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Abstract

The electrospinning technique used to prepare a nano fibre filter under limited conditions involves (20
kV applied voltage, 15 cm gap distance, 1 ml/h: flow rate, and 0.4 mm needle diameter). Several tests
for prepared materials were conducted including [scanning electron microscopy (SEM-EDX), Fourier
Transform Infrared (FTIR), contact angle, and particle size analysis]. As well as, the characterization of
the water/oil mixture was tested before the filtration process and after it. According to the SEM data,
smooth and homogeneous nanofibers with an approximate diameter of 350 nm and open porosity
morphology were produced using the electrospinning approach. The liquid particles adhere to the filter
fibers and work to shrink the holes in the filter, allowing the water to pass through the filter while
recovering its characteristics, according to SEM results obtained after the filtration process. According
to AFM data, the majority of pores have a diameter of around 100 nm, while the minority has a diameter
of more than 100 nm but less than 2500 nm. The results of the catachrestic of water were saved after
filtration of a sample by the prepared filter and it closed up the normal water properties by increasing
the carbon nanoparticles ratios. The infrared data (FTIR) demonstrate that there is a physical interaction
between the polymeric fibers and the added carbon particles since there is a drop in the intensity of
infrared radiation after the carbon particles are added to the filter fibers. The hydrophilicity property is
found to rise with increasing carbon nanoparticle ratio, and contact angle data demonstrate that this
characteristic reduces with increasing carbon nanoparticle ratio, going from 72 o for pure nano filter to
44 o for filter with 0.3 percentage of carbon nanoparticles.

Keywords: Carbon nanoparticles, Electrospinning, Filtration, In-situ polymerization, Nano composites.

Introduction

Nano-composite materials are important in properties of other engineering substances are
protecting the environment from pollution. The  significantly enhanced by the reinforcement of
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nanoparticles!?. Since there have been several oil
spill tragedies as well as rapid industrialization
during oil production or transportation, which has
resulted in significant loss and long-term damaging
consequences on the environment, oil/water
separation has become a research hotspot recently.
Many methods have been used to separate the
emulsion of oil - water; as settling, heating,
distillation, centrifuging, electrical treatment,
chemical treatment and filtration 4, however, their
efficiency in extracting oil from emulsified oil/water
combinations is limited. Filtration is thought to be
one of the most effective techniques for separating
emulsions  Reverse  osmosis,  nanofiltration,
ultrafiltration, and microfiltration are the four types
of filtration. One of the most popular techniques for
filter separation is nanomembrane filtration.
Consequently, researchers have concentrated on
developing optimal oil spill absorbents with
excellent selectivity and huge absorption capacity by
adopting the proper surface structure and
composition design °. Adding nanoparticles to
nanocomposites improves their mechanical, thermal,
optical, and antibacterial properties. Materials’
hydrophobicity behaviour is classified into two types
involve those that are hydrophilic and hydrophobic
56 In contrast to hydrophobic materials, which have
self-cleaning surfaces and tend to reject water,
hydrophilic materials tend to form hydrogen bonds
with water and have a contact angle of less than 90
degrees "°.

The  primary  synthesis  techniques  for
nanomaterial-based membranes are phase inversion,
sintering, layer-by-layer, interfacial polymerization®®
and electrospinning 11, Recent studies have shown
that the electrospinning approach is a flexible and
efficient method to create nanofibrous membranes,
particularly polymer membranes with controllable
compositions and structures 124, Additionally, this

Materials and Methods

The samples were derived from the residue of the
process of heating the extract products in a furnace
of the treatment unit of the Furfural as in Fig. 1,
which is assembled in the strainer refinery installed
before the pump pushing the material mentioned for
the evaporation unit. It was taken from Al-Daura

method has become particularly powerful when
combined with Nano materials that have remarkable
features, such as high surface-to-volume ratio and
multi-porous structures, as well as specific chemical,
physical, and mechanical functions provided by
easily and controllably incorporating other
components >, Saikat et al 2018, created a
superhydrophobic membrane by incorporating
recycled carbon black (from Waste tires after
treatment with extraction and high-temperature
calcination) into a polyvinylidene fluoride (PVDF)
solution. A steep increase of 18-20% was observed
in the loss and storage moduli . Yixuan et al.
rganized a review study about electrospun nanofiber
materials (ENMs), which are divided into two groups
based on their function involving selective layers,
and supportive substrates. They discussed the
architectures and properties of conventional ENMs
and mixed matrix ENMs for the function of the
nanofiber layer as a selective layer. In-depth
examples of parameter fabrication and adjustment
techniques, including surface  modification,
inorganic and organic incorporation, polymer and
co-solvent incorporation, are shown. It is essential to
have a matching selective layer operating as a
supporting layer for nanofiber layers. This study
presents the numerous selective layers that were
created on the nanofiber layer. Inorganic deposition,
polymer coating, and interfacial polymerization are
some of the fabrication techniques. Finally, the
utilization of ENMs for water treatment is reviewed
along with future prospects and the main industry
challenges. The development of ENMs is anticipated
to boost the prosperity and use of a number of
industries, including water treatment, environmental
protection, healthcare, and energy storage *°.

This study aims to prepare of nano textile filter using
a branch poly amid (PA 66) / carbon nanocomposites
solution via in-situ polymerization technique.

refinery during the refining of crude oil (it is
considered a by-product resulting from the
incomplete burning of hydrocarbon compounds).
The Furfural is used as a solvent to get rid of
aromatized compounds with poor lubrication
specifications of the extracted product, (an atypical
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oil product) that is heated at a temperature of no more
than 240 °C. 1, 6 Hexa methylene diamine, Adipoyl
chloride, Sodium hydroxide has been acquired from
sigma Company. Cyclohexane was obtained from
fluka AG, polyvinyl alcohol (PVA) was purchased
from CDH (p) Itd. Formic acid from Alpha Chemika.

Figure 1. Raw materials of petroleur_n_residue

Preparation of Carbon Nano-particles (CNPs)

Cyclohexane solvent was utilized to separate the
furfural solvent from the raw material in the first step
of the extraction procedure, which involved washing
the raw material in a solvent-solvent mixture. After
being washed, the raw materials are depicted in Fig.
2.

Figure 2. Shows the raw materials after washing
by hexane solvent

The washing procedure was carried out three times
with a considerable volume of hexane to completely
remove the furfural compound and the related
impurities and to obtain the pure raw material. The
raw material was exposed to the elements for 36
hours before being dried in a drying oven set to 60
°C to ensure that the sample's whole hexane content
had disappeared. The final step in the production of
Nanocarbons entails electrically vibrating the sieves
to separate the material and remove any large lumps
that are not wanted. It uses a 45 micron sieve

filtration level. The sample was cleaned with alcohol
and then distilled water to remove impurities, and the
raw material was completely purified by drying it for
an hour at 80 °C. Then burning of the sample using
thermal pellets coated with ready-made temperature-
resistant plaster paste for one hour at 1050 ° C in an
inert and evacuated atmosphere as in Fig. 3. The test
was repeated again to check that the percentages of
carbon were high.

Figure 3. Shows the container of raw materials
before covering & after covering

The burned sample was pulverized in a mortar to
reduce the particle size after removing the larger
particles and leaving only those with a diameter of
50 microns or less. Subsequently, to generate a
sodium hydroxide solution with a concentration of
10 M, 20 g of sodium hydroxide was dissolved in 50
ml of distilled water along with 2 g of carbon. The
mixture was then stirred until it was homogenous.
The beaker was exposed to 900 watts of ultrasonic
energy for three hours. The carbon atoms were then
extracted from the solution using a centrifuge at a
speed of 12,000 rpm, repeatedly rinsed with distilled
water to eliminate the hydroxide, and finally
separated to be ready for granular analysis.

Preparation of Poly amide 6, 6 — CNPs by In situ-
polymerization Process

Using an in-situ polymerization process, pure PA 66
and composites of PA 66 reinforced with carbon
nanoparticles were produced. The first solution
consisted of 25 ml of distilled water and 1 g of 1,6
hexamethylene diamine. After that, 50 ml of sodium
hydroxide NaOH (10M) was used to create the NC
suspension, which was then ultrasonically dispersed
for 15 minutes. 10 drops of the freshly created
solution were added to 10 ml of the first solution in a
50 ml beaker. The second solution was prepared by
combining 1 ml of a dipole chloride with 19 ml of

Page | 3572


https://doi.org/10.21123/bsj.2024.9062

2024, 21(11): 3570-3582
https://doi.org/10.21123/bsj.2024.9062
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

)
NS
Baghdad Science Journal

cyclohexane and set aside and covered. A 50 mi
beaker was tilted at a 45-degree angle, and 10 ml of
the second solution was applied dropwise to the edge
of the beaker. A polymer film formed at the interface
of the two solutions as soon as they came together
and attached to the beaker's outside. The string was
gently pulled with a glass rod. Fig. 4 displays the
prepared polyamide.

Figure 4. Prepared poly amide

Preparation of Nano-composite blend for

electrospinning

Table 1 contains the several dosages utilized in the
solution blending process to create the nano-
composite blend.

Table 1. Contents of samples

samples By in situ  With
polymerization

A Iml from dissolved PA
15%

B 9 ml from
1ml from dissolved (PA dissolved

C +0.01 CNPs) 15% PVA

D Iml from dissolved (PA

+0.02 CNPs) 15%

Iml from dissolved (PA
+0.03 CNPs 15%

All samples of poly amide 15% concentrated in
formic acid were thoroughly stirred for 15 minutes at
room temperature after dissolving. Each sample was
then given 9 ml of PVA that had been dissolved in
formic acid, the two were combined, and the mixture
was subjected to a 30-minute ultrasonic treatment. 10
ml of the (A, B, C, and D) solutions were pumped
using an electrospinning system for 10 hours, as in
Fig. 5. A positive high voltage power source (20 kv)
was attached to the metallic needle and the negative
power supply was linked to an earthly metallic
collector. The solution was then collected on
aluminum foil.
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Oil/ water System Preparation and separation

40 g of distiller water and 1 g of fuel oil with the
parameters listed in table 2 are combined in an
ultrasonic mixer at 60 ° C for 15 min to create an
emulsion. A constructed nano filter that was placed
in a syringe pump was used for the separation
system. The Nano filter then isolates the water due to
its exceptional hydrophilicity and sequesters the oil
through an absorption process 2.

Results and Discussion
Particle size analysis

Analyses of particle sizes are shown in Fig. 6. The
produced carbon nanoparticles' respective particle
sizes in the samples are roughly 37 nm. It has been
established that using a sonication probe, Nano size
can be successfully reached in less time.
Additionally, the polydispersity factor is close to
zero at roughly 0.005, indicating good stability and
anti-agglomeration properties.

Table 2. Properties of oil/water

Test name Result ~ Standard test
method

Density @ 15.0 c (g/cm3)  0.9765 ASTM D4052
Viscosity @ 50 ¢ (mm2/s) 274 -22

Total sulfur (w%/w) 4.6 ASTM D 445
Carbon residue(w%o/w) 9.2 ASTM D 4294
Water and sediment <0.025 ASTM D 524
(V%0/v) ASTM D 1796

26-0 (Combined)

Effective Diameter: 37.0 nm
Polydispersity: 0.005
Baseline Index: 0.0
Elapsed Time: 00:01:00

Intensity
[t B
= B8 &

50

Diameter {nm}

Lognormal Distribution

Figure 6. Effective diameter of prepared Nano
carbon

FTIR analysis of prepared filter

Fig. 7 (a-d). Shows the FTIR analysis of PA, PA +
CNPs, PVA+PA nanofibers, and PVA+PA+ CNPs.
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Figure 7 a. FTIR analysis of PA and PA+CNPs

Page | 3574


https://doi.org/10.21123/bsj.2024.9062

2024, 21(11): 3570-3582
https://doi.org/10.21123/bsj.2024.9062
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

Baghdad Science Journal

W

3475.73—

IIJI‘[IJI‘ll]Illllll\llll\ll\lllllll

IRUB —|

N
=3

T T T T T [ T T T T T T T T T T —
00 3600 3200 2800 2400 2000 1800

T — T T
1600 1400 1200 1000 800 600

Figure 7b. FTIR analysis of PVA+PA blend nanofibers (matched with Darwish et al.*)
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Figure 7d. FTIR analysis of PVA+PA + CNPs 0.03 wt% blend nanofibers
Figure 7. FTIR of Nanofibers Samples

The typical PA66 vibration frequency peaks are
found at 3298cm? (NH bending vibration), 2,933
cm® (CH; stretching), 1631 cm™ (C = O stretching,
amide 1), 1536 cm™* (NH bending vibration), and 686
cm (NH bending vibration) 2. The stretching peaks
of the methylene groups (2850-3000 cm*) and N-H
groups in amide (1550 cm1l), which correspond to
those of PAGG, were visible in the FTIR spectra of
the PA66-CNPs. Particularly, the stretching peak of
PA66-CNPs at 1631 cm? in the FT-IR spectrum
showed considerable strength 2021, We see that
carbon particles behave as darkening zones that
restrict the transit of infrared rays and enhance their
reflection, resulting in a decrease in the intensity of

infrared transmittance. we notice the main peaks of
PA, and PVA was presented It is interesting to note
that the absorption peaks corresponding to the
hydrogen-bonded N—H (3000-3650 cm™) and C==
O stretching (1450-1800 cm™) motions of PA and
OH stretching (3000-3700 cm™?) of all PVA shifted
to higher wavenumber as in Fig. 7b-d. The shifting
of the hydrogen-bonded, C== O vibration to lower
frequencies can be attributed to the gradually
strengthened interaction between the carbonyl and
hydroxyl groups in each PA & PVA series Based on
these results, it is reasonable to suggest that the
presence of PVA in PA can interfere with the
hydrogen-bonded carbonyl groups originally present
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in PA, and lead to new interactions between the
carbonyl and hydroxyl groups as the PVA content of
each blend series increases. On the other hand added
of the carbon nanoparticles leads to shifting of
absorption peaks at some positions 2,

Water Characteristic (Before, After) Separation:

Table 3 shows Water Characteristic before and after
the separation the oil:

Table 3. Properties of water before & after the filtration process

Property Oil/water mix After separation Distill

water
A B C D

Density g/cm?® 1.05 0.99 0.99 097 0.97 0.9

Viscosity Cp 0.98 0.97 0.96 096 0.98 6.9

Ph 6,54 6.6 6.73 6.7 3.3 5

Turbidity 27.1 13.8 8.4 6 45 4

Conductivity pSim/cm 12.25 19.27 8.63 5 5 0.96

Fig. 8. Shows the sample after the separation process.

Figure 8. Water samples before, after separation
process

We observe that the oil and water are successfully
separated using a nanofilter that has been created

using an electrospinning technique, and the qualities
of pure water are restored to their original state.

Contact Angle Analysis

Fig. 9(a-d) shows the contact angle of sample A
Nano filter (PA+PVA) is (72.12 ° C) and gradually
decreases until it reaches 40.46 with sample D that
consists of (PA+PVA+ 0.03 wt CNPs) nanofibers,
this leads to high hydrophilic characterization with
increasing percentage of Nano carbon, and this Nano
filter is able to separate the oil from water with high
efficiency®.

9a. C.A of PVA+PA 72.123°

9b. C.A of PVA+PA +0.01
CNPswt%: 66.543 °
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9c. C.A of PVA+PA+0.02 CNPs 9d. C.A of PVA+PA+0.03 CNPs
wt%0:63.54 ° wt%0:40.46 °

Figure 9(a-d). Contact Angle of nanofibers a. PVA+PA b. PVA+PA +0.01 CNPswt% c. PVA+PA
+0.02 CNPs wt% d. PVA+PA +0.03 CNPs wt%

Morphology of Samples by SEM Images in the SEM pictures Fig. 10 (a-h), which revealed

. o . . their various microstructures.
Different combination formations of the nanofibrous

of polymers and NCP with various ratios were shown

3/2/2023 THV 'macT
12:52:32 PM 30.00 kV.2 500 x [IL)\

inspect f 5 OIU(Dm pan'

SEM of PA+PVA+0 1Wt% CNP fllter SEM of PA+PVA+0.1 wt% CNP
before flirtation filter after flirtation
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SEM of PA+PVA + 0.3 wt% CN SEM of PA+PVA + 0.3 wt% CNP
filter before flirtation filter after flirtation
Figure 10. (a-h). SEM images of Nanofibers samples

We found that the generated nanofibers have a  AFM and Porosity
porous structure; this is because the nanofibers were
created by an electrospinning performed using
immiscible blends. Due to the stability of the
electrospinning method, low beads nanofibers were
also generated. However, the oil molecules were
properly bonded by the nanofiber filters, allowing
water to pass through it for a container of water.

Fig. 11(a-d) shows the AFM and porosity
distribution of filter nanofibers.

3D view of the surface - Leveled (LS-plane)

Ll ﬁz‘s;‘.&

Number of pores

4000 6000 8000 10000 nm

Mean pore diameter

11a .AFM image and porosity histogram of Pure PVA + PA nanofibers
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3D view of the surface - Leveled (LS-plane)

Number of pores

5000

7500 10000 nm

Mean pore diameter

11b. AFM image and porosity histogram of PVA + PA+0.01 wt% nanofibers

3D view of the surface - Leveled (LS-plane)

150

100

Number of pores

.

Ny

| | | | 1 1
2000 4000 6000 8OO0 10000 12000 14000 16000 nm

0
0

Mean pore diameter

11.c AFM image and porosity histogram of PVA + PA+0.02 wt% nanofiber
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11.d AFM image and porosity histogram of PVA + PA+0.03 wt% nanofibers
Figure 11. AFM image and porosity histogram of nanofibers samples

Fig. 11. shows that the prepared pure PVA + PA
nanofibers have porous structures with a porous
diameter between a few nanometers and 2000 nm (2
pm) and a small number of porous with a diameter
bigger than 2000 nm, while the diameter of the
porous was decreased with adding (0.01 wt% ) the
carbon nanoparticles to a smaller value, about a small

number of nanometers to less than 500 nm, a ,
Additionally, there exist a modest number of porous
structure between 1000 nm and 2500 nm and
between 500 nm and 1000 nm. When the amount of
carbon nanoparticles is increased to 0.02 weight
percent, the diameter of the pores decreases between
a few nanometers to less than 1000 nm and a small
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number to fewer than 2000 nm. The decrease in
porous diameter that occurs when the percentage of
carbon nanoparticles is increased is caused by the
reduction in nanofiber diameter that results from
raising solution conductivity and lowering viscosity
21-22_Carbon nanoparticles act as lubricants, lubricate
the solution layer, and reduce the viscosity of the
mixture. Due to the agglomeration of carbon

Conclusion

According to the results from this study, nanofiber
filters that were prepared by the electrospinning
technique are effective in separating binary systems
with different densities, like oil and water.

A blend of polyamide and polyvinyl alcohol armed
with varying concentrations of carbon nanoparticles
was used to create porous compositions of filters
with various diameters. | concluded that the diameter
of the porous decreased with an increase in the
percentage of carbon particles to 0.02 % by weight,
as well as, it increased with an increase in the number
of carbon particles up to 0.03 % by weight. Water
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