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Abstract:
The sugar cane industry is among those industries with the largest water demands and, in addition, is an important
source of non-toxic organic pollution combined with the fact that India it is second largest producer and largest
consumer makes it all the more important. The cost effective treatment of sugar industry wastewater is a challenging
task. In the present work, an attempt was made for 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, turbidity, BOD, pH, Acidity, Total Solids were
investigated. The optimum value for each operating variable was experimentally determined. . The experiments revealed
that COD, BOD and Total Solids in aqueous phase was effectively removed. The analysis of the treated water showed
that the maximum COD, BOD and Total Solids removal efficiencies were 80.95%, 89.4% and 90.37% respectively at
optimum conditions. The effluent was very clear and its quality meets the discharge standard. Consequently, the
electrocoagulation process can be considered as a reliable, safe and cost effective method for the treatment of sugar
industry wastewater.
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1. Introduction
Sugar is one of the most important components of
the human diet universally used. Its importance is
related to energy contribution in combination with
the capacity to sweeten. The discovery of
sugarcane, from which sugar is derived, dates back
unknown thousands of years. It is thought to have
originated in New Guinea, and was spread along
routes to South East Asia and India. The process
known for creating sugar, by pressing out of the
juice and then boiling it into crystals, was
developed in India around 500 B.C. Sugars are a
major form of carbohydrates and are found in all
green plants. They occur in significant amounts in
sugarcane and sugar beet. They are also found in
lesser quantities in fruits and vegetables. There are
three main simple sugars, sucrose, fructose and
glucose and the body quickly break down in to
these separate substances. Apart from sugar being
the cheapest instant source of energy, it has several
medical and the rapeutical values, such as treatment
of oral rehydration in infants and healing wounds.
And also sugar is the best carrier of Vitamin A and

E and minerals. Approximately 70% of sugar is
produced from sugarcane which is largely grown in
tropical countries and 30% of sugar is produced
from sugar beet which is grown in temperate zones.

India is the largest sugar producing country in the
world. India has been known as the original home
of sugar and sugarcane. Presently, about four
million hectares of land is cultivation of sugarcane
with an average yield of 70 tonnes per hectare.
There are more than 550 installed sugar industries
in the country. In India most of the sugar mills are
situated in the country side and sugar is mainly
produced from sugar cane. Production of sugar from
sugarcane is a seasonal operation, depending on the
availability of sugarcane, which lasts for about 4-8
months i.e. from October to May.

Rapid urbanization, industrialization and population
growth have led to the severe contamination of most
of the fresh water resources with untreated
industrial and municipal wastes. Demands of clean
industrial wastewater to avoid environmental
pollution and especially contamination of fresh
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water resources have become national and
international issues. The increase in the volume of
wastewater discharge in to the environment that
pollutes freshwater resources is the result of
modification in the manufacturing processes. The
sugar industries utilize around 1500-2000L of water
and produce about 1000L of wastewater per ton of
cane crushed. The sugar manufacturing process
produces wastewater which possess high content of
organic material and subsequently high
Biochemical Oxygen Demand (BOD) which ranges
from1700-6600 mg/L, the Chemical Oxygen
Demand (COD) is from 2300-8000 mg/L and the
total suspended solids are up to 5000 mg/L and the
ammonium content is high As the wastewater from
the industry is rich in organic matter, managing the
same is a challenging task. The wastewater leads to
rapid depletion of dissolved oxygen content in
water bodies, rendering them unfit for both aquatic
and human uses. If untreated wastewater is
discharged on land, decaying organic solid and oil
and grease present in the wastewater clog the soil
pores.

1.1 E1ectrocoagulation Process
Electrocoagulation (EC) is process whereby
metallic hydroxide flocs are created within the
wastewater due to the action of soluble anodes
(Zinc or Aluminum). Electro coagulation,
precipitation of ions and colloids using electricity
has been known as an ideal technology to upgrade
water quality. It is the technique to create
conglomerates of the suspended, dissolved or
emulsified particles in aqueous medium using
electrical current causing production of metal ions
at the expense of sacrificial electrodes and hydroxyl
ions as a result of water splitting. This method has
been practiced for most of the 20thcentury with
limited success .Using electricity to treat water was
first proposed in UK in 1889 and the application of
electrolysis in mineral beneficiation was patented
by Elmore in 1904.

An electrocoagulation reactor consists of anode and
cathode like a battery cell; metal plates of specific
dimensions are used as electrodes and supplied with
adequate direct current using power supply. The
metal plates are connected with specified inter
electrode distance and supplied electric current is
distributed on all the electrodes. Distance of the
electrodes has a direct relationship with the
consumption of electricity. The experimental set up

also requires a resistance box to regulate current
density and multi-meter to read the current values.

Electrocoagulation is a process in which the anode
material undergoes oxidation and hence various
monomeric and polymeric metal hydrolyzed species
are formed. 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
and ultimately get removed by settling. The EC
technique combines three main interdependent
processes, electrochemistry, coagulation and
hydrodynamics. In an EC process, the coagulating
ions are produced in situ and it involves three
successive stages.

o Coagulants forming due to anode electrical
oxidation
o Destabilizing pollutants and suspended
substances and emulsion breaking
o Combining instable particles to form flocs.
Destabilization mechanisms in this process include
electrical double layer compression, adsorption and
charge neutralization, and enmeshment in a
precipitate and inter-particle bridging.

1.2 Advantages of  Electrocoagulation  process
(1) 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.
(2) The water after purification are palatable,
clear, colorless, and without odor.
(3) 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.
(4) 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.
(5) 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.
(6) 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.
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(7) In EC, there is not any problem of
neutralizing excess chemicals as well as the
possibility of secondary pollution resulted from
chemical substances that are added at high density,
because unlike chemical coagulation of wastewater,
EC does not use chemicals.
(8) In EC, the bubbles of gas that are produced
during the electrolysis process carry the
contaminant to the top of the liquid and from there
it can be easily collected and removed out.
(9) The EC process requires less maintenance
because the electrolytic processes in the EC cell are
controlled electrically with no moving parts. This
technique can be easily applied in rural areas where
even the electricity is not available because a solar
board is attached to it that might be sufficient for
operating the process.

1.3 Disadvantages of electrocoagulation process
(1) The 'sacrificial electrodes' need to be
replaced regularly due to oxidation and being
dissolved into the wastewater streams.
(2) Using electricity could be expensive in
many places.
(3) Sometimes a waterproof oxide film is
located in the cathode to lessen the possibility of
loss of efficiency of the process.
(4) In this system, a high conductive
wastewater suspension is required.

2.0 Materials and Methodology
2.1 Wastewater collection:
The Sugar industry wastewater is collected from
Dudh Ganga Sugar Industry which is located 10km
away from Chikodi city of Belgaum District and
different parameters such as pH, Alkalinity,
Acidity, Turbidity, BOD, COD etc were analyzed
for raw waste water.

2.2 Experimental Setup
The experimental setup of bipolar
electrocoagulation AC unit is shown figure. The
container is made up of glass material with the
volume of 1000mL measuring 10cm*10cm*10cm,
the experiment was performed with four zinc
electrodes connected to AC power supply. The
space between all the electrodes maintained to
1.5cms in all the experiments. In each run the
voltage was varied to desired value of 5, 10, 15 and
20volts. Magnetic stirrer was used in all the tests to
ensure homogenous solution in batch reactor
containing waste water. The wastewater

concentration was reduced accordingly in order to
obtain better efficiency. The electro coagulation
experiments were performed for some detention
time such as 30min, 45min and 60min respectively,
minimum of 45min the sample was allowed to settle
and in each run samples will be collected and
analysed for Conductivity, Alkalinity, Acidity,
BOD, COD, pH, Turbidity etc..

Fig 2.1 : Photographic representation of
experimental setup

3.0 Result and Discussion
Sugar Industry waste Water treatment performance
was determined by ElectroCoagulation processes.
This section deals with some considerations about
the processes. Moreover, an evaluation of EC
process was made via a lot of distinct operational
conditions such as pH, current density, etc.

The raw sample was analyzed with different
parameters and the results are tabulated in table 3.1.

Table 3.1: Table shows the result of different
parameters analyzed for Raw sample

Sl. No Parameters Results

1 pH 3.68

2 Turbidity (NTU) 465

3 Acidity (mg/l) 250

4 Total solids (mg/l) 1860

5 COD (mg/l) 1260

6 BOD(mg/l) 2079

3.1 pH:
Initial pH value of Sugar Industry waste water
before treatment was   7.40. Then after treatment it
has been reduced up to 6.98 when Zn-Zn electrodes
combination were used for the treatment at a contact
time of 45 minutes.
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3.2 Turbidity

Fig 3.1: Percentage Removal of Turbidity

From the figure it can be seen that the Sugar
Industry waste Water was treated with Zinc
Electrodes and the result shows that there is
reduction of 55.6% Turbidity at a contact time of 45
min.

3.3 Chemical Oxygen Demand

Fig 3.2: Percentage Removal of COD

From the figure Shows that the Sugar Industry
waste Water was treated with Zinc Electrodes and
the result shows that there is reduction of 80.95%
COD at a contact time of 45 min.

3.4 Acidity

Fig 3.3: Percentage Removal of Acidity

From the figure it can be seen that the Sugar
Industry waste Water was treated with Zinc
Electrodes and the result shows that there is
reduction of 62.21% Acidity

3.5 Biochemical Oxygen Demand

Fig 3.4: Percentage Removal of BOD

From the figure Shows that the Sugar Industry
waste Water was treated with Zinc Electrodes and
the result shows that there is reduction of  89.4%
BOD.

3.6 Total Solids:

Fig 3.5: Percentage Removal of Total Solids

From the figure Shows that the Sugar industry
waste water was treated with Zinc Electrodes and
the result shows that there is reduction of 43.0%
Total solids.

Conclusion
Sugar industry waste water is a very complex liquid
with high concentration of pollution that makes its
treatment very hard and providing the removal
standards is difficult. Among other types of
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wastewaters, Sugar Industry waste Water is the
most difficult one to treat because it contains
complex structure that is produced within a landfill.
The effects of operating parameters such as voltage
and electrolysis duration on the removal of COD,
turbidity, BOD, pH, Acidity, Total Solids were
investigated. The optimum value for each operating
variable was experimentally determined. . The
experiments revealed that COD, BOD and Total
Solids in aqueous phase was effectively removed.
The analysis of the treated water showed that the
maximum COD, BOD and Total Solids removal
efficiencies were 80.95%, 89.4% and 90.37%
respectively at optimum conditions. The effluent
was very clear and its quality meets the discharge
standard. Consequently, the electrocoagulation
process can be considered as a reliable, safe and
cost effective method for the treatment of sugar
industry wastewater.
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