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Abstract 

This paper aims to provide an overview of electrochemical technologies in wastewater treatment. First part was 

focuses on the development, basic theory and application of electro-coagulation whereas the second part is 

consecrated to the development, and application of electro-flocculation and electro-flotation. The basic designs 

of electrochemical units are also presented. An appropriately constructed single unit can be used to successively 

coagulate, flocculate and float the pollutants. The coagulated and flocculated pollutants could be removed easily 

by sedimentation/filtration or by capturing them with the bubbles generated on the electrodes and then floating 

them to the water surface. In wastewater treatment plants these three processes must be operated synergistically 

to effectively remove the pollutants.  

Keywords: electro-flocculation; electro-flotation; wastewater; design of electrochemical units. 

1. Introduction 

The removal of particles from a liquid is one of the basic types of separations in both drinking water and 

wastewater treatment. In most cases the particles are in the micron or sub-micron size range and are difficult to 

remove by conventional methods like sedimentation or filtration. It is necessary to increase the average particle 

size by coagulation and flocculation to enhance solids removal. Coagulation indicates the process when 

colloidal particles and very fine solid suspensions are destabilized so that they can begin to agglomerate.  
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Flocculation refers to the process by which the destabilized particles conglomerate into larger aggregates (flocs) 

that will increase significantly the weight of the particles, to have a large enough mass so they can be easily 

separated from the wastewater by sedimentation, filtration or flotation. Generally, coagulants have a higher net 

charge and a lower molecular weight than flocculants. 

In flocculation, the size of the formed flock depends on the frequency of collisions of the destabilized colloids 

[1]. For better flocculation, moderate agitation is recommended [2]. If the agitation is very vigorous, it is 

possible to break up the floc that was just formed [3]. Flotation is a single process that floats the coagulated and 

flocculated pollutants to the top of the water body by tiny bubbles of gas introduced into the liquid.                                                                                                                                    

In this paper, before more detailed overview of electro-flocculation and electro-flotation, firstly it will be shortly 

described the traditionally used processes of flocculation and flotation.  

 2. Flocculation 

Flocculation is the process of making the dissolved or suspended particles larger [4]. The process of flocculation 

is closely connected with coagulation. The terms flocculants and coagulants are often used interchangeably and 

IUPAC does not make a sharp distinction between flocculation and coagulation. However it is traditionally 

accepted that: the term coagulant belongs to the chemicals that contribute to molecular aggregation, rather than 

the particles’ aggregation. In drinking and wastewater treatment the colloidal particles may be aggregated into 

microscopic particles by a coagulant and then these particles can be flocculated into a macroscopic floc with 

flocculants. The flocs may then float to the top of the liquid, or settle by sedimentation to the bottom of the 

liquid, figure 1.  

 

 

 

 

 

Figure 1: Graphical presentation the processes of coagulation, flocculation an sedimentation 

To float the floc on the liquid surface the formation of bubbles by dissolving or introducing a gas under pressure 

at the bottom of the liquid is required. Flocculation destabilizes colloidal particles by bridging [5]. This can be 

done in an easier way by adding a polymer that will act as glue between the colloids [6]. The polymer chain will 

be adsorbed onto different particles and help the particles aggregate. For emulsions, flocculation describes 

clustering of individual dispersed droplets together while the individual droplets do not lose their identity [7]. As 

it can be seen from figure 1, the suspended particles first agglomerate and then flocculate and form larger 

particles.  
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Once the floc has reached its optimal size and strength, the water is ready for the sedimentation process [8]. 

Sedimentation is a physical process of water treatment used to settle out suspended solids in water under the 

influence of gravity. It is a solid-liquid separation process for removing suspended solids from water. 

Flocculants are chemicals used to precipitate insoluble substances. The most used chemical compounds for 

flocculation are hydroxide flocs [9-12] and multivalent cations such as: hydrated aluminum potassium sulfate 

KAl(SO4)2 12H2O, aluminum chlorohydrate AlnCl(3n-m)(OH)m, calcium oxide CaO, sodium aluminate Na2O 

Al2O3 or Na2Al2O4 polymer salts etc. [13]. 

3. Electro-flocculation.  

Coagulation-flocculation in general is two phase process aimed at removing stable particles by forming larger 

aggregates that can be separated by subsequent separation step [14]. The preliminary phase is the coagulation 

phase in which destabilization is induced by reduction of repulsive forces between particles, (see part I of this 

paper). In industry the process of electro-flocculation generally refers to the electrolytic addition of the metal 

ions, Al and Fe at the anode and the formation of gas bubbles (H2) at the cathode. The gas bubbles capture the 

pollutants to which the metal ions have attached and float most of them to the water surface as a stable floc. 

Only a small percentage of the floc sink to the bottom. But generally flocculation process is enhanced for 10 to 

15 %, when instead of chemical flocculation the electro-flocculation techniques have been used [15]. According 

to some authors, electro-flocculation is a combination of the processes of electro-flotation and electro-

precipitation [16]. These two processes occur at the same time in the electro-flocculation tank. The insoluble 

product, separated from the liquid, is called precipitate. Electro-precipitation is a flocculation process where the 

flocculating agent is ions of metal which are precipitated from the anode. The metal ions are released in the 

electrolyte and adsorb onto the surface of colloidal particles. The authors in ref. [17] used an electro-flocculation 

unit consisting an electrolytic cell with an Al anode and a stainless steel cathode.  According to these authors the 

anode must be more easily oxidisable than the cathode to give the correct effect. The most commonly used 

anode materials are iron and aluminum, because they produce trivalent ions. Other cheaper and more easily 

accessible metals produce bivalent ions. It should be pointed out that trivalent ions have a higher ability to be 

adsorbed onto particles in the water than bivalent ions, because they have a higher charge density. The authors 

in ref. [18] proposed that the destabilization of colloidal emulsions could be performed with the assistance of the 

hydroxyl radicals which are generated during the ferrous-ion oxidation, according to the reactions [19] 

•++→++++
2HO3FeH2O2Fe        (28) 

2O2H3FeH2HO2Fe ++→++++ •       (29) 

−+•++→++ OHHO3Fe2O2H2Fe       (30) 

−++→•++ OH3FeHO2Fe        (31) 

In reactions (30) and (31) the peroxide, also called Fenton’s reagent.  
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The oxidation of organic substrates by Fe(II) and hydrogen peroxide is called the “Fenton Chemistry”. As 

described in ref. [19], H. Fenton first observed the oxidation of tartaric acid by H2O2 in the presence of ferrous 

iron ions. Alternatively, the name “Fenton reaction” or “Fenton reagent” is often used. Fenton reagent defines as 

a mixture of hydrogen peroxide and ferrous iron. It is currently accepted as one of the most effective method for 

the oxidation of organic pollutants. Fenton reagent is effective in treating various industrial wastewater 

components including aromatic amines [20], a wide variety of dyes [21-23] pesticides [24-26], surfactants [27-

29] etc. Electro flocculation has been applied to treat a variety of wastes such as those associated with the textile 

industry [30,31], metals and heavy metals [32-35], humic substances [36] etc. With respect to the aluminum, it 

is very difficult to propose any mechanism of colloidal destabilization because aluminum ions are very unstable. 

It is suggested that aluminum ions react with the hydroxyl ions and form a network (made up of a chain with 

three hydroxyl ions per aluminum ion), that is adsorbed onto the colloidal particles [37]. 

3.1. Parameters affecting electro-flocculation 

Taking into account that coagulation and flocculation occur in successive steps, intended to overcome the forces 

stabilizing the suspended particles, the parameters affecting electro-flocculation are similar to those affecting 

electro-coagulation, presented in the part I of this work. It is difficult to find separate investigations in literature 

of parameters affecting electro-flocculation and electro-coagulation. Regarding electrode materials, the authors 

in reference [16] investigated many different electrode materials such as: iron, steel, zinc, copper, aluminum 

alloys and bronze.  

They concluded that all of the investigated materials produced significant amounts of floc with a satisfactory 

degree of separation. However, the most accessible and cheapest materials should always be used. They also 

investigated the power consumption of other parameters that influence the flocculation process. They concluded 

that according the Ohm’s law, a high conductivity of the electrolyte and a small distance between the electrodes 

gives lower power consumption. The settling velocity of multi-fractal flocs formed in coagulation process has 

been investigated from authors in reference [39].  It was shown that a number of different mechanisms are 

involved in the formation of flocs. These mechanisms generally depend from the pH of the solution and 

potential applied during the electro-flocculation. For example two flocs with same size may have been formed 

by different mechanisms of aggregation and therefore have different arrangement of primary particles. Two 

flocs with the same size may have different masses or mass distributions and therefore, different settling 

velocity. The multifractal spectra indicated the existence of multiple fractal dimensions.  

These fractal dimensions may provide information on the flocs aggregation and distribution of mass inside the 

flocs. The authors in ref. [40] investigated the processes of iron oxidation in an electroflocculation cell for a pH 

range from 5 to 9 and electric currents of 0.05 – 0.4 A. It was shown that iron anode dissolves as Fe2+ and 

oxidation rates of the Fe2+ to Fe3+ strongly dependent on the pH. The authors in reference [41] investigated the 

direct and alternative current mode in efficiency of electroflocculation. They noticed that application of direct 

current mode provoke formation of an impermeable oxide layer on the cathode causes the declining of the 

efficiency. This disadvantage has been reduced by adopting alternating current at pH 9.     
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4. Flotation 

Flotation is a widely used process in wastewater treatment and mineral processing industries [42]. In wastewater 

treatment flotation is used for removing suspended solid matter (colloids and flocs), oil, fats and greases from 

emulsions in water. The removal is achieved by dissolving air or introducing gas into the wastewater, under 

pressure. The released air forms the bubbles which adhere to the suspended particles and float to the surface of 

the wastewater. Then, the floated particles can be easily removed by the skimming device or through overflow 

in a suitable container. Flotation can separate the small solid particles according to their varying capacities to 

float. The flotation process consists of four basic steps: (i) Introduction of gas into the wastewater and 

promotion of its bubbling, (ii) Contact between gas bubbles and suspended particles, or oil drops, (iii) Gas 

bubble adsorption on the surface of particles, or oil drops, (iv) Raise of gas bubbles, along with the floc or oil 

drops to the surface [43-46]. At the water surface a layer of foam will be created consisting of gas bubbles and 

the floated particles or oil drops that can be removed by skimming.  

The rate of flotation is a function of several parameters such as: the surface tension among the water particles or 

oil drops and gas bubbles, the size of the particles or oil drops, the diameter of gas bubbles, the temperature, pH 

and the particles or oil drops distributions. In practice, various flotation methods are used, but the conventional 

process involves blowing air through nozzles at the bottom of the flotation tank using a compressor. The 

efficiency of the flotation technologies depends on the size of the bubbles. The small bubbles have a large 

surface area per unit volume of gas and provide a larger surface area for particles or drops to attach. Another 

method is dissolved air flotation, which gives a better bubble distribution in the water. The air is injected into 

the water under pressure. The air is released until the water is supersaturated with air [47]. Vacuum flotation is a 

method that uses vacuum to release air bubbles from water that is saturated with air at atmospheric pressure 

[48,49]. The disadvantage of all these methods is that they are not continuous processes and the control of the 

bubble flux is fairly complicated.  

5. Electro-flotation 

Electro-flotation EF was initially proposed in 1905 for flotation of usable minerals from ores [50]. Electroflo-

tation refers to the process of electrolytically forming bubbles to float pollutants to the water surfaces. It 

replaces bubbles generated from dissolve air. In the EC technology only hydrogen bubbles are produced at the 

cathodes, whereas in the EF technology the hydrogen bubbles are produced at the cathodes and oxygen bubbles 

at the anodes. The oxygen gas will be generated at the anodes only at higher current density. At the cathode 

there is also evolution of hydroxyl ions that is an additional advantage for maintaining the pH of the electrolytes. 

The current density can be easily regulated by controlling the applied voltage between the anode and cathode, 

and the surface area of the electrodes. There are three basic steps in the development of gas bubbles; nucleation, 

growth and detachment from the electrode surface. It is well known that the electrode surfaces are not ideally 

flat and the micro-roughness of these surfaces have various energy-favorable places, like pits and scratches. 

Because pits and scratches have a higher current density than the rest of the electrode surface, nucleation begins 

in these places.  
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Growth is initiated by two mechanisms; super-saturation and coalescence of gas in the electrolyte where 

expansion is provoked by a high internal pressure and transport of dissolved gas through the gas/liquid 

interference [51]. Coalescence occurs when two or more gas bubbles touch each other and coalesce into a single 

gas bubble [52]. Coalescence is also possible when one gas bubble rolls across the cathode surface and 

coalesces with every gas bubble it finds on its path. Coalescence is not favorable for the flotation rate because 

the gas bubbles with a bigger diameter are less effective than the gas bubbles with a smaller diameter. The last 

step is detachment of the gas bubbles from the electrode surface which depends on the size of the bubbles and 

the angle of bubble contact. This step can be accelerated with the addition of surface active substances in the 

electrolyte, in order to reduce the surface tension between the electrolyte, the electrode surface, and the gas 

bubbles. Mainly, the diameter of the hydrogen and oxygen bubbles generated in the EF ranges from 17 to 50 

µm. In chemical flotation technologies the typical mean diameter ranges from 48 to 60 µm [53]. Usually the 

diameter of the bubbles generated by EF obeys a log-normal distribution with over 90% of the bubbles ranging 

from 15 to 45 µm, if titanium based anode is used [54].                                                                                       

The bubbles that are generated electrochemically are smaller than those generated by injecting gases, which 

makes this method of flotation more efficient. During electro-flotation with electrically soluble anodes made 

from Al, as in the case of electro-flocculation/electro-flotation, on the Al electrode, the following reactions 

occur [55-57] 

−+ +→ e3AlAl 3
)s(     (anode)   E = -1.66 V (34) 

−+++→ e4H4)g(2O)l(O2H2    (anode)  E = + 0.40 V (35) 

−− +→+ OH2He2OH2 )g(2)l(2    (cathode)   E = - 0.83 V (36) 

+− ++→+ 3
)g(22)s( Al2OH6H3OH6Al2   (total)   E = + 0.88  V (37) 

Electroflotation can be used as separate method, but it is frequently combinet with electrocoagulation or 

coagulation, with electroflocculation or flocculation, or with both electrocogulation and electroflocculation  [58-

61]. In industrial practice electro-flotation is frequently used for treatment of surface water [62] treatment of dif-

ferent types of industrial wastewater for removing: heavy metals [63], heavy metals from washing soil [64], hea-

vy metals from textile wastewater [65], synthetic solutions and textile wastewater [66], reduction of cooper ions 

concentration in wastewater of galvanoplastic industry [67], removal of zinc [68] and fluoride from drinking 

water [69]. This method is also applied for removing oil substances [70], separation of pollutants from tannery 

effluents [71], removal of COD from laundry wastewater [72], biomass from microalgae separation [73] etc.  

5.1. Factors affecting electro-flotation 

Electro-flotation is a continuous process and the gas bubbles are generated as the water flows between two 

opposite electrically charged electrodes.  
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The electrodes are built from inert insoluble, dimension stable and resistant materials and they do not participate 

in the reactions. The three main factors which affect the efficiency of electro-flotation are: pollutant removal, 

electrode material consumption, and power consumption. The electrode material, current density and pH affect 

the bubble size and consequently the efficiency of electro-flotation. Smaller gas bubbles have smaller buoyancy 

and longer residence time in the electrolyte. This increases the possibility for collisions between the bubbles and 

the suspended particles.  In order to obtain fine sized gas bubbles it is necessary to control the pH, temperature, 

reagent concentration and to choose the most suitable electrode materials.  

(i) Electrode material.  Similar to electrocoagulation and electroflocculation, in EF electrodes are usually made 

from Al, Fe and stainless steel as a one unit process electrocoflocculation/electroflotation. It was found that the 

smallest gas bubbles are produced at the stainless steel electrodes [53]. This phenomenon could be explained by 

the corrosion resistance of stainless steel and the augmentation the electrode surface roughness during the 

electrolytic processes. Stainless steel is more resistant than the electrodes that are typically used and during the 

electrolytic processes its surface roughness is not easily changed compared to other electrode materials [74]. 

The mechanical polishing that creates a mirror like surface on the stainless steel electrode produces the finest 

bubbles. In ref. [75] the authors describe the methods for bubble size measurements in electroflotation.  Today 

various companies build commercial in-confidence stable electrodes using Ti, Ta2O5, IrO2, RuO2, Sb2O5, SnO2 

etc., as a base [76-79]. In the last decade special attention was devoted to the production of long service life 

electrodes with the ability to be reversed automatically during the polarization process of the electrode (self-

cleaning effect) [80].    

(ii) pH of the solution strongly influences the size of the formed gas bubbles. The smallest hydrogen bubbles are 

produced at neutral or slightly acidic conditions. Authors in reference [81] have reported that the hydrogen gas 

bubble size increases with increase in temperature and the smallest ones were formed at pH 7. In contrast, the 

size of the oxygen bubbles increased with increase in pH. Authors in ref. [82] reported that the recovery of 

sphalerite is optional at pH between 3 and 4. At this pH range the hydrogen bubbles are the smallest, about 16 

µm.  

At pH 2 the hydrogen bubbles are about 23 µm, while at pH 6 they are about 27 µm. The critical review for 

electro-flotation taking in consideration the parameters affecting electroflotation was described from authors in 

ref. [83]. The authors in this ref. describe in detail the effect of electrode material and pH of the medium on the 

bubble dimensions. They concluded that the minimum bubble dimensions occur in a neutral medium (no matter 

what cathode material is used) and in an alkaline medium. In the acid medium the effect of the cathode material 

on the size of the bubbles is extremely pronounced.  

The value of the mean bubble diameter being found to vary in the range between 20 and 70 microns. The effect 

of the cathode material on the dimension of the hydrogen bubbles becomes less marked in an alkaline medium, 

the mean diameter of the bubble varying between 15 and 30 microns. In the neutral medium the size of the 

hydrogen bubbles is practically independent of the cathode material, mean diameter of the bubble being found to 

be limited to the range between 15 and 20 microns. 
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(iii) Current density. Current density is an operational parameter that can be controlled continuously. This 

parameter directly determines the bubbles’ generation rate, solution-mixing and mass transfer at the electrodes. 

In literature there is some controversy with respect to the reported effects of current density on the size of the 

bubbles produced at the cathode. The Authors in reference [75] reported that depending on the current density, 

significant quantities of hydrogen produced at the cathode are dissolved in the electrolyte solution. According of 

their results, the bubble diameter is a function of the hydrogen production rate, bubble nucleation rate and the 

dissolved gas concentration. On the other hand, the authors in reference [84], as well as the authors in reference 

[51] and authors in reference [81] have found that with increase in current density the bubbles’ size decrease. 

For current density values higher than 200 A/m2 the size of the bubbles ranges from 20 – 38 µm. The modeling 

and measurements of bubble formation and growth in electroflotation process was presented in reference 

[85,86]. The authors calculated the flux equivalent to current density of 152 A/m2 minus flux of gaseous 

hydrogen evolving in the form of detaching bubbles. Initial diameter of the bubbles (just after detachment) was 

based on experimental observations was 22μm. It was shown that the Lagrangian-Eulerian Discrete Particle 

CFD model can be efficiently used to simulate hydrodynamics, mass transfer and bubble size variations.  

6. Electrochemical reactors, design and operation  

In literature and in practice three types of electrochemical reactors can be found: (i) only electrochemical 

dissolution, (ii) electro-coagulation/electro-flocculation and (iii) electro-coagulation/electro-flocculation with 

electro-flotation [87]. In figure 2, the electrochemical processes which occur in electrochemical reactors are 

presented schematically.                                                                                                                                                                     

 

 

 

 

 

 

 

Figure 2: Schematic presentation of electro-coagulation, electro-flocculation and electro-flotation 

The reactors can be constructed as batch and continuous reactors [88-90]. Batch reactors are generally used for 

smaller quantities of waste water and during operation the volume of treated water is constant. Continuous 

reactors are better suited for large scale treatment processes and they are generally less costly than batch 

systems.  

Flotation 
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6.1. Electro-coagulation reactors  

The operation system for electrocoagulation consists of: an electrochemical reactor, electrodes, a power supply, 

pipes and pumps. The key components in electrocoagulation reactors are: coagulants, contaminants and 

generated bubbles. The interactions between these components are the basis for the reactor design. There is not 

any one set of uniform instructions, or an empirical or a systematic approach that will give a more scientific 

recommendation for the design of an electrocoagulation reactor and its operation. Electrocoagulation, EC is 

usually performed in small, high throughput reactors. The water goes into settling tanks where the process 

occurs (incubates) and then the pollutants are removed. Generally, the reactors are designed for a specific 

process, quantity and types of pollutants including operational parameters, bubble path, coagulation, current 

effectiveness, the mode of operation (batch or continuous) [91] etc. In the design phase, as is proposed in 

reference [91,92], the following physical and mechanical factors must always be considered: reactor geometry, 

scale-up issues and current density.                                                                       

The design geometry of the reactor is strongly influenced by the operational parameters including: effectiveness 

of the electrocoagulation, electro flocculation and electro flotation, fluid flow regime, mixing and settling 

characteristics and the path of the gas generated bubbles [93-95]. Typically the reactors have a cylindrical form 

and the quantity of inflow water must be balanced with the quantity of dissolved metal ions from anodes 

released in the reactor. For a specific type of pollutant it is recommended that first testing is performed on a 

laboratory scale in order to determine the operational parameters [96,97].                                                                                      

The reactor scale-up defines the relationship between the laboratory size and full scale equipment. One of the 

most important scale-up parameters is the surface area S to volume V ratio, i.e. S/V. The analysis of this 

parameter was reported in reference [92] and it was shown that it varies in the range from 18.8 to 42.5 m2/m3. 

The current density (current value per unit active electrode surface area) and the S/V ratio can be used as the 

basic scale-up parameters for a design. If the current density is too large, there is a great chance that excess 

electrical energy will be used (wasted) for heating up the water, and the current efficiency can significantly 

decrease. In order for the electrocoagulation system to operate for a longer period of time without maintenance, 

it is suggested that a current density of 20-25 A/m2 be used. To ensure high current efficiency the current 

density selection should be determined based on other operating parameters such as: pH, temperature, flow rate 

etc. The experimentally determined operating current density is the best starting point for adjusting the current 

until the optimal current density is obtained.                                                                                                                        

The electrocoagulation process does not remove the pollutants from the wastewater itself.  It only transforms the 

pollutants to ease separation by: electro-flotation, sedimentation, filtration etc. The separation can occur in the 

reactor or in downstream units. Sometimes, to achieve successful removal of pollutants, the electrocoagulation 

processes can be combined with other units, including: sand filtration, electro-flotation, micro-filtration etc. For 

example the auhors in reference [98] studied Cr(VI) removal by EC combined with granulation activated carbon 

at pH 8. The optimal separation was achieved with a current density of 26.7 mA/cm2 and an operation time of 

100 min. The other combination method, EC-ultrafiltration, has been applied by the authors in reference [99] for 

removal of Cu, Cd and Pb from wastewater.                                                                                                

281 
 



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

In an electrochemical reactor the electrodes can be arranged in several ways. Water flows between the 

electrodes and can follow in a vertical or a horizontal direction, therefore, in practice; two types of electro-

coagulation reactor units are used: with horizontal and vertical flows, figure 3. 

 

  

 

 

 

 

Figure 3: Electrocoagulation units, horizontal and vertical flows 

The electrodes in the reactor units are typically constructed as parallel plate electrodes separated by a few 

millimeters with low voltage applied at high current densities and water flowing through the spaces between the 

electrodes [100].                                                                                                                                                                     

The electrodes can be monopolar or bipolar [101]. In monopolar systems all anodes are connected to each other 

and all cathodes are also connected to each other, Figure 4 (a). In a bipolar system, only the outermost 

electrodes are connected to the power source, but the current passes through the inner electrodes connected in a 

series, as shown in figure 4, (b) 

 

 

 

  

 

        (a)                    (b) 

Figure 4: (a) monopolar connection, (b) bipolar connection 

The pollutant removal efficiencies and operating costs of the monopolar and bipolar configurations have been 

compared in several studies so far [102-104].  
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The authors in reference [101] treated a slaughterhouse wastewater using mild steel and aluminum electrodes 

arranged in a monopolar and bipolar configuration. They found that the best performance was obtained with the 

mild steel electrodes in a bipolar configuration. On the contrary, the authors in reference [105] used mild steel 

electrodes in the removal of Cr3+ and reported that the current efficiency was lower when the electrodes were in 

a bipolar configuration, i.e. (64.6%) than when they were in a monopolar configuration (91.7%). Additionally, 

complete removal of Cr3+ was obtained with a bipolar electrode configuration. The fluoride removal from 

drinking water by EC with monopolar and bipolar electrode configurations has been studied by the authors in 

reference [106]. They have shown that the bipolar electrode configuration is more efficient but the operational 

costs are higher than the ones for a monopolar configuration. Other authors have reported that the use of 

monopolar electrode configuration in wastewater treatment is better for: oily bilge water [107], textile 

wastewater [108] and laundry wastewater [109]. The studies of the above mentioned authors showed that 

generally a monopolar configuration has lower operating costs but a bipolar configuration has higher removal 

efficiency. Monopolar and bipolar configurations of Al and iron electrodes were analyzed by the authors in 

reference [107] for treatment of oil bilge water at a laboratory scale. They reported that the removal efficiencies 

of electrocoagulation at optimal conditions were: 93% BOD, 95.6% oil and grease, 99.8% TTS and 98.4% 

turbidity.  There are two types of channel construction for water flow through the space between the electrodes: 

single or multiple channels, figure 5. It has been concluded that multiple channels are simpler to construct than a 

single channel, but the flow rate in each of the multiple channels is smaller than in a single one [110]. 

 

 

 

 

(a)     (b) 

Figure 5: Mode of water flow: (a) horizontal multiple channels, (b) vertical single channel 

6.2. Electro-flotation reactors 

The reactor design influences the operational parameters including: flotation effectiveness, formation of floc, 

fluid flow regime, bubble path and mixing/settling characteristics. Depending of the reactor’s geometry the 

electrodes in electroflotation, EF reactor can be placed horizontally or vertically. In older reactors, the horizontal 

electrode design was used more frequently [111-113]. Nowadays the electrodes in the reactor are usually 

installed vertically. Anodes are placed at the bottom of the reactor, whereas the cathodes are fixed at 10 – 50 

mm above the anodes [82,110]. The efficiency of the EF process will depend on the conductivity of the 

wastewater and on the inter-electrode spacing. The authors in reference [110] tested the horizontal electrode 

configuration and proposed the construction of a reactor schematic with a more efficient electro-flotation.  
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Taking into account that the ohmic potential drop is proportional to the inter-electrode distance, reducing this 

distance will reduce the energy consumption.  

 

 

 

 

 

Figure 6: Combined electro-coagulation and electro-flotation 

The EF system is usually combined with EC Fig.9.Besides anodes and cathodes, the EF system also contains a 

power supply and a handling unit. The reactor design should allow intensive mixing of pollutants in the 

wastewater before flotation as well as intensive contact between the colloidal and other suspended particles 

which will lead to agglomeration and flocculation into larger particles. In literature, equations can be found that 

can be used to design EF for industrial operations [114] however, laboratory studies for a specific purpose 

should always be considered. 

7. Conclusion 

From the presented theoretical and practical literature knowledge of electro-flocculation and electro-flotation the 

following conclusions can be drawn: 

• Electro-flocculation is habitually combined with electro-coagulation or with electro-flotation. In this 

process, to reach operational efficiency, the anodes must be more easily oxidizing than the cathodes. Generally 

anodes are built from Al whereas the cathodes from stainless-steel. The flocs formed in an electrochemical way 

are similar to the chemically formed ones, but they are larger and more stable, containing less bound water and 

can be separated faster. Electro-flocculation has proven to be highly efficient especially in removing fecal 

matter, coliforms and parasites which represent a threat to human health. 

• Electro-flotation has many advantages in comparison with conventional flotation methods. The conve-

ntional flotation methods include the following processes: (i) Release of air gas bubbling through a liquid. It is 

achieved by using a compressor. In this flotation method the distribution of air gas bubbles is not uniform and 

the size of the formed bubbles is not small enough.(ii) Dissolved air flotation. In this flotation method first the 

air is injected into the water under pressure just when the water is supersaturated. Then, the air is released as 

bubbles. The distribution of gas bubbles is better than in the previous method, but it is not a continuous process 

and it is difficult to control the bubble flux. (iii) Vacuum flotation.  
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In this flotation method water is saturated with air at atmospheric pressure. When vacuum is applied, air bubbles 

will be released. This method has the same disadvantages as dissolved air flotation. Different from the 

conventional flotation methods, electro-flotation is a continuous method and the bubbles are generated by 

electrolysis of water. The main advantages of electro-flotation are: (i) The generated gas bubbles are very small 

with approximately the same size. (ii) By varying the current density at the electrodes it is easy to adjust the gas 

bubble flux. (iii) The bubbles are produces over the whole area of the electrodes and their distribution across the 

solution is uniform. (iv) The gas bubbles produced during the electrolysis can carry the pollutant to the top of 

the solution where it can be easily concentrated, collected and removed.   

References 

[1] P. Jarvis, B. Jefferson, J. Gregory, S. Parsons. “A Review of Floc Strength and Breakage”. Water Research, 

vol. 39, pp. 3121-3137, Sep. 2005 

[2] M. Clark, J. Flora, “Floc restructuring in varied turbulent mixing” Journal Colloid and Interface Science, vol. 

147, pp. 407-421, Dec. 1991 

[3] C. Lu, L. Speilman, “Kinetics of Floc Breakage and Aggregation in Agitated Liquid Suspension, Journal of 

Colloid and Interface Science, vol. 103, pp. 95-105, Jan. 1985  

[4] P. Spicer, S. Pratsins. “Shear-Induced Flocculation: the Evolution of Floc Structure and the Shape of the Size 

Distribution at Steady State”. Water Research, vol. 30, pp. 1049-1056, Iss. 5, (1996) 

[5] R. Klimpel, R. Hogg. “Effects of Flocculation on Agglomerate Structure”. Journal of Colloid and Interface 

Science, vol. 113, pp. 121-131, Sep. 1986 

[6] D. Ray, R. Hogg. “Agglomerate Breakage in Polymer-flocculated Suspensions”. Journal of Colloid and 

Interface Science,  vol. 116, pp. 256-268, Mar. 1987 

[7] D. Forbes (2014, Sep.) “Theory of Flocculation”. WET USA, Inc. [on-line] http://www.wet-usa.com. 

/publication.asp?aid=21last [Sep. 26, 2014] 

[8] Y. Wang, B. Yu Gao, X. Ming Xu, W. Ying Su, G. Ying Xu. “Characterization of Floc Size, Strength and 

Structure in Various Aluminum Coagulants Treatment”. Journal of Colloid and Interface Science, vol. 332, pp. 

354-359, Apr. 2009 

[9] R. Francois, A. Van Haute. “Structure of Hydroxide Flocs”. Water Research, vol. 19, pp. 1249-1254, Iss: 10, 

1985 

[10] J. Leentvaar, M. Rebhun. “Strenght of Ferric Hydroxide Flocs”. Water Research, vol. 17, pp. 895-902, Iss: 

8, 1983 

[11] R. Francois. “Ageing of Aluminum Hydroxide Flocs” .Water Research, vol. 21, pp. 523-531 Iss. 5, 1987 

285 
 



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[12] R. Francois. “Growth Kinetics of Hydroxide Flocs”. Journal of American Water Works Association, vol. 

80, pp. 92-96, Jun. 1988 

[13] Y. Wang, B. Gao, Q. Yue,J. Wei, Q. Li. “The Characterization and Flocculation Efficiency of Composite 

Flocculant Iron Salts-polydimethyldiallylammoniumchloride”. Chemical Engineering Journal, vol. 142, pp. 

175–181, Aug. 2008 

[14] T. Harif, M. Khai, A. Adin. “Electrocoagulation Versus Chemical Coagulation: Coagulation/Flocculation 

Mechanisms and Resulting Floc Characteristics”.  Water Research, vol. 46, pp. 3177-3188, Jun. 2012 

[15] H. Moayedi, S. Kazemian, A. Vakili, S. Ghareh, R. Nazir. “Coagulation of the Suspended Organic Colloids 

Using the Electroflocculation Technique”. Journal of Dispersion Science and Technology, vol. 35, pp 273-282, 

Jan. 2014 

[16] L. Balmer, A. Foulds. “Electroflocculation/electroflotation for the Removal of Oil from Oil-in-water 

Emulsions”. Filtration & Separation, vol. 23, pp. 366-372, Iss: 6, 1986 

[17] J. Koren, U. Syverson. “State of the Art Electroflocculation”. Filtration & Separation, vol. 32 pp. 153-156, 

Feb. 1995 

[18] M. Weintraub, R. Gealer, A. Golovoy, M. Dzieciuch, H. Durham. “Development of Electrolytic Treatment 

of Oily Wastewater”. Environmental Progress, vol. 2, pp. 32-37, Feb. 1983 

[19] K. Barbusinski. “Fenton Reaction Controversy Concerning the Chemistry”. Ecological Chemistry and 

Engineering S, vol. 16 pp. 347-358, Iss: 3, 2009 

 [20] I. Casero, D. Sicilia, S. Rubio, D. Pérez-Bendito. “Chemical Degradation of Aromatic Amines by Fenton's 

Reagent”. Water Research, vol. 31, pp. 1985-1995, Aug. 1997 

[21] W. Kuo. “Decolorizing Dye Wastewater with Fenton’s Reagent”. Water Research, vol. 26 pp. 881-886, Jul. 

1992 

[22] S. Nam, V. Renganathan P. Tratnyek. “Substituent Effects on Azo Dye Oxidation by the FeIII-EDTA-H2O2 

System”. Chemosphere, vol. 45 pp. 59-65, Oct. 2001 

[23] K. Barbusiński. “The Modified Fenton Process for Decolorization of Dye Wastewater”,  Polish Journal of 

Environmental Studies, vol. 14, pp, 281-285, iss: 3, 2005 

[24] B. Al-Tawabini. “Treatment of Water Contamined with Di-N-Butyl Phtalate by Photo-Fenton Process”. 7th 

Conference on Environmental Science and Technology, 3-6 Sep. 2001, pp. 23-28  

[25] K. Barbunski, K. Filipek. “Use of Fenton's Reagent for Removal of Pesticides from Industrial Waste-

water”. Polish Journal of Environmental Studies, vol. 10, pp. 207-212, Iss: 4, 2001 

286 
 

http://www.sciencedirect.com/science/article/pii/S0043135496003442
http://www.sciencedirect.com/science/article/pii/S0043135496003442
http://www.sciencedirect.com/science/article/pii/S0043135496003442
http://www.sciencedirect.com/science/article/pii/S0043135496003442


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[26] C. Oliveira, K. Gruskevica, T. Juhna, K. Tihomirova, A. Alves, L. Madeira. “Removal of Paraquat 

Pesticide with Fenton Reaction in a Pilot Scale Water System”. Drinking Water Engineering and Science, vol. 7, 

pp. 11–21, 2014 

[27] M. Kitis, C. Adams, G. Daigger. “The effects of Fenton's Reagent Pretreatment on the Biodegradability of 

Nonionic Surfactants”. Water Research, vol. 33, pp. 2561-2568, Aug. 1999 

[28] J. Perkowski, W. Jóźwiak, L. Kos, P. Stajszczyk. “Application of Fenton’s Reagent in Detergent Separation 

in Highly Concentrated Water Solutions”’ Fibers & Textiles in Eastern Europe, vol. 14, pp. 114-119 Jan / Dec. 

2006,  

[29] D. Martens, T. Frankenberger. “Enhanced Degradation of Polycyclic Aromatic Hydrocarbons in Soil 

Treated with an Advanced Oxidative Process Fenton’s Reagent”. Journal of Soil Contamination, vol. 4, pp. 175-

190, Iss: 2, 1995 

[30] A. Cerqueira, C. Russo, M. Marques. “Electroflocculation for Textile Wastewater Treatment”. Brazilian 

Journal of Chemical Engineering, vol. 26, pp. 1-9, Iss: 4, Oct./Dec. 2009 

[31] G. Ciardelli, N. Ranieri. “The Treatment and Reuse of Wastewater in the Textile Industry by Means of 

Ozonation and Electroflocculation”. Water Research, vol. 35, pp. 567-572, Feb. 2001     

[32] M. Du, T. Zhang, H. Zhang. “Removal of chromium Cr(VI) by Electroflocculation Process with Double-

aluminum Electrode from Wastewater”. 2nd International Conference of Mechanic Automation and Control 

Engineering (MACE) on 15-17 Jul. 2011, pp. 3316 – 3319, Publisher: IEE 

[33] S. Chenar, A. Karbassi, N.  Zaker, F. Ghazban. “Electroflocculation of Metals during Estuarine Mixing 

(Caspian Sea)”. Journal of Coastal Research, vol. 29, pp. 847-854. Iss: 4, 2013  

[34] L. Sun, E. Miznikov, L. Wang,. A. Adin. “Nickel Removal from Wastewater by Electroflocculation-

filtration  Hybridization”. Desalination, vol. 249, pp. 832-836, Iss: 2, 2009 

[35] I. Saur, S. Rubach, J. Forde, G. Kjaerheim, U. Syversen. “Electroflocculation: Removal of oil, Heavy 

Metals and Organic Compounds from Oil-in-water Emulsions”. Filtration & Separation. vol. 33. pp. 295-303 

iss: 4, 1996 

[36] F. Ulu, S. Barosci, M. Kobya, H. Sarkka M. Sillanpaa. “Removal of Humic Substances by Electrocoagula-

tion Process and Characterization of Floc Size Growth Mechanism under Optimum Conditions”. Separation and 

Purification Technology, vol. 133, pp. 246-253, Sep. 2014 

[37] H. Tartar, C. Bryan, H. Shinn. “The Influence of Adsorbed Ions on the Dissolution of Colloidal Aluminum 

Hydroxide in Hydrochloric Acid”. Journal of the American Chemical Society, vol. 55, pp. 2266–2272, Jun.1933 

 

287 
 

http://www.sciencedirect.com/science/article/pii/S004313549800476X
http://www.sciencedirect.com/science/article/pii/S004313549800476X
http://www.sciencedirect.com/science/article/pii/S004313549800476X
http://www.sciencedirect.com/science/journal/00431354/33/11
http://www.scielo.br/scielo.php?script=sci_serial&pid=0104-6632&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_serial&pid=0104-6632&lng=en&nrm=iso
http://www.sciencedirect.com/science/article/pii/S0043135400002864
http://www.sciencedirect.com/science/article/pii/S0043135400002864
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Maoan%20Du.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Tongqin%20Zhang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Huichao%20Zhang.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5963833
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5963833
http://www.cabdirect.org/search.html?q=au%3A%22Sun%2C+L.%22
http://www.cabdirect.org/search.html?q=au%3A%22Miznikov%2C+E.%22
http://www.cabdirect.org/search.html?q=au%3A%22Wang%2C+L.%22
http://www.cabdirect.org/search.html?q=au%3A%22Adin%2C+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Adin%2C+A.%22
http://www.cabdirect.org/search.html?q=do%3A%22Desalination%22
http://pubs.acs.org/action/doSearch?ContribStored=Tartar%2C+H.+V.
http://pubs.acs.org/action/doSearch?ContribStored=Bryan%2C+Collis+C.
http://pubs.acs.org/action/doSearch?ContribStored=Shinn%2C+Helen


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[38] T. Hanif, A. Adin. Characteristics of Aggregates Formed by Electro-flocculation of Colloidal Suspension”. 

Water Research, vol. 41, pp. 2951-2961, Jul. 2007 

[39] A. Vahedi, B. Gorczaca. “Settling Velocities of Multifractal Flocs Formed in Chemical Coagulation 

Process”. Water Research, vol. 53, pp. 322-328, Apr. 2014 

[40] M. Sasson, W. Calmano, A. Adin. “Iron Oxidation in an Electroflocculation (Electrocoagulation) Cell”. 

Journal of Hazardous Materials, vol. 171, pp. 704-709, Nov. 2009 

[41] A. Cerqueira, P. Souza, M. Marques. “Effects of Direct and Alternating Current on the Treatment of Oily 

Water in an Electroflocculation Process”. Brazilian Journal of Chemical Engineering, vol. 31, pp. 693-701, 

Jul./Sep. 2014 

[42] J. Edzwald. “Dissolved Air Flotation and me”. Water Research, vol. 44, pp. 2077-2106, Jun. 2010 

[43] B. Derjaguin, S. Dukhin. “Theory of Flotation of Small and Medium-size Particles”. Progress in Surface 

Science, vol 43, pp. 241-266, Aug. 1993 

[44] V. I. Klassen, V. A. Mokrousov. “An Introduction to the Theory of Flotation”, Butterworths, 1963, pp. 493 

Edition 2, (Formation of Air Bubbles, pages 121, 392, 443) 

[45] B.  Derjaguin,  S. Dukhin, N. Rulyov. “Kinetic Theory of Flotation of Small Particles”. Chapter in 

book, Surface and Colloid Science, vol. 13, E. Matijević and R. Good, Ed, Springer US, 1984, pp. 71-113  

[46] A. Scheludko,   B. Toshev, D. Bojadjiev. “Attachment of Particles to a Liquid Surface (Capillary Theory of 

Flotation)”. Journal of the Chemical Society, Faraday Transactions 1: Physical Chemistry in Condensed Phases, 

vol. 72, pp. 2815-2828, Iss: 0, 1976 

[47] M. Brozek, A. Mlinarczykowska. “Analysis of Kinetics Models of Batch Flotation”. Physicochemical  

Problems of Mineral Processing, vol. 41, pp. 51-65, 2007 

[48] R. Eliassen, H. Schulhoff. “Grease Removal by Vacuum Flotation”. Sewage Works Journal, vol. 16, pp. 

287-295, Mar. 1944 

[49] R. Sarbu , C. Badulescu, L. Toth. “Waste Water Treatment by flotation”.  Acta Montanistica Slovaca, vol. 

10, pp. 97-99 Iss: 1, 2005  

[50] F. Elmore’ “A process for separating certain constituents of sub-divided ores and like substances and 

apparatus therefore”. US Patent 13.578, 1905 

[51] N.  Khosla, S. Venkatachalam, P. Somasundaran. “Pulsed electrogeneration of bubbles for electroflo- 

tation”. Journal of Applied Electrochemistry, vol. 21, pp. 986-990, Nov. 1991 

288 
 

http://www.scielo.br/scielo.php?script=sci_serial&pid=0104-6632&lng=en&nrm=iso
https://www.google.mk/search?tbo=p&tbm=bks&q=inauthor:%22V.+I.+Klassen%22
https://www.google.mk/search?tbo=p&tbm=bks&q=inauthor:%22V.+A.+Mokrousov%22
http://link.springer.com/search?facet-creator=%22Egon+Matijevi%C4%87%22
http://link.springer.com/search?facet-creator=%22Robert+J.+Good%22
http://pubs.rsc.org/en/results?searchtext=Author%3AA.%20Scheludko
http://pubs.rsc.org/en/results?searchtext=Author%3AB.%20V.%20Toshev
http://pubs.rsc.org/en/results?searchtext=Author%3AD.%20T.%20Bojadjiev
http://pubs.rsc.org/en/journals/journal/f1?type=archive&issnprint=0300-9599


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[52] P. Weissenborn, R. Pugh. “Surface Tension and Bubble Coalescence Phenomena of Aqueous Solutions of 

Electrolytes”. Langmuir, vol. 11, pp. 1422-1426, Iss: 5, 1995 

[53] X. Chen and G. Chen “Electroflotation” in  Electrochemistry for the Environment. C. Comninellis, G. Chen 

Ed. Springer USA, 2010, pp.  263-279 

[54] X. Chen, G. Chen, P. Yue. “A Novel Electrode System for Electroflotation of Wastewaters”. 

Environmental Science and Technology, vol. 36 pp. 778-783, Iss:  4, 2002 

[55] F. Baierle, D. John, M. Souza, T. Bjerk, M. Moraes, M. Hoeltz et al. “Biomass From Microalgae Separation 

by Electroflotation with Iron and Aluminum Spiral Electrodes”. Chemical Engineering Journal, vol. 267, pp. 

274-281, May 2015  

[56] K. Tumsri, O. Chavalparit. “Optimizing Electrocoagulation-electroflotation Process for Algae Removal”. 

2nd International Conference on Environmental Science and Technology, IPCBEE, 2001, vol. 6, pp. V2-452 – 

V2-456 

[57] G. Mouedhen, M. Feki, M. De Petris Wery, H. Ayedi. “Behaviour of Aluminum Electrodes in 

Electrocoagulation Process”. Journal of Hazardous Materials, vol. 150, pp. 124-135, Jan. 2008 

[58] A. Khelifa, S. Moulay, A. Naceur. “Treatment of Metal Finishing Effluents by Electroflotation Technique”. 

Desalination, vol. 181, pp. 27-33, Sep. 2005 

[59] D. Ketkar, R. Mallikarjunan, S. Venkatachalam. “Electroflotation of Quartz Fines”. International Journal of 

Mineral Processing, vol. 31, pp. 127-138, Apr. 1991 

[60] M. Emamjomeh, M. Sivakumar. “Review of Pollutants Removed by Electrocoagulation and 

Electrocoagulation /flotation processes”.  Journal of Environmental Management, vol. 90, pp. 1663-1679, Apr. 

2009 

[61] N. Mostefa, M. Tir. “Coupling Flocculation with Electroflotation for Waste Oil/water Emulsion treatment. 

Optimization of the operating parameters”. Desalination, vol. 161, pp. 115-121, Feb. 2004 

[62] C. Ricordel, A. Darchen, D. Hadjiev. “Electrocoagulation-electroflotation as a Surface Watwer Treatment 

for Industrial Uses”. Separation and Purification Technology, vol. 74, pp. 342-347, Sep. 2010 

[63] B. Mezrouk, B. Gourich, A. Sekki, K. Madani, M. Chibane. “Removal Turbidity and Separation of Heavy 

Metals Using Electrocoagulation-electroflotation Technique: A Case Study”. Journal of Hazardous Materials, 

vol. 164, pp. 215-222, May 2009 

[64] I. da Mota, J. de Castro, R. Casqueira. “Study of Electroflotation Method for Treatment of Wastewater 

from Washing Soil Contaminated by Heavy Metals”.  Journal of Materials Research and Technology, vol.4, 

pp.109-113, Apr.-Jun. 2015 

289 
 

http://pubs.acs.org/action/doSearch?ContribStored=Weissenborn%2C+Peter+K.
http://pubs.acs.org/action/doSearch?ContribStored=Pugh%2C+Robert+J.
http://www.sciencedirect.com/science/article/pii/S1385894715000601
http://www.sciencedirect.com/science/article/pii/S1385894715000601
http://www.sciencedirect.com/science/article/pii/S1385894715000601
http://www.sciencedirect.com/science/article/pii/S1385894715000601
http://www.sciencedirect.com/science/article/pii/S1385894715000601
http://www.sciencedirect.com/science/article/pii/S1385894715000601
http://www.sciencedirect.com/science/journal/13858947


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[65] M. Belkacem, M. Khodir, S. Abdelkrim. “Treatment Characteristics of Textile Wastewater and Removal of 

Heavy Metals Using Electroflotation Technique”, Desalination, vol. 228, pp. 245-254, Aug. 2008 

[66] B. Mezouk, K. Madani, A. Sekki. “Using Electrocoagulation-electroflotation Technique to Treat Synthetic 

Solution and Textile Wastewater, Two Case Studies”. Desalination vol. 250, pp. 573-577, Jan. 2010 

[67] S. Oussedik, A. Khelifa. “Reduction of Cooper Ions Concentration in Wastewater of Galvanoplastic 

Industry by Electroflotation”. Desalination, vol. 139 pp. 383 Sep. 2001 

[68] R. Casqueira, M. Torem, H. Kohler. “The Removal of Zinc from Liquid Streams Electroflotation”. 

Minerals Engineering, vol. 19, pp. 1388-1392, Nov. 2006 

[69] Q. Zuo, X. Chen, W. Li, G. Chen. “Combined Electrocoagulation and Electroflotation for Removal of 

Fluoride from Drinking Water”. Journal of Hazardous Materials, vol. 159, pp. 452-457, Nov. 2008 

[70] R. Bande, B. Prasad, I. Mishra, K. Wasewar. “Oil Field Water Treatment for Safe Disposal by 

Electroflotation”. Chemical Engineering Journal, vol. 137, pp. 503-509, Apr. 2008 

[71] M. Murugananthan, G. Bhaskar Raju, S. Prabhakar. “Separation of Poluttants from Tannery Effluents by 

Electroflotation”. Separation and Purification Technogy, vol. 40, pp. 69-75, Nov. 2004 

[72] C. Wang, W. Chou, Yi Kuo. “Removal of COD from Laundry Wastewater by Electrocoagulation/ 

Electroflotation”.  Journal of Hazardous Materials, vol. 164, pp. 81-86, May, 2009 

[73] N. Cromar, H. Fallowfield.  “Separation of Components of the Biomass from High Rate Algal 

Ponds Using PercollR  Density Gradient Centrifugation”. Journal of Applied Phycology, vol. 4, pp. 157-

163, Jun. 1992 

[74] A. Singh, V. Chaudhary, A. Sharma. “Electrochemical Studies of Stainless Steel Corrosion in Peroxide 

Solutions”. Portugal Electrochimica Acta, vol. 30 pp. 99-109, Iss: 2, 2012 

[75] Md. Sarkar, G. Evans, S. Donne. “Bubble Size Measurement in Electroflotation”. Minerals Engineering, 

vol. 23, pp. 1058-1065, Oct. 2010  

[76] J. Lee, D. Kang , K. Lee , D. Chang. “An Investigation on the Electrochemical Characteristics of Ta2O5-

IrO2 Anodes for the Application of Electrolysis Process”. Material Science and Applications, vol. 2, pp. 237-

243,  2011 

[77] X. Chen , G. Chen, P. Yue. “Stable Ti/IrOx−Sb2O5−SnO2 Anode for O2 Evolution with Low Ir Content”. 

The Journal of Physical Chemistry B,  vol. 105, pp. 4623–4628, Iss: 20, 2001 

[78] M. Murugananthan, G. Bhaskar Raju, S. Prabhakar. “Removal of Tannins Polyhydroxy Phenols by Electro-

chemical Techniques”. Journal of Chemical Technology and Biotechnology, vol. 80, pp. 1188-1197, Oct. 2005 

290 
 

http://link.springer.com/journal/10811
http://pubs.acs.org/action/doSearch?ContribStored=Chen%2C+X
http://pubs.acs.org/action/doSearch?ContribStored=Chen%2C+G
http://pubs.acs.org/action/doSearch?ContribStored=Yue%2C+P+L


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[79] Y. Esfandyari, Y. Mahdavi, M. Seyedsalehi, M. Hoseini, G. Safari , M. Ghozikali, H. Kamani, J. Jaafari. 

“Degradation and Biodegradability Improvement of the Olive Mill Wastewater by peroxi-electrocoagulation/ 

electrooxidation-electroflotation Process with Bipolar Aluminum Electrodes”. Environmental Science and 

Pollutant Research (International), vol. 22, pp. 6288-6297, Apr. 2015 

[80] R. Mraz, J. Krysa. “Long Service Life IrO2/Ta2O5 Electrodes for Electrflotation”. Journal of Applied  

Electrochemistry, vol. 24, pp. 1262-1266, Dec. 1994 

[81] V. Glembotskiy, A. Mamakov, A. Ramanov, V. Nenno. “The Size of Gas Bubbles Formed under 

Electroflotation Conditions”. 1st International Mineral Processing Congress, 1975, pp. 562-581 

[82] C. LLerena, J. Ho, D. Piron. “Effect of pH on Electroflotation of Sphalerite”. Chemical Engineering 

Communication, vol. 155, pp. 217-228, Iss: 1, 1996 

[83] G. Raju, P. Khangaonkar. “Electroflotation–A Critical Review”. Transaction of the Indian Institute of 

Metals, vol. 37, pp. 59-66, Feb. 1984 

[84] S. Burns, S. Yiacoumi, C. Tsouris. “Micro-bubbles Generation for Environmental and Industrial 

Separations”. Separation and Purification Technology, vol. 11, pp. 221-232, Jul. 1997 

[85] M. Sarkar, G. Evans, S. Donne. “Bubble Size Measurement in Electro-flotation”. Minerals Engineering, 

vol. 23, pp. 1058–1065, 2010 

[86] M. Sarkara, P. Machniewskib, G. Evansa. “ Modeling and Measurement of Bubble Formation and Growth 

in Electroflotation Processes”. 14th European Conference on Mixing, 2012 pp. 425-430 

[87] A. Gadd, D. Ryan, J. Kavanagh G. Barton. “Design Development of an Electrocoagulation Reactor for 

Molasses Process Wastewater Treatment”. Water Science and Technology, vol. 61, pp. 3221–3227, Iss: 12, 

2010 

[88] M, Cora, Y. Hung. “Determination of Operational Parameters for an Electrogoagulation/flotation ECF 

Batch Reactor Use in the Treatment of Wastewater with Cadmium Ions”. International Journal of Environmental 

Engineering,  vol. 1, pp. 3-19, Iss: 1, 2009 

[89] C. Woolard, C. Irvine. “Treatment of Hyper-saline Wastewater in the Sequencing Batch Reactor”. Water 

Research, vol. 29, p. 1159, 1955 

[90] B. Merzouk,. B. Gourich, A. Sekki, K. Madani, Ch. Vial, M. Barkaoui. “Studies on the De-colorization of 

Textile Day Wastewater by Continuous Electro-coagulation Process”. Chemical Engineering Journal, vol. 149, 

pp. 207-214, Jul. 2009 

 

291 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Esfandyari%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahdavi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seyedsalehi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoseini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Safari%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghozikali%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamani%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jaafari%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jaafari%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jaafari%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jaafari%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25408073
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jaafari%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25408073


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[91] T. Moisés, B. Patricia, C. Barrera-Díaz, R. Gabriela, R. Natividad-Rangel. “Treatment of Industrial 

Effluents by a Continuous System: Electrocoagulation – Activated sludge”. Bioresource Technology, vol. 101, 

pp. 7761-7766, Oct. 2010 

[92] P. Holt, G. Barton, C. Mitchell. “Electrocoagulation as a Wastewater Treatment. The III Ann. Australian 

Environmental and Engineering Research, 1999, 23-26 Nov. [on-line] www.isf.uts.edu.au/publications, last 

http://cfsites1.uts.edu.au/find/publications/search.cfm?year=1999&UnitId=139, last accessed 12/06/2013 

[93] L. Szpyrkowicz. “Hydrodynamic Effects on the Performance of Electro-coagulation/Electro-flotation for 

the Removal of Dyes from Textile Wastewater. Industrial & Engineering Chemistry Research, vol. 44, pp. 

7844-7853, Iss: 20, 2005 

[94] M. Brozek, A. Mlynarczykowska. “Analysis of Kinetics models of Batch Flotation”. Physicochemical 

Problems of Mineral Processing, vol. 41, pp, 51-65, Jun. 2007 

[95] A. Essadki, M. Bennajah, B. Gourich, Ch. Vial, M. Azzi, H. Delmas. “Electrocoagulation/electroflotation 

in an External-loop Airlift Reactor – Application to the De-colorization of Textile Dye Wastewater: A Case 

Study”. Chemical Engineering and Processing, vol. 47, pp. 1211-1223 Aug. 2008 

[96] I. Zolotukhin. “A pilot-scale System for the Treatment of Mine Water by Electro-coagulation/flotation”. 

Soviet Journal of Water Chemistry and Technology, vol. 11, pp.147-151, Iss: 2, 1989 

[97] J. Jiang, N. Graham, C. Andre, G. Kelsall, N. Brandon. “Laboratory Study of Electro-coagulation-flotation 

for Water Treatment”. Water Research, vol. 36, pp. 4064-4078, Sep. 2002 

[98] N. Narayanan, M. Ganesan. “Use of Adsorption Using Granular Activate Carbon for the Enhancement of 

Removal of Chromium from Synthetic Wastewater by Electro-coagulation”. Journal of Hazardous Materials, 

vol. 161, pp. 575-580, Jan. 2009 

[99] D. Kumarasinghe, L. Pettigrev, L. DucNighiem. “Removal of Heavy Metals from Mining Impacted Water 

by an Electro-coagulation-ultrafiltration Hybrid Process”. Desalination and Water Treatment, vol. 11, pp. 66-72, 

Nov. 2009 

[100] S. Rayman, R. White. “Simulation of Reduction of Cr(VI) and Fe(II) Produce Electrochemically in a 

Parallel Plate Electrochemical Reactor”. Journal of the Electrochemical Society, vol. 156, pp. E96-E10, Iss: 6, 

2009 

[101] M. Asselin, P. Drogui, H. Benmoussa, J. Blais. “Effectiveness of Electro-coagulation Process in 

Removing Organic Compounds from Slaughterhouse Wastewater Using Monopolar and Bipolar Electrolytic 

Cell”. Chemosphere, vol. 72, pp. 1727-1733, Aug. 2008 

 

292 
 

http://www.isf.uts.edu.au/publications
http://cfsites1.uts.edu.au/find/publications/search.cfm?year=1999&UnitId=139


American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[102] M. Emamjomeh, M. Sivakumar. “Denitrification Using a Monopolar Electrocoagulation/flotation (ECF) 

Process”. Journal of the Environmental Management, vol. 91, pp. 516–522, Nov.-Dec. 2009 

[103] B. Al Aji, Y, Yavuz, A. Savas–Koparal. “Electrocoagulation of Heavy Metals Containing Model 

Wastewater Using Monopolar Iron Electrodes”. Separation and Purification Technology, vol. 86, pp. 248–254, 

Feb. 2012 

[104] W. Hanni, A. Perret, Ch. Comninellis. ”Electrolytic Cell with Bi-polar Electrode Including Diamond, US 

patent 6,306,270, APR. 2001 

[105] A. Golder, A. Samanta, S. Ray. “Removal of Cr3+ by Electro-coagulation with Multiple Electrodes: 

Bipolar and Monopolar Configuration”.  Journal of Hazardous Materials, vol. 141, pp. 653-661, Mar. 2007 

[106] D. Ghosh, C. Medhi, M. Purkait. “Treatment of Fluoride Containing Drinking Water by 

Electrocoagulation Using Monopolar and Bipolar Electrodeconnections”. Chemosphere, vol. 73, pp. 1393–

1400, Nov.2008 

[107] M. Asselin, P. Drogui, S. Brar, H. Benmoussa, J. Blais. “Organics Removal in Oily Bilgewater by 

Electrocoagulation Process”. Journal of Hazardous  Materials, vol. 151, pp. 446–455, Mar. 2008 

[108] M. Bayramoglu, M. Eyvaz, M. Kobya. “Treatment of the Textile Wastewater by Electrocoagulation 

Economical Evaluation”. Chemical Engineering Journal, vol. 128 pp. 155–161, Apr. 2007 

[109] C. Wang, W. Chou, Y. Kuo. “Removal of COD from Laundry Wastewater by electrocoagulation/ 

electroflotation. Journal of Hazardous Materials, vol. 164, pp. 81–86, May 2009 

[110] G. Chen. “Electrochemical Technologies in Wastewater Treatment”. Separation and Purification 

Technology, vol. 38 pp. 11-41, Jul. 2004 

[111] C. Poon. “Electroflotation for groundwater decontamination”. Journal of Hazardous Materials, vol. 55, pp. 

159-170, Aug. 1997 

[112] V. Makarenko, A. Kimov. “An Electroflotation Device for Extracting Suspended Particles from Liquids”. 

Elektronnaya Obrabotka Metalov, vol. 4 pp. 89-90, 1982 

[112] V. Ilin, V. Kolesnikov, Yu. Parshina. “Purification of Highly Concentrated Industrial Sewage from the 

Porcelain and Faience Industry by the Electric Flotation Method”. Glass and Ceramics, vol. 59, pp. 242-244, Jul. 

2002 

[113] A. Hosny. “Separating Oil from Oil-water Emulsions by Electroflotation Technique”. Separations 

Technology, vol. 6, pp. 9-17, Feb. 1996 

 

293 
 



American Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS) (2015) Volume 14, No 2, pp 273-294 

[114] N. Tyabin, G. Dakhine, A. Golovanchikov, A. Mamkov. “Design of Ideal Displacement Reactors for the 

Separation of Fine Suspensions by Electrolytic Gases”. Theoretical and Fundamental Chemical Engineering, 

vol. 13 pp. 757-761, Iss. 6, 1979   

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

294 
 


	[20] I. Casero, D. Sicilia, S. Rubio, D. Pérez-Bendito. “Chemical Degradation of Aromatic Amines by Fenton's Reagent”. Water Research, vol. 31, pp. 1985-1995, Aug. 1997
	[21] W. Kuo. “Decolorizing Dye Wastewater with Fenton’s Reagent”. Water Research, vol. 26 pp. 881-886, Jul. 1992
	[22] S. Nam, V. Renganathan P. Tratnyek. “Substituent Effects on Azo Dye Oxidation by the FeIII-EDTA-H2O2 System”. Chemosphere, vol. 45 pp. 59-65, Oct. 2001
	[23] K. Barbusiński. “The Modified Fenton Process for Decolorization of Dye Wastewater”,  Polish Journal of Environmental Studies, vol. 14, pp, 281-285, iss: 3, 2005
	[24] B. Al-Tawabini. “Treatment of Water Contamined with Di-N-Butyl Phtalate by Photo-Fenton Process”. 7th Conference on Environmental Science and Technology, 3-6 Sep. 2001, pp. 23-28
	[25] K. Barbunski, K. Filipek. “Use of Fenton's Reagent for Removal of Pesticides from Industrial Waste-water”. Polish Journal of Environmental Studies, vol. 10, pp. 207-212, Iss: 4, 2001
	[26] C. Oliveira, K. Gruskevica, T. Juhna, K. Tihomirova, A. Alves, L. Madeira. “Removal of Paraquat Pesticide with Fenton Reaction in a Pilot Scale Water System”. Drinking Water Engineering and Science, vol. 7, pp. 11–21, 2014
	[27] M. Kitis, C. Adams, G. Daigger. “The effects of Fenton's Reagent Pretreatment on the Biodegradability of Nonionic Surfactants”. Water Research, vol. 33, pp. 2561-2568, Aug. 1999
	[28] J. Perkowski, W. Jóźwiak, L. Kos, P. Stajszczyk. “Application of Fenton’s Reagent in Detergent Separation in Highly Concentrated Water Solutions”’ Fibers & Textiles in Eastern Europe, vol. 14, pp. 114-119 Jan / Dec. 2006,
	[29] D. Martens, T. Frankenberger. “Enhanced Degradation of Polycyclic Aromatic Hydrocarbons in Soil Treated with an Advanced Oxidative Process Fenton’s Reagent”. Journal of Soil Contamination, vol. 4, pp. 175-190, Iss: 2, 1995
	[30] A. Cerqueira, C. Russo, M. Marques. “Electroflocculation for Textile Wastewater Treatment”. Brazilian Journal of Chemical Engineering, vol. 26, pp. 1-9, Iss: 4, Oct./Dec. 2009
	[31] G. Ciardelli, N. Ranieri. “The Treatment and Reuse of Wastewater in the Textile Industry by Means of Ozonation and Electroflocculation”. Water Research, vol. 35, pp. 567-572, Feb. 2001

	[33] S. Chenar, A. Karbassi, N.  Zaker, F. Ghazban. “Electroflocculation of Metals during Estuarine Mixing (Caspian Sea)”. Journal of Coastal Research, vol. 29, pp. 847-854. Iss: 4, 2013
	[34] L. Sun, E. Miznikov, L. Wang,. A. Adin. “Nickel Removal from Wastewater by Electroflocculation-filtration  Hybridization”. Desalination, vol. 249, pp. 832-836, Iss: 2, 2009
	[35] I. Saur, S. Rubach, J. Forde, G. Kjaerheim, U. Syversen. “Electroflocculation: Removal of oil, Heavy Metals and Organic Compounds from Oil-in-water Emulsions”. Filtration & Separation. vol. 33. pp. 295-303 iss: 4, 1996
	[36] F. Ulu, S. Barosci, M. Kobya, H. Sarkka M. Sillanpaa. “Removal of Humic Substances by Electrocoagula-tion Process and Characterization of Floc Size Growth Mechanism under Optimum Conditions”. Separation and Purification Technology, vol. 133, pp. ...

	[37] H. Tartar, C. Bryan, H. Shinn. “The Influence of Adsorbed Ions on the Dissolution of Colloidal Aluminum Hydroxide in Hydrochloric Acid”. Journal of the American Chemical Society, vol. 55, pp. 2266–2272, Jun.1933
	[38] T. Hanif, A. Adin. Characteristics of Aggregates Formed by Electro-flocculation of Colloidal Suspension”. Water Research, vol. 41, pp. 2951-2961, Jul. 2007
	[39] A. Vahedi, B. Gorczaca. “Settling Velocities of Multifractal Flocs Formed in Chemical Coagulation Process”. Water Research, vol. 53, pp. 322-328, Apr. 2014
	[40] M. Sasson, W. Calmano, A. Adin. “Iron Oxidation in an Electroflocculation (Electrocoagulation) Cell”. Journal of Hazardous Materials, vol. 171, pp. 704-709, Nov. 2009
	[41] A. Cerqueira, P. Souza, M. Marques. “Effects of Direct and Alternating Current on the Treatment of Oily Water in an Electroflocculation Process”. Brazilian Journal of Chemical Engineering, vol. 31, pp. 693-701, Jul./Sep. 2014

	[42] J. Edzwald. “Dissolved Air Flotation and me”. Water Research, vol. 44, pp. 2077-2106, Jun. 2010
	[43] B. Derjaguin, S. Dukhin. “Theory of Flotation of Small and Medium-size Particles”. Progress in Surface Science, vol 43, pp. 241-266, Aug. 1993
	[44] V. I. Klassen, V. A. Mokrousov. “An Introduction to the Theory of Flotation”, Butterworths, 1963, pp. 493 Edition 2, (Formation of Air Bubbles, pages 121, 392, 443)
	[46] A. Scheludko,   B. Toshev, D. Bojadjiev. “Attachment of Particles to a Liquid Surface (Capillary Theory of Flotation)”. Journal of the Chemical Society, Faraday Transactions 1: Physical Chemistry in Condensed Phases, vol. 72, pp. 2815-2828, Iss: ...
	[51] N.  Khosla, S. Venkatachalam, P. Somasundaran. “Pulsed electrogeneration of bubbles for electroflo- tation”. Journal of Applied Electrochemistry, vol. 21, pp. 986-990, Nov. 1991
	[52] P. Weissenborn, R. Pugh. “Surface Tension and Bubble Coalescence Phenomena of Aqueous Solutions of Electrolytes”. Langmuir, vol. 11, pp. 1422-1426, Iss: 5, 1995
	[55] F. Baierle, D. John, M. Souza, T. Bjerk, M. Moraes, M. Hoeltz et al. “Biomass From Microalgae Separation by Electroflotation with Iron and Aluminum Spiral Electrodes”. Chemical Engineering Journal, vol. 267, pp. 274-281, May 2015
	[56] K. Tumsri, O. Chavalparit. “Optimizing Electrocoagulation-electroflotation Process for Algae Removal”. 2nd International Conference on Environmental Science and Technology, IPCBEE, 2001, vol. 6, pp. V2-452 – V2-456
	[57] G. Mouedhen, M. Feki, M. De Petris Wery, H. Ayedi. “Behaviour of Aluminum Electrodes in Electrocoagulation Process”. Journal of Hazardous Materials, vol. 150, pp. 124-135, Jan. 2008
	[58] A. Khelifa, S. Moulay, A. Naceur. “Treatment of Metal Finishing Effluents by Electroflotation Technique”. Desalination, vol. 181, pp. 27-33, Sep. 2005
	[59] D. Ketkar, R. Mallikarjunan, S. Venkatachalam. “Electroflotation of Quartz Fines”. International Journal of Mineral Processing, vol. 31, pp. 127-138, Apr. 1991
	[60] M. Emamjomeh, M. Sivakumar. “Review of Pollutants Removed by Electrocoagulation and Electrocoagulation /flotation processes”.  Journal of Environmental Management, vol. 90, pp. 1663-1679, Apr. 2009
	[61] N. Mostefa, M. Tir. “Coupling Flocculation with Electroflotation for Waste Oil/water Emulsion treatment. Optimization of the operating parameters”. Desalination, vol. 161, pp. 115-121, Feb. 2004
	[62] C. Ricordel, A. Darchen, D. Hadjiev. “Electrocoagulation-electroflotation as a Surface Watwer Treatment for Industrial Uses”. Separation and Purification Technology, vol. 74, pp. 342-347, Sep. 2010
	[63] B. Mezrouk, B. Gourich, A. Sekki, K. Madani, M. Chibane. “Removal Turbidity and Separation of Heavy Metals Using Electrocoagulation-electroflotation Technique: A Case Study”. Journal of Hazardous Materials, vol. 164, pp. 215-222, May 2009
	[64] I. da Mota, J. de Castro, R. Casqueira. “Study of Electroflotation Method for Treatment of Wastewater from Washing Soil Contaminated by Heavy Metals”.  Journal of Materials Research and Technology, vol.4, pp.109-113, Apr.-Jun. 2015
	[65] M. Belkacem, M. Khodir, S. Abdelkrim. “Treatment Characteristics of Textile Wastewater and Removal of Heavy Metals Using Electroflotation Technique”, Desalination, vol. 228, pp. 245-254, Aug. 2008
	[66] B. Mezouk, K. Madani, A. Sekki. “Using Electrocoagulation-electroflotation Technique to Treat Synthetic Solution and Textile Wastewater, Two Case Studies”. Desalination vol. 250, pp. 573-577, Jan. 2010
	[67] S. Oussedik, A. Khelifa. “Reduction of Cooper Ions Concentration in Wastewater of Galvanoplastic Industry by Electroflotation”. Desalination, vol. 139 pp. 383 Sep. 2001
	[68] R. Casqueira, M. Torem, H. Kohler. “The Removal of Zinc from Liquid Streams Electroflotation”. Minerals Engineering, vol. 19, pp. 1388-1392, Nov. 2006
	[69] Q. Zuo, X. Chen, W. Li, G. Chen. “Combined Electrocoagulation and Electroflotation for Removal of Fluoride from Drinking Water”. Journal of Hazardous Materials, vol. 159, pp. 452-457, Nov. 2008
	[70] R. Bande, B. Prasad, I. Mishra, K. Wasewar. “Oil Field Water Treatment for Safe Disposal by Electroflotation”. Chemical Engineering Journal, vol. 137, pp. 503-509, Apr. 2008
	[71] M. Murugananthan, G. Bhaskar Raju, S. Prabhakar. “Separation of Poluttants from Tannery Effluents by Electroflotation”. Separation and Purification Technogy, vol. 40, pp. 69-75, Nov. 2004
	[72] C. Wang, W. Chou, Yi Kuo. “Removal of COD from Laundry Wastewater by Electrocoagulation/ Electroflotation”.  Journal of Hazardous Materials, vol. 164, pp. 81-86, May, 2009
	[77] X. Chen , G. Chen, P. Yue. “Stable Ti/IrOx−Sb2O5−SnO2 Anode for O2 Evolution with Low Ir Content”. The Journal of Physical Chemistry B,  vol. 105, pp. 4623–4628, Iss: 20, 2001
	[78] M. Murugananthan, G. Bhaskar Raju, S. Prabhakar. “Removal of Tannins Polyhydroxy Phenols by Electro-chemical Techniques”. Journal of Chemical Technology and Biotechnology, vol. 80, pp. 1188-1197, Oct. 2005
	[79] Y. Esfandyari, Y. Mahdavi, M. Seyedsalehi, M. Hoseini, G. Safari , M. Ghozikali, H. Kamani, J. Jaafari. “Degradation and Biodegradability Improvement of the Olive Mill Wastewater by peroxi-electrocoagulation/ electrooxidation-electroflotation Pro...
	[80] R. Mraz, J. Krysa. “Long Service Life IrO2/Ta2O5 Electrodes for Electrflotation”. Journal of Applied  Electrochemistry, vol. 24, pp. 1262-1266, Dec. 1994
	[87] A. Gadd, D. Ryan, J. Kavanagh G. Barton. “Design Development of an Electrocoagulation Reactor for Molasses Process Wastewater Treatment”. Water Science and Technology, vol. 61, pp. 3221–3227, Iss: 12, 2010


