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Abstract 

 Stable concentrated oil-in water (O/W) emulsions were prepared and their application for heavy oil pipeline 
transportation was investigated using very viscous Malaysian heavy crude oil. Malaysian heavy crude oil samples 
namely Miri were used to produce heavy crude oil- in-water emulsions. Historically, demand for heavy and 
additional-heavy oil has been marginal because of their high viscosity and composition complexity that make them 
hard and expensive to produce, transport and refine. Presently, there are three general approaches for transportation 
of heavy and extra heavy oil which are viscosity reduction, drag minimization and in-situ oil enhancement .This 3 
conventional method required high cost. Hence, our scope of study approached is to convert the 95% of w/o in 
pipeline to o/w technique by using the advantage of water to carry the oil .This method is promising cost effective 
and shorten the time of the transportation. Results show that the stability of the oil-in-water emulsion stabilized by 
span 83 increases as the surfactant concentration increases, with a consecutive decrease in the crude oil–water 
interfacial tension (IFT). Larger the oil content, the speed and duration of mixing, while increases in the temperature 
of the homogenization process substantially reduced the viscosity of the prepared emulsions. 
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I.  Introduction
The mixed of the downfall of conventional oils 

and an increase demand in world energy, crude oils was 
one of the list hydrocarbons resources that relevant for 
use in the future. Hydrocarbon resources are big 
considerable given that they account for approximately 
65% of the world’s overall energy resources. Currently, 
crude oil is the most important hydrocarbon resource in 
the world, and heavy crudes account for a large fraction 
of the world’s potentially recoverable oil reserves was 
recoverable heavy crudes oil account for a large fraction 
of the world’s potentially (Abdurahman et al., 2012).  

According to Ashrafizadeh et al., 2002, another 
favorable pipeline technique is the transport of viscous 
crudes oil as concentrated oil-in-water (O/W) emulsions. 
An emulsion is formed when two immiscible liquid are 
mixed together. However, transportation of heavy and 
extra heavy crude oils through pipelines is difficult due 
to the low mobility and flow ability of the crude and wax 
and asphaltene deposition on pipeline wall surfaces. Still, 
one of the technological issues regarding the access of 
extra heavy oil to energy markets is the problem of 
pipeline transportation as mentioned earlier 
(Rafael,María& Beatriz et al.,2011). All previousstudies 
examine the different temperature, speed of mixing 
process and different ratio of oil in water with this 
research. The main aims for this research are to 

investigate the factors affecting both the stabilization and 
the destabilization of Miri crude oil crudes oil in water 
emulsion. To investigate the of Miri crude oil crudes oil 
in water emulsionand performance of 2 type of amine 
functional group (Hexylamine and Octylamine) in 
destabilization of crude oil emulsion. 
 

II.  Material And Methods 
CHEMICAL 

Chemicals were obtained from sources namely 
Sigma-Aldrich (Span 80, Span 83, Triton X-100) for the 
emulsifier and the demulsifier also from Sigma-Aldrich 
(Hexylamine and Octylamine). 

 
CRUDE OIL 

To accomplish the objective if this study, the 
crude oil samples were obtained from Petronas Refinery 
Miri. The detail of procedure for water-in-oil (w/o) 
emulsions preparation and their procedures including the 
formation of O/W emulsion. Here the work merely 
describes the main experimental steps. Water in crude oil 
emulsions were prepared by dispersing distilled water in 
crude oil at room temperature with standard three blade 
propeller at speed of 2000 rpm. The emulsifying agent 
was used as received without any further dilution. 



[Nour, 3(1): January, 2014]   ISSN: 2277-9655 
   Impact Factor: 1.852
   

http: // www.ijesrt.com(C)International Journal of Engineering Sciences & Research Technology 
[143-148] 

 

SAMPLES PREPARATION 
The general idea of emulsion preparation is by 

adding dispersed phase (oil) little by little to the 
continuous phase (solution with stabilizer) in a plastic 
beaker (100 ml). The emulsions were prepared at room 
temperature with standard three blade propeller at mixing 
speed of 2000rpm at room temperature (28-30̊C). 0.3wt 
% of emulsifier (Span 80, Span 83 and triton X-100) was 
added into the water (continuous phase) and mixed for 
five minutes to achieve homogenous. Crude oil 
(dispersed phase) is then added slowly to the solution 
and mixed for ten minutes.The sample procedure is 
repeated respectively for different concentration of 
emulsifier which is 0.3wt%, 0.5wt%, 1wt% and 1.5wt% 
with same ratio of water to oil. The samples started with 
50-50% ratio of O/W emulsion as tabulated in table 1 
below. 
 

Table 1: Emulsions with different concentration of 
emulsifier. 

 
Emulsifiers Weight percentage, wt % 

(concentration) 

Span 80 

0.3 
0.5 
1.0 
1.5 

Span 83 
 
 

0.3 
0.5 
1.0 

 1.5 

Triton X-
100 

0.3 
0.5 
1.0 
1.5 

Next, the ratio of water to oil is change to 70-30% and 
the same procedure is repeated.To make sure the samples 
prepare are in our niche area, we check the sample using 
filter paper either the sample in O/W or W/O emulsion.  
 
GRAVITATIONAL STABILITY TEST  

The emulsion stability was measured based on 
the amount of separatedwater from the prepared 
emulsions after 24 h. O/W emulsions prepared at 
different conditions were tested for their stability by 
transferring the emulsions into test tube, the latter were 
left at room temperature to rest for a while. The volume 
of separated waterwas recorded after 24 hoursince the 
time homogenization was performed. By dividing the 
amount of water separated from the emulsion to the 
initial amount ofwater in the emulsion, the percentage of 
separated water from the prepared emulsions was 
achieved. The amount of water separated was noted at 

every 2 hour, 5 hour, 12 hour and 24 hour. The water 
separation in percentage was calculated as separation 
efficiency (e) from volume of water observed in the 
cylinder as follows: 
 

% ����� ��	�����
 ���

=  
 ������ �� ��	�����
 �����, ��

�������� ������ �� ����� �� �ℎ� ��������, ��
 

 
BROOK’S FIELD 

We also have study the brook’s field to measure 
the viscosity, torque, rpm, sheer stress and sheer tension. 
The most stable emulsifier base on result gravity stability 
and value of parameter will be further for 
demulsification. 
 
CARL ZEISS RESEARCH MICROSCOPE 

The instrument used is the Carl Zeiss 
Microscope and a digital camera before connected with 
Dino Capture 2.0 software. All size measurements were 
done in duplicates and averages of size were reported in 
this study. The effect of temperature on emulsion 
stability was investigated by measuring the droplet sizes 
(after emulsification) 
 
TENSIOMETER 

There are many method proposed to measure 
surface or interfacial tension. Major methods are: ring 
method, hanging plate method, drop weight method, 
maximum bubble pressure method, capillary rise method, 
sessile drop method and pendant (hanging) drop method. 
The studies prefer to use the ring method. For surface 
tension measurements, the emulsion sample was placed 
on the sample platform. Then the sample platform was 
raised by adjusting the screw until the ring was just 
submerged. The platform was lowered slowly at the 
same time applying torsion to the wire by means of dial-
adjusting screw. These simultaneous adjustments were 
performed carefully proportioned, while the ring system 
remained constant at its zero position. As the breaking 
point was approached, the adjustment was made more 
carefully. The experiment was repeated and four 
measurements were recorded for the accuracy. The 
general procedures followed for determination of 
interfacial tension is the same as the surface tension 
determination with some modifications. Since oil is 
lighter than water, the aqueous solution (water) was first 
placed in the sample vessel and the ring was immersed 
therein. The oil on top of the water solution was then 
poured to form the two-layer system (emulsion). Contact 
between the oil and the ring was avoided during the 
operation. After allowing sufficient time (5 minutes) for 
the interfacial tension to come to its equilibrium value, 
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measurements were made in the same manner as that 
used for measuring surface tension. 
 
The summaries of the usage of the equipment are 
tabulated in Table 2. 

Table 2: Type of equipment used 
Equipment Usage 
Brookfield 
Viscometer 

To measure the physicochemical 
properties of O/W emulsion 

Digital 
Tensiometer 

• To measure surface tension of 
water and crude oil 

• To measure the interfacial 
tension between crude oil and 
water 

Propeller 
To prepare emulsion by mixing the 
crude oil (dispersed phase) and 
water (continuous phase) 

Carl Zeiss 
Research 
Microscope 

To determine the droplet size of the 
emulsion 

 
DEMULSIFICATION 

After obtains the most stable emulsifier 
agent,samples of emulsion will be further for 
demulsification part which is known as breakdown 
process. The samples will be mix with the demulsifier as 
shown in Table 3 below. 
Table 3: demusifier with different concentration 

Demulsifier Concentration, wt% 

Hexylamine 
0.2 

0.5 

Coca amine 
0.2 

0.5 
Demulsification has been defined by Fan (2009) as 
aprocess of breaking emulsions in order to separate water 
from oil, which is also one of the first steps in processing 
the crude oil. 
 

III.  Results And Discussion 
a)Effect of water content 
 
 
 
 
 
 
 
 
 

Table 4: gravitational stability result 

 

 
Figure 1: water separation of 50-50% ratio O/W emulsion. 

 
From the result collected in Table 4, the graph 

of water separation versus time isillustrated as shown in 
Figure 1. Based on the figure 1 above, triton x-100 has 
highest percentage of water separation at 1.5 % of 
concentration with 50-50% of ratio. Hence, the emulsion 
prepared by triton x-100 was concluded as unstable 
emulsion compares withothersemulsifier. While 
emulsion prepared by span 80 shows that the percentage 
water separation is in between Triton X-100 and Span 
83, but its behaviour is more towards the span 83 
compared to triton X-100. These results were expected 
because the coalescence rate decreases for increasing 
dispersed phase volume fractions due to the increased 
entropy for the effective collisions between the dispersed 
droplets (N.H. Abdurahman et al., 2013). However, the 
viscosity increases significantly beyond this limit due to 
phase inversion (N.H. Abdurahman et al., 2013). 
Meanwhile, increasing the continuous phase improvethe 
stable emulsion as proof in result for 70-30 wt%. 



[Nour, 3(1): January, 2014]   ISSN: 2277-9655 
   Impact Factor: 1.852
   

http: // www.ijesrt.com(C)International Journal of Engineering Sciences & Research Technology 
[143-148] 

 

 
Figure 2: water separation of 70-30 %ratio O/W emulsion 

 
The stability of oil in water emulsion rapidly 

increasing when the ratio changed to 70-30%. Maximum 
oil content limit plays a very important role in designing 
the emulsion transport system. Obviously, it is desirable 
to reduce thewater content of the emulsions as much less 
as possible to enhance the efficiency of the transportation 
system; less pipe space will be occupied by water. On the 
other hand, beyond a certain limit, increasing the oil 
content of the emulsion would result in a significant 
enhancement in its viscosity due to the occurrence of the 
phase inversion (Ashrafizadeh et al., 2010). The 
homogeneous of emulsion sample were obtains by using 
high speed of mixing with longer the time of mixing. 
There have no separation at all for more than 14 days of 
observation. The decrease of the water separation is 
depends strongly on the droplet size and droplet size 
distribution. 
 
 
b) Effect oftemperature and rotation speed. 

 
Figure 3: effect of temperature on viscosity of the 70-30 % 

ratio 
 

The temperature was adjusted at either values of 
30, 50, and 70 °C, Figure 3 illustrated the result.Span 83 
has the highest viscosity effected by the increasing the 
temperature. Temperature of the homogenization process 
can be very effective in its emulsion making 
performance. To investigate the effect of this parameter 

on the emulsification behavior of O/W, emulsions were 
prepared using the 70-30 ratio with emulsifier 
concentration of 1.5 wt. %, mixing speed of 2000 rpm 
and mixing duration of 15 min. One of the important 
methods that can be used to lower the viscosity of heavy 
crude oil and therefore to enhance the flow-ability is to 
change the temperature. Temperature has a strong effect 
onviscosityandviscousbehavior.Thiseffectdetermines the 
flowbehaviorofthecrudeoilintermsofthe viscosity–shear 
rate relationships(Ashrafizadeh et al., 2010). Fig.3 shows 
theeffectoftemperatureon the viscosity 
forheavycrudeoilovertherangeof 50–450. The viscosity 
decreasing at temperature 50-70 °C show the optimum 
temperature to control the viscosity.With an increase in 
emulsifier concentration, droplets become smaller due to 
lower interfacial tension. With a decrease in droplet size, 
the overall   droplets contacting surface increases and 
consequently the emulsion viscosity increases (Masood 
et al., 2013). 

 
Figure 4: Effect of speed on the viscosity. 

 
Increasing either speed or time of mixing has a 

similar effect on the emulsions quality. Their increase 
has a decreasing effect on the viscosity of the emulsions 
while increases the stability of the emulsions up to a 
desirable level. On the other hand, increasing the speed 
from range 90 to 150 rpm result in decreasing the 
viscosity of the emulsion. But, the span 83 have highest 
viscosity compared with others emulsifier while 
increasing the speed. Thus increasing its concentration in 
theemulsion increases the viscosity of the emulsion 
(Eirong and Lempe, 2006). At the same time, increasing 
the surfactant concentration would lower the interfacial 
tension which would facilitate the breakage of droplets 
into smaller ones. The latter would result in a more stable 
emulsion of higher viscosity (Sakka, 2002). 
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Figure 5:  effect of shear rate on the viscosity. 

 
The emulsion showsnon-Newtonianshear 

thinning behaviorovertherangeofshearratesfrom 17 to 51 
in whichtheapparent viscosity decreasesconsiderably 
with viscosity. Theviscositydifferenceswerelargeratlow 
shear ratesthanathighshearrates. 

 
Figure 6: the effect of shear rate on shear stress of ratio 70-

30% 
 
According to Dr. Robert M. Gresham (2008), 

mathematically and also graphically, the oil whose 
viscosity remains constant as we increase or decrease the 
shear rate is a perfect fluid. To investigate the effect of 
shear rate on the shear stress of emulsification behavior, 
emulsions were prepared using the70-30% ratio O/W 
withemulsifier concentration of 1.5 wt. %, mixing speed 
of 2000 rpm and mixing duration of 15 min. the type of 
span 83 obtains from the figure 6 is the 
pseudoplasticfluid. Viscosity of pseudoplastic (and 
plastic) fluids decreases with increased shear rate.  
 
c) Effect of interfacial tension and surface tension. 

Surfactants are special classes of molecules that 
are both hydrophobic and hydrophilic; hence the most 
stable configuration for these molecules is at the crude 
oil and water interface. These molecules are generally 
injected in order to reduce the interfacial tension between 
crude oil and water. The interfacial tension plays a 
fundamental role in conventional and enhanced oil 
recovery (EOR) methods(Amir et al., 2012). The 
tentiometer was set up with value is 0.997 and at 
temperature of 20 °C. From the tensiometer testing, the 
average result from 3 repeated data obtained for surface 

tension of air and water is 69.45 N/m. Meanwhile, for 
interfacial tension between heavy crude oil and water is 
35.94 N/m. Meanwhile, for interfacial tension between 
heavy crude oil and water is 35.94 N/m. Refer to A.N. 
Ilia Anisa et al. (2010), at the inversion, the interfacial 
tension decreases favour the breaking process thus, 
produced smaller droplets size and associated higher 
viscosity. 
 
d) Effect of demulsifier to the emulsion. 

Figure 7: the effect of the demulsifier to the water 
separation of span 83 emulsion. 

 
According to the previous study done by 

Abdurahmanet al., 2007, the descending sequence of 
amine demulsifierefficiency was due to high molecular 
weight factor whichacts as flocculants in adsorption and 
interaction activities.According to Souleyman et al., 
2007, an efficient oil solubledemulsifier usually decrease 
the interfacial tension gradientand the interfacial 
viscosity which causes an increase in therate of film 
thinning and a decrease in the time it takes thefilm to 
reach a certain thickness as shows by 
octylamine,hexylamine, and dioctylamine. For 
destabilization, the samples were taken from the most 
stable emulsifier which is span 83. With 0.5wt% of 
octylamine and 0.5 wt% of hexylamine, the water 
separation was recorded for 3500 minutes. From the 
figure7, the octylamine has separate faster than 
hexylamine after 3500 minutes. Almost 80 % of water 
separation occurs after the destabilization. It went 
through the flocculation and coalescence stage until 
achieve the phase inversion which is the water and oil 
totally separated. 
 

IV.  Conclusions 
The oil-in-water emulsions were successfully 

prepared using Miri heavy crude oil samples with water 
in the presence of span 80, span 83 and triton x-100 as 
surfactant. Using water as the continuous phase has 
several benefits inpipeline oil transportation including: 
decreased amount of viscosity which leads to a reduced 
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energy consumption and easier pumping in oil 
transportation, and lack of contact between the crude and 
pipe walls which results in less erosion and precipitation 
inside pipes. The higher of temperature will leads to 
lower viscosity. The viscosity can be control on range 
temperature of 50-70 °C. The stability of O/W emulsions 
of both samples was found to increase as the water 
content of the emulsion decrease to the phase inversion 
point. Refer to the result of gravitational stability test, by 
compare the ratio of 50-50 wt. % and 70-30wt. % of 
O/W emulsion, we can find out that the 70-30wt. % ratio 
have archive stable emulsion since there is no separation 
occurs for more than 2 weeks under observation. We 
have concluded that the 70-30% O/W emulsion samples 
since the homogenization was performed. Therefore, 
most stable emulsifier was triton x-100> span 80 > 
span83 respectively. 

In addition, the studies of performance 2 type of 
amine functional group (Hexylamine and Octylamine) in 
destabilization of crude oil emulsion were successfully 
done. As result, the most destabilizer is octylamine based 
on the lower time taken for phase inversion occurs. 

Furthermore, in this paper, the effect of 
interfacial tension between crude oil and water was 
investigated. In surfactant concentration range of (0-1.5 
ml), surface tension of air and water obtained was 69.45 
N/m. Meanwhile, for interfacial tension between heavy 
crude oil and water is 35.94 N/m.  

On the other hand, no environmental drawbacks 
would occur by discharging the effluent. Moreover, since 
no surfactant remains in the oil phase, the problems 
encountered in the refining process of the crude oil such 
as foaming etc. are also prevented. 
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