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Abstract: This paper reviews the current understanding of electrocoalescence of water droplets in oil, 

highlighting particularly the mechanisms proposed for droplet–droplet and droplet–interface coalescence under 

the influence of an applied electric field, as well as various factors influencing the electrocoalescence 

phenomenon. The type of electric field such as alternating, direct and pulsed direct current, plays a significant 

role, depending on the design and setup of the system. The concept of effect of shear, turbulence and viscosity 

ratio are highlighted in this paper. The integration of processes like microwave radiation and flotation with 

electrocoalecscence is also discussed. Theconceptof an optimum frequency is also discussed here, relating to the 

electrode design and coating. More investigations, both experimental and by computer simulation, should be 

carried out to study the electrocoalescence phenomenon and to contribute to the design and operation of new 

electrocoalescers. 
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1. Introduction 

There exist several techniques for enhancing the separation of water-in-oil emulsions, such as the 

addition of chemical demulsifier [1], pH adjustment [2], gravity or centrifugal settling [3], filtration [2], heat 

treatment and electrostatic demulsification [4,5]. From the energy efficiency point of view, 

electricaldemulsification is considered to be the best among the above methods [4,19]. 

The electrical phase separation concept has been used in the petroleum industry for separating water 

incrude oil dispersions by applying a high electric field onto the flowing emulsion to effect flocculation and 

coalescence of dispersed water droplets [6,7]. The technique which was used to promote phase separation of an 

aqueous dispersion from an organic phase, and developed an effective separator for solvent extraction[8,9]. 

Some coalescence can occur due to Brownian motion and differential sedimentation, but these effects are 

insignificant compared to electrocoalescence [10]. Generally, an irreversible rupturing of the emulsions can 

occur in an electric field due to the coalescence of droplets [11,19]. In low electric fields, however, water 

droplets attain a linear chain-like configuration, though the electric field is not high enough to induce 

coalescence. When the field is switched off, the droplets return to a random distribution [12,13]. 

The concepts here are believed to be the interaction between the drops and the externally applied 

electrostatic field, resulting in drop charging and agglomeration, and eventually coalescence. Generally, external 

electric fields can cause the coalescence of drops at an interface, and drop–drop coalescence in a dielectric fluid. 

When two drops approacheach other, the interface is separated by a thin film of oil determining emulsion 

stability. Thus demulsification requires rupturing of this interfacial film [14]. Generally, the main purposes of an 

applied electrical field are to promote contact between the drops, to help in drop–drop coalescence, and to 

encourage drop–interface coalescence. However, coalescence may also cause phase inversion of emulsions [15]. 

Water-in-oil emulsion stability can be assessed by several techniques such as the ‘bottle test’, turbidity 

measurements [16], time-domain dielectric spectroscopy (TDS) [17] and the differential scanning calorimetry 

(DSC) technique [18]. Stability of water-in-oil emulsions in high electric fields can be investigated by the TDS 

technique [11,19]. 

A greater understanding of the processes taking place during the water in oil emulsion separation in an 

electric field, especially the actual coalescence process, should provide the knowledge for optimum design of the 

electrode geometry and the type of electric field. It can also reduce the residence time in order to minimize the 

size and weight of the equipment. The state-of-the-art in the current understanding of turbulent coalescence, as 

well as the effect of shear,mechanism and models influencing electrocoalescence process are reviewed here, 

thus directing us towards a greater understanding of electrocoalescence process. 
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2. Literature Review 
The literature review provides the methodology used, research design, base, techniques of analysis & 

results of the electrocoalescence process. The purpose of this study is to examine & resume on various studies 

conducted by researchers on electrocoalescence. 

P. Atten,(1993) [20]proposed the formula giving the interaction force between two droplets and the equation 

governing the evolution of polydispersed emulsions. He derived expressions for the coalescence rate when 

retaining only the field induced interaction between the droplets and the characteristic coalescence time was 

estimated. He also concluded that the shear rate plays important role in bringing the droplets into contact.  

Bailes and Kuipa(1996,2001) [21] developed an electrical separation technique in which the resolution of 

stable water in kerosene emulsion in pulsed DC fields and an insulated high voltage electrode is enhanced by 

mildly bubbling the emulsion with air.He also worked on new method with a difficult emulsion and compare 

electrically augmented emulsion breaking with and without air under continuous flow conditions over a range of 

emulsions and air flow rates, applied voltages and pulsation frequencies. 

Chen and Taylor(1994) [22] studied the effect of application of AC electric field on the structure of water in 

crude oil emulsion using molecular dynamic simulations. The results showed that solid interfacial film is a key 

factor for the prevention of coalescence between the droplets in the electric field. 

Fernandez(2009) [23]reported a coupled effect of shear and electrostatics for emulsions with less conducting 

dispersed phase . He also examined the significance of viscosity ratio on emulsions of drops immersed in 

electric fields by means of direct numerical simulation and showed viscosity ratio affects the effective viscosity 

of the system. If the viscosity ratio is decreased then effective viscosity decreases; when the viscosity ratio is 

increased then the effective viscosity increases. 

Noik(2006) [24] presented some technological tendencies like integration of electrostatic demulsification with 

centrifugal separation; other kinds of combination such as electrostatic demulsification with microwave 

radiation and electrostatic demulsification with flotation. 

Urdahl(2001) [25] reviewed correlations to estimate the maximum stable droplet diameter in laminar and 

turbulent flows. He also showed that different mechanisms can contribute to the electrostatic coalescence such 

as Brownian motion, sedimentation, laminar shear, turbulent shear or turbulent inertia. 

Chiesa and Melheim(2006) [26] used numerical simulations to show that turbulence enhances the 

electrocoalescence rate over a wide range of water cuts in the oil. 

Cottrell and Speed(1911) [6] filed the first patent on electrocoalescence, observing the coalescence mechanism 

when a high potential was applied to a pair of wire electrodes in an aqueous-in-oil emulsion. 

Adamiak(1999) [27]investigated the deformation of two perfectly conducting, uniform size drops in a uniform 

electric field numerically. He used the Finite Element Method to solve the shape change equations while the 

electric field distributions over the drop interface was solved by Boundary Element Method. 

Raisin(2011) [28] concluded that the rate of elctrocoalescence dependent on the deformation of leading 

surfaces, drop motion and the drainage of the oil film between the drops. It was observed that the time of contact 

for closely spaced very small droplets with high viscosity ratio is no longer compared to deformable larger 

drops. 

Giljarhus and Munkejord(2011) [29] used Finite Element Method to solve the head-on collisions of two drops 

in the flowing medium and predicted that as the flow capillary number increases, drop deforms more and the 

contact area becomes larger. They observed that it takes a longer time to drain the film and thus the coalescence 

time is longer and also concluded that the electrococapillary number increases, the coalescence time decreases. 

Dong(2002) [30]suggested that decreasing interfacial tension in absence of electric field can resist the 

coalescence as large deformations inhibit the film thinning. However in presence of electric field the increased 

deformation on decreasing interfacial tension assists the coalescence. 

Bird(2009) [31] derived an expression critical cone angle at drop contact which is a function of electrocapillary 

number and also predicted the cone angle at drop contact at 30.8
0
 which was close to the experimentally 

observed value. 

Taylor(1988) [32]reports two distinct types of behaviour. In type I, very stable droplet chains form between the 

electrodes, on the application of an A.C. electric field, resulting in current leakage through the chains. Drop–

drop coalescence is prevented by rigid interfacial films. However, with the addition of an oil-soluble surfactant, 

the type I characteristics transforms to type II, where rapid droplet coalescence occurs, indicating the lack of any 

chain formation and enhanced mobility of the interfacial film. Without a rigid film, the neighbouring droplets 

tend to stick together and coalesce to form larger drops in an electric field. Thus, coalescence is more likely to 

occur before chain formation when the interfacial film is compressible. 

Brown and Hanson(1965) [33]observing an optimum coalescence frequency for each system, suggested that 

vibrations and cavitation within the drop are responsible for the film rupturing, leading to coalescence of drops 

at an aqueous/oil interface. Moreover, they also suggested that it is the field inside the drop, rather than the 
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charge it carries, that is responsible for enhancing the coalescence. They concluded that the electrical forces for 

coalescence are short range, and enhance film rupture. Therefore, the selection of the optimum frequency is very 

important, especially at low voltages, depending on the insulation material and its thickness, and liquid 

composition. Without insulation, the optimum frequency is determined by the electrical properties of the 

continuous phase. 

Levan(1981) [34] took into account the effects of induced circulations and interfacial tension gradient to get 

revised expression for drag coefficient. 

Williams and Bailey(1986) [35]used a laser light-scattering technique to look at the size distributions of water 

droplets in emulsions leaving an electrocoalescer. The volume median diameter was observed to increase with 

time, showing that drop–drop coalescence occurred in the emulsion. Under observation at low electric field 

strength, the drop size increase was small. Under a strong applied electric field, it increased very fast initially, 

but relatively slow after that. Therefore, coalescence effects attributed to sedimentation and Brownian motion 

are relatively insignificant compared to dipole and migratory coalescence produced in strong electric fields. 

Allan and Mason(1961) [36] observed that the addition of small amounts of surfactant in the heptane layer 

significantly increased the rest time of water drops at a water/heptane interface. It was observed that water 

droplets have larger deformation at the interface due to decreased interfacial tension. 

 

3. Conclusion 
The purpose of this review was to understand the different aspects of electrocoalescence process. 

Electrocoalescence of two drops involves three steps mainly; approach of droplets, draining of thin film of the 

interfaces; creation of capillary bridge and merging of two droplets. Various mathematical models have been 

highlighted here, which depend on the mechanism and the type of electric field applied. Factors influencing the 

coalescence efficiency have also been highlighted and reviewed. The several types of electric field which may 

be applied have been highlighted such as A.C., D.C. and pulsed D.C.The concept of an optimum applied 

frequency has been introduced together with that of a pulsed D.C. electric field, depending on the relaxation 

time of the various dielectrics, electrical properties of the continuous phase and the electrode coating material, 

and their thicknesses.From this review paper, it has become clear that more investigations, both experimental 

and theoretical, are needed to study the electrocoalescence phenomenon at a microscopic level. This will help to 

elucidate the role of various parameters in the coalescence of two droplets, and between a droplet and an 

interface. This knowledge will then contribute to the design and operation of more efficient as well as more 

compact electrocoalescers. 
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