) M.F. Ni'am, F.othman, have studied for the removal of 

COD from wastewater by electrocoagulation (EC) 

technology. It was investigated by using batch apparatus 

using two monopolar iron (Fe) plate anodes and cathodes 

were employed as electrodes. DC current was varied 

from 0.5–0.8 A and operating times were between 30 and 

50 min. The COD removal efficiency was as high as 

75.5%. 

 
Fig. 1: Bench-Scale EC Reactor with Bipolar Electrodes in 

Parallel Connection [3] 

 
Graph 1: COLOR Removal with Electrolysis Time for 

Different Voltages at pH 7.0[3] 

When Experiment was carried out by furthur 

increasing the pH to 7.0 with different voltages 10V, 15V, 

20V and 25V, the color removal efficiences were found to be 

79%, 81%, 90% and 95% for 60mins of electrolysis duration 

and remained constant for 75mins.  

 
Graph 2 : Variation of Removal Efficiency of COD with 

Current Densities [12] 
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This graph depicts the effect of current density on 

the COD removal efficiencies of 47.4, 64.3, 68.4, 70.1, 78.4 

and 79.5% were achieved after 2 hr electrocoagulation at 10, 

20,25,30,35 and 40 mA/cm2 respectively. 

 
Graph 3 : COD Removal Vs Time At Different Voltages at 

pH 6[5] 

When the experiment was carried out by increasing pH to 6.0 

with different voltages 8V, 10V, and 12V and maximun 

turbity removal efficiencies of 78.91%, 84.68% and 92.4% 

for 4 hrs were obtained. 

 
Graph 4: COD Removal Efficiencies as a Function of 

Settling Time [14] 

The behaviour of these process explains that the EC 

technology can enhance the settling velocity of suspended 

particles and increase COD removal where the voltage was 

maintained as 0.8A and time duration was 30-50 min  

IV. ADVANTAGES 

EC is a simple equipment and easy to work with adequate 

operational scope that can overcome most of the problems 

that may be encountered during the operation. The water after 

purification are palatable, clear, colorless, and without odor. 

The sludge produced during the process is ready to be set 

again and easy to be dried out, because they mostly contain 

metallic oxides and hydroxides. The flocs that are produced 

by EC are similar to the chemical flocs; however, it is 

expected to be larger and contain less bound water, be more 

stable and acide-resistant that can, consequently, be separated 

faster by filters. 

In comparison with the chemical treatment, EC produces 

sewage that contains less total dissolved solids (TDS) 

contents. Consequently, if this water is going to be reused, the 

low TDS level requires lower recovery cost. The EC process 

removes the lower amount of colloidal elements, because the 

used electric field sets them in faster movement by which the 

coagulation is facilitated. 

V. DISADVANTAGES  

‘Coagulation’ process is relatively time consuming process. 

‘Electrochemical’ process is the saline (or acidic) electrolyte 

poses the risk of corrosion to tool, work piece and equipment. 

‘Coagulation’ process is generate high sludge production The 

‘sacrificial electrodes’ are dissolved into wastewater streams 

as a result of oxidation, and need to be regularly replaced. The 

use of electricity may be expensive in many places. An 

impermeable oxide film may be formed on the cathode 

leading to loss of efficiency of this unit. High conductivity of 

the wastewater suspension is required. Gelatinous hydroxide 

may tend to solubilize in some cases. 

VI. COMPARISON  

Electrocoagulation (EC) utilizes methods that precipitate out 

large quantities of contaminants in one operation, the 

technology is the distinct economical and environmental 

choice for industrial, commercial and municipal waste 

treatment. The capital and operating costs are usually 

significantly less than chemical coagulation.  

Chemical precipitation in wastewater treatment 

involves the addition of chemicals to alter the physical state 

of dissolved and suspended solids and to facilitate their 

removal by sedimentation. The chemicals used in wastewater 

treatment include Alum, Ferric chloride, Ferric sulphate, 

ferroussulphate, and Lime. The inherent disadvantages 

associated with most chemical unit processes is that they are 

additive processes. This problem is eliminated in the 

Electrocoagulation process. These chemicals are not only 

expensive, but, more importantly, the net increase in the 

dissolved constituents in the wastewater render it impractical 

or impossible to reuse. 

Electrocoagulation uses electricity to precipitate the 

dissolved and suspended solids. The total dissolved solids in 

the liquid usually decrease by 60 percent or more. This 

enables the water to be reused in many applications, such as 

water reuse in steam cleaning operations. Electrocoagulation 

produces a cleaner water than either chemical precipitation or 

sedimentation.  

The total sludge generated by EC contains less than 

0.5 percent added coagulant. Total sludge generated by 

Chemical precipitation contains 49 percent added coagulant. 

The added sludge generated by chemical precipitation 

effectively doubles the sludge disposal volume. 

Electrocoagulation can produce an environmentally friendly 

sludge in the 6 to 7 pH range. Chemical precipitation on the 

other hand, usually creates a sludge in the caustic pH range 

above 10. 

VII. CONCLUSION 

Thus we can say that electrocoagulation is more efficient and 

cost reliable as compared to other process for the removal of 

COD (Chemical Oxygen Demand) from wastewater and for 

its treatment. Aluminium electrodes are found to be more 

efficient as compared to iron electrodes. Thus we will be 

performing the experiment by using Al electrode and by 

applying Dc power supply. 
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