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|
I \\ / F ield | OpenFOAM: The Open Source CFD
Toolbox |
I \\ / O peration | Version: 2.4.0
|
| \\/ A nd | Web: www .OpenFOAM. org
|
| \\/ M anipulation |
|
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_____________ * /
FoamFile
{
version 2.0;
format ascii;
class volScalarField;
object <}

}

//*******************************

******//

dimensions (02 -2 000 071,

internalField uniform 0;

boundaryField
{
walls
{
type zeroGradient;
}
inlet
{
type zeroGradient;
}
outlet
{
type fixedValue;
value uniform O;
}
}
//
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version 2.0;
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object U;
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boundaryField
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Abstract

Sulfate is one of the main anions present in natural waters and wastewater. Sulfate
enters into the environment through natural, industrial, and mining processes including
weathering of minerals, boxy nation of sulfates in rocks, paper and pulp industries, and
coal mining. The present study was conducted in order to investigate the removal of
sulfate from aqueous media by electrocoagulation in which the effects of voltage, pH,
flowrate, electrical current, and concentration were studied. The electrical energy
consumption, percentage of sulfate removal, and economical aspects of two
configurations namely uniform and non-uniform voltages were investigated. The
experiments were conducted in a polyethylene reactor of 20*10* 6 (in cm) with walls of
1.6*6*5 cm. The electrodes were made of aluminum plate (Grade 1050) with
dimension of 1*25*100 mm. The samples of different concentration of sulfate were
pumped to the reactor by a peristaltic pump with flowrates of 10, 20, 30, and 40
mL/min. By applying the electrical current of different voltage to the electrodes,
samples when collected from the effluent. According to the results the acidic
environment is suitable for removal of sulfate by electrocoagulation. The result
indicated that extending of retention time (by reduction of flow rate) and decreasing the
initial concentration of sulfate, improves the sulfate removal rate. The highest sulfate
removal for uniform voltages, 87%, achieved at 30 V of voltage and 10 ml/min of flow
rate (retention time= 135 minutes), and pH = 5.5, when the initial concentration of
sulfate was 500 mg/L. The study of the effect of applying electrodes with non-uniform
voltage arrangements of 10, 20, 30 and 20, 10, 30 showed that the removal rates of
sulfate are equal to 70% and 62% and electrical energy consumptions of 45.5 and 45
kWh respectively. The results of the economic evaluation of energy consumption in the
electrocoagulation process for the removal of sulfate clarifies that although the
coagulation process with non-uniform voltage arrangement and higher voltages is more
effective, however, the energy consumed per unit of sulfate removed in the case
uniform voltage of 10v is the lowest.

Keywords: Electrocoagulation, Removal of sulfate, Continuous flow configuration,
Aqueous solution, Economic assessment, Discontinued electrode arrangement



4 L’U’/f@b

Faculty of Civil Engineering

M.Sc. Thesis in Environmental Engineering

Sulfate removal from aqueous solution using electrocoagulation
process

by:
Niloofar Mohamadzadeh

Supervisor:
Dr. Behnaz Daharazma

Advisor:
Dr. Seyed Fazlolah Saghravani

December 2017



