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Abstract: The demand for membranes have increased enormously in the last decades due to increased applicability in many
industrial activities. In the oil and gas industry, filtration membranes gain popularity over other types of membranes due to
their usage in separation of oil-water emulsion using microfiltration and/or ultrafiltration techniques. Researchers have geared
interest in the development of better performance membranes aimed at improving the efficiency of separation and antifouling
properties. Developments in nanotechnology has made available nanoparticles which are used to further enhance the properties
and performance of membranes, adding credence to membrane usage in emulsion separation. In this work, Polystyrene
membrane of size 0.1um is enhanced by coating with Aluminium oxide nanoparticle for improve fouling resistance properties
and separation efficiency. Experiments were conducted in separation of oil-water emulsion using the prepared composite
membrane system. Results show that the membrane system yields 97.86% and 97.54% efficiency in terms of oil rejection for a
pressure application of 60% stroke and 80% stroke respectively while the permeation fluxes are 2.433 ml/cm”*-min and 1.944
ml/cm*-min for 80% stroke and 60% stroke pressure applications respectively. The results reveal that increase in pressure has
less effect in the membrane efficiency. The application of aluminum oxide coating increased the efficiency of the membrane
and reduced its fouling characteristics.
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[2,3].

Over the years, so much attention has been given to means
of separating oil-water emulsion because of the inherent
difficulties which it portrays. One such difficulty is the
disposal problem which leads to pollution of the ecosystem.
Another demerit of oil and water emulsion is the loss of
economic benefits accruing from the oil trap in the emulsion
system. These problems could be handled and minimized if
appropriate demulsification methods are applied [4, 5].
Researchers have found out that using membranes for
oil/water emulsion separation is more efficient when
compared to conventional techniques such as gravity settling,
coagulation, flotation, flocculation, ozonation, and chemical

1. Introduction

The development of technology to separate oil from water
is vital when dealing with oil-water emulsions. An emulsion
is a heterogeneous mixture of two immiscible liquids with
one intimately dispersed in the other as droplets [1].
Membranes have been studied and are especially encountered
in many industrial processes such as pharmaceuticals, food
processing, desalination, wastewater treatment, chemical etc.
In the oil industry, emulsions occur between water and crude
oil in drilling, processing, production and transportation
phases of oil and gas operations. Oil-water emulsion can be
stable or unstable depending on the emulsifying agents

present in the crude oil system. Furthermore emulsion can ~ methods. These conventional methods have become
either be oil in water when oil is the dispersed phased, water ineffective in treatment of oil/water emulsion due to high
operational cost, higher energy consumption, lower

in oil when water is the dispersed phase or mixed emulsion
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efficiency and the problem of getting secondary pollutants as
by-products [6, 7]. Emulsions employed in separation of oil-
water emulsion are filtration-type membranes which are
employed in microfiltration and ultrafiltration processes.

All membrane separations rely on a driving force across
the membrane to induce the flow or flux and a separation
factor which prevents some materials from crossing. Pressure
is the most common driving force, in that case, low-pressure
permeate stream becomes enriched by rapidly diffusing
components while the slower components are concentrated in
the retentate stream. Either permeate or retentate could be the
product [8, 9].

On basis of the materials used, membranes can be divided
into 3 or 4 categories which includes polymers membranes,
metallic membranes, ceramic membranes (metal oxide,
carbon glass) and liquid membranes. Polymer membranes
have been popular in use as filtration materials. Polymers
such as polyvinylidene fluoride (PVDF), Polysulfone (PSf),
Polyethersulfone (PES) etc. have been applied in separation
of oil-water emulsions. Most polymeric membranes owing to
their intrinsic properties are oleophilic which means that they
attract oil to their surfaces. Oil retention to polymeric
membrane surfaces have been shown to be the cause of
membrane fouling [10]. To improve the hydrophilicity and
antifouling performance of polymeric membranes, the
membrane can be blended with hydrophilic components or
surface modification of the membrane surface can be done.
Ceramic membranes gained importance because of their high
chemical, thermal and mechanical stabilities, which make
them suitable for use in harsh conditions such as corrosive
and high temperature environments. But due to the limitation
of their pore sizes, using ceramic membranes oil-water
emulsion separation poses risk of severe fouling problems
and low fluxes. Notwithstanding, Ceramic materials such as
silicium carbide, zirconium oxide, titanium oxide etc. endure
harsh temperature conditions and exhibit stable performance
in solvent medium [11].

An Ideal membrane material should have high selectivity,
permeate flux, stability and fouling resistance. However, the
major problem in filtration membranes for oil-water
separation is membrane fouling, caused by surfactant
adsorption or pore plugging by oil droplets which leads to
decreased permeation flux. In most cases, there is inevitable
requirement to clean the membrane [12, 13]. Membrane
cleaning involves extra maintenance downtime, chemicals
and energy. This adds to the operation costs and may threaten
the benefits of membrane separation. Developments in
nanotechnology has made available inorganic nanoparticles
which have proven to be helpful in improving membrane

permeability and fouling resistance by either changing the
membrane pore structure or increasing its hydrophilicity.

Polystyrene (PS) is a synthetic aromatic hydrocarbon
polymer that is produced from the monomer known as
styrene. Chemically, polystyrene is a long chain hydrocarbon
wherein alternating carbon centers are attached to phenyl
groups. Polystyrene (PS) is one of the most widely used
plastics, with global industrial annual productions of several
million tonnes. Polystyrene is generally considered to be
non-biodegradable and is a major component of plastic debris
in the ocean, and the principal cause of white pollution.
Because of its hydrophobic and oleophilic properties, PS
exhibits high prospects for as oil absorbent. PS material with
high surface area is highly demanded in the absorption
application for oil-water emulsion separation.

Yang et al [14] studied TiO, nanoparticles. They used the
nanoparticle in coating a Polysulfone ultrafiltration
membrane which was successfully applied in the separation
of kerosene/water emulsion. In addition, the membrane was
observed to have enhanced anti-fouling properties.

Li et al [15] blended Al,O; nanoparticles with PVDF-UF
membranes. He observed upon addition of Al,O;
nanoparticles increased the hydrophilicity of the PVDF
membrane but had no effect on the effective pore size and
porosity of the membrane.

Liu et al [16] researched on “efficient oil/water separation
membrane derived from super-flexible and superhydrophilic
core—shell organic/inorganic nanofibrous architectures”.
They manufactured superhydrophilic and underwater
superoleophobic organic/inorganic nanofibrous membranes
using a scale-up fabrication method. The membrane that was
synthesized retains a delicate organic core of PVDF-HFP and
an inorganic shell of a CuO nanosheet structure, this provides
super-flexible characteristics owing to the merits of PVDF-
HFP backbones, and superhydrophilic functions contributed
by the extremely rough surface of a CuO nanosheet anchored
on flexible PVDF-HFP. This organic core and inorganic shell
architecture not only improves membrane performance in
terms of antifouling, high flux, and low energy consumption,
but also prolongs the lifespan by enhancing its mechanical
strength and alkaline resistance to widen its applicability. The
resultant membrane exhibits good oil/water separation
efficiency in terms of oil rejection of more than 99.7%,
together with excellent anti-fouling features for different
oil/water emulsions.

In this work, Polystyrene membrane material engineered
with Aluminium oxide nanoparticle coatings is used in the
separation of oil-water emulsion.

Table 1. Properties of common Polystyrene membrane material for emulsion separation [17].

Size Pore Density Open Area  Nom. Nom. Weight  Bubble Point Water Flow Rate Air Flow Rate
(pores/cm?) (%) Thickness (um)  (mg/cm?) (psi) (mL/min/cm?) (L/min/cm’)

0.1 pm 4x10* 3.1 10 0.8 30 2.5 1.5

0.2 pm 3x 10° 9.4 10 1.3 20 10 3

0.4 pm 1x10° 12.6 10 1.2 12 33 7.5

0.8 pm 3x 10’ 15.1 9 1.1 7 90 18

1.0 pm 2x 107 15.7 11 1.3 6 130 20
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Polystyrene Membrane
Size Pore Density Open Area  Nom. Nom. Weight  Bubble Point Water Flow Rate Air Flow Rate
(pores/cm?) (%) Thickness (um)  (mg/cm®) (psi) (mL/min/cm?) (L/min/cm®)

2.0 pm 2x10° 6.3 10 1.3 3 300 16.5

3.0 um 2x10° 14.1 9 1.1 2 440 37.5

5.0 pm 4x10° 7.9 10 13 1.2 700 30

8.0 um 1x10° 5.0 7 1.0 0.7 1000 30

10.0 pm 1x10° 7.9 9 1.3 0.9 1150 34.5

Table 1 gives the properties of several sizes of Polystyrene
membrane for application in filtration processes. The water
flowrate and air flowrate represent the volume of water and
air that can pass through the membrane pores on application
of pressure (at bubble point).

2. Materials and Methods
2.1. Materials

The polystyrene (PS) membrane material of size 0.1um
was purchased from the market alongside the Aluminum
oxide nanoparticles. Crude oil sample used was sourced from
Niger Delta flowing well. Other materials for the
experiments used such as Iso-Hexane, sealant, Petroleum
ether and silver nitrate were purchased from the market.

Figure 1. Polystyrene membrane support material.

2.2. Experimental Process

The experimental process comprise the following i)
preparation of the crude oil emulsion mixture ii) preparation
of the nanoparticle mixture and coating of the membrane
support material iii) Actual oil/water emulsion separation.

For the crude oil emulsion preparation, crude oil of 50ml
was measured and poured into a beaker. 500ml of deionized
water was added to the crude oil. The resulting mixture was
stirred thoroughly to obtain a homogenous oil/water
emulsion. The Mixture was then blended in a high speed
blender at 20,000rpm (high rotational speed) for 1 minute.
The oil droplet size was then measured by an optical
microcopy method.

Next was the preparation of the Aluminium oxide
nanoparticle and coating of the membrane material: In doing
this, 5g of silicon sealant was dissolved in 10ml of iso-
hexane. 40g of Aluminium oxide nanoparticle was put into

500ml beaker. Then 40g of the Aluminium oxide
nanoparticle was added into the silicon sealant-iso-hexane
solution at room temperature and stored for 1 minute to form
a paste-like slurry. The resulting mixture was then stirred
vigorously and cast on the top of each of the membrane
support and left for 10 minutes to settle.

Figure 2. Casting on the composite membrane.

The coated membrane sample was fixed to the membrane
filtration apparatus and then allowed to dry in open air for
about 1 hour. The prepared oil-water emulsion was stirred for
60minutes to achieve a homogenous mixture under ambient
conditions. The membranes to be used were pre-wetted
before used for the separation. The emulsion was poured into
a measuring cylinder in the filtration apparatus. The
procedure was carried out under 80% stroke and 60% strokes
pressure using vacuum pump.

Figure 3. Membrane separation process using vacuum pump.
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Figure 3 gives a description of the membrane system
undergoing separation. Due to applied pressure from the
vacuum pump, the emulsion mixture in the filtration
apparatus is pressurized and filtration commences. Since the
polystyrene membrane material used is oleophilic, the setup
allows passage of water while oil is retained at the membrane

material.
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3. Results and Discussion

The Result for Polystyrene membrane material for 80%
stroke and 60% stroke is given in table 2.

Table 2. Experimental results.

Polystyrene
Parameter Raw sample 80% stroke 60% stroke
pH 5.89 2.5 6.65
Conductivity, S/cm 33 44.95 50
Turbidity, NTU 15.7 49 57
Chemical Oxygen Demand (COD), mg/1 7800 1740 5520
Viscosity, mPa.s 19.9 22.33 20.75
Filtration time, min - 7 12
Oil Content in filtrate, % 14 0.4 0.34
Volume of Filtrate, ml 172 176
Volume retained, ml 25 20
Total volume of emulsion used, ml = o
Volume absorbed by membrane 3 4
Volume of oil content in filtrate 0.69 0.6
Separation Efficiency 97.54 97.86
Permeation Flux, ml/cm?min 2.443 1.944
Average Filtrate Flowrate, ml/min 24.57 14.67

Table 2 gives the summary of experimental results using
polystyrene to separate crude oil emulsion. The separation
processes were facilitated by pressure applied using vacuum
pump. Pressures were applied for 60% stroke and 80% stroke
on the polystyrene membrane material. From table 2, the
volumes of liquid absorbed by the membrane materials are
3ml and 4ml for 80% stroke and 60% stroke respectively.

efficiencies in terms of oil rejection are 97.54% and 97.86%
for 80% stroke and 60% stroke respectively. Thus, there is no
appreciable difference in the change in pressure with
efficiency of the separation as evident from the result. The
permeation fluxes are 2.443 ml/cm’-min and 1.944 ml/cm’-
min for 80% stroke and 60% stroke respectively. The average
flowrates of the filtrate are 24.57ml/min and 14.67ml/min for

The volumes of oil in the filtrate are 0.69ml and 0.6ml for 80% the 80% stroke and 60% stroke respectively.

stroke and 60% stroke respectively; the separation
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Figure 4. Graph of filtrate volume and separation time for Polystyrene membrane material.

From figure 4, it can be observed that the 80% stroke
yields more filtrate volume at first, but it lasted for less time
compared to 60%. The 60% stroke has less flowrate but with
higher recovery of filtrate volume owing to more time of
separation. Thus more time was needed to achieve higher

filtration volume as a result of less pressure applied. Also,
from figure 4, more water was removed by using a pressure
of 60% than a pressure of 80% stroke. This is because at
higher pressures, the oil phase may deform and acquire
sufficient energy to pass through the membrane surface to the
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filtrate side even though the membrane surface is oleophilic.
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Figure 5. Graph of filtrate volume and volume of oil present in filtrate for Polystyrene membrane material.

Figure 5 clearly illustrates the production of more oil in the filtrate due to addition of higher pressures. As can be observed
from the figure, the blue line representing the 80% stroke pressure application lies above the red line representing the 60%

pressure application.
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Figure 6. Graph of percentage water removal from the Polystyrene membrane material.

From figure 6, the percentage water removed from 60%
stroke is more than that for 80% stroke at the end of the
separation process. But initially due to higher average
flowrate as a result of higher pressure, more water per time
was separated from the 80% stroke, but it only endured for
less time compared to that of 60% stroke.

4. Conclusion

Polystyrene membrane material coated with Aluminum
oxide nanoparticles have been studied relative to its
application in the separation of crude oil emulsion. While

polystyrene membrane shows good permeation flux, its
efficiency in terms of oil rejection was greatly enhanced by
coating with Aluminium oxide nanoparticles which apart
from improvement in separation efficiency gives it more
mechanical stability while improving its fouling resistance
characteristics. The composite membrane exhibited very high
oil rejection efficiency 97.86% for 80% stroke and 97.54%
for 60% stroke. The efficiency is highly within the range of
polymer membranes used for oil-water separation in
literatures. It is expected that padding more sheets of
polystyrene membrane will further increase the efficiency in
terms of oil rejection.
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5. Recommendation

Polystyrene polymer membrane is recommended for use in
separation of crude oil emulsion that frequently occur in oil
gas activities in the Niger Delta. The membrane must be
manufactured to be stable to withstand applied separation
pressures. Furthermore, because of the oleophilic nature of
Polystyrene membrane, coating with nanoparticles like
aluminum oxide gives extra mechanical strength and anti-
fouling resistance the membrane.

More research should focus on addition of a co-polymer to
achieve a membrane-co-polymer-aluminum nanoparticle
membrane construction for a higher efficient and durable
membrane application for separation of more varieties of
oil/water emulsions. Also padding sheets of Polystyrene
membrane is expected to yield higher separation efficiency in
terms of oil rejection.
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