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Abstract

Stability is one of the key quality parameters of emulsion systems, which goes a long way in predicting the shelf
life of emulsion products. In this study, the effect of dispersed phase (oil) viscosity on emulsion stability was
investigated by preparing oil-in-water emulsion samples of varying linseed and vegetable oil viscosities between
0.022 Pa.s and 4.00 Pa.s. The destabilization characteristics of emulsions prepared emulsions were followed by
monitoring changes in droplet sizes and distribution as the emulsions aged. The ageing of the emulsions was
accelerated by subjecting the samples to freeze-thaw tests. Polysorbate20 (Tween 20) surfactant was used as the
emulsifier and a Silverson L4R mixer was used to provide homogenisation at speed of 7000 rpm. The droplet
size analysis was done by laser diffraction. Results from the droplet size distribution analysis showed average

droplet sizes increased as the dispersed phase viscosity of the emulsions increased.
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1. Introduction

Emulsions are thermodynamically unstable and with time they tend to break down and separate into their
constituent liquids. One of the most important quality requirements for emulsions is for it to be able to remain
stable for the engineered time frame. There are instances, however, where emulsions are engineered to be
unstable [1], but this research focuses on stable emulsions. To reduce the rate of instability emulsifiers are
normally added to the formulation, they provide stability in emulsions primarily by reducing the interfacial
tension at the oil-water interface. The surface tension of water or the interfacial tension between the oil and
water can be reduced as much as 50% by adding as little as 0.1% of a surfactant [2]. When the surface or
interfacial tension is lowered the oil (dispersed phase) and water (continuous phase) droplets tend to remain

homogenous for relatively longer periods, basically resulting in higher stability for the emulsions.

Emulsifiers that are more soluble in the aqueous phase tend to produce oil-in-water (O/W) emulsions while
those more soluble in the oil phase tend to produce water-in oil (W/O) emulsions. This basis of emulsion type

determination was put forward by Bancroft and is commonly known as Brancroft’s rule [3].

Several mechanisms have been known to be responsible for the instability of emulsions; these include creaming,
flocculation, coalescence, phase inversion and Ostwald ripening [4]. During normal storage of emulsions, a
variety of chemical, and microbiological stresses, in addition to temperature, will also cause the destabilization
of the emulsion over time, however such mechanisms would not be considered in this research. Most of these

mechanisms are controlled in industries by using additives such as emulsifiers (surfactants).

Numerous studies have been carried out to investigate the effect of droplet size distribution on emulsions
stability; it was found in most cases, emulsions with smaller droplet sizes tend to be more stable than those with
larger droplet sizes [5-8]. The use of particle size reduction methods to improve stability involves in most cases
the use of more energy for mixing or homogenization. With the ever increasing cost of energy it would be
worthwhile to look into the effect of other parameters that might affect the droplet size distribution and

consequently the stability of the emulsions.

Most of the work done on emulsion stability is derived from the Stokes Law;

v=21"(p-po) g/ [9]

(where, v is the creaming or settling rate as the case may be, r represents the radius of the droplet radius, p the
density of the droplet, p, the density of the continuous phase, 1 the viscosity of the continuous phase and g the
local acceleration due to gravity) which considers densities of the dispersed and continuous phases, the droplet
size of the dispersed phase and the viscosity of the continuous phase, which all affect the destabilization rate of
emulsion systems. This study would however, look into the effects of dispersed phase viscosity on the droplet
sizes and distribution of emulsions by using emulsions prepared with oils of different viscosities and then
measuring the size distributions after subjecting the emulsion samples to standardized test conditions over a
period of time. The choice of emulsification and droplet size analysis techniques adopted in this study were

made out of the techniques widely used in industries.
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The rotor-stator homogenizers are mostly used in the food, pharmaceutical, cosmetic and petrochemical
industries [10]. They come in different sizes; ranging from small hand held types to very large industrial scales.
The rotor is housed concentrically inside the stator, some authors refer to the rotor and stator assembly as the

mixing head, and some however, refer to the stator as the head [11].

It might seem straight forward to run the rotor-stator at its maximum speed this is however not the case, most
operators do not run their machines at its maximum speed for fear of over working it and thus reduce its
efficiency and ultimately damaging it. As long as the power draw is within the machine’s range, running at the
maximum speed is desirable. Droplets breakage normally increases with speed of rotor-stators and residence
time until an equilibrium size distribution is reached. When the rotor-stator is operated at certain speeds, a
corresponding equilibrium size distribution is attained by the emulsions. When the speed is changed, again a
different equilibrium size distribution would be attained. The best possible speed setting for the rotor-stator

would be at its maximum; as this would give the optimal size reduction possible with the equipment [12].

1.1. Emulsion stability tests

One of the most important parameters used in observing emulsion stability is changes in the droplet size
distribution and concentrations, which are measured as a function of storage time at specified temperatures [13,
14]. Other bulk properties of the emulsion such as rheology and colour etc could be measured as a function of
time to determine stability of emulsions; however, interpreting such properties to obtain meaningful information

about changes happening at the colloidal level is much more difficult.

Stability tests are often time consuming and a vast amount of research have been carried out to find alternative
ways of measuring the stability of emulsions. In one of such studies, particularly in the cosmetic industries,
methods were developed to reduce the time for such tests to just about 24 hrs [15]. A number of methods have
been developed to accelerate these tests, one of such tests is the freeze-thaw cycle. Freeze-thaw has been widely
used as an accelerated test to determine emulsion stability [9]. The emulsion sample is stored at -10°C for 24
hours and then stored at ambient, this constitute a cycle. The procedure continues between 2 to 5 cycles,

depending on the end application of the emulsion.

Table 1 lists some of the common stability test used by industries and their time frame.

Salt titration is another method of testing emulsion stability; the emulsion is titrated until it separates. The
amount of salt solution titrated can be used to estimate emulsion stability. The use of Turbiscan is another way

of determining emulsion stability, which over the years is gaining more ground [9].
1.2. Interpreting droplet size distribution results
The results from droplet size analysis are reported in a number of ways these are internationally recognized,
i. D(v, 0.5): This is the size in microns at which 50% of the sample is larger smaller and 50% is larger. It is

sometimes referred to as the Mass Median Diameter (MMD) or the median of the distribution.
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ii.D(v, 0.1): This is the size of the droplet below which 10% of the sample lies

iii. D(v, 0.9): This is the size of the droplets below which 90% of the sample lies.

iv. DJ4, 3]: This is the volume weighted mean or mass moment mean diameter.

v. D[3, 2]: This is the surface weighted mean, sometime referred to as the surface area moment mean

diameter or Sauter mean.

The v in some of the expression shows that they are volume distribution. This can be replaced by s, for surface
or 1, for length depending on the choice of distribution one intends to make measurements. VVolume distributions

are in most cases used for reporting size distributions [16].

Table 1: Emulsion Stability Tests and Duration

Conditions of storage Period of storage

Ambient temperature 25°C for about 3 years or the projected shelf-life of the

emulsion product

Elevated temperature 37°C for about 6 months and 450C for 3 months
Refrigeration Approximately 4°C for 3 months

Freeze/thaw cycles Approximately -10°C to ambient

Cycling chamber 4°C to 450c in 48 hours for 1 month

Light exposure 1 month exposure to north-facing day light or light cabinet

2. Materials and Method

2.1 Materials

Materials used in the experiments include; refined and boiled linseed oils of 0.022 and 4.00 Pa.s at 25°C
respectively, vegetable oil of viscosity 0.036 Pa.s also at 25°C, polysorbate 20 (Tween 20), distilled and

deionised water.

2.2 Emulsion preparation

Refined and boiled linseed oils supplied by Hampshire Commodities limited, UK of viscosities of 0.022 and
4.00 Pa.s respectively were first blended by weight in ratios of 1.9, 2:8, 3:7, 4:6 and so on. The viscosities of
the blended oils were measured using a Bohlin high resolution C-VOR rheometer at 25°C. Linseed oil was
chosen due to the fact that different grades of linseed oils are available and could be easily blended to get a wide

range of oils with similar chemical properties but with different viscosities.
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Blended oils of viscosities 0.022, 0.050, 0.134, 0.358, 1.240 and 4.000 Pa.s were then chosen to make O/W
emulsion samples with formulations of 15 wt.% oils and 0.5 wt.% polysorbate solution in distilled water. The
polysorbate solution was then added to the oils. Adding water to oil involves phase inversion and has been
shown to produce emulsions of smaller drop size than when oil is added to water [17]. Polysorbate 20 was

chosen due to its having a HLB number of 16.7 making it suitable for preparing O/W emulsions [18].

A Silverson L4R mixer was used to homogenize the samples at 7000 rmp making 6 samples. The duration for
homogenization for all the samples was 10 minutes. The samples homogenized were labelled Al, A2, A3, A4,
A5 and A6 indicating corresponding to the dispersed phases (oil) viscosities of 0.022, 0.050, 0.134, 0.358, 1.240
and 4.000 Pa.s respectively.

In order to validate the findings of this study, an emulsion samples was prepared using vegetable oil of viscosity
0.036 Pa.s measured at 25°C using the same formulation as those prepared using linseed. The sample was also

homogenized at 7000 rpm and labelled D1.

2.3.  Droplet size distribution measurements

The droplet size distributions for all the emulsion samples prepared were measured with a Malvern Mastersizer
2000 laser diffraction machine. To measure the droplet size distributions for the emulsion samples standard
operating procedures (SOP) was generated. The information required to generate the SOP include the density
and refractive index of the dispersed and continuous phases. The refractive index of water is well known to be
1.33, while that for the oils were measured at 25°C with the aid of a refractometer, giving refractive indexes
ranging from 1.4818 for the lowest viscosity oil to 1.4904 for the highest viscosity oil. In order to get accurate
results SOPs were prepared for all samples by measuring the refractive index of each of the blended linseed oils

as well as that of the vegetable oil.

Most errors in measuring droplet size using the Mastersizer is as a result of user errors which arise if wrong
parameters are entered, the lens is not properly cleaned or due to poor delivery of samples, for this reason the
lens must be kept as clean as possible. In this study, deionised water was used to clean the lens. For detailed

information refer to the Mastersizer manual [16].

2.4.  Stability tests

The freeze-thaw stability test was used to accelerate the rate of destabilization of all the emulsion samples. The
tests were carried out in 3 cycles; the first cycle involved the emulsions being stored at approximately -10°C for
24 hours (achieved with the aid of controlled refrigeration) and then exposing the emulsion samples to ambient
temperature for 24 hours, this constituted 1 cycle. At the end of each cycle the droplet size distributions were
measured with the Mastersizer 2000 as already described. The emulsions prepared with vegetable oil were also

subjected to the same conditions as those prepared with linseed oils.

2.5. Other tests carried out

260



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2016) Volume 25, No 2, pp 256-267

To determine the extent to which the surfactant reduced the surface tension in water, the surface tension of
0.5wWt% polysorbate solution was measured at 25°C with the aid of a Kruss K12 Tensiometer, the Du Nouy ring

measurement technique was adopted.

3. Results and Discussion

The droplet size distribution results from emulsions made with vegetable oil are included, with a view of
making comparisons with those obtained from emulsions prepared using linseed oils. This was done in order to
obtain a more generalized conclusion on the relationship, if any, that exists between the viscosity of the oils

(dispersed phase) used and their respective particle size distribution and hence emulsion stability.

3.1. Results of Blending High and Low Viscosity Linseed Qil

The results obtained from blending high and low viscosity linseed oils in different ratios are shown in table 2. A
graphical representation of the results is further shown in figure 1. The 0% of boiled linseed indicates a 100%
refined linseed oil, 10% boiled represents a 10% boiled and 90% refined and so on.

The results from the blending show an exponential increment in the viscosities as the amount of boiled (higher
viscosity) is increased. This could be used as a guide for blending linseed oils that fall within the range of the
oils used in this study.

3.2.  Droplet size distribution of emulsion samples

Figure 2 shows the results obtained from measuring the droplet size distributions of emulsions prepared at

maximum homogenizer speed of 7000 rpm.

Table 2: Blending of High and Low Viscosities of Linseed Oil

% of Blended Linseed Oil  Viscosity (Pa.s)

0 0.022
10 0.029
20 0.050
30 0.087
40 0.134
50 0.250
60 0.358
70 0.665
80 1.240
90 2.145
100 4.000
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Figure 2 also shows that emulsion sample with the lower dispersed phase viscosities have narrower size
distribution, as opposed to those with higher viscosities. An interesting point worth noting is the size distribution

of the emulsion formulated with vegetable oil; it follows a similar pattern to the emulsions formulated with

linseed oil.
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Figure 1: Graphical representation of blending boiled and refined linseed oils.
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Figure 2: Droplet size distribution of emulsion samples homogenised at 7000 rpm

Information extracted from the droplet size distribution obtained from analyzing the emulsion samples are
presented in table 3, samples Al to A6 represents the emulsions produced with linseed oils, while D1 represent
the emulsion produced with vegetable oil. The average size of the droplets is reported in terms of the volume

weighted mean or mass mean diameter D[4, 3].

From table 2 and figure 3, it can be seen that there is a marked difference between the average droplet sizes in
the emulsion sample prepared with the lowest oil viscosity and that prepared with the highest oil viscosity even

though the homogenization speeds are the same for all the samples. An increase of about 133% in the average
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droplet size as the oil viscosity goes from 0.022 Pa.s to 4.000 Pa.s is quite substantial. It had been gathered from
literature that the initial state of an emulsion would have a bearing on its destabilization rate. The average
droplet size was used in this study as a measure of the initial state and was followed as the emulsion aged,

accelerating the destabilization process via the freeze-thaw method.

Table 3: Volume Weighted Mean Diameters of Emulsions Homogenised at 7000 rpm

Sample Viscosity of Dispersed Phase (Pa.s) D[4, 3] (um)
Al 0.022 10.303
D1 0.034 11.365
A2 0.050 11.422
A3 0.134 13.701
A4 0.358 17.348
A5 1.240 22.885
A6 4.000 23.986

Graphical representation of the variation of droplet size distribution with dispersed phase viscosity is shown in

figure 3.
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Figure 3: Variation of emulsions average droplet sizes with dispersed phase viscosities at 7000 rpm

3.3.  Variation of Droplet Size Distribution for the Emulsions Homogenised at 7000 rpm after Freeze-Thaw
Cycles

The emulsions having being subjected to freeze-thaw cycle showed changes in their droplet size distributions.
Figures 4 and 5 shows the droplet size distribution measured after all the emulsion samples had been subjected
to 2 freeze-thaw cycles.

The results obtained from the droplet size analysis showed emulsion samples which were prepared with lower
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dispersed phase viscosity with initial smaller droplets corresponding to lower dispersed phase viscosity,
destabilized after the first freeze-thaw cycle at a slower rate than the emulsions with higher dispersed phase
viscosity. This judgement was based on the average droplet sizes of the emulsions as well as the width of the

distributions.
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Figure 4: Size distribution of emulsions homogenized at 7000rpm, after first freeze-thaw cycle

The second freeze-thaw cycle produced similar results as the first in terms of the destabilization pattern; this is

shown in figure 5.
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Figure 5: Size distribution of emulsions homogenised at 7000rpm, after second freeze-thaw cycle

Data extracted from the droplet size analysis are presented in table 4, again in terms of average weighted mean

diameters D[4, 3].

The results obtained so far tends to suggest that the viscosity of the dispersed phase affects the initial droplet
size distribution, which in turn affects the rate of destabilization based on the increase in average sizes of the

droplets as shown in table 4 and figure 6. Lower viscosity emulsions produced lower droplet size distribution,
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and in turn lower destabilization rates as seen for both linseed and vegetable oil emulsions.

Table 4: Mean diameters of emulsion droplets homogenised at 7000 rpm after freeze-thaw cycles

Sample Viscosity of Dispersed D[4, 3] (um) D[4, 3] After First D[4, 3] After Second
Phase (Pa.s) Cycle (um) Cycle (um)
Al 0.022 10.303 56.099 75.136
D1 0.034 11.365 73.815 92.597
A2 0.050 11.422 66.865 92.299
A3 0.134 13.701 71.643 114.821
A4 0.358 17.348 87.248 131.003
A5 1.240 22.8851 101.326 156.148
A6 4.000 23.986 203.128 255.862

The variation in droplet size distribution as the emulsion ages is further represented in figure 6.
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Figure 6: Variation of dispersed phase viscosity with mean diameter after freeze-thaw cycles at homogenization

speed of 7000 rpm.
3.4. Effect of Surfactant Concentration on Surface Tension

From literature [2, 5, 6] is had been established that surfactants enhance stability by reducing the surface tension
of the aqueous phase. The results from surface tension measurement carried out on 0.5% polysorbate solution at
25°C showed a decrease of about 57% in the surface tension of water; that is from about 0.072 N/m to about
0.031N/m. Since the same formulation was used in all cases, the emulsion samples would experience almost the

same reduction of surface and interfacial tensions

4, Conclusions drawn from study
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The results of the droplets size distribution analysis carried out on all the emulsion samples have shown that not
only does homogenization energy affect the average drop sizes, but also the viscosity of the dispersed phase
(oils). The viscosity of the dispersed phases on the other hand, showed a direct relationship with droplet sizes;
the smaller the dispersed phase viscosity the smaller the average droplet sizes for all emulsion samples used in

this study.

This study also showed that emulsions with smaller droplet sizes at the time of production are relatively more
stable than those with larger droplets also at the time of production. This conclusion drawn from the fact that all
the emulsions were subjected to the same conditions during production and during the stability tests. It should
be remembered that the stability criteria used in this study was the rate of change (increase) in droplet sizes of

the emulsions as they aged, which were measured at the time of production and during the test period.

It is well known that industries are continually seeking to cut down their energy consumption, given the fact that
energy prices are on the increase and to some extent unpredictable. Emulsification using mixers or
homogenizers is energy intensive and this study has shown within its limits, one way of using less energy would
be to use, where possible oils of low viscosities rather than high viscosities, as the droplet sizes are smaller and

the emulsions prepared with them are more stable than those prepared with high viscosities.

5. Recommendations for further studies

There are certain areas that could be explored in the future, one of such could be using different emulsification
methods and to determine if the methods chosen have any effect on the rate of destabilization of the emulsions.
It also would be interesting to try developing mathematical models that would be used to predict the stability or

otherwise of prepared emulsions.
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