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Introduction

Fresh water is one of the basic human needs, which is
used for drinking and agriculture purposes. More than
two-thirds of the Earth's surface is covered with water,
yet only 1% of this amount is available in fresh, usable
form. With the increase in population and environmental
uses caused by the advancement of industry,
technologicalinnovations and transportation, freshwater
resources on the surface of the earth are being depleted
at an increasing rate. Also, in the dry, mountainous and
desert areas, the low rainfall becomes the source of fresh
water. Water purification includes methods to remove
consumption and suspended and soluble particles in
water, in industrial water purification, methods such as
filtration, ion exchange, electrodeionization (EDI) and
reverse osmosis are used [ 1].

Membrane-based technologies have become very
popular in recent years due to their high separation
efficiency, relatively low costs, and ease of operation of
amembrane. Membranes are semipermeable layers that
act as a barrier. In other words, it only allows material
in and removes waste material. Membranes prepared
from electrical nanofibers with unique characteristics
of very high surface to volume ratio, suitable porosity
percentage, adaptability and activation in nanofibers
are one of the suitable options in the wastewater
treatment process [2]. Titanium dioxide is one of the
best available semiconductor photocatalysts due to
its optical activity, ability to emit light, mechanical
strength and low cost. Titanium dioxide is found as
a mineral in magmatic rocks of hydrothermal sheets
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and also in perovskite wall [3]. TiO, nanotubes have
gained great importance due to their unique properties,
including ion exchange capability, photocatalytic
potential, large surface area, and significant electrical
properties; However, its specific capacity is low due
to the presence of brittle phases, and due to its wide
energy gap, it has poor conductivity [4]. One of the
methods for the synthesis of TiO2 nanotubes is the
anodic oxidation method. Thermal and electrochemical
methods have been used to modify their structure [5].
The production of self-organized TiO2 nanotubes by
anodizing titanium in fluoride-containing solutions
is a relatively new method that has great potential
in producing TiO, nanotube bundles with high order
and controlled size. Despite the studies conducted on
the efficiency of titanium dioxide nanoparticles as an
additive in membranes, titanium dioxide nanotubes
have not been used in membranes so far. To prepare
nano fiber membranes, polystyrene polymer was used
in the electrospinning process and after obtaining a
porous film consisting of nano fibers as a membrane,
titanium dioxide nanotubes were fixed on them.
The synthesized nanotubes and membranes were
evaluated in terms of structure and function, and
the photocatalytic activity of the nanocomposite
complex was studied in the degradation and removal
of methylene blue pigment. In this study, titanium
dioxide nanotubes were synthesized and used as an
additive in nanofibrous membranes.



Materials and Methods

Necessary Materials

Polystyreneobtained fromPetromel, dimethylformamide
(DMF), ethylene glycol and ammonium fluoride
obtained from Merck, hydrofluoric acid and nitric acid
obtained from Sigma Aldrich and distilled water was
used in the measurement specifications in the test bed.
Synthesis of TiO, Nanotubes by Anodizing Method

In order to synthesize TiO, nanotubes by anodizing
method, the desired electrolyte solution must first be
prepared and the metals used in the anode and cathode,
which are Ti and Pt respectively, must be prepared to be
placed in the circuit.

Nano Fiber Production Process

2 grams of polystyrene was dissolved in 8 ml of
dimethylformamide (DMF) solvent using a stirrer for
24 hours. This solution was poured into a 5 ml syringe
and electrospinning was performed under an electric
potential of 24 kV. The distance of the electrode from
the collecting plate was 15 cm and the injection rate
was about 0.5 ml/hour. An aluminum foil was used
as a collector and the nanofibers collected on the
foil were electrospun for 2 hours. Using a strainer
(Buchner funnel), mixtures with different percentages
of titanium dioxide nanoparticles were prepared and
passed through the membranes. The formulation of
prepared membranes is given in Table 1.

Characterization

The tests conducted in this article to identify the
prepared structures include SEM-FE, FT-IR, EDX,
XRD, TGA. FE-SEM analysis was done with the
MIRA3 FE-GSEM device made by TESCAN company
in the Czech Republic.

The conductivity of the sample surface is a necessary
condition for examining the sample in SEM-FE
analysis. EDX analysis was used for elemental
analysis using a Bruker machine made in Germany,
and it was done with the help of detection, which is
installed on SEM-FE. FT-IR analysis with Nexus-670
device manufactured by Thermo Nicolet American
company was used to monitor the functional groups
of the sample before and after functionalization with
titanium dioxide nanotubes.

This spectroscopic method is based on the absorption
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of infrared waves by the sample, and it is a very
useful method for investigating the functional groups
and verifying the functionalization of the prepared
structures and the polymer substrate.

To conduct XRD analysis, a Panalytical device from
the Netherlands with Xpert pro model was used to
study the structure of crystalline materials.

In addition, in this article, TGA analysis was used to
check the structure of the sample from the thermal
point of view using the TA company model Q600
made in the United States. TGA analysis is a simple
and at the same time practical method to investigate
the elements in the structure of organic compounds.

Investigating the Photocatalytic Properties of
Nanocomposite Membranes

In this study, two methods were used to check the
removal of methylene blue dye from water. One was
based on absorption by examining the photocatalytic
behavior of the membranes in solution, and the other
was done according to the photocatalytic property of
the membrane during filtration. In the first method, the
membrane prepared in this research due to the presence
of titanium dioxide nanotubes, which is a photoactive
material with photocatalytic properties, was examined
under the process of photocatalytic removal of
methylene blue dye. Thus, in order to photocatalytically
decompose methylene blue in the presence of prepared
membranes, an aqueous solution of this dye with a
concentration of 10 ppm was prepared and kept in a
container away from light for 10 hours. The prepared
membranes were cut into certain sizes and immersed
in a certain volume in the beaker containing the dye
solution. Then, the containers were exposed to an
ultraviolet light source. After performing this test, at 1,
2,4, 24 and 48 hours, the amount of color degradation
and its removal from the solution was measured by
spectroscopic method. In the second method, the
membrane was cut to the size of the nanofiltration
chamber and placed in the chamber. Then the aqueous
methylene solution with a concentration of 10 ppm
was passed through the filtration cell. Absorbance was
measured at the wavelength of 665 nm from the inlet
and outlet aqueous solution to calculate the amount of
color removal. It should be noted that in this method,
a UV-visible spectrophotometer was used to monitor
and check the color removal.

Table 1 Types of polystyrene membranes prepared with different percentages of titanium dioxide.

Filler percantage(TiO,)” Polymer amount (g) DMF (g) The total weight of the mixture (g) Sample
0 2 8 10 1
0.02 2 8 10 2
0.05 2 8 10 3
0.1 2 8 10 4
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Results and Discussion

Infrared Spectroscopy

Figure 1 shows the infrared spectroscopy results for
the final polystyrene nanocomposite. As can be seen
in the polystyrene graph (red), the peaks appearing
around cm! 2919 and cm-13035 are related to
stretching vibrations of C-H bonds with 2sp and 3sp
hybridization, respectively, which are caused by single
and double bonds of polystyrene structure.

As can be seen in the lower wave numbers, these
stretches have corresponding bending peaks at 1450
cm! and 1375 cm’!, respectively, which is another
confirmation of the C-H bonds with the mentioned
hybridizations of the polystyrene structure. The next
reason for confirming the aromatic structure is the
appearance of a characteristic peak around 1800 cm™,
which is specific to the aromatic ring. According to
the graph of polystyrene nanocomposite membrane
containing titanium dioxide nanotubes (black color)
in Figure 1, the appearance of a peak around 690
cm! can be related to the establishment of chemical
interaction between polystyrene and titanium dioxide
nanoparticles. This issue partially confirms the
functionalization and addition of these nanoparticles
to the polymer matrix. On the other hand, the relatively
weak peak around 1690 cm is related to Ti-O stretching
and is the decisive reason for the addition of titanium
dioxide nanoparticles to the polystyrene structure.
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Fig. 1 Spectroscopy chart of polystyrene and sample
containing titanium dioxide.

Examining Scanning Electron Microscopic Images
Electron microscope images of synthesized nanotubes
and fibrous membranes are given in Figure 2. In the
images related to nanotubes, which can be seen in Figure
2-(A), the form of hollow nanotubes can be clearly seen,
which is recorded on the surface of the titanium substrate.
The length of the nanofibers cannot be recognized in
this form, but the diameter of the nanotubes is around
250 nm. Figure 2(B) shows the images of fibers related
to empty polystyrene membranes. In this figure, fibers
with a diameter of about 1 micrometer can be seen with

proper uniformity. No nanoparticles can be seen on the
surface of these fibers.

The images of polystyrene fibers with 0.02 and 0.1
percent of nanotubes are also shown in Figure 2 (C)
and (D). It is clear that it is not detectable in the low
percentage of these nanotubes, but in the membrane
with a high percentage of nanotubes, this additive is
clearly well distributed on the surface of the fibers.
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ig. 2 Scanning electron microscopic

dioxide nanotubes, (B) polystyrene nanofibers (C)
nanocomposite containing titanium dioxide with 0.02% and
(D) nanocomposite PS/ TiO, with 0.1 titanium dioxide.

Evaluation of Photocatalytic Performance of Nano-
composite Membranes

The photocatalytic function of the membrane was
tested in two different ways in this article. In the
first test, the membranes were cut to a certain size
and placed in methylene blue solution to investigate
the behavior of the membranes in the photocatalytic
removal of methylene blue dye. The results of this
investigation are shown in Figure 3 (A). As can be seen,
the membranes containing titanium dioxide nanotubes
have a high color removal performance in the presence
of an ultraviolet lamp with a wavelength of 254 nm.
The amount of removal of methylene blue from the
solution was also done with the help of ultraviolet-
visible spectrophotometry, and the solutions that
were placed in the vicinity of the photocatalyst were
checked with an ultraviolet spectrometer measuring
at a wavelength of 665 nm in order to obtain the
remaining concentration of the dye according to the
Beer-Lambert law.
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Fig. 3 A-) Graph of color removal in the presence of membranes prepared with different concentrations of titanium dioxide
nanoparticles at a wavelength of 665 nm in the ultraviolet-visible region, B) Graph of dye absorption in the presence of nano-
composite membranes with different percentages of titanium dioxide nanoparticles in it.

Based on the results, the membrane containing 0.1
gr/(V(50)) titanium dioxide nanotubes had the best
color removal performance. In other words, with the
increase in the percentage of nanotubes, the efficiency
of photocatalytic activity improved and over time, the
removal efficiency in the samples increased. These
observations confirm the appropriate and potential
use of photoactive fillers for color removal. In the
second method, the membranes were loaded in sol
and aqueous methylene solution with a concentration
of 10 ppm was passed through the membrane under
ultraviolet light.

In the prepared membranes, titanium dioxide nanotubes
were used to modify the membrane, and this compound
is a photoactive material with the ability to produce
charge carriers due to ultraviolet excitation with a
wavelength of 254 nm, so in this research, we decided
to determine the photocatalytic properties of this Let's
examine the nanocomposite membranes together with
the color filtration property by the membrane. The
obtained results are shown in Figure 3 (B).

As can be seen, as the percentage of nanotubes
increases, the performance of the membranes in color
removal is improved. Based on the obtained results,
the measurement of methylene blue at 665 nm was
recorded in the presence of different concentrations
of titanium dioxide nanotubes, and the membrane
containing 0.05% of titanium dioxide had the highest
filtration and color removal rate. It seems that by
increasing the amount of titanium dioxide nanotubes
up to 0.05%, the photocatalytic activity and the
removal efficiency have improved at the same time,
but by increasing its amount to more than 0.05%,
due to clumping, the efficiency of the membrane
It is reduced in the removal of methylene blue. By
comparing the data obtained from the two test methods,

it is clear that a better efficiency has been obtained in
the photocatalytic removal method; But with a closer
inspection, it can be seen that the removal efficiency in
the optimal membrane (M3) has been better removed
at the beginning of the test, while in the photocatalytic
removal test, 25% efficiency has been achieved after
one hour of the test.
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