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ABSTRACT

The main objective of this work is to
investigate the role of two types of ionic liquids, 1-
hexyl-1-methylimidazoliumtetrafluoroborate
([HMIM]BF4), 1-hexyl-1-methylimidazoliumhexafluoro
phosphate ([HMIM]PFe), and blends of both ionic
liquids upon the microwave demulsification process
of water in crude oil emulsions. A series of batch
demulsification runs were carried out to evaluate the
final water content of emulsion samples after the
exposure to microwaves at specified ionic liquid
concentrations. Tests were also performed to find
the effect of blending ionic liquids at various ratios on
the demulsification efficiency. Results showed that,
increasing the concentration of each ionic liquid
yields improved demulsification results. In these
tests, for similar mass concentrations of ILs, higher
separation efficiencies were obtained when using
[HMIM]PFe. The performance of the less efficient
ionic liquid [HMIM]BF4 was significantly enhanced
when it was blended with equal amount of
[HMIM]PFes.

Keywords: Demulsification, Microwave radiation,
water-in-oil emulsion, ionic liquids, blends of
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INTRODUCTION

Crude oil produced from geological
formations can contain various amounts of water.
Water and crude oil are naturally non-miscible;
however, when naturally occurring, interfacial active
compounds are present; these compounds can
aggregate on the oil and water interface and cause
water to form droplets within the bulk oil phase.
During crude oil lifting through production tubing, the
oil and water encounters an increased mixing energy
from rapid flow through chokes and bends. This
additional mixing energy can emulsify the oil and
water. Such oil external, water internal two-phase
system is commonly referred to as a crude oll
emulsion, which can be quite stable.(Kokal, 2005;
Nguyen, 2013).
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The crude oils should be desalted and
dewatered before refining because salts produce
enormous corrosion problems, they are poison for
the catalysts in refining and reduce the efficiency of
energy exchanging, and increase the oil flow
resistance and even obstruct the pipes. The process
of desalting in oil refining process usually involves
addition 1-20 wt% of wash water to the crude oll,
mixing to form a W/O emulsion and then subjecting
the emulsion to electrostatic demulsification or
hydrocyclone treatment (Goyal, 1993, Varadaraj et
al., 2001). Most crude oils that contain asphaltenes
and naphthenic acids, especially heavy crude oils
tend to form stable W/O emulsions, which are
complex scattered systems (Kumar et al., 2001).
Chemical demulsification by adding surfactant
demulsifiers is still one of the most frequently applied
industrial method to break the crude oil emulsions
(Sjoblom et al., 2001). This process can be very
difficult and non-efficient to demulsify W/O emulsions
of heavy viscous crude oils, and it takes a long time.

Commercial demulsifiers are  polymeric
surfactants such as block copolymers of
polyoxyethylene (EO) and polyoxypropylene (OP) or
alkylphenol-formaldehyde resins, or blends of
different surface-active compounds and poly
functionalized amines with EO/PO copolymer (Kokal,
2005; Hirasaki et al., 2011). Other types of tested
demulsifiers are polyglycol esters, low molecular
weight resin derivatives, high molecular weight resin
derivatives, sulfonates, polymerized oils and esters,
alkanolamine condensates, oxyalkylated phenols
and polyamine derivatives and fatty alcohol
polyoxyethylene (Li et al., 2006).

The application of microwave irradiation to break a
W/O emulsion was described for the first time in
1995 (Fang, 1995) and in the last decade has been
studied by several research groups (Xia et al., 2002,
Xia et al., 2004,Nour and Yunus, 2006, Fortuny et
al.,, 2007). The dielectric heating is based on the
interaction of matter with the electric field of incident
radiation, causing the movement of ions and induced
or permanent dipoles of molecules, which in turn
produces simple heating. For the specific case of
crude oil emulsions, microwaves basically interact
with water molecules and dissolved salts and also
with the polar compounds existing in the crude,
which include resins and asphaltenes .A lot of
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activities have been developed recently regarding
the use of microwave irradiation for demulsification
purposes. This is because the microwave irradiation
offers a clean, inexpensive, and convenient method
of heating, which often results in higher yields and
shorter reaction times (Kappe et al., 2009; Noor et
al., 2012).

It has been generally accepted that the
microwave technology allows for the fast heating of
emulsions, favoring the separation of crude oll
emulsions into water and oil phases by thermal
effects (Chang and Chen, 2002; Xia et al., 2004;
Liaoyuan et al., 2006). Moreover, it is believed that
the interaction of microwaves with the salts and polar
species present in the emulsion may induce non-
thermal effects, such as specific thermal profiles that
favor the diffusion of chemical demulsifiers or the
modification of the molecular structure of chemical
species located at the interfacial film, favoring the
emulsion destabilization (Fang et al., 1989).

According to Chang and Chen, 2002, Fortuny
et al., 2007, Coutinho et al., 2008, and Mohammed
and Saadon, 2013, the composition of the medium
[including type and concentration of salt, pH, and
water content (WC)] greatly influences the progress
of demulsification during the microwave process
because the dielectric properties of the emulsion are
correlated with the composition.

An interesting alternative used in microwave-

assisted processes is the change in the composition
of the system through the use of specific compounds
that have high dielectric properties, thus enhancing
the absorption of radiation by the sample (Lemos el
al. 2010).
Moreover, these additives can be chosen to act in
not only the heating system but also the mechanisms
involved in the process. In this direction, ionic liquids
(ILs) have been widely used as additives in
processes involving microwave heating. ILs are a
specific class of molten salts with high dielectric
properties, consisting of organic cations combined
with anions of organic or inorganic nature. The
chemical structure of ILs allows many combinations
of anions and cations, enabling one to obtain
compounds with properties quite varied, which
means that tailor-made ILs can be produced for a
given application. Their boiling point is always less
than 100°C (Huddleston et al., 2001; Kadokawa,
2013).

In processes using microwave heating, ILs
have been used as catalysts and solvents in various
organic reactions, as agents to assist the microwave
heating of low-polarity organic solvents, etc.
(Hoffmann et al.,, 2003). Besides, even the IL
synthesis can be carried out under microwave
irradiation, which allows one to obtain compounds of
higher purity, thus eliminating purification steps.
Recently, ILs have been used in the petroleum
industry, including mainly the extraction of aromatic,
polyaromatic, and heteroaromatic compounds from

samples of aliphatic hydrocarbons, oil, gasoline, fuel
oil, and diesel (Cassol et al., 2007; Schmidt et al.,
2008).

The interaction of ILs with petroleum fractions
was investigated by Shi et al., 2008 and Boukherissa
et al.,, 2009. Shi et al. presented a new process for
removing naphthenic acids from oil based on the
reaction of these acids with an alcoholic solution and
imidazolium-type derivatives to synthesize an IL able
to settle out of the oil phase by gravity. Boukherissa
et al. reported the use of ILs as the inhibitors of the
aggregation of asphaltenes in the crude. The authors
pointed out that the stabilization of asphaltenes in ILs
is promoted by hydrogen bonds or charge-transfer
interactions. Such mechanisms can be customized
for each type of oil by changing the anion and/or
cation of the IL to tailor their properties to the type of
asphaltene and oil.

The application of this type of IL as a
surfactant in the microemulsion polymerization of
methyl methacrylate and suspension polymerization
of styrene has been shown in the work of Guerrero-
Sanchez et al., 2007. Finally, the ILs involve a set of
properties that are attractive to help demulsification
of water-in-crude oil emulsions because these
compounds have high dielectric properties, can
interact with polar fractions of petroleum, and
ultimately may have an affinity for the interface
because of their amphiphilic nature. lonic liquids
have been shown to readily absorb microwave
radiation  through  dipole-dipole  and ionic
conductance mechanisms giving rise to exceptionally
efficient heating and rapid increase in temperature.
Recently, ILs were described as demulsifier agents
for W/O emulsions. Lemos et al., investigated the
role of two type of ILs ([OMIM]BF4 and [OMIM]PFs)
as demulsifier agents of high stable W/O emulsions
in conjunction with microwave irradiation. The use of
mixed salts to generate new composite ionic liquids
ILs provides a facile means of readily tuning or
tailoring the desired properties of ionic media.
Despite this, very little information is available about
how the structure of the selected ions and
composition impacts the properties of salt mixtures.
To explore this, the demulsification efficiency of two
imidazolium-based ionic liquid mixtures has been
investigated.

EXPERIMENTAL WORK

The demulsification tests applying microwave
radiation were conducted using microwave oven
(LG), which provides 1000 W. A 500 ml graduated
cylindrical glass was used as sample container.
Three thermocouples type (K) were connected to
data logger and then connected to microwave oven
as shown in Fig. 1.



Fig.1. Photograph of experimental apparatus

MATERIALS

Light Nafut Khana crude oil used in this study was
obtained from Middle Refinery Company in Irag. The
characteristics of crude oil are given in Table 1.

Table 1. Crude Oil Characteristics

Melting Paint (°C) -81.85 -60.85

Refractive Index 1.426 1.4167

Viscosity(cp) 310 580

Sp. Gr. At 15.6°C 0.8095

Density at 15.6°C (gm/cm?) 0.8091

API 40

Salt content (Y%wt.) 0.0013
Water content Traces
Viscosity(poise) 0.0476

Two types of ionic liquids were used in this research,
1-hexyl-1 methylimidazoliumtetrafluoroborate
[HMIM]BF4, and 1-hexyl-1-
methylimidazoliumhexafluorophosphate [HMIM]PFs
supplied by Shanghai Chengjie Chemical Company.
The physical properties of these ionic liquids are
given in Table 2.

Table 2. Physical properties of ionic liquids

Characteristic [HMIM]BF4 [HMIM]PFs
Structure

Molecular C10H19N2BF4 C10H19N2PFs
Formula

Molecular Weight 254 312
(g/mol)

Density 1.1532 1.25
(20°C g/cm?®)

EMULSION PREPARATION

In this study, the microwave demulsification method
was carried out using water-in-oil emulsion samples
containing different water contents (8%, 15%, and
30%). Emulsions were agitated vigorously using a
standard three blade propeller at constant speed of
3000 rpm for 45 minutes to facilitate the contact
among the water droplets in the emulsion.

The prepared samples were tested for their stability
under gravity at room temperature. The amount of
water resolved is a measure of the emulsion stability.
The system should not be separated into bulk oil and
water phases after 3 days of gravity settling. The
drop size distribution was measured using optical
microscope model N117M with fitted 5Mp Digital
Camera (Beijing NOVEL Optics Co., Ltd/China)

DEMULSIFICATION

A Set of demulsification experiments was conducted
using [HMIM]BF4 and [HMIM]PFs as chemical
additives during tests conducted with microwaves,
further microwave heating demulsification
experiments were carried out under similar operating
conditions but using three blends of both ionic
liquids.

Tests were conducted at a temperature ranging from
61°C to 81°C with irradiation time of 50 seconds,
microwave power of 1000 Watt and 3% salt content.
Known amounts of IL (50, 150, 300, 500 ppm) were
added to each emulsion sample prior to the test.
Another set of experiments were conducted using
three blends of both ionic liquids viz. (1:3, 1:1. 3:1).
After microwave irradiation, emulsion samples were
put into graduated cylinders for settling
measurements. The volumes of the separated water
phase were recorded every 20 minutes for 3 hours.
The separation efficiency (S) can be calculated from
the following equation:

S %= "5 x100% ... (1)
Vo
Where:
S the separation efficiency
Vs the volume of separated water.

Vo the original volume of water.




RESULTS AND DISCUSSION

1. The stability of the prepared emulsions

The stability of the prepared emulsions was
measured by two methods, aging test and drop size
distribution measurement by optical microscope. All
emulsions stayed without clear separation for more
than 6 months. Emulsions with different initial water
contents (8%, 15%, 30%) have drop size of (5.5-7, 7-
10, and 13-16) micron respectively for that these
emulsions can be classified as tight emulsions

2. Effect of water content on demulsification
efficiency

It is necessary to determine the relationship between
dielectric properties and the water content in the
emulsion, because the dielectric properties are
influenced by the medium composition. This is
especially important in demulsification processes,
where water content variations are expected to
occur. Besides emulsion water content can also
influence the coalescence efficiency during the
demulsification process, leading to reduced distance
between droplets in the sample. This distance can
be severely narrowed with the increase of the
volume of the aqueous phase in the emulsion,
raising the probability of collision between the
droplets. From experimental results, it was observed
that when the volume ratio of water is less, the
emulsion is more stable. According to Fig.2, the
increase of initial water content favors the
coalescence between droplets and formation of free
water.
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Fig.2. Effect of different volume ratios of w/o
emulsion on the separation efficiency (irradiation
power = 1000W, irradiation time =50 s, salt content =
3% NacCl)

3. Effect of ionic liquid dose on separation
efficiency

Results showed that increasing the concentration of
each IL yields improved demulsification results.
Fig.3, shows that the separation efficiency increases
from 35% for 50 ppm dose of [HMIM]PFs ionic liquid
to 65% for 500 ppm dose after 180 min. settling.
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Fig.3. Effect of [HMIM]PFs ionic liquid dose on the
separation efficiency (30% water content, irradiation
power =1000W, irradiation time =50 s, salt content =
3% NacCl)

4. Effect of ionic liquid type on demulsification
efficiency

In these tests, for similar mass concentrations of IL,
higher separation efficiencies were obtained when
using [HMIM]PFe. According to the water separation
measurements, it is shown from Fig.4, that
[HMIM]PFs is able to promote a greater reduction in
the water content of the system, besides possessing
faster adsorption dynamics at the interface.

The HLB values of ionic liquids can be calculated

from Griffin's mathematical method:

HLB =20x L
My +M,)

Here My and M. are molecular weights of

hydrophilic and hydrophobic moieties, respectively.
The values of HLB for [HMIM]BF4 and [HMIM]PFs
are (9.037) and (11.079) respectively. The solubility
of demusifiers in water increases with increasing
HLB values. The HLB values of both ionic liquids
above testifying to good solubility.

It was found that the amount of water separated

expressed as a percentage of coalescence

increases with an increase in the HLB, this explains
the higher demulsification efficiency of [HMIM]PF6.

This finding may be explained in terms of the

following factors:

e The increase in the HLB value increases the
solubility of the surfactant in the aqueous phase
(dispersed phase). When the demulsifier is initially
introduced to the water-in-oil emulsion, it will be
thermodynamically stable at the interface of the
water droplets. Accordingly, the surfactants
possessing high HLB migrate faster to the interface
than those having low HLB. As a result of such
enhanced migration toward the interface, the
surfactant forms a continuous hydrophilic pathway



between the dispersed water droplets. This leads
to a rapture of the interfacial oil film surrounding the
water droplets.

Other properties not yet investigated for these ILs
could play a role and then explain the superior
ability of [HMIM]PFe on the demulsification process.
In this regard, it could be due to the greater
interaction of IL with polar species (resins and
asphaltenes) located at the oil/aqueous phase
interface, which could promote the desorption of
species from the interface.
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Fig.4. Effect of ionic liquid type on demulsification
efficiency (500 ppm ionic liquid, 30% water content,
irradiation power =1000W, irradiation time =50 s, 3%
NacCl)

5. Enhancement of demulsification efficiency
using blended ionic liquids

In order to optimize performance of the less efficient
ionic liquid [HMIM]BF4, it may be necessary to blend
it with another ionic liquid. The best demulsifier
formula for mixed materials is that gives hydrophilic
and hydrophobic balance suitable for separating the
W/O emulsion effectively. It is noted that separation
efficiency changed remarkably with different blends
ratios. When the ionic liquids in this work were
blended together, different separation efficiencies
were obtained, but the highest was recorded at (1:1)
mixing ratio. This can be explained depending on the
properties of the two ionic liquids used. The
hydrophobic ionic liquid [HMIM] PFs would reach
faster to the interfacial film surrounding water
droplets to remove the asphaltenes - resin film
partially and making holes in the film. At the same
time, the hydrophilic [HMIM] BF4 will reach inside
water droplets through these holes and contributing
in exploding drops to coalesce with other drops. As a
result, the separation ratio will be higher than when
ionic each liquid was used separately.

According to the HLB system, all crude oils have a
required HLB. If it is required to demulsify certain
crude oil emulsion, it would need to use demulsifier

or blend of demulsifiers that had HLB of the same
value as for the crude oil.
The value of HLB of blended ionic liquids can be

determined from the following equation:
n

HLB, =Y XHLB, ................ 3)
i=1

The demulsification process was improved when
equal amounts of [HMIM]BF4 and [HMIM]PFes were
used during the tests as can be seen from Fig.5. The
value of HLB, for equal weight fraction of both ionic
liquids is (10.058), which improve the demulsification
process to reach (90%).
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Fig.5. Effect of different mixture ratios of [HMIM]BF4
and [HMIM]PFs on demulsification efficiency.

CONCLUSIONS
According to the results obtained from this study, the
following conclusions are obtained:

e Improved separation efficiency for both ionic
liquids tested was obtained for emulsions
having higher water volume ratio due to the
increase in electrical conductivity and energy
dissipation per unit volume and therefore the
heating effect.

e Increasing the dose of both ionic liquids
used, vyields improved demulsification
results.

e The results showed that the combined use of
microwave and ionic liquid [HMIM]PF6
allows high emulsion breaking efficiency.

e Mixed ionic liquid systems can offer
significant improvements in the
demulsification process.

NOMENCLATURE

HLB Hydrophilic Lipophilic Balance (-)

Mu  Molecular weight of hydrophilic group (g/mol)
ML Molecular weights of hydrophobic (lipophilic)
group (g/mol)

S Separation efficiency (-)

Vo  Original volume of water (ml)



Vs
X

Volume of separated water (ml)
Weight fraction (-)
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