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Introduction

Relevance of the Study

In recent years, the cosmetic industry has actively incorporated nanotechnology to
improve the efficiency and stability of products. One of the most promising directions
is the use of nanoemulsions—colloidal systems with particle sizes ranging from 20 to
200 nm. Their high bioavailability, stability, and ability to encapsulate active
ingredients make them essential in cosmetic products such as creams, lotions, serums,
and sunscreens.

Developing methods for preparing nanoemulsions is a crucial research area, as these
systems require specific stabilizers, emulsifiers, and dispersion technologies.
Research Objective and Tasks

Objective — To study methods for preparing nanoemulsions and their application in
cosmetic products to enhance the stability and efficiency of active ingredients.

Tasks:

1.Conduct a review of the classification, properties, and stabilization mechanisms of
nanoemulsions.

2.Investigate the main technologies for obtaining nanoemulsions.

3.Determine the influence of various components (emulsifiers, co-emulsifiers,
stabilizers) on particle size and system stability.

4.Assess the advantages of nanoemulsions compared to traditional emulsions in

cosmetics.
602



Chapter 1. Theoretical Foundations of Nanoemulsions

1.1. Definition and Classification of Nanoemulsions

A nanoemulsion is a dispersed system consisting of two immiscible phases (aqueous
and oily), stabilized by surfactants (surface-active agents, or SAA). The key difference
between nanoemulsions and microemulsions or conventional emulsions lies in particle
size:

» Macroemulsions: Particle size >1 um, opaque.

* Microemulsions: Particle size 10—100 nm, thermodynamically stable.

» Nanoemulsions: Particle size 20-200 nm, kinetically stable, highly bioactive.
Nanoemulsions can be classified as:

* Oil-in-Water (O/W) — lipophilic particles dispersed in an aqueous phase, commonly
used in moisturizing creams and serums.

» Water-in-Oil (W/O) — water droplets encapsulated in an oil phase, used in sunscreens
and nourishing creams.

* Double Emulsions (W/O/W, O/W/O) — complex systems for controlled release of
active ingredients.

1.2. Physicochemical Properties of Nanoemulsions

Key properties of nanoemulsions that contribute to their use in cosmetics:

 High optical transparency due to particle size being smaller than the wavelength of
visible light.

» Large interfacial surface area, increasing the efficiency of encapsulated active
ingredients.

* Lower viscosity compared to traditional emulsions.

* Enhanced skin penetration due to smaller droplet size.

1.3. Nanoemulsion Stabilization Mechanisms

Nanoemulsion stability depends on preventing particle aggregation, which can occur
through several mechanisms:

* Electrostatic repulsion (DLVO theory effect).

» Steric stabilization using polymers and SAA.
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* Osmotic stabilization in multilayer systems.

Key components of nanoemulsions:

* Emulsifiers: SAA that reduce interfacial tension (sodium lauryl sulfate, lecithin,

Tween &0).

» Co-emulsifiers: polysaccharides, proteins, alcohols.

* Oil phase: natural oils (jojoba, argan), synthetic lipids.

» Aqueous phase: hydrosols, active extracts.

Chapter 2. Methods of Nanoemulsion Preparation

2.1. High-Energy Methods

1.Ultrasonic emulsification — droplet fragmentation using high-frequency ultrasonic
waves (>20 kHz).

2.High-speed homogenization — mechanical shearing forces used to disperse droplets.

3.Microfluidization — application of high pressure (up to 2000 bar) to create nanosized
droplets.

2.2. Low-Energy Methods

1.Phase Inversion Technique (PIT) — changing temperature to induce self-assembly of
the emulsion.

2.Spontaneous emulsification via surfactant dissolution — formation of nanoparticles
upon mixing phases.

Chapter 3. Application of Nanoemulsions in Cosmetics

3.1. Encapsulation of Active Ingredients

Nanoemulsions are used for the delivery of the following substances:

 Antioxidants (vitamins C, E, coenzyme Q10).

* Moisturizing agents (hyaluronic acid, glycerin).

* Photoprotective components (zinc oxide, titanium dioxide).

3.2. Enhancement of Sensory Characteristics

* Lightweight texture due to low viscosity.

» Fast absorption thanks to reduced droplet size.

3.3. Improvement of Formulation Stability

* Protection of active ingredients from oxidation.
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