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Introduction
An emulsion is a system in which two immiscible fluids coexist and one of them is 

dispersed throughout the other. This structure is not homogeneous; therefore, it is not a 
solution. Hence, the surface energy between two immiscible phases is generally very strong, 
which causes the system to be thermodynamically unstable. Thus, surface-active agents are 
required for the formation of this organization. In classical emulsions, soluble surfactants are 
used to stabilize emulsions. The findings that extremely fine solid water-insoluble particles 
could be used to stabilize oily droplets were first described by Ramsden [1]. Later, Pickering 
[2] performed research on emulsions and accomplished a more detailed understanding; thus, 
the term “Pickering stabilization” appeared. Work needs to be done on the system which 
consists of dispersing a liquid into another to form an emulsion [3]. Thus, this work is related 
to the product of the interfacial tension and the surface increase.

Schulman & Leja [4] reported that when the powder was more wettable by oil, this phase 
would be located in the emulsion continuous phase, and vice versa. Concerning the contact 
angle across the water phase at the solid-oil-water interfaces, if this angle is smaller than 
90°, the solid particles are located at the oil-water interface, stabilizing a water-continuous 
emulsion (o/w). On the other hand, if the angle is greater than 90°, the particles are also 
held at the interface. However, now they stabilize an oil-continuous emulsion (w/o). This is 
presented in Figure 1. When the particles are totally wetted by the oil or by the water phases, 
they can be dispersed in either phase, respectively. In these cases, stable emulsions will not 
be formed.

Figure 1: The location of a spherical Pickering stabilizer, at a planar interface, 
depends on the contact angle.

Abstract
Given the multiple combinations that can be achieved by nanoparticles in an emulsifier-free environment, 
the use of such particles becomes important because surfactants may impact in a negative way the 
emulsion performance and its applications. The potential of hybrid particles for diverse applications, 
such as drug delivery, enzyme fixation, food, catalysis and photo-catalysis, coatings, agriculture and so 
forth, greatly motivates their study and understanding, both for research and industrial implementations.
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Considering the case of a single layer stabilization by particles, 

if the contact angle q, is between 15° and 90°, o/w emulsions will 
be obtained. When the contact angle lies between 90° and 165°, 
then w/o emulsions will occur [5]. For small particles (neglecting 
gravity forces), Binks [6] proposed that the energy E required to 
remove solid particles with radius R from the interface, is given by 
equation (1).

( )22 1 cosAB ABE Rπ γ θ= +                (1)

In equation 1, γAB is the interfacial tension between fluid A and B. 
The particle is originally in phase A and afterwards adsorbed to the 
AB interface. The three-phase contact angle (wetting contact angle) 
is θ. The three-phase angle is the section where the intersection 
among the dispersed and continuous phases and the solid particles 
occurs. 

The energy barrier (E) for the particle to re-enter (detach 
from the interface) the water phase is generally several orders of 
magnitude larger than the thermal energy. Thus, once the particles 
are adsorbed at the interface, detaching them will be very difficult. 
Therefore, this can be considered as an irreversible process. On the 
other hand, it is known that surfactants are considered to adsorb 
and desorb at relatively fast rates at the same time scale. When 
compared to traditional emulsions, this attribute makes Pickering 
emulsions considerably more stable. Other important facts that 
determine the stability of Pickering emulsions [7,8] are ratio of the 
oil phase to the continuous phase ratio, as well as each phase type. 
Other critical factors for determining stability are ionic strength 
and pH. The variations of pH change hydrophobicity; therefore, 
the solid particles wettability is also changed. A pH change 
modifies the ionic strength, altering the double layer electric 
structure and width. With reference to the techniques to determine 
morphology and interfacial characteristic properties of Pickering 
emulsions, the following methods have been reported: scanning 
electron microscopy, transmission electron microscopy, atomic 
force microscopy, bright field optical microscopy, phase contrast 
microscopy and confocal laser scanning. The reader is referred 
elsewhere [9] and references therein, for further information.

Regarding the preparation for obtaining Pickering emulsions, 
the methods are ample and usually tailor-made. The readers 
interested in this topic are referred elsewhere [10-12], and 
references therein. In relation to Pickering emulsions applications, 
the following examples have been cited: catalysis, photocatalysis, 
antibacterial activity, filtration membranes, protein recognition 
and drug delivery, among others [13]. At this point some definitions 
are pertinent because some methods to manufacture Pickering 
emulsions require polymerization:

(i) A Pickering emulsion is an emulsion (w/o or o/w or even 
multiple) stabilized by solid particles [14-16]. 

(ii) A Pickering emulsion polymerization is an emulsion 
polymerization process in which the colloidal stability is mainly 

imparted by fine solid particles adsorbed at the interface of polymer 
latex particles [17].

(iii) A Pickering mini emulsion or suspension polymerization 
is a process whereby the polymerization takes place in emulsion 
droplets already formed, stabilized by solid particles [18].

In the case of inorganic particles, Colard et al. [19] reported a 
pronounced effect on concentration, size and particle distribution 
of Pickering particles. Besides the key role that Pickering particles 
play in stabilizing the polymer particles, they also modify 
the polymerization rate and kinetics. In the case of inorganic 
particles. These authors also disclosed a pronounced effect on 
concentration, size and particle distribution of Pickering particles. 
A comprehensive work regarding polymerization of Pickering 
nanoemulsions via heterophase polymerization techniques in 
emulsion, mini emulsion, dispersion, and suspension has been 
presented by Shrade et al. [20]. In their work, they mention the 
preparation, characterization and applications using different 
types of particles such as: silica, laponite clay, magnetite, zinc oxide, 
titania and graphene oxide, among others. 

The mechanistic events of a Pickering emulsion polymerization 
of methyl methacrylate and colloidal silica are detailed by Lotierzo 
& Bon [21]. These authors recorded that the adhesion of Pickering 
was not spontaneous, explaining that the particles are directed 
to the interface due to hetero coagulation, an event that occurs 
in the water phase of the growing oligo radicals. They also report 
pseudo-bulk kinetics, which occurs when several radicals coexist 
inside the polymerization particle, contrary to the 0-1 simple case 
[22]. Recently, it has been reported that in a styrene-silica Pickering 
emulsion polymerization, changing the pH and/or crosslinker 
(divinyl benzene) altered the hydrophobicity and Pickering 
emulsions structures and in specific conditions, percolated 
monoliths could be obtained [23,24].

Conclusion
After this brief glance at Pickering emulsions, their study offers 

boundless paths in the fields of science and industry.
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