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ABSTRACT

Due to the strong absorption and three-dimensional structure of the 8 wt% PAN-Fe203 and PAN-TiO2 nanocomposite films, an aqueous
solution polymerization was used to create a photodegradable composite with N-methyl-2-pyrrolidone (NMP) as a crosslinking agent.
Fourier transform infrared spectroscopy (FTIR) was used to determine which groups in the composite are active. The contact angles were
measured for different concentrations of the 8 wt% PAN-Fez03 and PAN-TiO2 nanocomposite films. In addition, a scanning electron
microscope (SEM) was used to understand the morphological characteristics of the composites. Gas chromatography (GC) was used to
evaluate the efficiency of oil/water separation. The optimal separation time was at 5 min, after which the removal efficiency decreased
with the 8 wt% PAN-Fez203 concentration. The optimum efficiency of removal was achieved on the PAN-TiOz surface at 8 wt%
concentration and reached to 98% at 10 g/90 ml (10%) crude oil/water concentration, this is due to the high hydrophilic tendency 8 wt%
PAN-TiOz. The nanocomposite membranes with 8 wt% PAN-Fe203 and PAN-TiOz, are easy to fabricate, have low component costs, are
robust, and offer high performance, which have great potential for industrial-scale applications in the treatment of oily industrial
wastewater in harsh environments.
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1. INTRODUCTION solutions and are used in personal hygiene products. Cross-
link density of SAPs rises with increasing cross-link density
We There are both liquid and solid parts to oil refinery  until an optimum cross-link density is attained, attains a
waste. Many industries are required to separate oil and maximum swelling capacity, and then falls off with
water to avoid waste and obey environmental guidelines. As  increasing stainless steel mesh density [7, 8, 9].
well as the usual approaches now being used, we should
develop new and more modern technologies to address this ~ The effect of polyacrylonitrile-Fe203 (PAN-Fe203) or PAN-
issue. Due to frequent oil spills and oily wastewater from  TiO2z nanocomposite membrane concentration on
industry, it has become difficult to effectively separate oil membrane performance was investigated using phase
from water on a global scale [1]. Currently, Crude Oil /water inversion technology with a polyacrylonitrile-Fe203 or TiO2
mixtures can be treated with membrane-based polymer membrane for petroleum refining water
technologies, though they usually have several separation, achieved by coating with crosslinked Poly (vinyl
disadvantages, like requiring costly equipment or a lot of  alcohol) PVA. The concentration of polyacrylonitrile-Fe203
energy [2, 3]. One particularly advantageous feature of using  or TiO2 nanocomposite membrane can enhance membrane
a PAN-based enhancement to a membrane is that the performance by increasing flux and removal rates, as Fe203
hydrogel so formed has a lower degree of contamination or TiOz possess properties that improve hydrophilic
from oil. Other benefits are that residual oil in the separated  characteristics [10].
water has alow concentration and that manufacturing these
reinforced hydrogels is very economical. Isadora et al. (2024) [11] found that the hydrogel-coated
structural pad could remove more than 90 percent of the
Branching in a polymer leads to a high degree of cross-  water from the oils and make the oil clearer, brighter, and
linking, and the degree of cross-linking is important to  more transparent. In places where water is polluted, the
mechanical and thermal properties. Industrial applications  hydrogel-coated pad helps quickly separate water, which is
of water-soluble hydrophobic polymers include, for important for industrial settings. Oils always contain water,
example, cosmetics and paints, oil extraction, and drilling  and this water is not wanted. Water may get into the product
fluids are made with hydrophobic alkyl groups on the during the production, transportation, or storage stages in
polymer chain, which help with condensation and air-liquid  the form of dissolved, emulsified, or free water (Teng et al.,
surface activity. A superabsorbent polymer (SAP) [4] was  2022; Estevam et al., 2023) [12, 13]. In addition, the way
investigated that is synthesized by suspension reverse liquid films are created and stabilized is influenced by the
polymerization and dilute solution polymerization using exact composition of the filler and its order in the cement
acrylamide, acrylic acid, and their salts. [5, 6] These are  mix (Blauth et al. 2025) [14].
superabsorbent polymers that can absorb aqueous or water
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(Hidayah et al. 2021) [15], reported that the effect of UV
exposure duration on the performance of a
polyacrylonitrile-Fe203 nanocomposite membrane for oil
refinery wastewater separation resulted in increased
membrane flux and decreased rejection value. The addition
of PEG to enhance the efficiency and characterization of
nanocomposite membranes for oil refinery wastewater
separation was further enhanced.

Surkatti et al. (2024) [16] mention that many biomedical
fields use Poly (vinyl alcohol) PVA/nanoparticles like Fe203
and TiOz, but there are constraints for using them in biomass
stabilization. In addition, there are no studies that have
looked at different nanoparticles to see how they can
improve the properties of hydrogels. Hence, this work looks
at using Fez203 and TiOz metal oxide nanoparticles to
strengthen PVA gel for biomass stabilization. PVA/metal
oxide nanoparticle composites were made by adding a small
amount of nanoparticles to a 10 wt% PVA solution. In
addition, the impact of nanoparticle type and amount on the
appearance and functions of PVA/hydrogel nanoparticle
composites was studied. The PVA gel composites were put
through a bioreactor and studied against pure PVA gel to see
how the matrix held up.

Using nanoparticles (NPs) in polymeric membranes is
becoming more common because of their specific features
and their involvement in oily wastewater treatment [Salim
etal, 2022] [17], as well as their small size and large surface
[Lu et al, 2016] [18]. Some of the common inorganic
nanoparticles include titanium dioxide (Ti02), ferrous oxide
(Fes04), silicon dioxide (SiO2), graphene oxide (GO),
aluminum oxide (Al203), carbon nanotubes (CNTs),
zirconium dioxide (ZrO2), silver (Ag), zinc oxide (ZnO),
mobile composite material 41 (MCM-41) and oxygen-
deficient tungsten oxide (W02.89) The studies by Al-Jumaili
et al. in 2018 [23], 2019 [24] and Amna et al. in 2020 [25],
along with Rana et al. in 2021 [26] and Reham et al. in 2022
[27], provide useful information.

In the research, nanoparticles of iron oxide (Fe304) and
titanium dioxide (TiOz) were manufactured to be used for
the creation of nanocomposites. As there is not much
research on polyacrylonitrile (PAN): PAN-Fe203 and PAN-
TiO2 nanocomposite films, this study sought to produce
hydrophobic nanocomposites using synthesized titanium
dioxide (TiOz) and iron oxide (Fe304) nanoparticles,
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polyurethane beads, and iron dioxide (Fe203) nanoparticles.
Fes04 and Fe203 nanoparticles were chosen because they
have good magnetic properties that help with
hydrophobicity, and titanium dioxide nanoparticles were
chosen for their hydrophobicity. The structure, surface look,
and thermal stability of the new nanocomposites were
studied. The ability of the membrane to repel water,
separate oil from water, how effective it is at separating, and
if it can be used more than once were also checked.

2. EXPERIMENTAL WORK
2.1. Chemicals and Raw Materials

Polyacrylonitrile (PAN), Nano Fez03, and TiO2, N-methyl-
pyrrolidone (NMP), Polyethylene glycol 6000 (PEG 6000),
and Polyvinyl alcohol (PVA) were purchased from Shanghai
Macklin Biochemical Co., Ltd., and UV-Irradiation, Glass
plate using a casting knife. Crude oil from the Durra refinery
was used; every experiment used deionized water DI. Glass
tubes with compression clamps. All materials were used
without any preliminary treatment.

2.2. Formulation of 8wt% of Polyacrylonitrile-Fe203
(PAN-Fez03) and (PAN-TiOz) Membrane Nano
Composite

The 8wt% (PAN-Fez03) and (PAN-TiO2) Membrane Nano
Composite. 25 g: At the stage of making polyacrylonitrile
films, starting from making a solution and according to Table
1, printing consisting of 5g of polyacrylonitrile as a polymer
with a composition of 18% by weight. 2g (8wt%) of nano-
Fe203 or TiOz are added. 2g of Polyethylene glycol (PEG)
6000 is used as an additive with compositions for
polyacrylonitrile films, and the remainder is used as a
solvent, 16g of n-methyl-2-pyrrolidone (NMP). The film
printing uses the reversed-phase method. This method
involves printing the film onto a glass plate using a casting
knife and then immersing the glass plate in a coagulation
bath. This research investigates the effect of post-treatment,
i.e., temperature. The film with the best performance is then
heated to (70-80) #2°C, its optimum temperature, with
heating times of 2 min for polyacrylonitrile. UV light is added
for five minutes, as shown in Figure 1. Finally, 3g of polyvinyl
alcohol should be added with mixing for 5 min. Put this
membrane in the separation system.
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Table 1 Formulation of 8wt% of (PAN-Fe203), and (PAN-TiO2) Membrane Nano Composite (25g)

Materials State Wt. g Time Heating
PAN S 5
Nano Fe203 and TiO2 S 2
PEG S 2
NMP 16 (the rest)
Polyvinyl alcohol 3% S 3g 5 min 80 °c
uv 5 min
Heating 2 min 70 °c

Figure 1. The membrane under UV rays for (PAN-Fe203) and (PAN-TiO2) Membrane Nano Composite polyacrylonitrile films.

2.3. 0il / Water Separation Procedure

For the homogeneous mixture, the two components were
put into a beaker and stirred at 600 rpm for 15 min to
achieve mixtures of oil with different percentages of water
(10/90,25/75,50/50,75/25 and 90/10) (Figure. 2a). To set
up the filter, we used two graduated glass cylinders with
grooves to hold an O-ring that forms an airtight seal with the

()

reinforced membrane (Figure 2b). The upper cylinder has
an internal diameter (ID=2.5 cm) into which are poured
crude oil/water mixtures, from where, at the bottom of the
cylinder, water is collected. Each trial was recorded for a
separation time. The crude oil/water mixture drained into
the upper cylinder of glass, and oil remained in the glass
cylinder.

(b)

Figure 2. The mixtures of oil/water, (b) Crude oil/ water separation system.
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The permeate water has a high separation efficiency (S Eff.)
and practically no visible oil in it. 0Oil content was
determined before and after the separation using an
infrared spectrometer oil content analyzer. Therefore, the
separation efficiency is determined by the oil removal
coefficient (R%):

y
%R=<1—é>x100 1)

Gas chromatography (GC) is used using Co and Cp. the oil
concentrations of the water are then assessed in the
collected water after a one-time separation and in the
original oil/water mixture, respectively, where C, is higher
than Cp.

2.4. Characterization

Sample characterization: 8wt% of (PAN-Fe203) and (PAN-
Ti0z) Membrane Nano Composite polyacrylonitrile films
were characterized by Fourier Transform Infrared
Spectroscopy (FTIR) to determine the effective functional
group for the manufacturer material, the calculation of the
contact angles of two (PAN-Fe:03) and (PAN-TiO2)

concentrations (CA), and Scanning Electron Microscopy
(SEM) to give an enlarged and detailed image for the sample.
At the same time, Gas chromatography (GC) was used to
evaluate the oil/water separation.

3. RESULTS AND DISCUSSIONS
3.1. Characterization

FTIR: Slices measuring 1 cm in diameter and 20 pm thick
were made and mixed with potassium bromide. The sample
was applied to the slices, which were loaded into the
apparatus, and the infrared spectrum was recorded
between 400 and 4000 cm-1 at a resolution of 4 cm-1. In
both (PAN-Fez03) and (PAN-TiOz) Membrane Nano
Composite polyacrylonitrile films, the absorption peaks at
3450.7 cm-1 in the PAM spectrum (Figures 3 a and b)
suggest O-H stretching, at 3200 cm-1 show N-H bending, at
1474 cm-1 are C=0 stretching, at 2800 cm-1 are -CH,
stretching, at 1312 cm-1 are C-H bending and at In the
composite spectrum of (PAN-Fez203) and (PAN-TiO2), the
peaks at 1384 cm-1 and 1064.1 cm-1 are due to C-O-H
deformation vibration and Ti-O-C vibration which indicate
that both composites interact with PAN through -OH, as can
be seen in Figure 3 [28], [29].

Membrane Nano Composite polyacrylonitrile films
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Figure 3. FTIR spectrums for (a) PAN-Fe203, (b) PAN-TiOz.

XRD: Figure 4a, b shows the X-ray diffraction patterns of
both (PAN-Fe:03) and (PAN-TiOz). The intensity of the
characteristic Fe:03 and TiO2 peaks increases with
increasing TiO2 loading on the PAN, indicating the
incorporation of TiO2z into the PAN. Detailed results match
Figure 2, with 260 values of 14.05, 19.2, 25.55, 32.6, 37.05,
41.6, 48.9, 54.95, 64.75, and 64.8 for PAN-Ti02. A higher
intensity at 2h = 25.4 for TiO2 /PAN also means that the PAN
has more anatase phase present. The presence of TiO2 in the
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films brought about a new diffraction peak at 26 = 26.5 -,
which was assigned to the (101) crystal planes of TiO2 and
supported the incorporation of TiO2 in the PAN films [30].
Also, the Fe:03 XRD spectrum exhibited peak average
crystallite sizes of the a-Fe203 nanocomposites, which were
47.09 nm, respectively. The crystal size calculation results
showed that all the materials produced in this study were on
the nanoscale [30].
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Figure 4. X-ray diffraction patterns for (a) PAN-Fe203, (b) PAN-TiO2.

SEM: The membrane surface and cross-sectional structure
were analyzed using a scanning electron microscope (SEM).
This analysis provides qualitative information about the
membrane's pore size, distribution, and overall geometry
[16]. The membrane surface can be observed through a
scanning electron microscope (SEM), and an image can be
captured. Figures 5a and b present the results of SEM image
analysis to determine the membrane morphology based on
the membrane surface (outer surface) and its cross-

ga PAN-Fe203

ap?

sectional structure. Figure 5b indicates that the membrane
pores are slightly larger and more uniform. The cross-
sectional analysis of the nanocomposite membranes
demonstrates that fouling is caused by the presence of
inorganic (organic) chemicals and microorganisms. As the
fouling flux decreases, the membrane replacement/washing
is performed [17].

b) PAN-TiO:

. !

Figure 5. SEM micrographs of (a) PAN-Fe203, (b) PAN-TiO2.

Contact Angle: As shown in Figure 6, the difference in the
shape of water droplets in air on PAN-Fe203 and PAN-TiOz is
evident. The water droplet spread over the nanocomposite
polyacrylonitrile membranes and quickly entered the
surface of the PAN-TiO2 membrane, where it was rapidly
adsorbed within a few seconds, as illustrated in Figure 6(b).
The contact angle was 6=9.6°, whereas in Figure 6(a), the
water droplet spread slowly on the membrane surface with
a contact angle of approximately 6=26.7°. This indicates that
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PAN-TiOz is highly hydrophilic. All the contact angles of the
membrane surface were less than 20. The smaller pores and
greater surface roughness, combined with the larger current
densities, change the hydrophobicity of the membrane
surface, depending on pore size. The area covered by the oil
film on the membrane will shrink in cases where the oil film
is rougher [31].
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(a) PAN-Fe203 l

6=26.7°

(b) PAN-TiO2

0=9.4°

Figure 6. Contact Angles CA analysis of (a) PAN-Fe203, (b) PAN-TiO2.

3.2. Study of the Separation Efficiency of (Crude oil/
Water)

Change of Concentration: The crude oil/water concentration
(10 wt%, 25 wt%, 50 wt%, 75 wt%, and 90 wt%) varied with
PAN-Fe203 and PAN-TiOz. The best R was 96.7% at PAN-TiOz
and 10 wt% crude oil/water. As shown in Figure 7.

Change of Contact Time: The removal of water from an
aqueous solution (crude oil/water) depends on the initial
crude oil concentration and the contact time. The amount of
water removed decreases proportionally as the initial crude

99.00

oil/water concentration increases. Water removal improves
with time, with the optimal duration being 5 minutes. Water
removal from aqueous solution (crude oil/water) depends
on the initial crude oil concentration and contact time. The
amount of water removed decreases proportionally with the
initial crude oil/water concentration increase. Water
removal improves with time, with the optimum time being 5
min. The crude oil/water concentration (10 wt%, 25 wt%,
50 wt%, 75 wt%, and 90 wt%) was varied with PAN-Fe203
and PAN-TiO2. The best R was 98% for PAN-TiOz and 10
wt% crude oil/water, as shown in Figure 8, [32, 33].
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Figure 7. Change of (crude oil/water) concentration with PAN-Fe203 and PAN-TiO2.
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Figure 8. Change of contact time with changing concentration of (crude oil/water), (a) 10 wt% crude oil/water, (b) 25 wt% crude
oil/water, (c) 50 wt% crude oil/water, (d) 75 wt% crude oil/water, and 90 wt% crude oil/water on the surface of PAN-Fe;03 and PAN-
TiOz nanocomposite polyacrylonitrile films.
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4. CONCLUSION

Surface-reinforced 8 wt% PAN-Fe;03 and PAN-TiO:
nonporous polyacrylonitrile membranes were successfully
prepared for oil/water separation. One type, PAN-Fe203
and PAN-TiOq, at 8 wt%, was used for testing its efficiency.
The 8 wt% PAN-Fe203 and PAN-TiO2, reinforced with 8
wt%, could effectively handle low oil and water
concentrations. The optimum separation time was 5 min,
after which the removal efficiency decreased with the 8
wt% PAN-Fe203 concentration. The best removal
performance was achieved on the 8 wt% PAN-TiO2
surfaces reaching 98% at a concentration of 10 g/90 mL
(10 wt%) crude oil/water.
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