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W/0 — water in oil emulsion

o/W — oil in water emulsion

INCI — International Nomenclature of Cosmetic Ingredients

IPR - internal phase ratio

Y — surface or intenterfacial tension, J/m?

w —work input required to increase the phase surface by the unit, J
A — interface (phase boundary), m?

AG, — free energy of emulsion formation, J

AA — total surface area, m?

T — absolute temperature, K

AS — entropy, J/K

HLB - hydrophile-lipophile balance

HLB, - required HLB number of an oil phase

M, — molecular mass of hydrophilic groups

M, — molecular mass of the whole emulsifier

SN — saponification number

AN - neutralization number of fatty acids

E — percentage content (wt.) of ethylene oxide in the molecule

P — percentage content (wt.) of other hydrophilic groups in the molecule
PEO — polyethylene oxide

M, — molecular mass of lipophilic group

m — mass of polyglycerol used in the synthesis of the polyglyceryl ester
m_ — mass of carboxylic acids used in the synthesis of the polyglyceryl ester
Cw — surfactant concentration equilibrium in water

Co — surfactant concentration equilibrium in oil

PIT — phase inversion temperature

NMR — nuclear magnetic resonance

GC — gas chromatography

P — polarity index

SpP — solubility parameter, mPa'/?

AH,, — heat of evaporation, J/mol

vV, — molar volume, cm?®/mol

E, — free energy of molecular attraction

\A — molar volume of the lipophilic part, cm?/mol

A% — flow rate of the droplets in a viscous medium, m/s

a ~ (a) droplet radius, m

P Pe — internal and continuous phase density, kg/dm?
g — apparent gravity, m/s’
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n - continuous phase viscosity, Pas

F — van der Waals forces, kJ/mol

uv — ultraviolet radiation

UVA — Ultraviolet A (320-400 nm)

UVB — Ultraviolet B (280-320 nm)

UvC — Ultraviolet C (200-280 nm)

SPF — Sun Protection Factor

MED — minimal erythemal dose

TEWL — transepidermal water loss

NMF — natural moisturizing factor

SC — stratum corneum

PABA - para-aminobenzoic acid

DHA — dihydroxyacetone

a-MSH - a-melanocyte-stimulating hormone
cAMP — cyclic adenosine monophosphate
ETO — ethylene oxide

PEG — polyethylene glycol

PVA — polyvinyl alcohol

EO — ethoxy group

PO — propoxy group

EUFA — essential unsaturated fatty acids
AHA — alpha-hydroxy acids

BHAs - beta-hydroxy acids

SC-CO, — supercritical carbon dioxide

SLS - Sodium Lauryl Sulfate

COSMOS - Cosmetics Organic and Natural Standards
BHT - butylated hydroxytoluene

BHA - buthylated hydroxyanisole

EDTA — ethylene diamine tetra acetic acid
CPNP — Cosmetic Product Notification Portal
ClL - Colour Index

PAO — Period After Opening

BCOP — Bovine Cornea Opacity & Permeability Test
RBCT - Red Blood Cell Test

HET-CAM - test or tests on reconstructed human skin or porcine skin



1. INTRODUCTION

Current European laws on cosmetic products (Regulation (EC) no. 1223/2009 of the
European Parliament and of the Council of 30 November 2009 on cosmetic products),
define cosmetic products as “any substance or mixture intended to be placed in contact
with the external parts of the human body (epidermis, hair system, nails, lips and external
genital organs) or with the teeth and the mucous membranes of the oral cavity with a view
exclusively or mainly to cleaning them, perfuming them, changing their appearance,
protecting them, keeping them in good condition or correcting body odours” [1].

Depending on the intended use and contained ingredients, cosmetic products may
vary in physicochemical forms. They are available in the form of multiphase systems, such
as emulsions (creams, lotions, hair conditioners), suspensions (toothpastes, facial masks,
make-up cosmetics) and foams, or in the form of single-phase systems i.e. solutions, (tonics,
toilet waters). Color cosmetics, including face powders or make-up foundations, may appear
in the form of mixtures of powdered solids.

The most popular systems employed in the manufacture of cosmetics are emulsions.
They are a class of disperse systems consisting of two immiscible liquid phases, comprising
multiple substances, including hydrocarbons, fats, waxes, odoriferous substances, water, and
hydrophilic substances. Therefore, emulsions maintain water-lipid balance of epidermis and
effectively moisturize the skin. Additionally, the systems demonstrate an ability to transport
active ingredients (polar and nonpolar alike) into deeper layers of the skin; this effect
increases the efficacy of cosmetics.

The classification of emulsion systems depends on the applied criteria. Considering as
classification criterion the nature of the dispersed phase, emulsions with water are classified
into water in oil systems (W/O) or oil in water emulsions (O/W). The oil is a synonym of
a water-non-soluble organic phase which can be a mixture of any hydrophobic ingredients:
silicones, paraffin hydrocarbons, fatty alcohols, fatty acids, fatty acid esters, waxes, or plant
oils. The polar phase is water or a water solution of hydrophilic substances, such as polyols,
alpha hydroxylic acids, amino acids, protein hydrolysates or saccharides [2-6].

Considering the cosmetic products effect on the skin, a general classification of the
emulsions includes cleansing, moisturising and protective cosmetics. Depending on the time
of cosmetics application, during a day, the creams can be classified as day creams (quick-
-breaking, instant-absorbing products with no greasy after feel) and night creams (generally
with higher levels of occlusive emollients, containing nutrients). According to an application
place, cosmetic emulsions may be classified into facial creams (including eye crams), hand
creams, foot creams, and body emulsions. Cosmetics are also dedicated for different customer
profiles e.g. facial creams for problematic skin (sensitive skin, cera with telangiectasias, greasy,
acne skin), anti-cellulite and stretch mark cosmetics, or baby cosmetics [3-6].

The raw materials are chosen according to the intended use of the cosmetic product.
The selection of ingredients for oil and water phases must follow the required functional
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properties of the finished product. A cosmetic product should be easily spread and absorbed,
leaving a comfortable “non-greasy” sensation on the skin. The fragrance and colorants
should also be appealing. A cosmetic product should be safe for human health when used
under normal or reasonably foreseeable conditions of use, so no irritation, allergic response
or carcinogenic action is permitted. In order to the cosmetic emulsions stability during
storage and use in the formulations, supplementary components such as preservatives and
antioxidants should be added [3-6]. The quantitative and qualitative composition and the
emulsification processing parameters largely affect the quality of the finished formulation.

The ability to create emulsions is an integral part of the cosmetic formulator’s skill set.
Aside from a formula elaboration (determination of the product structure and selection of raw
materials) the manufacture of cosmetic emulsions includes other critical stages, such as selection
of process parameters, and a quality assessment of raw materials and the finished product.

2. EMULSIONS — THEORETICAL BACKGROUND

Becher [7] defines emulsion as a system of two or more immiscible liquid phases, with one

dispersed in the form of droplets in the other. According to the definition, an emulsion

system comprises two clearly distinguish phases:

— aninternal phase (the dispersed one); the phase which is present in the form of finely
divided droplets,

— an external phase (the continuous dispersing one); the phase which forms the matrix in
which those droplets are suspended.

The classification of emulsion systems varies with the classification criteria. One of the
distinctions consists in noting which component is the continuous and which the disperse
phase (Fig. 1):

—  waterin oil (W/O), if the external phase is oil and the internal (dispersed phase) is water;
— oilin water (O/W), if the external phase is water and the internal (dispersed phase) is oil.

As already indicated in the background, in cosmetic emulsions, oil is synonym of the
water-non-soluble organic phase which can be a mixture of any two or more hydrophobic
ingredients: silicones, paraffin hydrocarbons, fatty alcohols, fatty acids, fatty acid esters, waxes
or plant oils. The polar phase is either water or a water solution of hydrophilic substances,
such as polyols, AHA, amino acids, protein hydrolysates, simple sugars, and polysaccharides.

Ostwald described the mutual relation between both of the phases in a theory by
which the critical volumetric ratio between the continuous phase and the dispersed ones
in an emulsion is 26:74. If the dispersed phase is present in an emulsion in the form of
perfectly round globules which are packed as densely as possible, the volume occupied by
the droplets is approximately 74% of the total volume of the vessel filled with the emulsion.
The dispersing medium occupies 26% of the vessel’s volume. A practical conclusion is that
if the concentration of one liquid is < 26% by volume, only one emulsion type is viable and
the liquid is the dispersed phase; whereas the concentration of the same liquid is between
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26 and 74% of volume, two types of emulsion could be formed [8]. In real-life practice,
however, it is possible to pack the droplets of dispersed phase more densely, since they are
heterogeneous in size and deformable. An example of a specific W/O emulsion, in which
the dispersed phase of water is at > 90% of volume, are gel emulsions.

Aside from the classic emulsions, Beher’s definition includes multiple emulsions. In
multiple emulsions, it is difficult to explicitly determine the exact disperse phase, since
every phase of the emulsion contains droplets of the opposite phase. They can generally be
determined as “emulsions in emulsion” and classified as follows by the mutual relation of phases:
—  W/O/W: systems with the W/O emulsion dispersed in the water phase (Fig. 1),

—  O/W/O: systems with the O/W emulsion dispersed in the oil phase.

Multiple emulsions are known in which the individual emulsion phases are multiple
mutually enclosed (W/O/W/O, O/W/O/W).

Multiple systems in cosmetic preparations exhibit many advantages over classic
emulsions; they combine the moisturising action of a W/O emulsions with good sensory
properties of an O/W emulsions. Moreover, they are systems that improve the stability of
easily-oxidised ingredients and allow to controlled delivery of active ingredients to the skin.

In thermodynamic terms, emulsions are unstable systems which can be decomposed
over time due to different physicochemical mechanisms, including creaming, flocculation, or
Ostwald ripening [9-13]. Formation of a stable emulsion system requires a necessary additive,
an emulsifier; a substance increasing the emulsion stability by interfacial action, facilitating

® o ©® o © o

® .... &

o°.' ®

o 0% 4 0,0
oW

DD
® D

W/O/W

Fig. 1. Classical emulsion systems
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dispersion and preventing coalescence of the internal phase particles. The emulsifier is also
a determinant of the type of emulsion obtained. Mainly, in cosmetic emulsions, surfactants
(surface active agents) are applied as the emulsifiers [ 14]. Other substances used for
stabilizing cosmetic emulsion systems include polymers and solid particles (in the so-called
Pickering emulsions [15]). Considering a structure of the emulsion-stabilizing surfactant,
emulsions can be classified as cationic, anionic, and amphoteric emulsions.

W/O and O/W emulsions can also be differentiated by the internal phase ratio (IPR)
into the following:

— low IPR emulsions (IPR < 30% of the composition), where the system properties
depend mainly on the external phase,

— medium IPR emulsions (30% < IPR < 70%), where long-term stability is difficult to
obtain (by phase inversion),

—  high IPR emulsions, so-called concentrated emulsions (IPR > 70%), which are highly
viscous and require specific manufacturing process parameters.

Depending on the degree of internal phase dispersion (the size of internal phase
droplets), emulsions are classified as follows [3]:

— macroemulsions, which comprise classic emulsions, where systems include dispersed
particles with a diameter > 500 nm,

— microemulsions, in which the diameter of internal phase particles is < 500 nm,

— nanoemulsions, which is the latest emulsion class with extremely fine dispersed phase
droplets diameter ranging between 20 and 200 nm.

The size of the dispersed phase droplets affects the appearance of an emulsion (Table 1),
since light waves are scattered by the droplets larger in diameter than the incident light wave
length. The visible light waveband is 390 to 750 nm. Classic emulsions in which the droplet
diameter exceeds 500 nm are white in appearance, since the entire visible light spectrum
is scattered when it passes the dispersion medium. Microemulsions and nanoemulsions,
where the droplet diameter is less than 500 nm, may pass visible light without scattering, by
which the emulsion systems look semitransparent [ 16]. Nanoemulsions are often mistaken
for microemulsions and vice versa, due to their similar appearance. The essential difference
between the two emulsion systems is the content of surfactants. Unlike semitransparent
nanoemulsions, which require special manufacturing equipment, microemulsions are formed
spontaneously by solubilization of oil particles with a mixture of surfactants. The surfactant
concentration required to achieve solubilization in a microemulsion is several times higher
than in nanoemulsions and highly exceeds the concentration of the dispersed phase [16].

Refinement of the internal phase is not the only discriminant between macroemulsions
and microemulsions; the emulsion life must also be considered. Microemulsion is a term
coined by Hoar and Schulman for apparently homogeneous mixtures of water and
oil with high surfactant content (and where the selection of appropriate emulsifiers is
critical). Unlike macroemulsions, microemulsions are formed spontaneously and become
thermodynamically stable systems with relatively low viscosity values [14]. At room
temperatures, microemulsions form liquid systems with an oily consistency and which



EMULSIONS - THEORETICAL BACKGROUND - 13

Table 1

Effect of internal phase droplets size on emulsion appearance

Droplets diameter (Lum) Emulsion appearance
>1 Milky white
0.5to1 Blueish white
0.2t00.5 Semitransparent
<0.2 Transparent

can be translucent or opalescent (since the internal phase droplets are highly refined,
< 500 nm, and do not scatter the visible light). Microemulsions exposed to low or high
temperatures become opaque and form dense and viscous systems; the original structure
of a microemulsion is restored when brought back to a room temperature. Microemulsions
exhibit properties characteristic of both: emulsions and solutions.

Nanoemulsions are a relatively novel form of cosmetic products. Reference literature
often defines nanoemulsions as emulsions with extremely fine and homogeneous size
of internal phase particles. Depending on the reference, nanoemulsions are defined as
systems with the particle size of the internal phase between 10 and 500 nm [17]. Not
unlike microemulsions, a characteristic feature of nanoemulsions is their system, which is
optically transparent or semitransparent and with a blueish tint. Many reference sources
state that nanoemulsions are among the most promising physicochemical forms of cosmetic
formulations which increase the percutaneous penetration and bioavailability of active
ingredients. With relatively large interfaces and low surface and interfacial tension values,
nanoemulsions have a higher absorption of active ingredients [17-22].

Note that the classification based on Becher’s definition of emulsion does not include
micellar systems or liquid crystal systems; both forms have seen an increased use in latest
cosmetic products.

Classic emulsions, comprising immiscible liquids, are thermodynamically unstable. Mixing
two liquids of different polarity into an emulsion is not a spontaneous process and requires
an energy input (work) (eq. 1).

W=y-A (1)

where:

Y - surface tension, (J/m?),

W - work input required to increase the phase surface by the unit, (J),
A —interface (phase boundary), (m?).
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Consider a case (Fig. 2) in which a large drop of oil (2) is dispersed by mixing in
a continuous medium, water (1). The emulsification process produces a large number of
small droplets (2) with an increase of the total surface area of the oil (A). An effect of this is
an increase in the interfacial tension at the phase boundary (y).

Formation
1 _ > 1 O
— |0 O
Breakdown O O
| (flocc + coal) I

Fig. 2. Diagram of emulsion formation and destabilization (1 — water phase; 2 - oil phase) [23]

The change in the free energy during the transition from state I to state II results from
two contributions: a surface energy term (which is positive) which is equal to AAy (with
AA=A -A).An entropy of dispersions term which is also positive (since the production of
a large number of droplets is accompanied by an increase in configurationally entropy, which
is equal to TAS). According to the second law of thermodynamics, the total free energy of an
emulsion formation (AG,__) is described by equation 2.

AG, =AA-y-T-AS 2)
where:
AG, - free energy of emulsion formation (J),
AA — total surface area (m?),
Y — interfacial tension (J/m?),
T — absolute temperature (K),
AS — entropy (J/K).

In most cases, the surface energy is higher that the entropy of the dispersion
(AAy >> TAS); the free energy is positive, so the emulsion formation is non-spontaneous
and the system is thermodynamically unstable. In the absence of any stabilization
mechanism, the emulsion will breakdown by flocculation and coalescence, Ostwald ripening
or a combination of all these processes (Fig. 3).

The presence of a stabilizer (a surfactant or a polymer) creates an energy barrier between
the droplets; hence, the inversion from state II (the dispersed system, in which a large
number of small droplets is dispersed) to state I (with large droplets in the continuous
phase) is discontinuous, as shown in Fig. 4 [23].

The system becomes kinetically stable if the energy value exceeds the energy barrier that
inhibits the breakdown of the emulsion. The energy barrier can be formed, for example, by
electrostatic or steric repulsions which exceed the attraction by Van der Waals forces [23].
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Il or IV lorlll

Fig. 3. Free energy transfer in an emulsion breakdown process
(with: — flocculation + coalescence; — - — - — flocculation + coalescence + sedimentation;
""" flocculation + coalescence + Ostwald ripening) [23]

T 'Q‘Gﬂocca

'ﬁGco ala Jﬂ‘Gﬂocc
AGbreak

QGcoaI

Il v |

Fig. 4. Free energy path in the breakdown of the emulsion system [23]

Emulsifiers (surfactants) play an important role in the formation of stable emulsions. Due
to their amphiphilic character emulsifiers reduces the interfacial tension and facilitated
dispersion of the internal phase with an overall stability of the system [14, 23-25, 38].
Amphiphilic character means that an emulsifier molecule contains a polar/ hydrophilic
part (the so-called “head”) with a nonpolar/ lipophilic part (the so-called “tail”) (Fig. S).
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W

a
Fig. S. Schematic structure of an emulsifier molecule (a — hydrophilic part; b - lipophilic part)

The hydrophobic part of the emulsifier particle has an affinity for oils. Usually it is a long,
straight or branched chain of hydrocarbons (with 8 to 18 atoms of carbon). The hydrophilic
part has an affinity for water and other polar liquids. In the molecules of classic emulsifiers,
the hydrophilic part usually contains a fragment the nature of which resembles an acidic
group (carboxylic (-COOH), sulphate (-OSO,H), sulphonic (-SO,H), or phosphatic
(-OPO(OH),)) or an alkaline group (primary, secondary and tertiary amine groups and
quaternary ammonia groups [-NR,]*). Surfactant molecules may also feature other hydrophilic
groups which do not form salts, such as alcohol groups (-OH), ethoxy groups (-CH,CH,0-)
or propoxy groups (-CH(CH,)CH,0-), as well as formations which bind the molecular
compounds: ester groups (-COOR-), amide groups (-CONH-), or ether groups (-O-).

At the interfacial surface of the emulsion system, emulsifier is absorbed in the specific
manner. Its lipophilic part is dissolved in the oil phase and reacts with nonpolar molecules of
the lipid phase, whereas the hydrophilic parts are solvated by water (Fig. 6).

el X155
/%;ﬁgé% T\)%%”!O

O

Fig. 6. Orientation of emulsifier molecules at an interfacial surface

There are several theories elaborated to explain the role of emulsifiers in emulsion systems
formulation process. The Bancroft rule states that the type of emulsion depends largely on
the properties of the emulsifier and the phase in which an emulsifier is more soluble is the
continuous phase. Bancroft considered the effect of the protective film, formed by particles
of emulsifiers at the interfacial surface. He was assuming that the protective film should be
considered as a third phase of an emulsion, with different values of the interfacial tension
relative to water and oil phase. As an effect of the interfacial tension differential on both its
sides, the protective film of the emulsifier is curved and concave at the phase boundary at the
higher interfacial tension (Fig. 7).

The Harkins theory (or the geometric theory) states that the shape of a surfactant
molecule resembles a wedge. When the hydrophilic end of an emulsifier has a radius larger
than the hydrocarbon chain (RCOONa), the oil/water phase boundary shall be curved and
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,YO/E > YE/W

AN

YO/E YE/W

Fig. 7. Conventional directions of phase boundary curving in emulsions [6]. v, /5 — oil/emulsifier

interfacial tension; — emulsifier/water interfacial tension

Ye/w

O— RCOONa

-9) (RCOO),Ca
A

o/W

Fig. 8. Effect of emulsifier molecules geometry on the oil/water phase curvature

convex toward the water phase. This promotes the formation of oil droplets and an O/W
emulsion. And conversely ((RCOO),Ca), when the polar surfactant end is smaller in radius
than the hydrocarbon chain, W/O emulsion is formed (Fig. 8) [6].

Davies and Rideal provided a kinetic-based approach to the problem [23]. Davies and
Rideal proved that the first stage, which follows the mixing of the oil phase with the water
phase, creates both types of emulsion with an insignificant durability due to the input of
mechanical work. In the second stage, one type of the emulsion is stabilized and it depends
on the relative coalescence rate of liquid droplets. If the coalescence rate of water droplets is
higher than the coalescence rate of oil droplets, an O/W emulsion is formed. The coalescence
rate depends on the structure of the applied emulsifier and the coverage ratio of the emulsifier
molecules on the surfaces of the droplets of the phase dispersed by the emulsifier, i.e. the
concentration of the emulsifier.
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Emulsifiers suitable for use in cosmetic products include surfactants (ionic and non-
-ionic ones), macromolecular substances (hydrophilic polymers, both synthetic and natural,
such as polypeptides and polysaccharides), and solids (e.g. powdered forms of ALO,,
MgSO, or MgCO,).

2.2.1. MECHANISM OF EMULSION STABILIZATION

The list of marketed cosmetic emulsifiers is very extensive and novel and more effective
substances are kept being proposed. Different emulsifier groups can be distinguished,
depending on the classification criteria. If the classification criterion of surfactants is the
ion-forming properties, emulsifiers can be distinguished in two primary groups: non-
-ionic emulsifiers (which do not dissociate into ions in water) and ionic emulsifiers (which
dissociate into ions in water) [14].

Non-ionic emulsifiers include:

— C,,-C,, fatty acid esters with glycols, glycerin, pentaerythritol, sorbitol and saccharose,
— polyoxyethylene glycol derivatives,
— polyglyceryl derivatives.

Ionic emulsifiers can be classified further according to the nature of the ion with
amph1ph1hc part of the molecule:

anionic emulsifiers, which include alkaline soaps (Na*, K*, NH,*), metallic soaps

(Ca*, Mg*, AI*"), alkyl sulphates (ROSO,Na), alkyl sulphonates (RSO3Na) , and orto-

-phosphoric acid esters,

—  cationic emulsifiers, which include amine salts, and salts of quaternary ammonium and
pyridine salts,
— amphoteric emulsifiers, which include derivatives of betaine or lecithin.

The emulsion stabilization mechanism depends on the chemical structure of the applied
surfactant. Apart from reducing the interfacial tension, an emulsifier takes part in other
phenomena which contribute to stabilization of an emulsion: formation of a complex film
on the dispersed phase droplet surfaces, formation of an electric layer around the emulsion
droplets, and formation of liquid-crystallic structures, for example.

Non-ionic emulsifiers create hydrogen bonds and spatial obstacles which prevent
dispersed droplets from approaching one another (Fig. 9). Introduction of an ionic
emulsifier creates an electrically charged film on the surfaces of the dispersed phase
droplets; this effect repels the droplets from one another (Fig. 10). Another method of
emulsion stabilization is to increase the number of surfactant molecules with a defined
orientation at the interface. This is achieved by increasing the emulsifier phase; however, in
more frequently used method, a mixture of emulsifiers with different character (oil-soluble
emulsifiers and water-soluble one) is applied (Fig. 11). Polymers applied in the function of
emulsifiers stabilise emulsions with the steric effect (Fig. 12); hydrophilic polymers also
stabilize O/W emulsions by increasing the viscosity of the external phase.
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Fig. 9. O/W emulsion stabilization with non-ionic emulsifier molecules [6]
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%l_ e
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Fig. 10. O/W emulsion stabilization with ionic (anionic) emulsifier molecules [6]
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Fig. 11. O/W emulsion stabilization with a mixture of emulsifiers [6]
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Fig. 12. O/W emulsion stabilization with polymer molecules

2.2.2. HYDROPHIL-LIPOPHIL BALANCE (HLB)

The hydrophile-lipophile balance (HLB) concept was developed by Griffin in 1949,
nowadays it is widely used for classifying surfactants. Griffin developed a semiempirical
method for determination of the hydrophile-lipophile balance for non-ionic surfactants [ 14,
26,27]. According to Griffin, HLB number determines the ratio of the hydrophilic portion
of emulsifier molecule to its total molecular mass (eq. 3).

HLB =20 (M, /M) 3)

where:

M,, - molecular mass of hydrophilic groups,

M_, — molecular mass of the whole emulsifier.

Griffin created a conventional numerical scale for HLB, from 0 to 20, and classified
surfactants assigning specific integer values on the scale to specific surfactant groups. HLB
number is assigned to each surface active agent, and is related by a scale to the suitable
applications (Table 2).

The HLB scale comes very helpful in characterizing emulsifiers as a general indicator
of what emulsion the emulsifier will form. As can be seen, only those materials with HLB
numbers in the range of 3 to 6 are suitable as emulsifiers for W/O emulsions, while only those
with HLB numbers in the range 10 to 18 are suitable for preparation of O/W emulsions.
Compounds with HLB in different ranges possessing others surface-active properties but
cannot be applied as emulsifying agents. A large ratio of hydrophilic groups in the molecule
of a surfactant makes it a good solubilizer, with a good cleaning and foaming performance.

The HLB number gives an indication of the relative affinity of a surfactant molecule
for the oil and aqueous phase. In practical terms, however, knowing the HLB number of
a surfactant greatly helps in pre-determining its application for a specific purpose; surfactant
manufacturers also provide HLB numbers in product technical data publications.
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Table 2
Surfactant applications vs. HLB number
HLB Water solubility Application
1.5to3 No dispersion in water Anti-foaming agent
3to6 Poor dispersion in water W/O emulsifier
7to9 Milky dispersions Wetting agent
10to 18 Stable milky dispersions O/W emulsifier
13to 1§ Near-clear dispersions Detergent
> 15 Clear solution Solubilizer

Griffin’s HLB determination method provides approximate characterization of
surfactants but it does not consider the influence of their molecular structure on HLB
numbers. Therefore, in reference literature there are many proposed empirical formulas for
HLB numbers determination of different surfactants types, mainly non-ionic ones [7, 26,
27]. Equations 4 to 11 show some of these proposals.

For emulsifiers based on esters of higher fatty acids and polyhydric alcohols (polyols),
the HLB numbers can be calculated follows — eq. 4.

HLB =20 (1 - SN/AN) (4)

where:
SN - saponification number of the tested compound,
AN - neutralization number of fatty acids.

For example, for glyceryl monostearate, SN = 161 and AN = 198, according to equation
4 its HLB number is 3.8 (suitable for a W/O emulsion).

For a simple alcohol ethoxylate, the HLB number can be calculated from the weight
percentage of ethylene oxide (E) and polyhydric alcohol (P) - eq. 5.

HLB = (E +P)/5 (s)
where:
E - percentage content of ethylene oxide in the molecule,
P — percentage content of other hydrophilic groups in the molecule.
If a surfactant contains polyethylene oxide (PEO) as the only hydrophilic group, the
contribution from one OH group can be neglected (eq. 6).

HLB =E/5 (6)

For the non-ionic surfactant C ,H, ~O-(CH,-CH,-0) ~H, HLB is 12 (suitable for
stabilization of O/W emulsion).
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Other non-ionic surfactant HLB calculation methods exist, including the Kawakami
equation [14, 27] (eq. 7).

HLB =7 +log (M, /M,) (7)

where:
M,, - molecular mass of hydrophilic groups,
M, - molecular mass of lipophilic groups.
For non-ionic surfactants from the group of polyglycerol fatty acid esters can be
calculated follows — eq. 8[28].

HLB = (mp/ (mp+ma)) .20 (8)

where:
m_ - the mass of polyglycerol used in the synthesis of the ester,
m_— the mass of carboxylic acid mixture used in the synthesis of the ester.
For example, esterification of 100 g polyglycerol with 100 g fatty acids would result in
an HLB of (100 g/(100 g+100 g)) - 20 = 10, independent of the degree of polymerization.
Cocbaina and McRoberts [14, 27] proposed a calculation of HLB for surfactants with
the water/oil phase partition coefficient (eq. 9).

HLB =7+0.36log (C,,/C,) (9)

where:
C,, - surfactant concentration equilibrium in water,
C,, - surfactant concentration equilibrium in oil.

Griffin’s theory was also expanded by ionic hydrophilic compounds which can undergo
different conversions in a solution (e.g. dissociation or hydration), resulting in an increase
of hydrophilicity. This expansion extended the HLB scale maximum limit to 40. A widely
used semiempirical method of calculating the HLB number, also for ionic surfactants, was
defined by Davis [7, 14,27,29]. The HLB number of a surfactant can be calculated based on
the chemical groups of it molecule, from knowledge of the number and type of hydrophilic
and lipophilic groups it contains (eq. 10).

HLB =7 + ¥ (hydrophilic group numbers) +
+ 2 (hydrophobic group numbers) (10)

The group numbers have been assigned to many different types of hydrophilic and
lipophilic groups (Table 3, 4).
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Selected HLB group numbers

Group type Group number
Hydrophilic groups

-S0,Na* 38.7
-COOK* 21.1
-COONa* 19.1
-N=(tertiary amine) 9.4
-COO- (sorbitan ester) 6.8
-COO- (free ester) 2.4
-COOH 2.1
-OH (free) 1.9
-OH (sorbitan ring) 1.3
-O- 0.5

Hydrophobic groups

-CH, -0.475

-CH- ~0475

=CH- -0.475

-CF, -0.870

-CE- -0.870

Benzoic ring -1.662

Group derivatives

-OCH,CH.- (ethoxy group) 0.33
-OCH,CH(CH,)- (propoxy group) -0.15

Table 3

The conference materials of the AKZO Nobel Company there is a table (Table 4) with
modified Davies HLB group numbers [30].

Table 4
HLB group numbers proposed by AKZO Nobel [ 14]
Hydrophilic groups Group Hydrophobic groups Group
number number

-SO,Na +20.7 -CH, -0.475
-OSO,Na +20.8 -CH,- -0.475
-COOK +21.1 =CH- -0.475
-COONa +19.1 -CF, -0.870
-NH3C1 +20.0 -CE,- -0.870
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=NH,Cl +20.0 benzene ring -1.662
N(CH,) I +22.0
=N(CH,),Cl +22.5
=N(CH,)-CH,-ArCl +19.7
:N(CHS)Z-CHZ-AICI +19.2 Other groups
N(CH,)(EO) Cl +24.9 -OCH,CH - +0.33
-NH(EO),Cl £21.9 -OCH,CH(CH,)- -0.15
‘N(CH,) 50" +38.0 -NH,*-CH,CH,CH,-NH,*-2Cl +38.6
N(EO) >0 +23.8 -N*(CH,) -CH,CH,CH -N*(CH,),-2Cl +43.5
-N (tertiary amine) +9.4 -NH*(EO)-CH,CH,CH,-NH*(EO),-2Cl +41.4
-COO- (in sorbitan ester) +6.8 —N*(CH3)2-CH2—COOH -Cl +21.4
-COO- (in free ester) +2.4 -N*(CHa)z-CHz-COO' +38.0
-COOH 2.1 -NH-CH,CH,CH,NH, +17.4
-CONH, +9.6 -CH,CH,OH +0.95
-OH (free hydroxyl group) +1.9
-OH (in sorbitan ring) +1.3
-O- +0.5
-NH, +9.4
=NH +9.4
-N(CH,), +8.5
N(EO), +11.3
EO=-CH,CH,0-
*at pH=3.0

Compared to the classic method by Griffin, the data produced by determination of
specific physicochemical properties is usually a better foundation for the determination
of HLB numbers. Aside from the aforementioned HLB calculation methods, many
experimental methods were proposed for the determination of HLB number [ 14, 27]. The
methods are based on the determination of surfactant properties, including: adsorption
heat [27], foaming performance [31], wetting angle [32], interfacial tension [33], critical
micellar concentration [33], and phase inversion temperature (PIT) [35]. The rather often
applied experimental methods of HLB determination include: the emulsion method [36],
NMR spectroscopy [37], and gas chromatography [38].

The determination of emulsifier HLB based on “emulsion method” requires knowledge
of the required HLB number (HLB) of the oil phase.

The required oil phase HLB _is determined with the following relationship (11):

HLB = HLB X +HLBY. (11)
r X y t
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