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Abstract: There are two problems that hinder the use of double emulsions in pharmacies: large-scale equipment not 

available for one-step emulsification and obtaining a double emulsion and limited ingredients available to replace the tension-

active agents as primary emulsifier because these surfactants are toxic. To overcome these difficulties, a two-stage 

emulsification strategy has been developed, first generating a water-in-oil Pickering emulsion stabilized by magnesium oxide 

particles and then the double W/O/W emulsion, thereby reducing significantly the amount of voltage-active. Pickering 

emulsions are surfactant-free emulsions, stabilized by colloidal particles. These systems are experiencing renewed interest on 

the one hand, because it is preferable to limit the use of synthetic surfactants for ecological reasons, and on the other hand, 

because the functionalization of particles has undergone recent advances. It is possible to make very simple calibrated 

emulsions of controlled size, exploiting a phenomenon called "limited coalescence". The Bancroft rule served as a model for 

the formulation. The emulsification was carried out using a rotor stator mixer. The stability of these emulsions has been studied 

using several parameters (pH, conductivity, droplet size, dye test). The dye test and the conductivity measurement confirmed 

the W/O nature of the emulsion and W/O/W nature of the double emulsion. This study showed that we were able to develop a 

saturated double W/O/W emulsion. 
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1. Introduction 

Multiple emulsions are emulsions of emulsions. In other 

words the stabilization of internal drops in drops of larger 

diameters. These internal emulsions can be Pickering 

emulsions. Pickering emulsions are dispersions of two 

immiscible liquids stabilized by solid particles. They are 

generally made up of three components: a phase, an oily 

phase and the stabilizing particles. The effect of stabilization 

of emulsions by fine particles has been known for about a 

century. These emulsions are called the "Pickering emulsion" 

after one of the first researchers to describe this type of 

stabilization in 1907. He established that particles can act as 
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surfactants and stabilize oil in water or water in oil emulsions. 

However, the first description of this phenomenon is due to 

Ramsden in 1903; his article is cited by Pickering [1]. This 

concept of emulsion stabilized by solid particles is 

experiencing a renewed interest these days given the many 

advantages it offers: good stability, environmental protection, 

user safety, varieties of particles etc... At the fundamental 

level, emulsions raise questions relating to their preparation 

(emulsification), their lifespan (mechanism of kinetics of 

destruction), their flow properties (rheology, elasticity of 

concentrated emulsions), etc. these questions have been 

addressed in the presence of surfactants or proteins but rarely 

in the presence of solid particles [2–6]. 

A double emulsion is a simple type of multiple emulsion [7, 

8]. The most studied double emulsion is the water-oil-water 

(W/O/W) emulsion, in which the oil droplets in a continuous 

water system containing smaller water droplets [9–12]. The 

double emulsions have aroused considerable interest because 

of their potential application in various fields, notably 

pharmacy, syntheses of materials, the cosmetic industry and 

the food industry. [13–16]. Due to their compartmentalized 

internal structure, double emulsions are an ideal distribution 

system for the encapsulation of two hydrophilic and reservoirs 

of hydrophobic active substances with different polarity. 

Robust double emulsion formulations with long-term physical 

stability are difficult to obtain due to coalescence or diffusion 

of internal water droplets to the external aqueous phase by 

coalescence. Thus stabilization strategies, encapsulation 

techniques and applications of double emulsions in recent 

years have shown that for fully commercial exploitation of 

double emulsions must be stable. Conventional approaches to 

generate double W/O/W emulsions are based on a two-step 

emulsification process using a combination of two distinctive 

surfactants. Traditional double emulsions stabilized by low 

molecular weight surfactants are both thermodynamically and 

kinetically unstable, which in effect presents the active voltage 

exchange between the internal phase droplets. In this study to 

overcome the instability inherent in double emulsions 

stabilized by surfactants, the colloidal particles stabilizing 

emulsions received a lot of attention. For double emulsions, 

the Pickering emulsions can be extremely robust because the 

colloidal particles form a mechanical barrier which reduces the 

instability of the water droplets which are encapsulated in the 

oily droplet, thus improving the overall stability of the system. 

Additionally, it could also lead to a considerable reduction in 

the amounts of surfactant used. The general objective of this 

work was to produce a double Pickering W/O/W emulsion 

stabilized by particles of magnesium oxide (MgO) in an 

emulsion stabilized by a surfactant. 

2. Experimental Section 

2.1. Materials 

The material used for the formulation and characterization 

of Pickering emulsions is as follows: pH meter CG820 

SCHOTT GERATE, Ultra Turax (KRIEGER TEZ) Rotor-

Stator, SCHOTT GERATE conductivity meter, ZEISS optical 

microscope, BBT KRAUSS optical microscope. 

2.2. Methods 

2.2.1. Formulation of Pickering Simple-emulsion 

One of the most important properties and characteristics 

during formulation is the direction of the emulsion formed. 

The formulator has always been faced with the problem of 

predicting the type of emulsion formed when a water-oil-

particle system is mixed and stirred. 

The Bancroft rule, which states that the direction of the 

emulsion depends on the medium where the particles are 

initially introduced, has served as a model for the preparation 

of our emulsions. The formulation was carried out at 25 ° C. 

and comprises several phases. After mixing the quantity of 

well-weighed particles in the oily phase containing petroleum 

jelly, we added the distilled water dropwise using a graduated 

burette, stirring at a speed of 1000 rpm on an agitator. After 

stirring we proceeded to the actual emulsion by placing the 

mixture on the ultraturax which is rotated at a speed of 5000 

rpm. This process allowed us to produce emulsions of 

different proportions with. In the following tables we show 

the different proportions of aqueous and oily phases used. 

The percentage of particles used was varied from 1 to 10%. 

Then the emulsions prepared were put in Falcon tubes for the 

observation of the stability and the physico-chemical study. 

Table 1. Composition of the different formulations with 0,5 g of Vaseline. 

TUBES T1 T2 T3 T4 T5 

Volume of water (ml) 15 15 15 15 15 

Volume of oil (ml) 7 7 7 7 7 

% particule 0 1 3 4 5 

Particles mass (g) 0 0,07 0,21 0,28 0,35 

Vaseline mass (g) 0,5 0,5 0,5 0,5 0,5 

Table 2. Composition of the different formulations with 0,25 g of Vaseline. 

TUBES T1 T2 T3 T4 T5 

Volume of water (ml) 15 15 15 15 15 

Volume of oil (ml) 7 7 7 7 7 

%particule 0 1 2 3 5 

Particles mass (g) 0,035 0,07 0,14 0,21 0,35 

Vaseline mass (g) 0,15 0,15 0,15 0,15 0,15 

Table 3. Composition of the different formulations with 0, 15 g of Vaseline. 

TUBES T1 T2 T3 T4 T5 

Volume of water (ml) 10 10 10 10 10 

Volume of oil (ml) 10 10 10 10 10 

%particule 0 1 2 3 5 

Particles mass (g) 0,1 0,2 0,3 0,4 0,5 

Vaseline mass (g) 0,25 0,25 0,25 0,25 0,25 

2.2.2. Formulations of Double-emulsions 

For the rest of the work we chose the T5 tube containing 

0.15g of petroleum jelly, 15 ml of water, 7 ml of oil and 5% of 

particles for the preparation of the double emulsion. This tube 

was chosen because it does not show any instability 

phenomenon after several days of storage protected from light. 

This time distilled water was used as the aqueous phase 

and the stabilization is carried out using Cremophor
®
 ELP. 
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We first prepared our Cremophor
®
 ELP solution at a different 

percentage. The emulsification is carried out by adding the 

single Pickering emulsion drop by drop. The emulsification 

is carried out first at a speed of 1000 rpm and then, for good 

homogenization, it is stirred at a speed of 3000 rpm for 3 

minutes. These double emulsions were then stored in Falcon 

tubes, protected from light. 

Table 4. Preparation of the Cremophor® ELP solution. 

% Cremophor® ELP 1 2 3 4 5 

Volume of simple 

émulsion (ml) 
5 10 5 10 5 10 5 10 5 10 

2.3. Emulsion and Double Emulsion Characterization 

2.3.1. Macroscopic Examination 

The emulsions are left to stand in the dark and at room 

temperature in 15 ml conical tubes fitted with lids. This 

visual inspection highlights certain phenomena of instability 

such as sedimentation, flocculation and coalescence. 

2.3.2. pH Determination 

The determination of the pH of the solutions is based on 

the measurement of the potential between two electrodes 

immersed in a solution rich in H + ions 

After calibrating the pH meter with solutions of known pH, 

the electrode is dipped into a 15 ml conical tube containing the 

preparation to be studied. Like conductivity, care should be 

taken to immerse the electrodes to the level of the emulsified 

phase for tubes with sedimentation. The reading is made a few 

minutes after the insertion of the electrode. 

2.3.3. Conductivity Measurement 

It is based on the measurement of the electrical resistance 

of a solution located between 2 plates covered with platinum 

black. Depending on the concentration of ions present, the 

solution will have a greater or lesser conductivity. The 

conductimetry cell is introduced into a 15 ml tube fitted with 

a screw-on lid containing the preparation to be studied. In the 

presence of a conductive preparation, the conductivity meter 

displays a value corresponding to the conductivity and 

expressed in Siemens per meter (S. m-1). In the case of tubes 

with sedimentation, immerse the conductive cell to the level 

of the emulsified fraction. 

2.3.4. Droplet Size of Pickering Emulsion and Double 

Emulsion 

It is based on the determination of the droplet size using the 

clear chamber microscope (BBT KRAUSS). It consists in 

putting a drop of the emulsion on a slide then placing it on the 

stage then observing at the 20X objective. A sheet of white 

paper is placed on the bench so as to see the image of the 

droplets on this sheet through the clear chamber and delineate 

in pencil the contours of the observed droplets. Without 

moving the sheet, replace the object lamp with a micrometer-

objective of 1 mm to 1/100. The development is carried out to 

distinguish the graduations. Take marks on the sheet in 

coincidence with a few graduations on the micrometric scale. 

The actual droplet size is calculated based on a given scale. 

3. Results 

3.1. Formulation of Pickering Simple-emulsion and Double 

Emulsion 

The study of the physico-chemical parameters of the 

different emulsions formulated and stored in the dark at 25°C 

for 28 days allowed us to follow the evolution of the 

formulations as a function of time. For simple emulsions we 

have found that the compositions having 0.15 g of petrolatum, 

5% of particle, 15 ml of water and 7 ml of oil are stable. 

Concerning the double emulsion we have several unstable 

preparations except that of the tube containing 5 ml of 

aqueous phase with 2% Cremophor
®
 ELP and 10 ml of 

simple stable emulsion. 

For the double emulsion, the macroscopic examination 

gave us an overview of the appearance of the double 

emulsions. 

3.2. Characterization of Pickering Simple-emulsion and 

Double Emulsion 

3.2.1. Droplet size of Pickering Emulsion and Double 

Emulsion 

The observation of the different samples under the light 

microscope showed droplets of heterogeneous sizes and 

the evolution of the size of the droplets as a function of 

the percentage of magnesium oxide is shown in Figure 1 

below. 

 

Figure 1. Size of the droplets of the simple emulsion as a function of the 

percentage of magnesium oxide. 

 

Figure 2. Microscopic examination of the droplets of the simple emulsion (a): 

Microscopic examination of the droplets without dye (b): Microscopic 

examination of the droplets with sudan red. 

In Figure 3 we show the size of the droplets of the double 

emulsion. 
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Figure 3. Size of the droplets of the double emulsion. 

3.2.2. Microscopic Examination (Dye Tests) 

The dye tests carried out each week during the 28 days of 

follow-up showed us emulsions with aqueous droplets of 

heterogeneous fluorescent sizes after staining with fluorescein. 

 

Figure 4. Microscopic examination of the droplets of the double emulsion 

(a): Microscopic examination of the droplets without dye (b): Microscopic 

examination of the droplets with Sudan red. 

3.2.3. pH Determination 

Figure 5 below is shown the evolution of the pH of our 

Pickering emulsions on day 1, day 7, day 14, day 21, and day 

28. In Figure 6 below is shown the evolution of the pH of our 

emulsions on day 1, day 7, day 14, day 21, and day 28. 

3.2.4. Conductivity Measurement 

Determining the direction of our emulsions by measuring 

the conductivity on the following days: d1, d7, d14, d21, d28 

gave the values of zero conductivity. In Figure 7 below is 

shown the conductivity of our double emulsions on d1, d7, 

d14, d21, and d28. 

 

Figure 5. Evolution of the pH of simple emulsions as a function of time. 

 

Figure 6. Evolution of the pH of the simple emulsion as a function of time. 

 

Figure 7. Evolution of the conductivity of the double emulsion as a function 

of time. 

4. Discussion 

The objective of this work is the formulation and the 

physico-chemical characterization of a double W/O/W 

emulsion which has been prepared in two stages. The first step 

consisted in preparing a W/O type emulsion stabilized by MgO 

particles. The second step was to prepare a W/O/W emulsion. 

The latter is stabilized by Crémophor 
©
 ELP which is a 

nonionic surfactant. To carry out the emulsifications we used 

an ultra-turax mixer. For the study of stability and 

characterization, several parameters were studied (macroscopic 

examination, microscopic examination, measurement of 

droplet size, measurement of pH, measurement of conductivity, 

etc.). This approach is interesting because it allows bi-

encapsulation [17, 18]. Macroscopic observation of simple 

emulsions shows that the preparations containing 3%, 5% and 

10% of MgO particles with 15ml of water and 7ml of oil are 

homogeneous, without creaming or sedimentation during 

visual inspection. Throughout the follow-up period. 

Concerning the double emulsion we have the preparation 

containing 5ml of aqueous phase with 2% of chremophor ELP 

and 10ml of simple emulsion with 5% of MgO which is stable. 

However, it should be borne in mind that the absence of 

change perceived with the naked eye does not prejudge the 

stability of the emulsion. Indeed, macroscopic observation 

does not allow to see droplets smaller than 50um. The other 
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formulations containing different percentages of particles, 

different volumes of aqueous and oily phase have shown phase 

separation which can be observed with the naked eye. 

The phenomenon of creaming, considered normal, is 

generally the first to appear. It is much easier to observe 

when the tubes are kept in the vertical position (Bolte test). 

Indeed according to the stock-Einstein law, defining the 

friction force of a fluid on a sphere moving within the said 

liquid, the creaming (or sedimentation) speed is directly 

linked by the mathematical law: 

� ���� = −6 �	
� 

��=force acting on the droplets 

This law is used to calculate the rate of sedimentation of 

droplets. It can also be written in the form of: 

2
1 22 ( )

9

r g D D
v

η
−

=  

v=sedimentation rate (m/s) r=droplet radius (µm) 

g=acceleration due to Earth's gravity (m/s2) (g=9.807 m/s2) 

D1; D2=respective densities of the dispersed phase and the 

continuous phase η=viscosity of the continuous phase in 

centpoise (cPo) 

Indeed, the size of the particles plays a preponderant role 

in the stability of the emulsions; thus a 100um diameter 

globule rises 10cm in water in just 3 minutes, while it takes 

5um globules of 10um diameter and 20 days takes globules 

of 1 um diameter to climb the same distance [19, 20]. The 

size of the droplets also plays an important role in the 

stability of the emulsions. This is one of the variables that 

influences the rate of sedimentation described by Stockes' 

law. The amount of particles used plays an important role in 

the stability of Pickering emulsions. Indeed, by increasing the 

amount of MgO in the preparations, better stability is 

obtained. This is explained by the fact that when the latter is 

in excess in the emulsion, a greater quantity is adsorbed at 

the water-oil interface and forms an interface thus promoting 

greater resistance. On the other hand, the quantity of particle 

is related to the size of the droplets, in fact the samples 

containing less particles have a larger diameter than those of 

samples containing a larger quantity of particles. 

This confirms the hypothesis that the size of the droplets 

varies in opposite directions with the quantity of MgO particles 

in the samples. This relation between the diameter and the 

quantity of particle is illustrated by the following formula. 

D =
6Ø V

A
 

D=diameter of the droplets 

A/V is the interracial air per unit of volume 

Ø is the fraction of the dispersed phase 

However, other studies have shown that the excess of non-

adsorbed particles contributes to the stabilization of 

emulsions by the formation of a three-dimensional network 

of flocculated particles. This improves stability by interfering 

with mutual contact of the droplets [21]. Study of the 

conductivity of the single emulsion showed zero values 

confirming the W/O nature of the Pickering emulsion and 

W/O/W of the double emulsion. The conductivity of an 

emulsion being directly linked to that of the external phase 

and aqueous solvents better conductors than oily solvents, the 

zero conductivity of our formulations confirms their W/O 

nature. Stabilité Indeed, the presence of electrolytes in the 

aqueous phase makes it have a high conductivity. On the 

other hand, an oily phase by its apolar nature is characterized 

by its very low capacity and a constant value of conductivity 

over time is a determining criterion of stability [22]. That of 

the double emulsion is not zero during the storage period. 

This value is in agreement with that described in the 

literature. In most cases, water, unlike oil, contains 

electrolytes. The conductivity of the aqueous phase is 100 to 

1000 times higher than that of oil. 

The value of the conductivity of an emulsion depends on its 

external phase, so it is relatively easy to determine whether the 

emulsion is of the W/O or O/W type. The conductivity of an 

emulsion is directly related to the conductivity of the external 

phase and its volume fraction. Thus, as a first approximation we 

can use the following linear relation: 

Kem=Fw. Kext 

The external phase can also be of crucial importance in the 

interpretation of the phenomena observed for emulsions, in 

particular for detecting phase inversion during an 

emulsification process. 

The pH values are basic. And the latter lead to an increase in 

the surface potential of the aqueous globules, therefore an 

increase in the inter-particle electrostatic repulsion forces 

favorable to better stability. This result was noted during 

studies made with W/O emulsions stabilized by hydrophobic 

silicas [23]. The MgO used is a powder with a strongly basic 

character causing the basicity of our emulsions, giving them 

better stability. Yang and his collaborators have shown that a 

basic improves the stability of emulsions. Indeed, for low pH, 

the droplets are large and not flocculated [24]. 

5. Conclusion 

In this study, a water in oil in water emulsion was successfully 

formulated. We made a formulation in two stages. First a 

Pickering water-in-oil emulsion stabilized by MgO magnesium 

oxide particles was prepared, then the second oil-in-water 

emulsion stabilized by Cremophor ELP which is an active 

nonionic voltage. We have shown that the MgO particles 

provide satisfactory stabilization of the oil-water interface. We 

have also shown that double emulsions are stable and have a 

relatively homogeneous size distribution, high water droplet 

encapsulation as well as good storage stability. In addition, the 

internal water droplets stabilized by Pickering effect increases 

the stability of the double emulsion. This implies that this system 

can be used to stabilize and simultaneously deliver hydrophilic 

and hydrophobic PA. This study shows that double emulsions 

have promising potential for pharmaceutical application. 
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