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Abstract - In this work, the effect of surfactant 

content, water content, HLB value, alcohol content, 
salinity, emulsion volume and mixing properties on 
water in paraffin emulsion stability was studied. 
Emulsion stability was determined by the extent of 
water and oil resolved after 30 days. After finishing 
the variables scans, the most appropriate formula-
tion conditions were established, and a formulation 
protocol was defined. Emulsion density and appar-
ent viscosity were measured, and viscosity was mod-
eled by the Power Law.  
Keywords: Stability, Span 80, Arkopal N40, vis-

cosity. 

I. INTRODUCTION 
In Venezuela there are more than 11,000 lagoons of 
waste oil emulsions. Due to environmental regulations, 
these materials require processing and/or disposal, but 
their characteristics and properties are quite variable. 
The problem has been extensively handled by petroleum 
engineers with little success and the existence of a sin-
gle approach for the treatment and separation is far from 
possible.  

The extraordinary stability of these waste oil emul-
sions is due to a combination of high viscosity, low den-
sity difference, and presence of solids and natural emul-
sifiers in part formed by the oxidation of crude oil com-
ponents during the ageing process. 

The scope of this work was to develop highly stable 
synthetic emulsions with reproducible properties, serv-
ing as a model to study several techniques for emulsion 
destabilization that could be also used in crude oil emul-
sions. Although comparisons between synthetic and 
crude oil emulsions is not the objective of this work, 
ranges of water content, density and viscosity of syn-
thetic emulsions are in agreement with the available da-
ta of the crude oil emulsion samples. 

The effect of different variables was studied in one-
dimension scans and as result, an emulsion providing 
emulsions with maximum stability is obtained. 

II. THEORETICAL BACKGROUND 
Emulsions are thermodynamically unstable systems; 
however, the kinetic mechanisms involved in emulsion 

breaking can be so slow that the corresponding emul-
sion may be considered as metastable as far as the ap-
plication is concerned (Salager, 2000). 

In a broad sense, producing an emulsified system in-
volves several choices and activities considered as va-
riables. Each of them has an independent effect on for-
mulation; for this reason, one-dimensional scans are 
used to study their effects on the emulsion properties. 

Emulsions are often non-Newtonian fluids with 
complex rheological behavior; most of them follow the 
Power Law model (Fox and McDonald, 2003). 

1−⋅= BA γη ,                        (1) 
η is the so-called apparent viscosity  that would indicate 
the resistance to flow under some specific conditions; 
γ is the shear rate; A is called Consistency Index and B 
Power Law Index. The viscosity increases within the in-
ternal phase content. Many studies have reported empir-
ical relationships to describe this behavior (Becher, 
1977; Becher, 1982; Arai and Shinoda, 1967; Kunieda 
and Shinoda, 1985; Bourrel et al., 1980; Antón et al., 
1997), but none of them are valid in the general case, 
because many other effects, as the non-Newtonian be-
havior, have to be considered as well (Shinoda et al., 
1990; Graciaa et al., 1984). 

Griffin (1949) introduced the Hydrophilic-
Lipophilic Balance or HLB concept, which is a surfac-
tant characteristic parameter used as a measure of the 
relative affinity of the surfactant for the water and oil 
phases. The HLB concept has been extensively used 
(Davies, 1957; Lin, 1980; Becher and Griffin, 1970; 
Becher, 1982; Becher, 1996). For cost and efficiency 
reasons, a mixture of several surfactants is generally 
used as emulsifier. 

III. MATERIALS AND METHODS 
Surfactant suppliers maintain that to obtain a W/O 
emulsion, the HLB value should be between 4 and 6, 
approximately. Therefore, a mixture of Sorbitan Mo-
nooleate (Span 80®) with a HLB=4.3 and Nonylphenol 
Polyglycol Ether 4 EO (Arkopal N 040®) with a 
HLB=8.7 (both highly soluble in oil), were used.  Paraf-
fin and surfactants were mixed. Then, distilled water 
was added slowly (using a burette) during 5 minutes, 
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while it was mixed with a Braun stirrer model MR-
5550, at 13400 rpm. After adding all the water, the 
components were mixed for 5 more minutes. 100 mL of 
emulsion (water plus paraffin) were prepared in each 
run in a 600 mL volumetric flask (see Fig. 1-a and 1-b). 

Samples of 50 mL were transferred into test tubes, 
and monitored for 30 days. Stability of emulsions 
against sedimentation and coalescence was assessed al-
together by the total separated volume of water plus pa-
raffin (Vs = Vw + Vp) divided by the total sample vo-
lume (V = Vw + Vp + Ve) (see Fig. 1-c). The emulsions 
with acceptable stability were defined as those in which 
the total separation was lower than 10% in 30 days. 

The emulsion type was inferred by observing what 
happened when a drop of each emulsion was added to a 
volume of either pure paraffin or pure water. 

After finishing the experimental tests, the formula-
tion to produce the most stable emulsion for each water 
content was defined. The emulsions were prepared in 
triplicate to validate the reproducibility of the proposed 
 

(a)  

(b)  

(c )  
Figure 1. Appearance of water-in-oil emulsion stabilized by 
Span 80® and Arkopal N 040®. Immediately after the 
preparation (a: 100 mL, b: 500 mL) and 30 days later (c: 50 
mL sample in test tube). fw = 0.75, HLB = 5.5, Cs = 2% v/v, 
vm = 13400 rpm, tm = 5 min 

formulation protocol. Emulsions density and apparent 
viscosity were experimentally determined. The density 
was calculated from the ratio between the emulsion 
weight and volume and the apparent viscosity was 
measured with a standard Brookfield LVF dial reading 
viscometer with a #3 spindle. For the viscosity mea-
surement, it was necessary to prepare batches of 500 mL 
emulsion. Apparent viscosity was fitted by a function of 
the power law form. Parameters A and B were obtained 
from a plot of apparent viscosity versus angular speed. 
Even though the values of A and B will be different 
from the rigorously derived from the standard power 
law expression for viscosity, they will still track the 
same trend. The correlations obtained for A and B are 
function of the water content. 

A. Experimental plan 
One-variable scan was used to study the effect of the 
main variables on the emulsion properties.  The va-
riables and ranges were: surfactant content (0.5 - 10% 
v/v), water content (25 - 75% v/v), HLB value (4.5 - 
6.5), alcohol content (Octanol 0 - 4% v/v), salinity (0 - 
16 g/dL water), mixing velocity (6100 - 13400 rpm), 
mixing time (5 -20 min), mixing type (continuous or in-
termittent), and batch emulsion volume (50 – 500 mL). 
Finally, emulsions with Sodium Dodecyl Sulphate were 
also formulated to allow comparison between a nonio-
nic and an ionic surfactant. The range of variation of 
each parameter was established taking into account 
theoretical considerations, previous experience in for-
mulation and available capacities and resources. 

All tests were carried out at room temperature (25±1 
°C). Surfactant and co-surfactant content are given in 
relation to the water plus paraffin volume. Salinity is 
given as NaCl in water. Mixing time is defined after all 
water addition. Surfactant mixtures HLB values were 
calculated from the Span 80® and Arkopal N040® HLB 
values assuming ideal mixture behavior. 

IV. RESULTS AND DISCUSSION 
A. Variables Scan 
First, the effect of surfactant content on emulsion stabil-
ity was evaluated. Figure 2 shows the results of these 
tests. Surfactant content influence on emulsion stability 
is not really significant because all formulated emul-
sions were stable according to the defined criterion. The 
higher stabilities were obtained for surfactant contents 
above of 1.5 % v/v. Sedimentation was demonstrated in 
all cases by the presence of a clarified paraffin layer in 
the top of the test tubes. Coalescence was identified by 
the presence of separated water at the bottom, and was 
observed only for surfactant contents of 4.0 and 8.0 
%v/v.  

Although the highest stability was obtained for sur-
factant content of 10% v/v, the most appropriate formu-
lation value should also take into account the costs; 
therefore, a surfactant content of 2% v/v was selected 
for the rest of the formulations. In practical applications, 
a surfactant concentration between 0.2-3% is used, 
which corresponds with our selection. 

Emulsion (Ve) 

Separated paraffin (Vp) 

Separated water (Vw) 
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Figure 2. Surfactant Content Effect on Emulsion Stability. fw 
= 0.50, HLB = 5.5 with a mixture of Span 80® and Arkopal N 
040®, vm = 13400 rpm, tm = 5 min., T = 25°C.  Cs = 0.5-10% 
v/v: ( ) 0.5%, ( ) 1.0%, ( ) 1.5%, 2.0 ( ), (+) 4.0%, ( ) 
8.0%, ( ) 10.0%. 

Stability of the emulsions can be explained based on 
surfactant concentration which is, in all cases, above the 
mixture critical micelle concentration and the surfactant 
solubility. The CMC of pure Span 80 at room tempera-
ture, for example, is 0.026% w/v (Foyeke and Burgess, 
1998). 

The second variable studied was the surfactant HLB. 
A range of HLB from 4.5 to 6.5 was selected. Outside 
this range W/O emulsion stability is very low or the 
formulation results in a O/W emulsion. HLB describes 
the surfactant affinity to the water and oil phases, and its 
influence on emulsion stability depends strongly on the 
volumetric proportion of the phases. Three scans of 
HLB were made for emulsions with water contents of 
fw = 0.25, 0.50 and 0.75, respectively.  

Figures 3 and 4 show HLB effect on emulsion stabil-
ity. In these tests, not all the emulsions were stable 
enough. In some cases a separation up to 60% was ob-
tained within 30 days after preparation.  

HLB effect on stability was higher for emulsions 
with fw = 0.25 and 0.75, but in the first case separation 
is only due to sedimentation, which is explained by the 
weak interaction between the droplets. Coalescence was 
observed only for fw = 0.75. Droplet approach before 
coalescence was not observed due to the high internal 
phase content; all drops were in contact and emulsion 
stability decreases with coalescence. The HLB values 
that yield best stability are 5.0 and 5.5 for fw = 0.25; 5.5 
and 6.0 for fw = 0.5, and 4.5 and 5.0 for fw = 0.75.  

With the HLB scan, at least one emulsion with high 
stability was obtained for low, medium and high water 
content, but the study of new variables could lead to an 
improved formulation and would help to understand the 
variables which exert higher influence on stability. HLB 
scans were repeated with 2% Octanol dissolved in the 
paraffin before adding the water. Octanol does not act as 
good co-surfactant, and in all cases the stability is re-
duced when alcohol is used, observing both coalescence 
and sedimentation. 

Figure 5 summarizes alcohol content effect on emul-
sion stability for HLB = 5.5 and fw = 0.25, 0.50 and 

0.75. The higher the water content and/or the Octanol 
content, the lower the emulsion stability with coales-
cence. Reduction of emulsion stability with sedimenta-
tion can be explained by a change in the required hy-
drophilic-lipophilic balance in presence of Octanol.  The 
higher the fw the higher the octanol dissolved in the oil  
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Figure 3. HLB Effect on Emulsion Stability. fw = 0.25 (above) 
and fw= 0.50 (below), Cs=2% v/v, vm=13400 rpm, tm=5 min., 
T = 25°C. HLB = 4.5-6.5 with a mixture of Span 80® and Ar-
kopal N 040®: ( ) 4.5, ( ) 5.0, ( ) 5.5, ( ) 6.0, ( ) 6.5  
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Figure 4. HLB Effect on Emulsion Stability. Picture after 30 
days. fw=0.75, Cs= 2% v/v, vm = 13400 rpm, tm = 5 min., T = 
25°C. HLB = 4.5-6.5 with a mixture of Span 80® and Arkopal 
N 040®: ( ) 4.5, ( ) 5.0, ( ) 5.5, ( ) 6.0, ( ) 6.5  
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(for the same alcohol content on the total emulsion), that 
according to the Windsor concept (Salager, 2000; Ro-
sen, 2004) modifies the interactions between the surfac-
tant molecules and the oil phase, which is interpreted as 
a variation in the required HLB value. 
 (a) fw  = 0.25 
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(b) fw = 0.50 
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(c) fw = 0.75 
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        fw = 0.25              fw = 0.50             fw = 0.75 
Figure 5. Octanol Content Effect on Emulsion Stability. HLB 
5.5 with a mixture of Span 80® and Arkopal N 040®,  Cs = 2% 
v/v, vm = 13400 rpm, tm = 5 min., T = 25°C. Co = 0 - 4% v/v: 
( ) 0%, ( ) 2%, ( ) 4%. Picture (bottom) after 30 days 

As well, a water salinity scan was included in this 
work. The emulsions with the lowest separation after 
one month were those with a salt content of 4 and 8 
g/dL. For 12 and 16 g/dL of salt a second emulsion 
phase, somewhat translucent, was formed. In these cas-
es, the pure paraffin layer and the translucent emulsion 
were measured together. 

Even though in some cases salinity increases the 
stability against sedimentation, stability does not differ 
significantly from the one obtained without salt. Salinity 
also increases the density difference; therefore, use of 
salt in the formulation is not justified, so it is not consi-
dered in the final protocol. 

Figure 6 summarizes the effect of mixing conditions 
on emulsion stability. Figure 6-a shows the mixing ve-
locity effect is shown. The selected velocities include all 
the stirrer operational range. The emulsions that pre-
sented the lower separation were those obtained with 
9500 and 6100 rpm. Separation decreases from 6% at 
13400 rpm to 4% at 9500 rpm. Reduction in mixing ve-
locity is favorable not only in terms of stability, but also 
in operational cost. Two other stirrers with velocities up 
to 2000 and 4000 rpm, respectively, were tested before 
selecting the Braun stirrer model MR-5550, but in both 
cases emulsion stability was not satisfactory. Figure 6-b 
shows the mixing time effect on emulsion stability. The 
best results were obtained for 5 and 10 minutes of agita-
tion, but for 10 minutes both coalescence and sedimen-
tation were observed.  

Figure 6-c shows the mixing type effect on emulsion 
stability. During the first 25 days, all three emulsions 
showed approximately the same stability; however, after 
30 days, a lower separation was obtained with the in-
termittent mixing at variable velocity. 

Comparing the three plots in Fig. 6, it is clear that a 
mixing velocity reduction from 13400 rpm to 9100 rpm 
improves the previous result, but a longer mixing time is 
not recommended. Depending on mixing conditions, 
emulsion temperature varied from 31 °C at 6100 rpm 
and 5 minutes, to 58 °C at 13100 rpm and 20 minutes. 
Even though, the changes in stability appear much later. 
The results on stirrer speed, mixing time and intermit-
tent mixing indicate that low mixing temperature could 
favor long time stability. 

Figure 7 shows the results of batch volume scans. 
An emulsion stability reduction was observed when a 50 
mL batch emulsion was prepared. This emulsion vo-
lume does not ensure an appropriate emulsification, be-
cause the stirrer geometry and the beaker used do not 
provide enough liquid height. In this case coalescence 
was also observed. 

On the other hand, the 250 mL and the 500 mL 
batch volumes represent an improvement on emulsion 
stability compared to the results with 100 mL. For 250 
mL batch volume, the separation after 30 days is only 
2%. Again, an indirect influence of mixing temperature 
might explain this behavior. 

The ionic surfactant sodium dodecyl sulphate was 
also tested. A salinity scan in the range from 0 to 16 g 
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NaCl/dL water was made, for fw =0.25 and 0.50. In both 
cases emulsions were unstable. For fw =0.25 the phase 
separation was complete within few hours, whereas for 
fw = 0.50 the emulsions were highly foamy and O/W 
type. 
A. Emulsification Protocol 
After the scans were made, the emulsification protocol 
was fixed as follows: 250 mL emulsions were prepared 
at 9500 rpm during 5 minutes. Reproducibility and total 
phase separation lower than 10% was ensured. To vali  
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Figure 6. Mixing Conditions Effect on Emulsion Stability. fw 
= 0.50, HLB = 5.5 with a mixture of Span 80® and Arkopal N 
040®,  Cs = 2% v/v,  T = 25°C. (a): Effect of mixing velocity 
with continuous mixing for 5 min: ( ) 6100 rpm, ( ) 9500 
rpm, ( ) 13400 rpm. (b): Effect of mixing time with conti-
nuous mixing at 13400 rpm: ( ) 5 min, ( ) 10 min, ( ) 20 
min. (c):1 Effect of mixing type: ( ) continuous for 10 min. at 
13400 rpm, ( ) Intermittent I, ( ) Intermittent II.   

                                                           
1 Intermittent I: 5 min at 13400 rpm + 5 min pause + 5 min at 13400 
rpm, Intermittent II: 5 min at 8000 rpm + 5 min pause + 5 min at 
13400 rpm 

date the proposed protocol each emulsion was prepare-
din triplicate and the stability was evaluated during a 
month. Average standard deviations in the separation 
were ±0.28, ±0.25 and ±0.14% for the samples of fw = 
0.25, 0.50 and 0.75, respectively. Figure 8 shows the va-
lidation results. 
B. Emulsion properties 
All the emulsions formulated with Span 80® and Arkop-
al N 040® were W/O type. This behavior is in agree-
ment with the theoretical background, since the HLB 
values used were between 4.5 and 6.5. In this case,  
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Figure 7. Batch Volume Effect on Emulsion Stability. Picture 
after 30 days. fw = 0.50, HLB = 5.5 with a mixture of Span 
80® and Arkopal N 040®,  Cs = 2% v/v, vm = 13400 rpm, tm 
= 5 min., T = 25°C. Batch Volume: ( ) 50 mL, ( ) 100 mL, 
( ) 250 mL, ( ) 500 mL 
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Figure 8. Emulsification Protocol Validation. W/O emulsions 
stabilized by a Span 80® and Arkopal N 040® mixture, Cs = 
2% v/v, vm = 9100 rpm, tm = 5 min., T = 25°C. fw: ( ) 0.25, 
( ) 0.50, ( ) 0.75 
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the surfactant is highly soluble in the oil phase and this 
affinity favors the formation of W/O emulsion. The av-
erage surface diameter of the droplets was obtained by 
microscopy (Morales et al., 2008) and varies between 3 
and 6 microns, but it could not be determined in all cas-
es. 

Emulsion density was measured in all tests. Density 
values varied from 840 to 930 kg/m3 (measured at 38 
°C), basically depending on the water content. The in-
fluence of surfactant content, HLB, Octanol content and 
water salinity on density was not considerable, and mix-
ing conditions did not affect density. 

Figure 9 shows water content effect on emulsion 
viscosity. Viscosity depends on the angular speed, indi-
cating that the emulsions are pseudoplastic fluids: the 
higher the angular speed, the lower the apparent viscosi-
ty. The experimental points demonstrate that increasing 
the water content produce a more pseudoplastic emul-
sion. For a constant angular speed, apparent viscosity 
depends strongly on the water content; for a angular 
speed of 0.63 s-1, for example, apparent viscosity in-
creases from 200 to 30000 mPa.s, when water content 
changes from 25 to 75% v/v. Although the viscometer 
operational range is up to  60s-1, this study includes only 
measurements up to 6 s-1, according to the available data 
for crude oil emulsions for future comparisons.  

At low water content, drops are too far apart to inte-
ract among each other and the only interaction beyond 
the homogeneous fluid case is that of each drop with its 
surrounding fluid. When the number of drops increases, 
drop-drop interactions become predominant, and the re-
sulting frictional effects drive the viscosity increase. 

Apparent viscosity was fitted by a correlation with 
the power law form. Equivalent consistency index 
A[mPa.sB] and Power Law Index B[dimensionless] were 
calculated for each emulsion at different water content 
values (see Table 1).  
Our results agree with the general experience that de-
monstrates that the emulsion viscosity increases with 
the internal phase content. Although many empirical  
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Figure 9. Water Content Effect on Emulsion Apparent Viscos-
ity. W/O Emulsions Stabilized by a mixture of Span 80® and 
Arkopal N 040® .HLB = 5.5, Cs = 2% v/v, vm = 13400 rpm, 
tm = 5 min, T = 25°C. Angular speed ω:( ) 0.63 s-1, ( ) 1.26 
s-1, ( ) 3.14 s-1, ( ) 6.28 s-1 

Table 1. Correlation Constants for water-in-oil emulsion 
stabilized by Span 80® and Arkopal N 040® 

Water 
Content, fw 

Equivalent Consistency 
Index, A[mPa.sB] 

Equivalent Power 
Law Index, B 

0.25 164.26 0.595 
0.35 522.62 0.429 
0.50 1243.2 0.383 
0.65 5391.1 0.293 
0.75 20300 0.226 

relations have been proposed, their precision cannot be 
determined since these equations do not take into ac-
count the pseudoplastic behavior of the emulsion which 
can be very significant for high fw values (Salager, 
1999). For this reason, a polynomial adjustment of A 
[mPa.sB] and B [dimensionless], based on the internal 
phase content, is proposed, 
A = 1691505.33fw4 – 2781930.33fw3 + 

      1673741.30fw2 – 430342.25fw + 40001.21       (2)  
B= 35.691fw4 – 78.541fw3 + 62.487fw2 – 21.719fw 
                        + 2.2082                                               (3) 

Thus, the apparent viscosity of fresh emulsions can 
be determined with a model that simultaneously in-
cludes the internal phase content effect and the emulsion 
pseudoplastic behavior as follows, 

1−⋅= BA ωη                                 (4) 
Figure 10 shows angular speed effect on apparent vis-
cosity. Experimental and modeled values are presented. 
Modeled values were obtained using Eq. 4; equivalent 
Consistency Index A[mPa.sB] and Power Law Index B 
were calculated from Eqs. 2 and 3, respectively. 

Octanol content and water salinity effect on apparent 
viscosity was also measured. Results are shown in Figs. 
11 and 12, respectively. The higher the alcohol content, 
the lower the apparent viscosity; the opposite effect is 
obtained for the water salinity, where the salinity effect 
is much stronger. The Octanol effect on emulsion vis-
cosity can be explained by a reduction in the external 
phase viscosity. 
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Figure 10. Effect of Angular speed on Apparent Viscosity. 
W/O Emulsions Stabilized by a mixture of Span 80® and 
Arkopal N 040® .HLB = 5.5, Cs = 2% v/v, vm = 13400 rpm, 
tm = 5 min, T = 25°C. Symbols correspond to the 
experimental values and lines correspond to the modeled ones, 
fw: ( ) 0.25, ( ) 0.35, ( ) 0.50, ( ) 0.65, ( ) 0.75 



Latin American Applied Research  41:105-112 (2011) 

111 

 

0
250
500
750

1000
1250
1500
1750
2000

0 2 4 6
Angular Speed (s

-1
)

Vi
sc

os
ity

 (m
Pa

.s)

 
Figure 11. Octanol Content Effect on Emulsion Apparent 
Viscosity. W/O Emulsions Stabilized by a mixture of Span 
80® and Arkopal N 040®. HLB = 5.5, Cs = 2% v/v, fw = 0.50, 
vm = 13400 rpm, tm = 5 min., T = 25°C, Co: ( ) 0%, ( ) 
2%, ( ) 4% 
 

0

200

400

600

800

1000

1200

1400

0 2 4 6

Angular Speed (s
-1

)

Vi
sc

os
ity

 (m
Pa

.s)

 
Figure 12. Water Salinity Effect on Emulsion Apparent 
Viscosity. W/O Emulsions Stabilized by a mixture of Span 
80® and Arkopal N 040®. HLB = 5.5, Cs = 2% v/v, fw = 0.25, 
vm = 13400 rpm, tm = 5 min., T = 25°C, NaCl: ( ) 0 g/dL, 
( ) 8 g/dL, ( ) 16 g/dL 

In Fig. 11, for a angular speed of 0.63 s-1 for exam-
ple, viscosity diminishes by 200 mPa.s when octanol 
content increases from 2 to 4%, but when salinity in-
creases from 8 to 16 g/dL (see Fig. 12) viscosity in-
creases by 800 mPa.s. Although in this experiment the 
droplet size could not be measured regularly for all salt 
concentrations, a decrease in the average surface diame-
ter xs from 5 microns to no detectable values was dem-
onstrated. The reduction in droplet size and a probable 
narrow size distribution explain the increase in viscosi-
ty. 

V. CONCLUSIONS 
Span 80 and Arkopal N040 mixtures stabilize water in 
paraffin emulsions in a wide range of water content. A 
validated protocol shows maximal standard deviations 
of ± 0.28% in emulsion stability reproducibility and, in 
all cases, water plus paraffin separation was lower than 
6% v/v. 

The HLB required to produce a most stable emul-
sion depends on the emulsion water content; therefore, a 
HLB scan is recommended when nonionic surfactants 

are used. Mixing velocity and emulsion batch scans can 
optimize the emulsion stability. 

Surfactant content and water salinity do not influ-
ence significantly on stability of water in paraffin emul-
sions stabilized by Span 80 and Arkopal N040 mixtures. 
In contrast, octanol presence harms the stability of such 
emulsions. 

Water in paraffin emulsions stabilized by Span 80 
and Arkopal N040 mixtures show a pseudoplastic rheo-
logical behavior at both low and high internal phase 
content. A model based on Power Law, which takes into 
account the water content, reproduces very well the ex-
perimental viscosity values. The range of validity of the 
model should be extended by including a wide range of 
angular speed. Salinity increases remarkably the emul-
sion viscosity.  

Basic research should be continued with the formu-
lation of highly stable synthetic emulsions, including 
complex emulsions closer to crude oil emulsions with 
asphaltenes and solids. 

For a future destabilization study, centrifugation, 
temperature and electrostatic field are recommended. 
Experiments will be modelled including both, synthetic 
and crude oil emulsions. 

NOMENCLATURE 
A        consistency index (mPa.sB) 
B        power law index (-) 
Co      octanol concentration (%v/v) 
Cs      surfactant concentration (%v/v) 
fw      water fraction (-) 
HLB  average hydrophilic lipophilic balance (-) 
T        temperature (ºC) 
tm      mixing time (min) 
vm     mixing velocity (rpm) 
γ       shear rate (s-1) 
η     apparent viscosity (mPa.s) 
ω    angular velocity (s-1) 
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