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Abstract

Emulsion is the mixture of two immiscible liquid (water and oil) that found themselves together under agitation and turbulence in
the presence of emulsifying agents like resins, fines, paraffins, sand etc. Crude oil emulsion is one of the major challenges in
petroleum production and processing operations in the oil and gas industry. Several methods like chemical, thermal, and
electrical or combination have been adopted to surmount these production challenges in the industry. In this study, the focus is on
the chemical method (demulsifier) hence it is the most widely used method in Nigeria. The aim of this study is to develop a novel
local demulsifier to address and avoid the formation of crude oil emulsions in the oil and gas sector while the objectives are to
design novel demulsifiers from a local source, treat crude oil emulsion at various bottle test ratios and to determine the percentage
of basic sediments and water (BS&W) left in the treated crude emulsion. An emulsion sample of crude oil was obtained and
treated with three reagents. The analysis of the three reagents revealed that the treated crude substance formed an emulsion. The
LD2 reagent demonstrated the most effective treatment in the confirmatory test, resulting in 86% oil, 12% sludge, and 2% water
at aratio of 0.2. Servo and LD1 both confirmed that the substance is composed of 90% oil and 10% contaminants, with a ratio of
0.6. LD1 outperformed Servo in the following ratios. Locally sourced demulsifiers demonstrate a high capacity to resolve
emulsion challenges in the oil and gas sector and can serve as a cost-effective alternative to foreign demulsifiers, given their
biodegradable nature.
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1. Introduction

An emulsion is a dispersion (droplets) of one liquid in an-
other immiscible liquid. The phase that is present in the form
of droplets is the dispersed or internal phase, and the phase in
which the droplets are suspended is called the continuous or
exterior phase. For created oilfield emulsions, one of the
liquids is aqueous and the other is crude oil. The amount of
water that emulsifies with crude oil varies greatly from facil-

ity to facility. It can be less than 1% and occasionally larger
than 80%. Crude oil is discovered in combination with gas
and saline formation water. As the reservoir becomes low,
water is coproduced with oil and the number of wells pro-
ducing water with crude oil is rapidly growing. These im-
miscible fluids are quickly emulsified by the combined action
of shear and pressure drop at the wellhead, chokes and valves
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[10] as mentioned in [17]. When at least two immiscible
phases are present in a system, they are called dispersion. The
creation of a dispersed system involves a dispersed phase and
a continuous flow [5]. Emulsion is a two-phase system
composed of two liquids not forming homogeneous when
mixed, one is (dispersed phase) constantly dispersed as glob-
ules in the second phase (continuous phase) [9]. During the
extraction and transportation of crude oil, the production of an
emulsion is evident. The formation happens once the heter-
ogonous mixture flows in the piping valves and porous rocks
and endures turbulence at high temperature or high pressure.
The key causes that facilitated the emulsion formation include
the existence of surface-active substances, ionic compositions
and pH of the water [19] as mentioned in [17].

The treatment of emulsion is highly significant as it is al-
ways been met in the production stage of oil. In addition, the
dehydration of crude oil is a crucial stage in oil treatment

because it will not be sold until the market specification is met.

This study work focused on the application of local demulsi-
fier for the treatment of the crude oil emulsion in the oil and
gas industry. This research effort will also optimize Nigeria
crude oil production as it will be substituted for the extrava-
gant cost of the foreign demulsifiers in the oil and gas busi-
ness.

The aim of this research is to design model novel demulsi-
fiers for crude oil emulsion treatment in the oil and gas in-
dustry with the following objectives: to design novel demul-
sifiers from a local source, treat crude oil emulsion at various
bottle test ratios, determine the percentage of basic sediments
and water (BS&W) left in the treated crude emulsion.

2. Literature Review

Although the density difference between the water and oil
crude assuring that the water is separated generally below the
oil level, due to constant production [4], the amount of water
and salts in the created crude oil. rises. Emulsions are formed

as a result of mixing and agitation in the oil production system.

Both crude oil and water migrate through the wellbore
through porous rock, then to the top of the well tubes, the
wellhead choke valve, and eventually to the surface separators
via the manifold. Due to the turbulent flow, the crude oil and
water are subjected to churning and turbulence during this
transition, leading the water to form water droplets in the
crude oil. The existence of two liquids that do not dissolve but
rather disperse in each other and the degree of stability of the
emulsion is governed by the nature of the mixture, the
chemical composition, the viscosity of the two liquids, tem-
perature, the availability of emulsifying reagents, as well as
enough mixing time for the discontinuous phase to permeate
into the continuous phase, all affect emulsion stability. In
addition to the solid elements scattered in crude oil such as
sand, charcoal, calcium, silica, iron, zinc, and aluminum sul-
fate, natural emulsifying agents in crude oil include paraffins,
asphaltenes, resinous compounds, and soluble organic acids.
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Emulsions are generated owing to turbulence in the produc-
tion equipment, beginning with the well, where oil and water
flow via the choke valve, where the fluids are subjected to
agitation due to the turbulence of the flow, resulting in the
leaking of water droplets into the crude oil. The proportion of
water emulsified with crude oil varies widely from one
emulsion to another, some emulsions having water percent-
ages as low as 1% and others having water percentages as
high as 80%. The measurement of droplets in the continuous
phase of two types of emulsions can be used to categorize
them. Droplets higher than 0.1 Mm can be observed in huge
emulsions and this type is usually insecure thermodynami-
cally. Micro-emulsions are thermodynamically stable and
have extremely small droplets (less than 10nm). The nature
and quantity of the emulsified substance, as well as temper-
ature, mixing, and the qualities of both the water and the crude
oil, all influence the distribution of droplets in an emulsion

[4].

2.1. Types of Emulsion

Produced oilfield emulsions can be categorized into three
basic groups: water-in-oil, oil-in-water, and numerous or
complex emulsions. Water-in-oil emulsions consist of water
droplets in a continuous oil phase, whereas oil-in-water
emulsions consist of oil droplets in a water-continuous phase.
figures 1 and 2 depict the two basic (water-in-oil and
oil-in-water) forms of emulsions. In the oil business, wa-
ter-in-oil emulsions are more common (most generated oil-
field emulsions are of this form); hence, the oil-in-water
emulsions are sometimes referred to as “reverse” emulsions
[20].

Figure 1. Photomicrograph of a water-in-oil emulsion and Photo-
micrograph of an oil-in-water emulsion [11].

Multiple emulsions are more complicated and comprise of
tiny droplets suspended in bigger droplets that are suspended
in a continuous phase. For example, a water-in-oil-in-water
emulsion consists of water droplets suspended in bigger oil
droplets that, in turn, are suspended in a continuous water
phase. Figure 2. displays an example of a multiple emulsion
[20].
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Figure 2. Photomicrograph of a water-in-oil-in-water emulsion
[11].

Given the oil and water phases, the sort of emulsion created
relies on numerous parameters. As a rule of thumb, when the
volume percentage of one phase is very little compared with
the other, the phase that has the smaller proportion is the
dispersed phase and the other is the continuous phase. When
the volume-phase ratio is near to 1 (a 50: 50 ratio), then ad-
ditional factors govern the type of emulsion created [20].

Emulsions are also distinguished by the size of the droplets
in the continuous phase. When the dispersed droplets are
larger than 0.1um, the emulsion is a macroemulsion [20].
Emulsions of this sort are often thermodynamically unstable
(i.e., the two phases will separate over time due of a tendency
for the emulsion to reduce its interfacial energy by coales-
cence and separation). However, droplet coalescence can
beminimized or even abolished employing a stabilization
mechanism. Most oilfield emulsions fit in this group. In con-
trast to macroemulsions, there is a second type of emulsions
known as microemulsions. These emulsions form spontane-
ously when two immiscible phases are brought together be-
cause of their very low interfacial energy. Microemulsions
have very small droplet sizes, less than 10nm, and are con-
sidered thermodynamically stable. Microemulsions are sig-
nificantly different from macroemulsions in their formation
and stability [20].

2.2. Crude Oil Demulsification (Emulsion
Breaker)

Demulsification is the separation of a crude oil emulsion
into oil and water phases. From a process point of view, the oil
producer is concerned in three aspects of demulsification: rate
or the pace at which this separation takes place, amount of
water left in the crude oil after separation and quality of sep-
arated water for disposal.

Afast rate of separation, a low value of residual water in the
crude oil, and a low value of oil in the waste water are obvi-
ously desirable. Produced oil normally has to meet company
and pipeline criteria. For example, the oil delivered from
wet-crude processing facilities must not contain more than 0.2%
basic sediment and water (BS&W) and 10 pounds of salt per
thousand barrels of crude oil. This standard relies on corporate
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and pipeline characteristics. The salt is insoluble in oil and
related with residual water in the processed crude. Low
BS&W and salt concentration is essential to reduce corrosion
and deposition of salts. The fundamental goal in refineries is
to remove inorganic salts from the crude oil before they pro-
duce corrosion or other harmful consequences in refinery
equipment. The salts are removed by washing or desalting the
crude oil with relatively fresh water.

2.3. Methods of Emulsion Breaking
(Demulsification)

These days, a variety of demulsification tech-
niques-including thermal (heating and microwave irradiation),
mechanical (settling under gravity, centrifugation, filtration,
membrane, ultrasound treatment), chemical, biological, elec-
trical, and magnetic methods-are employed to separate crude
oil emulsions, [24] as cited by [14]. Recently, there have been
several review papers describing these techniques in oil de-
watering [2, 3, 8, 15, 18, 21-24] as cited by [14] with their
associated advantages and disadvantages.

For example, chemical demulsification is one of the fre-
quently employed and adaptable methods of demulsification
of different types of emulsions, nonetheless, this process often
contaminates the separated products and is not always eco-
nomically feasible for all oil emulsions demulsification. An-
other very new developed technology of crude oil emulsion
separation is a biological process. Despite its more
eco-friendly and cost-effective nature, this method is
time-consuming and very sensitive to operational conditions
[16] as cited by [14] and therefore biodemulsification of crude
oils is not considered in this review, since its effect is based on
the action of demulsifier producing bacteria and, consequently,
the formation of biosurfactants requires special attention to
the consideration of properties of the isolated bacteria which
are deemed to be out of the scope of this review.

Membrane separation is one of the effective and relatively
new methods used for the separation of oil and water emul-
sions, which does not require large energy and thermal ex-
penditure. However, the technique is vulnerable to fouling
with the requirement for frequent cleaning, additionally rela-
tively low permeate flux may be viewed as a constraint and a
disadvantage of this technology [15, 24] as stated by [14].
Today membrane technology has been used more for the
separation of oil-in-water emulsions or direct emulsions, such
as industrial wastewater polluted with hydrocarbons [6] as
quoted by [14].

Finally, electrical separation and microwave irradiation
techniques might be used as a solution to the complex situa-
tions due to their relatively low cost and absence of extra
contaminations, while low separation efficiency is the only
noticeable drawback of these methods [24] as cited by [14].

There are many of study works focusing largely on the
chemical and heat treatment of oil emulsions in Kazakhstan [1,
12, 13] as quoted by [14]. However, there are not enough
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studies on integrating different effective and comparatively
cost-efficient approaches and innovations on the demulsifi-
cation of very stable heavy oil emulsions. Complex ap-
proaches may incorporate many modes of dewatering, for
instance, chemical separation supported by microwave irra-
diation, membrane separation, or ultrasound treatment [3, 7],
as referenced by [14]. Despite the previous critical evalua-
tions [2, 18] of the current status of demulsification methods
utilized in the oil sector, the selection of successful combina-
tion dewatering methods is still relevant.

3. Materials and Method

The following are the materials and the equipment used in
carrying out the experimental work: Crude oil emulsion
sample, Servo demulsifier, LD1 (mixture of Camphor, Hy-
draulic oil, Detergent, Alum), LD2 (mixture of Camphor,
Lime oil, Hydraulic oil, Alum, Detergent), Weighing balance,
Electric Magnetic heater stirrer, Beaker, Spatula, Mortar and
piston, Blender, Thermostatic water bath.

3.1. Method

The methods in achieving the research are here below:
Preparation of the local demulsifier LD1 and LD2.
LD1 composition:
Camphor 15g, Detergent 15ml, Hydraulic oil 50ml and
Alum 5g while
LD2 composition:
Camphor 15g, Lime oil 15m, Hydraulic oil 50ml, Alum 5g
and Detergent 50ml.
Procedure
1) The camphor and the alum were grinded into powder
form using the blender
2) 15¢ of the camphor was measured and poured into
beaker
3) 5g of alum was measured and poured into the beaker
4) 50ml of hydraulic oil was measured and was poured into
the beaker
5) 15ml of detergent were measured and poured into the
beaker
The resulted mixture in the beaker was put into the electric
magnetic heater with stirrer for homogenous mixture. The
stirrer was connected to the power source and was switched
ON. It was heated for about ten (10)minutes and the compo-
sition changed to light gel-like structure. The end product was
LD1. 10g of lime oil was added to the composition in LD1
above and the resulted product was the LD2.

3.2. Treatment of the Crude Oil Emulsion

The emulsion was treated using the three demulsifiers,
(Servo, and the local LD1 and LD2).

Procedure

1) The crude oil emulsion was measured into six (6) pre-
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scription bottles into three places for servo, LD1, and
LD2 respectively.

2) Each of the demulsifiers was extracted at the ratio of 0.2,
0.4,0.6, 0.8, 1.0, 1.2 into each prescription bottle

3) The demulsifier with the emulsion was shaken for ho-
mogeneous mixture

4) The thermostatic water bath was plugged to power
source, switched ON and was set at 60 C

5) The prepared crude oil emulsion was put into the ther-
mostatic water bath and was allowed to be heated for
two (2) hours at 60C

6) After the two hours, the bottles were removed from the
water bath and the reading at the zerominute and every
30minutes interval were taken and recorded

3.3. Confirmation Method of the Emulsion
Treatment

This was done to confirm the percentage of water present in
the crude oil after treatment. The method used to achieve this
is the centrifuge method with the following equipment and
procedures; crude oil sample, centrifuge machine and timer
with the following procedures used;

1) The centrifuge machine was connected to power source

2) The crude oil sample was poured into the centrifuge tube

to 10ml

3) The centrifuge tube with the oil was inserted into the

jacket

4) The jacket was inserted into the machine

5) The machine was set at 5000rpm for fiveminutes

6) The machine was allowed to stop after the fiveminutes

and the sample was brought out for separation analysis.
The result was taken and recorded

Calculation:

The percentage BS & W is calculated as below

% BS & W = (X/10 %< 100)

Where X is the ratio of separation.

The result and all the findings are recorded in chapter four
above.

4. Results and Discussion

From the graph of Figure 3 above at Omin, the components
did not show any separation in ratio 0.2, 0.4, and 1.2. These
three ratios were 100% oil but ratio 0.6, 0.8, and 1.0 shows
little deflection pf water 2% without sludge. At 30min there
was a little deflection in all the ratios showing 98% oil, 0%
sludge, and 2% water but only ratio 0.6 difference of 95% oil
and 5% water without sludge. At 60min they all shoe the same
result of the 30min above. At 90min there was a consistent
result of the previous time. In confirmation test there was a
reasonable amount of separation of three components in the
treated emulsion. All the ratios apart from 0.6 show 95% oil, 3%
sludge, and 2% water. While that of ratio 0.6 shoes 90% oil, 8%
sludge and 2% water. Un all the ratios with time dependent
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and preference to confirmation test, ratio 0.6 performed the
best while others follow regular pattern in servo.
While the graph below shows the detail representation of

the reactant LD1 in the component’s separation at various
ratios with respect to time and confirmation test in the treated
crude oil emulsion.

120 ~

Magnitude

Servo Demulsifier

EOMIN E30MIN m60MIN H90MIN B CONFIRM (%)

Figure 3. Result of servo in the crude oil emulsion treatment.

120 +

Magnitude

LD1

EOMIN ®E30MIN m60MIN H90MIN = CONFIRM (%)

Figure 4. Result of LD1 in the crude oil emulsion treatment.

From Figure 4 which is the graph of reactant LD1, all the
ratios were 100% oil without sludge and water at the Omin
meaning there was no separation. At 30min there was a vari-
ation in ratios 0.4, 0.6, and 1.0 in the deflection of 98% oil, 2%
water without sludge. There was no variation in 0.2, 0.8, and
1.2 which were still 100% oil without sludge and water. At
60min, ratio 0.2 still did not show any variation while all other
ratios were 98% oil and 2% water without sludge. At 90min,
there was a consistence of the previous reading at 60min. In
confirmation test, there was a vivid separation in all with clear
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water interface. Ratio 0.6 confirmed 90% oil, 6% sludge and 4%
water. All other ratios confirmed 94% oil, 3% sludge and 3%
water respectively. In reactant LD1, the ratio 0.6 performed
least of oil recovery in the confirmatory test while every other
ratio has the same variation as a regular pattern of 94% oil, 3%
sludge, and 3% water.

And lastly, the LD2 Result Analysis on the graph below
shows the detail representation of the reactant LD2 in the
component’s Separation at various ratios with respect to time
and confirmation test in the treated crude oil emulsion.
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Figure 5. Result of LD2 in the crude oil emulsion treatment.

From Figure 5 above, the reactant LD2 shows no reaction
with respect to time in the composition of the emulsion at
various ratios. This implies the reactant LD2 was unable to
break the emulsion with the effect of the applied heat.

There was a rigorous change in confirmation test. A vivid
water interface with high level of sludge was observed. Ratio
0.6 and 1.2 performed the best in oil recovery of 94% and 6%
for sludge and water. Others are 0.8, 1.0, 0.4, and 0.2 in the
order of their percentage hierarchy of oil recovery in the
confirmation test.

In the LD2, the reactant was unable to break the emulsion
but only confirmation test did. That is to say that the LD2
reactant is not a good designed demulsifier for the emulsion
breaker.

5. Conclusion

In the three reagents used for the treatment, LD2 performed
the best treatment in confirmatory test at ratio 0.2 to be 86%
oil, 12% sludge, and 2% water. But Servo and LD1 confirmed
the same as 90% oil, with 10% impurities at the same ratio of
0.6 respectively. LD1 performed better than Servo in the
subsequent ratios. It is therefore concluded that the processed
crude was an emulsion and that the three reagents used for the
treatment separated the emulsion into three components of oil,
sludge, and water. The purpose of the project is achieved as
the formulated demulsifiers, LD1 and LD2 were able to
produce perfect desirable result of breaking the emulsion into
its components of oil, sludge, and water.

Abbreviations

BS&W  Basic Sediment and Water
LD1 Local Demulsifier 1

LD2 Local Demulsifier 2

OoswW Oil, Sediment (Sludge), Water
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