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ABSTRACT

This study was concerned with the analysis of two cream formulations and their
corresponding ternary systems using low frequency dielectric spectroscopy
(L.F.D.S.). These systems were Aqueous cream BP (both preserved and unpreserved)
and Cetomacrogol cream BP containing a surfactant (sodium lauryl sulphate and
cetomacrogol 1000 respectively) and cetostearyl alcohol. The ternary systems
contained a fixed quantity of surfactant (sodium lauryl sulphate 0.5% and 1% or

cetomacrogol 1% and 2%) and cetostearyl alcohol ( range 0.25 - 8§%)

Aqueous creams (hand and mechanicaly mixed) were characterised using flow
rheometry, differential interference contrast (D.I.C.) and scanning electron
microscopy (S.E.M.). The rheology revealed the preservative (phenoxyethanol) and
processing method influences viscoelastic properties. Microscopy revealed hand
mixing produces systems of poor quality with a wide oil droplet size range, while
high shear mixing ensures a well dispersed oil phase. L.F.D.S. however showed little

difference between the samples.

The emulsions based on cetomacrogol 1000 were examined using oscillatory
rheometry, D.I.C and S.E.M. and the results were compared with L.F.D.S. The non-
ionic creams employed the same formula but were processed at differing shear and
mixing speeds. The flow dynamics of the mixing vessel were altered by the use of a
removable baffle system. When examined by oscillatory rheometry and microscopy
it was found the systems exhibiting a well developed microstructure showed reduced
conductive behaviour. The electrical behaviour of the ternary systems was related to
the concentration of cetostearyl alcohol. As this increased there was a corresponding
change in both rheological and microscopic behaviour which reflected an increase in

the formation of a complex microstructure.

The study shows the usefulness of L.F.D.S. in analysing semi-solid systems, and the
processing methods and the concentration and ratio of the emulsifying agents affects

the electrical, rheological and microscopic behaviour of such systems.
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William James describes a man who got the experience from laughing gas;
whenever he was under its influence, he knew the secret of the universe, but when he

came to, he had forgotten it. At last with an immense effort, he wrote down the secret
before the vision faded. When he recovered, he rushes to see what he had written. It was

'A smell of petroleum prevails throughout'.

Bertrand Russel
A History of Western Philosophy
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Chapter 1 Introduction

1.1 Introduction

Emulsions are amongst the oldest pharmaceutical products (Eccleston, 1986) and
have been widely studied. The development of semi-solid emulsions as vehicles for
the delivery of compounds to the skin dates back to Greek and Roman times, being
used both for cosmetic and medicinal purposes. Harry (1959) attributes their
discovery to Hippocrates and Galen who both described a similar simple emulsion
preparation comprising mixtures of beeswax and olive oil. These components were
heated to the fluid state and water added and stirred until the system was cool. It was
noted that the properties of the final product could be altered by varying the amount
of water added to the system. The base emulsion ingredients were found to be able
to take up a considerable amount of water and could be formulated as stiff creams or
cooling lotions, depending on the quantity of aqueous phase added. Many of the
present day's semi-solid emulsions are based on the principles established by such
early studies. Over the last 30 years many physical methods of assessment have been
applied to the study of such semi-solids(Tadros and Vincent, 1983a)revealing that
they are highly complex systems. 'l

According to Rieger (1986), the definition of an emulsion is dependent on the
observer. The physical chemist's definition states that an emulsion is a
thermodynamically unstable mixture of two essentially immiscible liquids. However
for the formulator, the emulsion is the intimate combination of two immiscible
liquids that exhibit an acceptable shelf life at room temperature. Israelachvili (1994)
quotes the 1972 Intematio;lal Union of Pure and Applied Chemists (IUPAC)
definition which states, “An emulsion is a dispersion of droplets of one liquid in
another one with which it is incompletely miscible”. There are many other definitions
to describe emulsion formation but those that are given above will suffice for the
present study. Immiscibility between the major components essentially means the
final product will be an unstable system, although this instability can be manipulated

by careful formulation and processing. The steps in this manipulation process will be
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covered later in this chapter.

Emulsions are generally classified according to the nature of the dispersed or internal
and the continuous or external phases. If the internal phase is oil based and the
continuous phase aqueous, the emulsion is termed oil in water or o/w. If the reverse
is true it is consequently referred to as water in oil or w/o. The majority of
dermatological semi-solid emulsions are of the o/w type and tend to be
organoleptically less greasy than w/o products. As a general rule the internal phase
is usually in a smaller proportion to the external phase although in some products this
can be over 75% of the total formulation. For the purposes of this discussion the case
of a semi-solid oil-in-water emulsion will primarily be used to illustrate emulsion
formation theory. It is possible to have multiple emulsions where an aqueous
component may be dispersed in an oil phase and in turn within a continuous aqueous
medium forming a multiple water in oil in water emulsion, and conversely oil in
water in oil emulsions are sometimes produced. These systems will not be covered

here.

The term emulsion can be applied to a wide variety of systems, from those that are
fluid through to those examined in this present study which are referred to as semi-
solid. Although in their simplest form dilute emulsion systems exist as one phase
dispersed in another stabilised by a surfactant system, semi-solid emulsions, such as
dermatological creams, are far more complex in both their physical and stability
behaviour. This introductory chapter covers the theory behind simple emulsion
systems and deals with the behaviour of semi-solid emulsion systems and the

deviations of these from classical theory.

The essential formulation problem is to produce an emulsion with an acceptably long
shelf life which will be fit for its intended purpose. If liquid paraffin and water are
mixed together, they will divide into two distinct phases with the oil rising to the top.

This is the most thermodynamically stable position for both components and offers
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minimum contact between the phases. If the oil and water are fiercely agitated, both
phases will form distinct droplets and will immediately separate when the agitation
stops. During agitation the system will have a high interfacial free energy component
and thus will always try to minimise this by separating. The division of the
components is overcome by the addition of a surface active agent or agents and it is
these that are important in maintaining product stability, once the components have

undergone sufficient processing.

1.2 Emulsifying agents

Emulsifying agents can be grouped into several types, of these the most important
being surface active agents and these will be considered in more detail later in this
chapter. A brief summary is given below for all types of emulsifying agents

commonly employed. These are;

1. Anionic surfactants: these dissociate in aqueous solution to form negatively
charged ions or anions. The alkyl sulphates, which include sodium lauryl sulphate,
are prepared by treating primary fatty alcohols (such as those obtained from coconut
oil) with sulphuric acid, followed by neutralisation with strong alkalis e.g. sodium
hydroxide to form the sodium salt. The alkali metal and ammonium soaps also
include the potassium and ammonium salts of the higher fatty acids which are often
employed as disinfectants. Other compounds used in this area include the metallic
soaps which are the calcium, zinc magnesium and aluminium salts of the higher fatty
acids. They should generally be used in alkaline conditions to promote maximum
stability. They are normally only employed in products for external use as the ionic
surfactants have one major drawback which is their systemic and topical toxicity.
This limits their use internally and they can cause skin irritation when used externally

(Bergstresser and Eaglestein, 1973).

2. Cationic surfactants: these form positively charged ions or cations in solution.
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Again, toxicity limits their use to external products which are generally antiseptic.
The commonest example of these is cetrimide, a quaternary ammonium compound
(cetyl trimethyl ammonium bromide). Compounds such as cetrimide are most
effective when used in neutral or slightly alkaline conditions which favour complete
dissociation. Quaternary ammonium compounds dissociate in water to form large
complex cations which contribute to their surface activity. Other examples include

benzalkonium chloride which is used in several proprietary dermatological products.

3. Non-ionic surfactants: the properties of these compounds depend on the ratio of
the hydrophilic to hydrophobic portions of the molecule. The hydrophilic groups
include the oxyethylene (-O.CH,.CH,-) and the terminal hydroxyl group (OH) and
these groups in combination with differing ratios of fatty acids can be produced either
to suit hydrophobic systems, such as those employing glyceryl monostearate to those
with more water soluble applications such as the macrogols. These compounds have
the advantage of low toxicity and are thus used both in topical and éystemic drug
delivery. They are less sensitive to changes in pH than the ionic compounds. Most
systems are synthesised from fatty acids or alcohols with a carbon chain length of
between 12 and 18, in combination with ethylene oxide to form a polymer of
repeating units to promote hydrophilic properties. Common examples include
cetomacrogol 1000 (polyoxyethylene monohexadecyl ether), glyceryl monostearate

and the sorbitan esters.

The glycol and glycerol esters are extremely hydrophobic, but in combination with
soaps or sulphated fatty alcohols they become “self emulsifying” systems and are
extremely useful for solubilising poorly water soluble drugs in oil in water emulsions.
Glyceryl monostearate is a good example of this type of product. The macrogol esters
are the polyoxyethylene esters of fatty acids, mainly stearates. They are commonly
employed in oil-in-water systems and are also used as wetting and solubilising agents.
The macrogol ethers are produced by condensation of the fatty alcohols or

alkylphenols with ethylene oxide and again are used in the same way as the esters.
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Finally the sorbitan derivatives include those obtained from the cyclic, mono and di-
anhydrides of sorbitol. The sorbitan esters are prepared by esterification of the
anhydrides with fatty acids, (including stearic, palmitic and lauric acid). They are
mainly used for stabilising water-in-oil systems. The polysorbates are polyoxethylene
derivatives of the sorbitan esters and these are extensively employed in oil-in-water

systems.

4. Amphoteric compounds: these compounds possess at least one anionic group and
at least one cationic group and can thus have anionic, non-ionic or cationic properties
depending on the pH of the system they are employed in. When the strength of the
anionic portion is equivalent to that of the cationic the molecule is said to be in
balance. Surfactants in this group include lecithin and N substituted amino acids such
as N-dodecyl alanine and derivatives of imidazoline. Lecithin is used in the
stabilisation of intravenous fat emulsions and exhibits cationic behaviour at low pH
and anionic at high. Other compounds have been used as disinfectants and the low

irritancy of some allows use in products such as baby shampoo.

5. Naturz;l emu‘lsif%/i-ng agents: tixere are severai exampies o% ';hese ’(see‘be:lovx\/) an;i as
a rule they have two main drawbacks. The emulsifying ability can vary from batch to
batch and country of origin and they are susceptible to contamination by micro-
organisms. Examples include the polysaccharides such as acacia and sterols including
beeswax. These agents essentially are employed to increase the viscosity of the water

- used in a product and thus will affect the rheological behaviour of such systems. They

| also aid in the production of stable emulsion systems through their action as a
mechanical barrier between the phases of the emulsion system. Semi-synthetic
polysaccharides (e.g. methylcellulose) have the advantage of being free from microbial

| contamination and can be chemically manipulated to change their physical properties.
|
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interfacial tension between the constituent phases. This tension is dependent on the
relative immiscibility of the two substances. The interfacial tension of liquid paraffin
against water is in the region of 50 Nm™ whereas olive oil, which is more polar in
nature, exhibits a tension against water of approximately 23 Nm™?. The interfacial
tension at a liquid interface is defined as the work required to create a unit area of
new interface. This gives an indication of the work that is required in order to allow
emulsion formation to occur. It is also important to note that an emulsion is not
formed by simply adding the surfactant to the oil and water. An emulsion is a
thermodynamic anomaly (Osipow, 1963) and the phases will still separate unless the
necessary amount of energy is put into the system to break up one of the phases and
disperse it into the other. The internal phase will exist as discreet droplets within the
continuous phase and the surfactant has an important role in maintaining this. The
surfactant molecules at the interface can be described as being in a higher energy state
than if they were present in the bulk (Adamson, 1960) as energy is expended to

reduce the surface tension between the phases.

The formation of oil droplets within a continuous water phase requires work to
overcome the interfacial tension due to the change in internal phase surface area
which results from any form of agitation. It is therefore important to disperse the
emulsifying system uniformly around each oil droplet, in order to decrease surface
free energy. The above illustrates the mechanisms involved in simple systems and
this phenomena only plays a minor part in semi-solid systems and the factors

involved in their stabilisation will be discussed in more detail later in this chapter.

The behaviour of surfactants in aqueous solution has been well documented and is
governed by the concentration of the compound within the aqueous phase. Figure 1.2
is adapted from a review by Israelachvili (1994) and illustrates the surfactant
association behaviour. At low concentration an isotropic solution forms but as the
concentration increases the complexity of the resultant structure increases. The first

stage is the micellar where the molecules form discreet circular structures that have
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Chapter 1 Introduction

continuous bilayers of surfactant molecules.

1.2.1.1 Mechanisms of stabilisation

The action of an emulsifying agent can be summarised by one or all of the following:

a) The reduction of interfacial tension and increase in thermodynamic stabilization.

This is the least important role as played by emulsifying agents in stabilising simple
emulsions and has little impact on the behaviour of semi-solid systems. The action
of agents, particularly surfactants, is to reduce interfacial tension between the phases
in the system and allow intimate mixing. However agents such as sodium lauryl
sulphate, when used on their own, do not promote stable emulsion formation and this
is believed to be due to the incomplete formation of a rigid barrier to coalescence.
Sodium lauryl sulphate forms a gaseous film around the oil droplet and the molecules
at the interface are separate and free to move which results in the formation of a poor
barrier to coalescence. If this is compared to acacia, which is an effective emulsion
stabiliser the following should be noted. This does not significantly reduce surface
tension but acts by forming a mechanical barrier around the oil droplets and thus it
is clear that reduction of interfacial tension is not essential in stable emulsion

formation.

b) The formation of an electrical double layer or steric obstacle.

The anionic and cationic surfactants function in essentially the same way in that
electrically charged species of the same sign repel each other. The surfactant
molecule sits at the o/w interface and in the case of anionic surfactants, e.g. sodium
lauryl sulphate, the charge on the surface will attract positively charged species
(counter ions) which will be tightly bound to the surfactant layer. This in turn attracts

free negative ions in the system, although these will not be held as rigidly. Finally
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Non-ionic surfactant systems also work by preventing the approach of other oil
droplets within a system, but their action is not solely dependant on an electrical
double layer. Florence and Rogers (1971) reviewed these agents and came to the
following conclusions. They found the agents, which include polyoxyethylene glycol
monoethers of n-alkanols such as cetomacrogol, sorbitan esters and polysorbate, were
less toxic and were less affected by pH variation and changes in electrolyte
concentration in the system than ionics. The dual solubility of these agents is key at
the o/w interface and they form a rigid film around the oil droplets, (i.e. when used
in combination with agents such as cetostearyl alcohol). The polar head groups then
unfold into the aqueous medium and hydrogen bond with the water phase. In the case
of cetomacrogol 1000, the hydrated ethylene oxide chains form a rigid steric barrier
against other droplets within the emulsion system and it is the hydration of the
polyoxyethylene groups which influences the stability of such systems (Laughlin,
1981). Figure 1.3 illustrates this mechanism.

d) When used in excess of the concentration required to form a monomolecular film,
surfactant compounds (e.g. sodium lauryl sulphate) form complex lamellar structures
within the continuous phase of the emulsion system by interaction with co-
emulsifiers (e.g. cetostearyl alcohol). These act by reducing the mobility of the
 internal phase forming a barrier to coalescence. This extremely important

phenomenon will be dealt with later on in this chapter.
1.2.1.2 The DLVO theory

The behaviour of oil droplets in an emulsion system has been well characterized. The
classic work illustrating this was carried out in the 1940's by two separate groups.
Derjaguin and Landau (1941) and Verwey and Overbeek (1948) worked on the
interaction of hydrophobic colloids and have been credited with the DLVO theory of
colloid stability.

12
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These workers assumed electrical repulsion V; and van der Waals forces of attraction
V , were the only forces responsible for stability in colloidal materials. Therefore the

total energy of interaction ,V7, in such a system could be explained mathematically

as follows.
V.=V, + Vi Eq. 1.1

The primary repulsive forces between particles and thus droplets in an emulsion
occur at the diffuse or Gouy-Chapman portion of the electrical double layer where
this overlaps with particles with similar areas of charge density. The simplest way
to mathematically express the repulsive forces involved is to assume two particles
are spherical and have a small but equal surface potential. The equation to explain

this is as follows:

Vi = __galio* In(1 + exp™) Eq. 1.2
2

where ¢ is the relative permittivity of the polar liquid, a is the radius of the spherical
particle with a surface potential of §,, k is the Debye-Huckel reciprocal length
parameter and H the distance between the particles. The repulsive energy between
particles is taken as exponential function of the inter-droplet distance and is related

to the thickness of the electrical double layer.

The attractive forces between particles are those known as the van der Waals forces
and the major contributor to these are the attractions which result from the
electromagnetic energy within a system which were studied in the 1930's by London
'and are also known as London forces. In 1936 de Boer and Hamaker further V,
iexplained these attractive forces, using spheres of the same radius as models to

' demonstrate the phenomena and they expressed their findings as follows:

13
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an attraction between the two as the fall off of repulsive forces decreases with
distance to a greater degree than that of the attractive forces. This gives rise to the a
point on the potential energy curve known as the secondary minimum where loosely
bound floccules form. Flocculation is an intermediate state where the particles are
still separate and remain a small distance apart from each other bound by the
predominant attractive forces. As one particle moves closer towards another the
energy of repulsion rapidly increases and gives rise to the primary maximum where
the repulsive forces dominate. A high system thermal energy may allow the particles
in the system to be redispersed but if this is not the case, the droplets finally touch
and the forces of attraction predominate and coalescence or coagulation occurs. The
total potential energy falls into the area referred to as the primary minimum and the
particles become bound together and are consequently difficult to redisperse. The
practical consequences of this in an emulsion system leads to phase separation and

cracking occurs.

1.2.1.3 Mixed condensed films and emulsion stability

The role of surfactants as barriers to coalescence is another factor that governs
stability. Harkins (1954) described the formation of a monomolecular film on the
surface of the internal phase droplets as fundamental to the understanding of
emulsion formation. It was the classic work of Schulman and Cockbain (1940) that
first showed this phenomena of a rigid mechanical barrier. Figure 1.5 illustrates their
findings and shows the importance of this. As previously indicated, the surfactant
will sit at the interface with the hydrophobic tail in the internal phase and the polar

head group will orientate itself to the aqueous portion of the system.

In semi-solid systems, however, surfactant behaviour is far more complex than in
simple emulsions. These systems require a combination of surfactant and co-
emulsifier, usually a fatty alcohol to promote droplet stabilisation. In addition many

systems contain co-surfactants and thickeners which also complicate the behaviour

15
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of such systems at the molecular level. In its simplest form when the concentration
of the surfactant in combination with a co-emulsifier is at the right ratio a rigid film
will form around each oil droplet which then acts to prevent flocculation and
coalescence of the internal phase. This is referred to as a mixed condensed molecular
film. Essentially the gaseous film formation of the surface active agent is modified
by the co-emulsifier and the film is condensed and hence less mobile. The formation
of this rigid film then promotes oil droplet stability and the life of the resultant

emulsion is increased.

Schulman and Cockbain (1940) used sodium cetyl sulphate (anionic surfactant) and
cholesterol to stabilise their oil in water emulsions. This study confirmed that these
agents did indeed produce rigid films around oil droplets and cholesterol with sodium
cetyl sulphate were found to produce good emulsions. They altered their emulsion by
substituting cholesterol with oleyl alcohol. This molecule contains a double bond and
introduces a kink in the carbon chain. This (through steric hinderance) prevents the
formation of a tightly packed film around the oil droplets and results in poor
emulsion formation. The system had a very limited life and phase separation occurred
rapidly. Similarly, when a combination of cetyl alcohol and sodium oleate was used,
this formed a poor quality emulsion and tight surfactant film formation was prevented

again by the double bond in the sodium oleate molecule.

This work showed that stable emulsion formation was dependent on a mixture of
surfactants or emulsifiers, which formed emulsions of quality and long term stability.
Alexander and Schulman (1940) extended this work and optimised the ratio of the
emulsion surfactants and found when the components were at certain concentrations

emulsion formation and stability were greatly enhanced.
In order to produce stable emulsion condensed mixed film it is important to consider
the steric behaviour of the molecules that will produce the barriers to coalescence.

Any molecule that partitions at the oil water interface will have an effect on the film

16
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emulsifying waxes or ointments. These combinations promote strong mechanical
barrier formation around each oil droplet and thus act to enhance the stability of the
final emulsion produced. However, as discussed later in this chapter, this is not the
only effect co-emulsifiers exert on the properties and stability of semi-solid emulsion

products.

Pickthall (1951), following on from the work of Schulman and Cockbain (1940),
concluded that the interfacial film strength relied on surfactant close packing and the
presence of electrical charged species. Hadgraft (1954) however was to show that a
condensed monolayer based on charged surfactants was not essential for emulsion
stabilisation and that non-ionic surfactants could form equally stable emulsions.
Davies and Meyers (1960) demonstrated that the Schulman and Cockbain model
could be extended to other emulsion systems. They showed that with combination of
sodium lauryl sulphate and cetyl alcohol the interfacial viscosity of a benzene/water
interface was greatly enhanced when compared to the components used on their own.
They concluded this change in interfacial viscosity was related to complex formation
at the interface. Kung and Goddard (1963) suggested that a 2:1 ratio of lauryl alcohol
to lauryl sulphate was the optimum concentration to promote stable film formation.
However later work on association structures in emulsions by Friberg and Mandell
(1971) and that of Vold and Mittal (1972) was to show emulsion stability did not rely
entirely on a stable condensed molecular film but on the formation of complex inter-
droplet structures which play an important part in this. Tadros (1980) in a series of
experiments demonstrated the addition of fatty alcohols to a xylene/water system
stabilised by cetrimide greatly increased the adsorption of the cationic surfactant at
the interface. He concluded that the combination allowed the development of a tightly
packed molecular film and this in turn increases the interfacial viscosity reducing
coalescence potential and thus acting in the maintenance of the emulsion. The exact
mechanism is still not fully understood and is still under investigation, however
combinations of surfactants and co-emulsifiers are now commonly employed in

commercial products (Tadros and Vincent, 1980a ).
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Sodium lauryl sulphate, cetomacrogol 1000 and cetrimide are commonly used in
combination with cetostearyl alcohol to form waxes (see Table 1.1) and produce
consistently stable products. By combining these compounds there is an improved
emulsifying efficiency. Barry (1968) has extensively evaluated the role of mixed
emulsifier systems in the stability of emulsion systems. Surfactants such as sodium
lauryl sulphate and cetrimide (ionic) and cetomacrogol (non-ionic) are highly water
soluble and tend to partition into the aqueous phase. Cetostearyl alcohol is an oil
soluble compound, which in combination with the other surfactants acts at the oil

droplet level as a stabiliser of the condensed molecular film.

It appears that emulsifier efficiency is dependent on combining different compounds
in order to optimise the phase partition behaviour of the emulsifying system as a
whole. Cetostearyl alcohol according to the BP (1988) should contain the following
long chain alcohols stearyl alcohol (50 - 70%) cetyl alcohol (20 - 35%) and small
amounts of myristyl alcohol. The ratio of these fatty alcohols has been shown to
greatly influence emulsion quality (Eccleston et al, 1973) and is an important point

to consider.

The emulsifying systems for semi-solid emulsions are usually complex blends of
surface active agents and long chain alcohols. The simplest forms of these are found
in the BP 1993. Each is based on a surfactant and cetostearyl alcohol and they are
shown in Table 1.1. Each is formed as an emulsifying wax using a specific ratio of
surfactant to long chain alcohol, 1 : 9 for the ionic and 1 : 4 for the non-ionic
systems. They are then added to the oil phase and formed into an ointment prior to
emulsification. The source and quality of the surface active agent and long chain
alcohol may have a profound effect on the quality of the semi-solid emulsion
produced. This is common with cetostearyl alcohol, which as mentioned can contain
varying ratios of long chain alcohols. If different sources are used there may be
alterations in the ratios of fatty alcohols within the co-emulsifier and this can

seriously affect the quality and stability of the final emulsion.
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System Oil-Soluble Water-Soluble
Component Component

Emulsifying wax Cetostearyl alcohol Sodium laury! sulphate

(anionic)

Cetrimide emulsifying Cetostearyl alcohol Cetrimide

wax (cationic)

Cetomacrogol Cetostearyl alcohol Cetomacrogol

emulsifying wax

(non-ionic)

Table 1.1. The standard emulsifying waxes used in semi-solid formulation.

1.3 Liquid gel structuring and semi-solid emulsion stability

Pharmaceutical and cosmetic preparations like creams and lotions are not simple two
phase systems. The added surfactants and emulsifiers are often in greater
concentration than that required to form a condensed molecular film of the type
proposed by Schulman and Cockbain (1940). Due to the predominance of water in
most o/w preparations the excess emulgents present interact with the water phase and
it is this process that leads to the formation of the complex viscoelastic networks
within semi-solids. It is the formation of this third phase which provides stability and

also means that these systems do not behave in the same way as simple systems.

Liquid gel network formation (Figure 1.6) is perhaps the most important factor in .
ensuring cream or semi-solid emulsion stability. This phenomena has been shown to
be temperature dependent (Eccleston, 1990) and occurs below a specific transition
temperature. The behaviour of the components within the emulsifying system, appear
to act as liquid crystals above the specific transition temperature but become more
ordered and gel like below it. It is this behaviour which is considered to contribute
both to the elastic and the "self-bodying” often seen in emulsions containing a
surfactant and cetostearyl alcohol. Eccleston and Florence (1985) attribute semi-solid

emulsion stability to phase behaviour of the components and not the forces that
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common practice to view semi-solid emulsions not as two but as three and
subsequently four phase systems. Surfactants and emulsifying agents in semi-solid
emulsions are always in excess of that needed to form condensed films and it is the
interaction of these surplus agents with the components of the system that gives rise

to the complex microstructure.

In the early 1970's several groups studied the nature of the third phase of oil in water
emulsions. Friberg (1971) used cross polarising microscopy techniques to examine
an emulsion system made up of lecithin, water and the emulsifying agent tricotanoin.
The cross polarising technique revealed certain association structures within the
emulsion. This was emphasised by the fact only materials with a three dimensional
structure, such as crystals, will rotate plane polarised light and thus effectively "stand
out" when viewed. Materials that are capable of doing this are referred to as
anisotropic; this shows order within a system. In practice these structures scatter the
incident light and show up as "maltese crosses", whereas the rest of the emulsion
which is isotropic does not rotate plane polarised light and is not easy to view.
Friberg and Rydhag (1971) were then able to give visual evidence of this with their
simple emulsions. Friberg and Walton (1970) also extensively examined the above
phenomena in commercial cosmetic emulsions and emphasised its relevance to final
emulsion production. This work and its relevance in the field of emulsion science was

reviewed by Friberg and Larsson (1976).

Friberg (1979) has argued that the formation of a third phase in an emulsion is
essential for improved stability and has conclusively demonstrated this fact. Friberg
and Rhydag (1971) were able to comprehensively demonstrate how significant the
contribution of well defined surfactant systems is to emulsion stability when
examining systems that exhibit this behaviour against those that do not. Mandani and
Friberg (1978) were able to show the interfacial tension around each oil droplet was
greatly influenced by liquid crystal formation and Friberg and El-Nokaly (1985)

concluded that the increase in viscosity due to the formation of the third phase
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contributed significantly to the overall emulsion stability.

Other important examinations of semi-solid behaviour includes the investigations
carried out by Barry and Saunders (1970), who looked at the effect of altering the

ratio of surfactants on the viscoelastic properties of simple emulsion systems. They
used a combination of cetrimide (cationic surfactant) and cetostearyl alcohol. It was
thought at one time the optimum ratio of cetostearyl alcohol to surfactant was 9:1 in
the standard anionic emulsifying waxes and 4:1 in non-ionic systems although Barry
and Saunders (1972) showed this is not a critical factor. Talman et al (1967, 1968)
had previously postulated mixed surfactant systems could form viscous gels in water
and Barry and Shotton (1967) reported gel formation was responsible for the viscous
properties of semi-solid systems. Barry (1968) had studied the effect of altering the
cetostearyl alcohol ratio and had elucidated the self bodying nature of the material
and its importance in producing emulsions of good quality. Barry and Saunders
(1970) also examined temperature changes and their effect on the rheological
properties of emulsions. Through a series of experiments they drew the following
conclusions. The rheological properties of the emulsion were not directly related to
the oil droplet size but to the formation of gel networks within an emulsion. This was
also shown to be the case when ternary systems containing water and the emulsifying
system were used. The nature of the gel structure changes on storage and increases
the consistency of the emulsion. Cetostearyl alcohol was found to be superior to

stearyl or cetyl alcohol in forming stable emulsions (Fukushima et al, 1976).

Following on from this approach Barry and Eccleston (1973) examined mixed
emulsifier systems and their influence of gel networks in controlling o/w emulsion
viscoelastic properties. They found that by altering the composition of the surfactants
used the rheological properties and physical appearance were altered as a result of
changes in viscoelastic properties. Eccleston (1984) extensively reviewed the
literature pertaining to this and has outlined the critical relationship between mixed

emulsifier systems and semi-solid emulsion microstructure. The viscoelastic response
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and the theory behind this is covered in Chapter 3 of this present study.

These early studies showed the importance of liquid gel phases in emulsion systems.
This is a highly complex phenomena and one which still requires further
investigation. Eccleston (1977, 1985) has examined the use of differential scanning
calorimetry (DSC) in assessing liquid gel behaviour. The conclusions drawn from
this work have shown that the viscoelastic gel network associated with creams
containing cetostearyl alcohol is stable at room temperature and thus good emulsion

formation is dependent on this.

Junginger et al (1984) have examined an anionic cream using small angle X-ray
diffraction and thermogravimetric analysis (TGA). This group showed with X-ray
analysis the ability of agents, such as cetostearyl alcohol, to swell within their semi-
solid emulsion system, in the presence of increasing quantities of water. Junginger
(1984) also showed that the water in a cream is distributed in dynamic equilibrium
between that which is bound in the liquid gel lamella regions and that which exists
in bulk pockets. By using dynamic thermogravimetry, Junginger (1984) showed
water found as large "pockets” was readily removed from the emulsion and further
heating revealed a second water peak relating to the water bound within the
hydrophilic lamella phase. Using both large and small angle X-ray diffraction
techniques, TGA and DSC, Junginger (1984) found as the water content was
increased the spacing between the lamellae greatly expanded and water could be
evaporated either in one stage with low water creams or in two or three stages as the
water concentration was increased. Rowe and Bray (1987) went on to suggest that
water is not just found in bulk and bound regions within the emulsion but also

associated with the surfactants surrounding the oil droplets

The use of freeze fracture electron microscopy has been instrumental in giving

valuable visual evidence of the inner emulsion structure. Among the early studies
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was that of Gstirner et al (1969) who verified the presence of liquid gel networks in
a system containing cetostearyl alcohol and cetostearyl sulphate. Again Junginger
(1984) and Rowe and Patel (1985) exploited this technique to good effect to show the
complex nature of these systems. The images produced by this technique allow
visualisation of the four phases within simple model emulsion systems, including the
bulk water and complex hydrophilic lamella phases, which form bilayers made up of
the surfactant, long chain alcohol and water phase. They were also able to identify
the dispersed phase and a separate lipophilic gel phase formed from excess long chain
alcohol, that is not incorporated in the hydrophilic lamella and consequently

crystallises out.

In addition differential interference contrast (DIC) microscopy has been employed
to expose evidence for complex structures within emulsions. Patel et al (1985) carried
out an extensive study using DIC together with freeze etch microscopy. These
techniques have been widely employed and give good evidence for the gel network
theory. Rowe and McMahon (1987, 1989) have compared and reviewed the use of
electron microscopy techniques in the analysis of semi-solid ionic emulsion
microstructure. The use of optical methods of analysis are covered in depth in

Chapter 4 of the present study.

Further structural determinations were carried out on a system containing cetrimide,
cetostearyl alcohol and liquid paraffin by Louden et al (1985) using laser Raman
spectroscopy. The conclusions drawn from this work focused on the lipophilic gel
phases present and suggested these were mainly made up of the cetostearyl alcohol

which could also be found in the liquid paraffin present in the emulsion studied.

The extent of liquid gel viscoelastic network formation is believed to have an effect
on the distribution of active molecules within the semi-solid emulsion. Although this
was not the principle concern of the present study, its affects are briefly considered

here. Niemi and Laine (1990) examined the effect of altering water content on the
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microstructure of an o/w cream containing sodium lauryl sulphate and cetostearyl
alcohol. The release of drugs from the emulsion lamellae is believed to depend on the
ratio of fixed to bound water. Junginger et al (1984) and Muller-Goyman and Frank
(1986) have developed models to establish this very important phenomena in relation
to the distribution of drug compounds in semi-solids and suggest a knowledge of
water distribution could be important in the design of semi-solid skin drug delivery
systems. Niemi et al (1989) showed the release of the steroid hydrocortisone (highly
lipophilic) was retarded as the water content in the cream approached 60%, but on
passing this water concentration release was enhanced. Niemi and Laine (1990)
assumed that water content changes had a profound effect on cream microstructure
and this indicates the ratio and distribution of the oil and water phases within a

system influences the behaviour and release of drug molecules.

Interest has also focused on non-ionic creams and the development of structure within
these systems. De-Vringer (1987) has examined a preparation cohtaining
polyoxyethylene and glyceryl monostearate with long chain alcohols, paraffins and
water. In this study the non-ionic system was examined by DSC, X-ray diffraction and
electron and optical microscopy. Again the importance and extent of the gel networks
within these systems was exposed and it further stressed the importance of these to
emulsion stability. Eccleston and Beattie (1988) also examined the relationship
between non-ionic emulsifier composition and microstructure of oil in water
semisolids and found that the polyoxyethylene chain length had a profound effect on
the formation of the gel networks, which continued to develop several weeks after

initial production.

1.3.1 Molecular aspects of the crystalline and gel phases

water and the conditions creating these depend on specific factors. The bilayers are

made of hydrocarbon chains and the physical forms found in emulsion systems range
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Chapter 1 Introduction

The « form will separate from the melt and is only stable over a narrow temperature
range. Once below its phase transition temperature it will convert to the more stable

B which will coexist with the y, but will usually be in excess.

If we take a mixed fatty alcohol such as cetostearyl alcohol the phase transition
temperature is significantly lower than the pure forms of its constituents, cetyl and
stearyl alcohol where the o form is often most stable (Fukushima et al, 1977). If an
ionic surfactant is added these crystals can then swell in water and form ordered
crystalline gel phases. These phases contain a large volume of interlamellar fixed
water relative to the long chain alcohol on their own in water. The effect of the
surfactant overcomes the hydrophobic nature of fatty alcohols and promotes gel
swelling. In addition fixed ionic head groups repel each other and further expansion
of the network occurs (Niemi and Laine, 1990). This phenomena has been shown to
occur in non-ionic emulsions, but the gel phase enhancement is not nearly as great

and relies on the hydration of polyoxyethylene chains (Eccleston, 1982).

The behaviour of mixed emulsifiers and their interaction with water has been shown
to provide an excellent model for the behaviour of these molecules in complete
emulsion systems. The formation of structures within water as a result of such
interaction has allowed the in depth study of surfactants and fatty amphiphiles.
Systems that consist only of the emulsifying agents and water are termed ternary
systems. In mixed emulsifier systems the effect of interaction with water is greatly
enhanced by heating the system. The critical point for this to occur is when the
temperature is raised above the hydrocarbon chain melting temperature and a
transformation of gel phase to swollen lamellar phase occurs. For most emulsifying
wax systems this is between 40 - 50°C and the changes in the components can be
observed until they melt into the bulk of the emulsion. As the system is cooled down
there is interaction between the fatty alcohol and the surfactant solution and smectic
(soap-like) liquid crystals form. Once the hydrocarbon chain melting point is passed

liquid crystals precipitate and the system becomes semi-solid. The system then
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further changes and an equilibrium is set up between the liquid gel and crystal phases
and the water and any remaining unreacted alcohol precipitates forming the lipophilic
gel phase. The combination of surfactant and long chain alcohol radically alters the

behaviour of the components when compared to their behaviour as single entities

The viscoelastic gel phase has been shown (Eccleston, 1976) to consist of swollen
" surfactant and fatty alcohol in the o form and this is in equilibrium with a more mobile
K bulk phase consisting of ¢ crystalline hydrated forms. These are stable over a defined
". range of temperatures and are affected by the composition of the emulsion as a whole.
. Ideally the formulation should promote the most stable form at room temperature (i.e.
- o form) to give the emulsion the right physical and organoleptic properties. Eccleston
(1985) maintains that the formation of a desirable semi-solid product will only occur
when viscoelastic gel networks form at room temperature. This in turn provides a
system that will meet the requirements of the end user. De Vringer et al (1987) using
DSC showed that this was also the case with polyoxyethylene surfactants and that

ideal gel network formation was established at ambient temperature.

It is therefore clear that the role of surfactant alone in promoting emulsion stability
is only secondary to that of the gel networks, which exist between the disperse phase
of an emulsion. The evidence suggests these phases not only give body to an
emulsion but also reduce the ability of oil droplets to move towards one another, and
this is crucial in preventing emulsion breakdown. Junginger (1984) concluded, in a
comprehensive review, that o/w emulsions should be considered four phase systems,
with a crystalline lamellar gel structure made up of a hydrophilic and lipophilic gel
phase, regions of bulk water and the dispersed oil phase. Swelling of the gel phase
is dependent on the surfactants used, ionic agents showing greater expansion than
non-ionic systems. The chain length of non-ionic polyoxyethylene surface active
agents used in such products will affect the ratio of bulk to interlamellar fixed water,

and thus the properties of the final emulsion.
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Chapter 1 Introduction

emulsion and as these systems age this ratio shifts in favour of the bulk water. These
conclusions sum up the complex and dynamic nature of semi-solid oil in water
emulsions. A large number of techniques have been employed to elucidate the
complex structural arrangement of both ionic and non-ionic semi-solid products.
Many of these are invasive and may alter or change the delicate microstructure of the
cream under observation. It is clear that research techniques used to investigate these
systems needs to focus on the interactions between the phases. The gel networks are
fundamental to the stability of semi-solid emulsions and Figures 1.8(a) and 1.8(b)
(adapted from Junginger, 1984) give an idealised illustration of the an ionic and non-

ionic emulsion microstructure.

In conclusion Eccleston (1984) in a comprehensive review sums up the factors that
govern both semi-solid emulsion stability and microstructural formation. Ternary
emulsifying systems in water are responsible for emulsion stability and consistency.
The use of commercial fatty alcohols promotes stable polymorphic viscoelastic
networks at room temperature although batch to batch variation of these ingredients

may have a profound effect on the final semi-solid produced.

1.3.1.1 Instability of emulsions and semi-solid systems

Although inevitable, phase separation can be controlled by altering the formulation
and processing variables and by appreciating the thermodynamic aspects of surface
phenomena (Weiner, 1986). Stability assessment is one of the most difficult problems
facing the formulator (Zografi, 1982). One of the first signs of instability is creaming.
This is the separation of an emulsion into two distinct regions, one being richer in
disperse phase than the other. The most common example of this is in milk. The
cream layer consists of a non-coalesced portion, which is richer in the dispersed
phase than that found in the bulk. The system can however be shaken and this portion
of the emulsion is easily redispersed. The rate of creaming can be explained

mathematically using Stokes Law;
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; V= 2322(6-DL Eq14
| om

where v is the velocity of creaming, a is the droplet radius, 6 - p are the densities
of the disperse and continuous phases, 7 is the viscosity of the continuous phase,
g is the force of gravity. The incidence of creaming can be reduced by decreasing
the internal phase droplet size, by ensuring the difference in density between the

phases is minimised and by increasing the viscosity of the external phase.

A more serious sign of emulsion instability is seen when oil droplets become
attracted to each other and form floccules. These as stated earlier are groups of
particles that are distinct but loosely bound and the potential energy between them
lies in the region of the secondary minimum as shown in Figure 1.4. This occurs
with ionic systems when the electrical double layer is overcome and the forces
electrostatic attraction V, are far in excess of the forces of repulsion V. The latter
decreases with distance away from the particle surface. Although shaking will
redisperse the emulsion, the floccules will again readily reform and the final step

of coalescence is likely to occur.

Coalescence can be defined as the irreversible process of phase separation due to
the combination of two or more oil droplets. If oil droplets then begin to coalesce
the emulsion will eventually crack or break and phase separation occurs. This
process can be accelerated by elevating the storage temperature of an emulsion,
this may be done deliberately or occur in warmer climates. This puts energy into
the system, increasing phase movement allowing barriers to coalescence to be
breached. This problem is seen both in simple emulsions which conform to

classical theory and to semi-solid systems given the right conditions.

Zografi (1982) critically reviewed the factors involved in semi-solid emulsion
stability testing and concluded any tests carried out should be performed on the

“final product, as undisturbed as possible”, a key goal of the present study.
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He suggested low shear rheological techniques were the best indicators of the
presence of complex structural components and accelerated testing was of limited
value and caused changes to the fundamental structures. Reddy and Fogiten (1981)
reviewed the mechanisms of flocculation and coalescence in creams and questioned
the value of accelerated stability assessments. Klein (1984) considered the basic
pathways of improving semi-solid stability in a review and identified the principle
causes of instability. These included storage temperature, preservation, formulation

and packaging.

Klein (1984) further suggested problems could be minimised by careful raw material
selection, the use of thickeners, such as xanthan gum, to inhibit droplet flocculation
and assessment of processing variables. Cream or semi-solid emulsion formulation

and processing will be considered in detail later on in this chapter.

It is clear that every part of the semi-solid emulsion production process, from the
design of the product to its eventual packaging and post marketed use and storage,
can have a profound influence on the lifetime of the product concerned. Any number
of factors can influence stability and it is only by considering all of these that product

and process design can minimise their potential emulsion damaging effects.

1.4 Formulation of creams

Semi-solid emulsions consist of a hydrophobic, “water hating” phase and a
hydrophilic or "water loving” phase. The hydrophobic phase is also termed lipophilic
or “oil loving”, and is often of mineral or natural origin. Mineral oils such as the
paraffins have the advantage over natural oils of not becoming rancid on prolonged
storage and can be produced with a variety of properties depending on the chain
length of the hydrocarbons used. They are widely used in many products and are
readily available. Natural products often need to be preserved and the quality of the

product can be affected by the growing conditions prior to harvesting. Examples of
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natural oils include olive oil, cade oil and arachis oil.

Product design or formulation is a vital step in the production process. The
formulator needs to be aware of the entire process and through careful consideration
of the important factors a satisfactory product can be designed. Obviously the first
consideration is what is the product going to be used for. A very viscous product is
not ideal for wide skin surface application and conversely a fluid lotion will not be
a good choice for site specific delivery. The fluidity of the product will be dependent

on the ratio of oil to water and the extent of the viscoelastic gel network.

Surfactant choice is very important in maintaining the product stability (Eccleston,
1977). In general it is experience in formulation that has led fo the choice of
components within a particular product. Bancroft's rule of thumb that a surfactant
which is preferentially soluble in the water phase will form an o/w emulsions has
been known for 80 years (Davis, 1994). However, Griffin (1949) developed the
Hydrophile-Lipophile Balance or HLB system in order to determine which
surfactants should be used in the manufacture of semi-solids. Griffin defined the HLB
value of a surfactant as the mol % of the hydrophilic group divided by 5, i.e. the
molecular weight of the hydrophilic part of the molecule expressed as a percentage
of the total molecular weight of the molecule. A completely hydrophilic compound
will have an HL.B value of 20. This system is only truly applicable to polyoxyethylene
compounds (Griffin, 1952) and involves arduous experimentation in order to assign

values to other types of surfactant.

Davies (1957) proposed the following method for finding unknown HLB values. The
compound in question is assigned an HLB value for any known parts of its molecular
make up and these are added to give a final value. Table 1.2 below gives a few
common examples. Fox (1974) extensively reviewed this phenomena and has

produced a comprehensive list of HLB values.
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Table 1.2 Common surfactant HL.B values

Surfactant HL B Value
Sorbitan mono-oleate (Span 80) 4.3
Sorbitan monolaurate (Span 20) 8.6
Polysorbate 60 14.9
Polysorbate 20 16.7
Sodium lauryl sulphate 40

Several workers have attempted to link real values with theoretical ones in order to
improve surfactant selection. The method of calculation depends on the total oil
content of the preparation and its polar nature. The following example shows how
this is calculated. If a system comprised 35% liquid paraffin (surfactant required HLB
value 12), 1% wool fat (surfactant required HLB 10), 1% cetyl alcohol (surfactant
required HLB 15) in the formula, the total oil phase is 37% of the emulsion. Of this
37%, 94.6% is liquid paraffin and there is 2.7% of each of the remaining hydrophobic
components. If each of these percentages are multiplied by the respective HLB
number of the surfactant required to allow emulsification of each component, (94.6%
by 12 etc) the oil phase HLB will be 12.1 and this theoretically means the system
requires an emulsifier blend of 12.1 to achieve an ideal emulsion. However the
components of the system will themselves affect the partitioning behaviour of each
emulgent. Thus a range of systems will have to be prepared with the desired HLB
using different emulsifying agents in order to find the ideal system after assessment

for stability. Rieger (1986) has reviewed this subject in detail.

The environment the product is going to be used in will also be important as extremes
of temperature can have a profound effect on emulsion stability, especially in terms
of phase separation, hence appropriate storage instructions must be included for
products that are susceptible to such variations. Product and component robustness
must also be a formulation factor; modern processing techniques involve high energy

input and the product or component properties must not be altered during
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manufacture. Similarly if the product, as most creams are, is squeezed from a tube,
the stress involved in this may have a bearing on the emulsion performance. Creams
on application often convert from a solid like state at ambient conditions and show

liquid behaviour on spreading (Junginger, 1992).

In addition all the base components must exhibit long term compatibility. Careful
choice must be made with respect to the surfactants, thickeners and preservatives
used. Microbial contamination can also lead to instability within a cream and will
reduce surfactant efficiency. It can affect the pH and water content of a cream and
thus alter the dissociation behaviour and concentration of the preservative and
emulsifying systems, thus adequate preservation must be employed. Finally, chemical
contamination may cause problems, such as emulgents of the electrically opposite
type which can neutralize each other and thus inhibit emulsification. Components
should ideally be inert and have no toxic effects, a problem with some of the ionic
surfactants. Internal emulsion component breakdown with time must not yield any

by-products that could cause the end user harm.

The consumer of the product is also a vital link in the formulation chain and
ultimately product performance and feel will determine success or failure. According
to Barry and Meyer (1975), emulsion consistency is considered to be the major factor
influencing patient or consumer acceptance. The organoleptic properties of the cream
influence the choice made by consumers. Greasy products may improve skin
hydration but are not cosmetically acceptable. The choice of oil phase can
dramatically alter tactile properties and is an important consideration in semi-solid

emulsion manufacture.

The oil phase plays an important part in dermatologicals as many drugs partition into
this and it acts as a reservoir once applied to the outer dermal layer. Its lipid
properties must suit the type of drug compound in order to allow even distribution

throughout the product but it must also allow the drug to escape the oil phase in order
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to penetrate the skin. Rieger (1986) summarises this in stating, “the key point is that
the drug must not be so soluble preferentially in the base that it prevents penetration

or transfer to the skin”.

Klein (1984) outlined the importance of adequate preservation to avoid bacterial
contamination. Microorganisms can alter emulsifier efficiency by liberating free fatty
acids and thus altering product pH. They can also alter the electrical properties of
emulsifying agents at the oil droplet interface and thus promote coalescence. In
addition some will attack natural products such as thickeners and alter hydration of
these barrier components. One should ensure that bacteria or fungi are not introduced
from the raw materials. Natural products, such as tragacanth, are particularly
susceptible to contamination and in addition quality is affected by the environment
these mainly plant derived materials are obtained from. Many are now chemically
modified or completely synthesised and natural products are less commonly used.
However synthetic products are not without their problems; products such as
cetostearyl alcohol can vary from batch to batch due to changes in the ratio of the
long chain alcohols used in their production. This can have a profound effect on the

structural quality of the viscoelastic networks which can affect stability.

Finally the formulator must have an awareness of packaging materials. Some plastic
packaging has the ability to leech preservative out of the product or alternatively may
lose plasticiser to the cream. The first case will promote bacterial contamination
whereas the latter could affect product viscosity and performance. The packaging
must be inert, protect the product from heat and light, it must prevent loss of the
water phase through evaporation and must be robust enough to stand handling and
transportation. The formulator thus has a crucial role in ensuring the product reaches
the end user in a state fit for its intended purpose. It must be able to withstand
environmental, mechanical, transportation and storage extremes and remain viable

for the longest possible time.
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1.5 Emulsion processing

The success or failure of many pharmaceuﬁcal or cosmetic emulsion preparations is
ultimately determined by the scaling up process from the laboratory bench to full
scale manufacturing. Bulk emulsion mixing is now a highly technical operation and
requires a fundamental knowledge of chemical engineering and an understanding of
how the base components behave under a range of processing conditions. Ideally the
finished product should closely resemble the laboratory derived emulsion, having
similar physical and organoleptic properties with an equivalent or even better shelf
life. Products are currently either manufactured using continuous or batch processing
methods. Continuous preparation is often economically favourable if the volume of
production is substantial, whereas if demand for products is seasonally affected or a
wide range of products are made at one manufacturing plant then batch processing

is the more usual option.

Due to the sophisticated nature of semi-solid emulsions and the reliance of their
stability on internal structuring, bulk production methods must be carefully controlled
to ensure product reproducibility and uniformity. All processing variables must be
carefully considered, such as rates and order of component addition, heating and
cooling rates, shear and stresses of mixing and pumping. In order to monitor the
production process and behaviour of emulsions both during and after manufacture,
regular testing of the products is necessary as part of quality control. Common tests
include evaluating the rheological properties, accelerated storage studies and
organoleptic testing (Billany, 1988). The production process ultimately influences the

end product and its performance.

Product mixing is used in the preparation of all types of emulsions, be they readily
pourable (e.g. lotions) or paste like in consistency. The mixing process is a complex
operation and is still relatively poorly understood, with the vast majority of

production design based on experience and not fundamental theory. Many workers
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have reviewed the semi-solid emulsion mixing process, (Sterbacek and Tausk 1965,
Holland and Chapman 1966, Nagata 1975 and Lin 1978) but it is a subject still open
to conjecture. In essence Parker (1964) summarises the process as the intermingling
of two or more dissimilar portions of material resulting in the attainment of a desired
level of uniformity in the final product. Any mixer used to produce an emulsion must
meet two basic requirements. Firstly, there must be sufficient turbulence or agitation
in order to ensure components are well mixed at the impeller head. Secondly the
impeller must be able to produce a suitable rate of movement within the bulk of the
material in order to ensure that all of the components pass through the area of highest
agitation. This ensures everything within the formula achieves the same processing

history and that the final product will be of uniform consistency.

Flow can be broken up into essentially two principle components. Firstly the
hydrodynamic process of laminar or streamline flow, in which liquid particles move
parallel to the direction of flow. Secondly turbulent flow in which particles move
both in streamline and erratic directions. The movement of the bulk through
turbulence significantly aids and assists the mixing process. The degree of turbulence
within a system is directly proportional to the speed of the mixing head used and is
radiated through the mass, which again has a major part to play in the mixing

process.

The figures below illustrate the various ways in which turbulence is generated within
the mixing vessel. The majority of turbulent movement is created where components
moving at a relatively low mean velocity meet components in the high velocity
regions. The principle example of this phenomena occurs at the impeller head of the
mixer. This is an area of extremely erratic movement whereas the bulk of the liquid

outside this region moves at relatively low velocity (see Figure 1.9).
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Chapter 1 Introduction

flow, those encouraging radial flow patterns and mixing heads or agitators providing
a mix of these types of flow. The most common example of an axial type agitator is
the simple marine type propeller, whereas the flat-bladed turbine head will create
radial flow. This is illustrated in Figure 1.14. It is also possible to alter the type of
mixing produced with the flat-blade by altering the pitch and thus producing axial

movement within the vessel.

Radial flow is desirable for two main reasons;

(a) it allows a good degree of mixing, by causing both lateral and vertical flow

currents within the tank.

(b) it also allows higher head speeds to be used and thus can be useful in the

formation of emulsion with a well dispersed internal phase.

Figure 1.15 schematically illustrates the radial flow patterns obtained with a flat
bladed mixing head. Flow within this realm was studied by Porcelli and Marr (1962),
who found the propeller caused the components to flow axially away from impeller
shaft and move vertically upwards before being drawn once again down towards the
mixing head. The flat bladed turbine will generally allow radial flow to occur, unless
as stated previously the pitch of the blades is altered. If vortex formation occurs
(Figure 1.13) air is dragged into the product and emulsion quality is generally poor.
This is common in cylindrical tanks and can be overcome by either putting baffles
into the mixing vessel (as in Figure 1.15) or by placing the mixer head in an off
centre position. Such measures are always taken unless the liquids concerned have
a viscosity in excess of 20000 PaS. Using baffles is the most common means of
avoiding vortex formation they perform this function by breaking up flow such that
the tangential force does not predominate. A tank may have any number from 2 to
8 in place, depending on vessel size, the nature of the components and the impeller

speed. Whichever system is used the process must not allow the creation of dead
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Chapter 1 Introduction

manner, for example where dead areas exist in the mixing vessel, case C is likely to
occur. Some areas of the emulsion will be ideal, but if the oil phase is made of
droplets of differing sizes, the surfactant system will be unevenly distributed
throughout. The result will mean a non-uniform gel phase will be formed, the product
will behave poorly when used and is likely to be unstable. The oil droplets of varying
sizes will have more mobility and thus will be able to flocculate and coalesce due to

the lack of good inter-droplet viscoelastic barriers.

1.8 Creams and their uses

The skin is the largest organ of the body and has a surface area of approximately 1.7
m?® to a depth of 3 - 5 mm and makes up 10% of total body weight. Its vital functions
include protection of the internal organs, prevention of dehydration and it allows
efficient thermoregulation. This complex outer layer is subject to constant physical,
chemical and microbiological attack and although efficient in coping with these, can
be subject to a wide range of problems. These may be minor, such as mild sunburn

or serious such as psoriasis which can engulf the entire body surface.

Treatment for skin problems ranges from the application of substances directly to the
dermal layer to the use of oral or even photo-radiation therapies. The latter therapies
can cause systemic or topical damage and it is more common to treat the skin directly
by applying drugs and other agents to problematic areas. This reduces the dose of
therapeutic agent required for treatment and consequently reduces the side effects the
patient experiences. Patients also require creams and ointments that are cosmetically

acceptable and it is the responsibility of the formulator to provide such products.

In addition the skin is now commonly used as a site for systemic delivery, with many
products such as non-steroidal gels and their application for joint inflammation or
sprains. Transdermal therapeutic systems are ideally used to deliver anti-emetic, anti-

smoking and hormone replacement compounds across the dermal barrier and are now
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as common as tablets for these conditions. Again reduced side effects and ease of use

improve patient use of these products.

Condition Cream system used
Dry Skin, Emollients:
Ichthyosis Aqueous Creams

Urea creams

Barrier creams Dimethicone based creams
Bed sores, nappy rash

Irritation, Calamine products
Pruritus Crotamiton cream
Mild Steroids, Hydrocortisone

Eczema Emollients products

Steroidal based products
Mild:Hydrocortisone

Moderate: Betamethasone Valerate
Potent:Clobetasol propionate

Coal Tar preps

Psoriasis Dithranol

Coal Tar Solutions
Salicylic acid
Calcipitriol
Retinoids

Acne Benzoyl peroxide cream
Anti-bacterials
Retinoids

Antibacterial Topical Antibiotic, Neomycin, Silver
sulphadiazine

Antifungal Imidazoles, Miconazole, clotrimazole

Antiviral Cold Sores Acyclovir, Zovirax
Warts Salicylic Acid

Minor Abrasions Cetrimide, Heparinoids

Table 1.3 Skin complaints and cream formulations used in their treatment

There are a wide range of formulations available, from viscous emollients such as
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those in the treatment of psoriasis, to cooling lotions produced for cosmetic purposes.
Among the most popular skin formulations available is the cream, which falls into
the category of semi-solid emulsion. They are widely used for several reasons; they
are easy to apply, tend to be non greasy, are compatible with a wide range of drugs
and additionally are relatively cheap to produce. The production of large batches in
high capacity manufacturing units coupled with their high water content (in the
region of 70% w/w) reduce both the processing and ingredient costs involved. Table
1.3 lists some of the pharmaceutical agents that are employed in creams for the

treatment of the conditions shown.
1.9 Aims of the present study

Semi-solid emulsion systems or creams are of fundamental importance both to the
pharmaceutical and cosmetic industries. Drug or compound delivery to the skin is
widely used and products of this nature merit a scientific research effort in order to
optimise and improve these systems. The complex nature of these products is
relatively poorly understood and strategies to improve this are needed. Many
techniques employed in the research and development of semi-solid emulsions are
destructive and may alter the behaviour of the products in relation to their
performance at ambient conditions. Techniques such as thermogravimetry involve the
application of heat which tends to disrupt structure and alter product rheology.
Rheometric techniques often apply forces in excess of that experienced in everyday
use. Particle size analysis and microscopy are techniques which may require sample

dilution in order to be effective.

Cream microstructure is extremely delicate and is influenced by many environmental
factors (temperature, bacteria etc). Ideally testing should be as non-invasive as
possible, and should be applied to samples when they are in their normal usage state.
This present study has employed low frequency dielectric spectroscopy, which is non-

invasive, needs no additional sample preparation and is carried out at room
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temperature in order to elucidate some of the factors that affect the development of
microstructure within the creams under investigation. The overall goal was to explore
the potential usefulness of low frequency dielectric spectroscopy as a means of
characterising semi-solid emulsions and ternary systems in order to examine the
extent of complex structuring in these test materials. In addition the rheological and
optical microscopy work has also been carried out on unaltered samples in order to
compare the results with the dielectric spectroscopy. The results should therefore
reflect real system behaviour and illustrate the applicability of low frequency

dielectric spectroscopy in cream microstructural evaluation.
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Chapter 2 Materials and Methods

2.1 Introduction

The ingredient choice and production methods employed has a profound influence
on the resultant emulsion produced. In view of this, criteria were laid down as to the
systems that should initially be analysed by low frequency dielectric spectroscopy.
Many of the modern preparations available contain a large number of ingredients in
addition to the water and surfactants. These may include thickeners, co-emulsifiers,
pH stabilisers, preservatives and antioxidants; these are required to promote long
term stability. In developing a new technique for the evaluation of these systems, it
was important to choose test emulsions with a minimum number of components that
would produce structured final products. This would then enable the results of
analysis to be interpreted in terms of structuring rather than the contribution of

numerous components within that system.

The emulsion production method was designed to be flexible and capable of creating
a range of mixing conditions. The system which will be looked at in depth later in
this chapter allowed a variety of mixers to be employed, while conditions of heating,
cooling and phase addition and mixing times were constant for any particular range
of systems. This was employed so that a range of semi-solid emulsions would be

produced of different quality and with varying degrees of microstructural formation.

2.2 Materials

The materials used were chosen on the basis of their ability to produce structured
emulsions. The present study initially concentrated on ionic emulsions based on
sodium lauryl sulphate and cetostearyl alcohol. Non-ionic emulsions were then
produced containing cetomacrogol 1000 and cetostearyl alcohol. Finally ternary
systems or “skeleton” emulsions based on the above semi-solids were examined. All
materials used were British Pharmacopoeia grade. The reader is referred to the BP

(1988) for further information on the specifications of the individual components.

53



Chapter 2 Materials and Methods

2.2.1 Material specifications

Deionised water

This was obtained on an as needed basis from the Whatman deioniser unit situated
within the laboratory in The Department of Pharmaceutics, The School of Pharmacy.
Essentially the mains water passed through the deioniser unit to remove a large

quantity of the trace mineral content.

Sodium lauryl sulphate;

Sodium lauryl sulphate (SLS) is a mixture of sodium alkyl sulphates consisting
chiefly of sodium dodecyl sulphate, CH,.(CH,),, - OSO;-Na". It contains not less than
85.0 % of sodium alkyl sulphates, calculated as C,,H,;.NaO,S. The sodium lauryl
sulphate used in the present study was supplied by British Drug Houses Ltd., Poole,

_Dorset.

SLS is an anionic surfactant; it is used as a wetting agent and detergent and is the
principle surfactant in aqueous cream BP. Its appearance is white or pale yellow and
is produced as a powder or crystals with a slight characteristic odour. In terms of
solubility it is freely soluble in water and forms an opalescent solution. It is partially

soluble in ethanol.

Cetomacrogol 1000;

This was supplied by Unilever Research, Port Sunlight, Wirral. Cetomacrogol 1000
is prepared by condensing cetyl or cetostearyl alcohol with ethylene oxide under
controlled conditions. It is represented by the following formula;

CH,.(CH,),,.(0.CH,.CH,),.OH, where m is 15 or 17 and n is 20 to 24.
Cetomacrogol 1000 is a non-ionic emulsifying agent used in the production of creams
which are stable over a wide pH range. It is also used to disperse volatile oils in water

to produce sols. It is an almost odourless cream- coloured waxy unctuous mass and
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melts at approximately 38°C to form a clear brownish yellow liquid. It is soluble in

water, alcohol and acetone and insoluble in light petroleum.

Cetostearyl alcohol;

This was supplied by Unilever Research Port Sunlight, Wirral. Cetostearyl alcohol
is a mixture of solid aliphatic alcohols and consists chiefly of stearyl alcohol
CH;.(CH,),,.CH,0H (50-70%) and cetyl alcohol CH,.(CH,),,.CH,OH (20-35%) with
small amounts of other alcohols, mainly myristyl alcohol CH,.(CH,),,.CH,OH. 1t is
employed in conjunction with ionic and non-ionic surfactants to produce creams and
is stable over a wide pH range. Cetostearyl alcohol is white or cream coloured
unctuous mass, or is available as almost white flakes or granules and has a faint
characteristic odour. Its melting range is 45 - 53°C and it forms a clear colourless or
pale yellow liquid. It is insoluble in water, soluble in ether and slightly soluble in

alcohol and light petroleum.

White soft paraffin;

This was supplied by Unilever Research Port Sunlight, Wirral. White soft paraffin
is a semi-solid mixture of hydrocarbons obtained from petroleum and bleached. It is
used as a basis of ointments, easily removed dressings, as a barrier to moisture and
in many creams. It is a white, translucent and soft unctuous mass which melts
between 38 - 56°C. It retains its character on storage and is odourless. It is practically

insoluble in water and ethanol, but is soluble in chloroform, ether and petroleum.

Liquid paraffin,

This was supplied by Unilever Research Port Sunlight, Wirral. Liquid paraffin is
obtained from petroleum by distillation and is a mixture of saturated liquid
hydrocarbons. It may contain 10 parts per million of tocopherol or butylated
hydroxytoluene. It is purified by acid washing and filtered through activated charcoal.
It is widely employed in many skin products and is also used in some laxative

products. Liquid paraffin is a transparent, colourless, oily and odourless liquid. It is

55



Chapter 2 Materials and Methods

practically insoluble in water, sparingly soluble in ethanol, soluble in ether,

chloroform and hydrocarbons.

Chlorocresol;

The chlorocresol used in the present study was supplied by British Drug Houses Ltd.,
Poole, Dorset. Chlorocresol is 4-chloro-3-methylphenol and is soluble at 20°C in 260
parts of water and in less than 1 part of alcohol. It is soluble in ether, terpenes, in

fixed oils and solutions of alkali hydroxides.

Chlorocresol is a powerful bactericide and fungicide, with low toxicity and is active
in both acidic and alkaline conditions. It is used as a preservative in creams and other

external preparations.

Phenoxyethanol;
Phenoxyethanol is 2 phenoxyethanol and was supplied by British Drug Houses Ltd.,
Poole, Dorset for the present study. It is soluble in 43 parts water at 20°C, in 50 parts

arachis or olive oil. It is miscible with alcohol, with acetone and glycerol.

Phenoxyethanol has an antibacterial spectrum of activity particularly against gram
negative organisms. It is often used in external preparations and is more commonly

used in combination with other biocides for this purpose.

2.2.2 Emulsifying waxes and ointments

Many creams are made in a series of steps, the first of which is the preparation of the
emulsifying system which is often produced as a wax. This was discussed in Chapter
1 of the present study and this approach was employed throughout. The emulsifying
systems chosen were taken from the BP (1988) and were prepared using the same
formula and in the same manner. The emulsifying systems used were emulsifying

wax BP and cetomacrogol emulsifying wax BP. The former contains the anionic
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surfactant sodium lauryl sulphate and the latter the non-ionic surfactant cetomacrogol
1000. The production of the two waxes and their related ointments will be considered
in turn. In all cases purified water was added and a calibrated Radio Spares digital

thermometer was used to monitor the temperature.

Emulsifying wax BP;

Formula:

Cetostearyl alcohol 90g
Sodium lauryl sulphate 10g
Purified water 4ml

The preparation conditions for emulsifying wax were as follows. The cetostearyl
alcohol was melted and heated to 95°C. The sodium lauryl sulphate was then mixed
into this with the aid of a mechanical stirrer and finally the purified water was added.
The molten mixture was then heated to 115°C and was vigorously stirred again /
mechanically (Heidolph RXR 50, set at 300 rpm) and mixing continued until the

product was translucent.

The resultant molten liquid was then plunged into ice and a wax subsequently formed
on cooling. The resultant wax is an almost white or pale yellow waxy solid which is
relatively easily broken up into flakes. It is insoluble in water and partly soluble in /

ethanol (96%).
Once the wax has been prepared, the oil phase is added to produce an ointment. In

both cases white soft paraffin and liquid paraffin are added to produce in effect an

emulsion concentrate.
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Emulsifying ointment BP;
Formula:

Emulsifying wax 300g
White soft paraffin 500g
Liquid paraffin 200g

The preparation conditions employed to produce emulsifying ointment were as
follows. Once the emulsifying wax had cooled and solidified it was ready for use. For
the sake of standardisation any waxes produced were prepared 24 hours before use
and stored in a dark place at room temperature in an airtight container. A fresh batch
was made for each batch of emulsifying ointment. The wax and the paraffin were
then melted together (heated to 70°C) to form a clear liquid which was stirred until
cold. A simple mechanical stirrer (Heidolph RXR 50) set at 300 revolutions per

minute (rpm) was used to achieve this.

Cetomacrogol Emulsifying Wax BP;

Formula:
Cetostearyl alcohol 800g
Cetomacrogol 200g

Preparation of cetomacrogol emulsifying was carried out using the following method.
The components were placed in a suitable vessel and heated to 70°C to ensure
complete melting and then finally stirred until cool. Again a simple mechanical stirrer
(Heidolph RXR 50) was employed at 300 rpm to achieve this. A white or almost
white waxy solid is produced, which melts to a clear colourless liquid. It has a faint
odour characteristic of cetostearyl alcohol. Once the wax has cooled it is ready for
use. Again in this present study it was stored in a dark place at room temperature in

an airtight container, for 24 hours prior to use.
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Cetomacrogol emulsifying ointment BP;
Formula:

White soft paraffin 500g
Cetomacrogol emulsifying wax 300g
Liquid paraffin 200g

Cetomacrogol emulsifying ointment is made from cetomacrogol emulsifying wax as
follows. The wax and the paraffins were then melted together to form a clear liquid
and were stirred to room temperature to form the ointment using a simple mechanical
stirrer (Heidolph RXR 50) at 300 rpm. Again the ointment was stored in an airtight

container at room temperature out of light.

2.2.3 The emulsion systems

The preparation of these systems will be dealt with in detail later in this chapter. This
section outlines the formulae of the finished ionic and non-ionic emulsions produced.
The ionic system Aqueous Cream BP is essentially emulsifying ointment to which
water is added and the non-ionic Cetomacrogol Cream BP is made up of
cetomacrogol emulsifying ointment with water added. Both systems are preserved

in order to prevent microbiological spoilage except where indicated.

Aqueous cream BP;

Formula:

Emulsifying ointment 300g
~ Phenoxyethanol (preservative) 10g

Purified water 690g

The phenoxyethanol is added to the purified water and dissolved with the aid of
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gentle heating. A second formulation without preservative was also produced in the

preliminary stages of the present study.

Cetomacrogol cream BP (Formula A);

Formula:

Cetomacrogol emulsifying ointment 300g
Chlorocresol (preservative) lg
Purified water to 1000g

The chlorocresol is added to the aqueous phase and is dissolved with the aid of gentle
heating. The processing and production of the finished creams will be dealt with in

a later section.

2.2.4 The ternary systems

Ternary systems are model emulsions which lack one of the two principle phases. In
the case of this present study the oil phase was removed, the rational for this being
to observe the swelling and structuring behaviour of the emulsifying agents
within water. Again the preparation of these will be discussed in the production

section of this chapter.

Initially the ternary systems examined were based on the non-ionic surfactant
cetomacrogol 1000 and cetostearyl alcohol. The latter agent, as discussed in the
previous chapter, exhibits profound swelling behaviour in conjunction with
surfactants and water. Thus a range of ternary systems with increasing amounts of
cetostearyl alcohol were produced. The surface active agent concentration for both
systems was chosen on the basis of previous dielectric analysis of cationic emulsion
systems (Rowe et al, 1988) and to produce a range of systems from solution to gel

like by varying the long chain alcohol concentration in order to assess the effect of
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this on the response measured. The formulae for these ternary systems are shown in
Table 2.1 and 2.2 below. Additionally ionic ternary systems based on sodium lauryl
sulphate and cetostearyl alcohol were produced to follow up the studies on the
finished emulsions which also contained these emulsifying agents. The ingredients

and concentrations used are shown in Tables 2.3 and 2.4.

Table 2.1 Non-ionic ternary systems based on cetomacrogol 1%

Ternary Al A2 A3 A4 A5 A6 A7
System
Cetostearyl
Alcohol Conc. | 0.25% | 0.5% 1% 2% 4% 6% 8%
Cetomacrogol
Conc. 1% 1% 1% 1% 1% 1% 1%

Water to 100% | 100% | 100% | 100% | 100% | 100% | 100%

Table 2.2 Non-ionic ternary systems based on cetomacrogol 2%

Ternary B1 B2 B3 B4 BS5 B6 B7
System

Cetostearyl
Alcohol Conc. | 0.25% | 0.5% 1% 2% 4% 6% 8%
Cetomacrogol

Conc. 2% 2% 2% 2% 2% 2% 2%

Water to 100% | 100% | 100% | 100% | 100% | 100% | 100%

Table 2.3 Ionic ternary systems with Sodium Lauryl Sulphate 0.5%

Ternary C1 C2 C3 C4 C5 Cé C7
System

Cetostearyl
Alcohol Conc. | 0.25% | 0.5% 1% 2% 4% 6% 8%

Sodium Lauryl
Sulphate Conc. | 0.5% | 0.5% | 0.5% | 0.5% | 0.5% | 0.5% | 0.5%

Water to 100% { 100% | 100% | 100% | 100% | 100% | 100%
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Table 2.4 Ionic ternary systems with Sodium Lauryl Sulphate 1%
Ternary System | Dl D2 D3 D4 D5 D6 D7

Cetostearyl
Alcohol Conc. | 0.25% | 0.5% | 1% 2% 4% 6% 8%

Sodium Lauryl
Sulphate Conc. 1% 1% 1% 1% 1% 1% 1%

Water to 100% | 100% | 100% | 100% | 100% | 100% | 100%

2.2.5 Rationale for ingredient choice

The ingredients used in the study formulations were chosen on the basis of previous
work which looked at the rheological, microscopic or electrical behaviour of such
materials. The choice of materials for the finished emulsions was based on the current
official formula for anionic and non-ionic emulsion systems. As several investigators
have looked at these formulas or variations of them as simple models of semi-solid
behaviour the results were interpreted in light of the previous research, particularly

in terms of their viscoelastic properties.

The ternary systems were produced to cover a wide range of concentrations of
cetostearyl alcohol in order to gauge the effect of altering the ratio of this to a fixed
concentration of surfactant (1% and 2% cetomacrogol systems A and B, and 0.5%
and 1% sodium lauryl sulphate systems C and D). Within this concentration range
it was deemed necessary to include a ratio of emulsifying agents that was comparable
to that used in the finished emulsion systems. These ratios are given in Table 2.5
which shows the range is covered by the ternary systems. In addition the ternary
systems were produced in order to compare with the findings of cationic systems
based on cetrimide and cetostearyl alcohol (Rowe et al, 1988) which were analysed

by electron microscopy and low frequency dielectric spectroscopy.
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Table 2.5 Relative concentration of emulsifying agents in test systems

Concentration of Concentration of
Formulation Surfactant (% w/w) Cetostearyl alcohol
(% wiw)
Aqueous Cream 0.9 8.1
Ionic ternary systems 05-1 025-8
Cetomacrogol Cream 1.8 7.2
Non-ionic ternary 1-2 025-8
systems

2.3 Processing and production of systems

The production techniques used to make the emulsion systems in the first stages of
the present study were as follows. The first complete emulsion to be made was
produced by the BP (1988) method and was entirely mixed by hand. This was
obviously a non-ideal method and the amount of energy put into the system was
related to the operator and the energy input would vary throughout the mixing
process. A batch of emulsion weighing 1kg takes approximately six hours to cool to
room temperature and mixing by hand for this length of time is both laborious and
tiring. The product was thus stirred intermittently until it reached ambient
temperature. The quality of the emulsion will also be affected by hand stirring as
"dead” areas are often present in the bulk and thus inadequate energy input leads to
component separation on cooling. The result is an emulsion with variable

organoleptic properties which is likely to crack in a relatively short space of time.

In addition to a variable speed in mixing, the early systems were produced in large
stainless steel mixing pans which were heated on an electrical mantle. This was also
a poor technique as the components of the emulsion were likely to be overheated
when in contact with the bottom of the mixing pan, while at the top of the mixture

the temperature was considerably lower, particularly as it was in open contact with

63



Chapter 2 Materials and Methods

the air. Uniform heating through thermal diffusion was unlikely and the inadequate

mixing process did not guarantee heat transfer throughout an entire batch.

It was thus part of the brief of this present study to develop a production system that
could give uniform conditions to every system produced. The parameters for making
a consistent product were as follows. The system had to be capable of producing
emulsions in which all the components presented went through the same processing
history. This included the same mechanical agitation for any given batch of emulsion

and an even heating and cooling history.

Initially the stirring problem was removed by introducing a simple variable speed
mechanical mixer. The machine used was a Heidolph RXR 50 stirrer with a twin flat
bladed stirring rod. The speed of this machine could range from 0 - 2000 rpm and
was calibrated for this purpose by stroboscope. This removed the problem of hand
stirring products to room temperature and ensured bulk mixing was a uniform
operation. Simple mechanical stirring is a poor method of breaking up the internal
phase and this is necessary to ensure uniform dispersion of the emulsion components.
It was therefore necessary to introduce a mixing method that would allow this. A high
shear Silverson mixer was obtained and was used to produce well dispersed
emulsions. Although this had a variable speed capability calibration proved difficult

and thus the mixer was set on its minimum setting.

The creams were still prepared in an open stainless steel pan heated on a mantle and
thus thermal problems still existed. In addition both simple stirrers and high shear
mixers can cause vortex formation and in the mixing vessel employed this created the
problem of air being pulled into the product. This could be minimised by using a low
shear mechanical stirrer set at 300 rpm or by immersing the Silverson mixing head

under the surface of the emulsion, but an open pan mixing method was not ideal.

Phase addition was also a problem with one phase being heated in the pan and
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was achieved by placing a 2 litre thermal glass beaker in a 3 litre glass beaker and
annealing these closed at the top. A glass inlet and outlet were fitted to allow water
to be circulated through the system. The dimensions of the mixing vessel used were
20 cm (internal vessel height) by 11.5 cm (internal vessel diameter) and 22.5 cm
(external vessel height) by 16.5cm (external diameter). The dimensions are shown

in Figure 2.2 and the insulating lid for this vessel is illustrated in Figure 2.3.

A Gallenkamp water circulator with a controllable temperature range of 20 - 90°C
was used to heat the contents enclosed within the water jacket. This system improved
thermal diffusion which was dissipated all around the system being processed. The
system also had a insulating clear perspex 3cm thick lid with access holes for a
mixing head, a second phase addition pipe and a digital thermometer. This reduced
heat loss and improved heat transfer. The mixing vessel could contain an emulsion

batch of 1kg, and this was the standard batch size used throughout the entire project.

In terms of mixing equipment, the simple mechanical stirrer, the Heidolph RXR 50,
remained as the variable speed bulk mixer. The problem of a high shear agitator was
overcome when a Heidolph Diax 600 homogeniser /disperser was obtained. This
mixer had a calibrated variable speed and could be set to mix at a range of speeds
(8500 - 24000 rpm). The mixing head fitted to this was suitable for batch sizes of
0.75 - 1.5 kg. The insulating lid on the mixing vessel was capable of taking both
types of mixer which allowed interchangeability. Thus the energy input into the

system could now be standardised.

The mixing vessel could be fitted with a three bladed baffling device and the purpose
of this was to promote turbulent mixing and to prevent the potential problem of
vortex formation during high speed bulk mixing (and air intake into the systems).
The baffle insert was designed and made to sit tightly into the mixing vessel. The
three blades were set pointing into the vessel and were attached to two circular collars

so the assembly could stand upright.
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