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Introduction

Abstract: PAN cannot be used as a stand-alone nanofiber, so it needs to be modified
through copolymerization with other polymers, such as PVDEF. It is composite mutually
beneficial for both PVDF/PAN polymers. Study aims to see the effect of process
parameters, such as voltage, flow rate and needle tip distance of PVDF/PAN composite
nanofiber as well as molecular interaction and crystal structure, to confirm the presence of
polymer in the nanofiber composite. The nanofibers with solution parameters PN1: PVDF
6% and PAN 8%, PN2: PVDF 6% and PAN 10%, and PN3: PVDF 6% and PAN 12% were
prepared using electrospinning. Morphology of the process parameters of voltage (12kV,
16kV, 18kV), flow rate (30 pl/min, 60 p1/min, 90 pl/min) and needle tip distance (75 mm,
100 mm, 125 mm) were observed. The results showed straight and continuous fibre
morphology, with a smooth surface and no beaded structure, with homogeneous fibre
distribution with an increase in diameter from 394 + 79 nm (NF1) to 851 + 89 nm (NF3).
The optimal state was in the solution of PN2: PAN 10% (w/w) and PVDEF 6% (w/w), High
Voltage 12 kV, Flow Rate PN3: 60 p1/min, and Needle to Collector Distance 75 mm.

Keywords: Concentration; Distance tip; Flow rate; High voltage; Homogeneity

which have tiny fibre diameters and high specific
surface area to volume ratios. Nanofibers feature tiny

Nanotechnology is revolutionizing society by
changing how we manufacture and design for the
future. Nanoparticles range in size from 1 to 100 nm on
average and are controlled aggregates of atoms or
matter. (Khan, Saeed, & Khan, 2019). Due to its
appealing features, tiny dimensional area, high aspect
ratio, numerous possible uses, and degree of flexibility,
one-dimensional (1D) nanostructured materials are
gaining interest. 1D nanomaterials, including nanofiber,
nanowire and polymer combinations, have received
much attention in nanoscale applications (Machin et al.,
2021). Their efficiency is further increased by the
structural regularity of nanofiber and nanofiber mat,
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fibre diameters, high porosity, and sophisticated
chemical characteristics, including permeability and
porosity (Islam, Ang, Andriyana, & Afifi, 2019; Kenry &
Lim, 2017; Lee, Bui-Vinh, Baek, Kwak, & Lee, 2023). They
can be selectively manufactured and control the pore
size based on application requirements. Additionally, all
requirements for capturing fine particles can be met by
adding substances and particles and altering the
morphology of nanofibers. Nanofibers are ideal for
membrane filtration technology, tissue regeneration and
biomedical engineering, sensor and electronic device
applications, as well as the smart textile industry. These
benefits include better mechanical stability, higher air
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permeability due to their slip-flow effect, and good
electrostatic effect.

Adding particles and composites can also produce
many  nanofibers  with  unique  properties.
Polysaccharides, collagen, silk, cellulose, and synthetic
polymers like polyacrylonitrile (PAN) may all be easily
formed into nanofibers (Sanchaniya & Kanukuntla,
2023; Thorat, Chavan, & Mohite, 2022), poly(lactic acid),
and polyvinyl alcohol (PVA) (Kusumawati, Istiqomah,
Husnia, & Fathurin, 2021), Polyvinylidene fluoride
(PVDF) (Russo et al., 2020; Saha, Yauvana, Chakraborty,
& Sanyal, 2019), Polyvinylpyrrolidone (PVP) (Latiffah,
Agung, Hapidin, & Khairurrijal, 2022) and
Polyethersulfone (PESU) (Al-Husaini, Lau, Yusoff, Al-
Abri, & Farsi, 2021). PVDF is an essential material in
manufacturing tactile sensors and energy harvesters,
which is popular due to its piezoelectric properties
(Julius, 2012). PVDF is semi-crystalline, with a
percentage crystallinity of about 50-70%, resulting in a
sandwiched structure of crystalline and amorphous
areas. PVDF promises high mechanical strength, good
chemical resistance, high dielectric constant, excellent
thermal stability and ageing resistance. The [-(CF.-
CH>2)n-] backbone of PVDF induces dipole moments due
to the strong electronegativity of fluoro atoms compared
to hydrogen or carbon atoms(L4i, Liao, & Tjong, 2019). On
the other hand, PAN is a white semi-crystalline synthetic
organic polymer. The majority of chemical and inorganic
solvents cannot dissolve the polymer. PAN is a
thermoplastic polymer with excellent chemical
resistance, heavy metal adsorption and mechanical
properties, and lithium fibre. However, PAN
morphology and mechanical properties decrease as the
plasticizer content increases. PAN cannot be used as a
stand-alone nanofiber; it must be modified through
copolymerization with other polymers, such as PVDEF.
This composite is mutually beneficial for both
PVDEF/PAN polymers.

Nanofibers can be produced using electrospinning,
offering high production rates at low cost.
Electrospinning equipment with needles, spinners, and
collectors is designed for optimal nanofiber structures in
targeted applications (Xue, Wu, Dai, & Xia, 2019). The
most popular arrangement on the market currently
includes a syringe pump, a high-voltage DC power
source, and a collector. Through the relevant factors, this
configuration will impact the morphological formation
that needs to be established throughout the
electrospinning process. The concentration of the
polymer solution, viscosity, conductivity, and surface
tension are among the solution properties (Agarwal,
Greiner, & Wendorff, 2013; Collins, Federici, Imura, &
Catalani, 2012; Reneker, Yarin, Fong, & Koombhongse,
2000; Tan, Inai, Kotaki, & Ramakrishna, 2005).
Significant structures like particles, beads, and
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nanofibers will be produced due to the impacts of
attention and viscosity. An increase in polymer
concentration causes increased solution viscosity, a
decrease in the number of grains, and the production of
uniform fibres. Voltage, tip-to-collector separation, and
polymer solution feed rate are processing parameters
used in electrospinning. In some cases, nanofibers can be
produced after overcoming a threshold pressure, which
causes a significant charge difference in the solution (Al-
Abduljabbar & Farooq, 2023). Another crucial element is
the polymer solution flow rate, with lower flow rates
ensuring complete solvent evaporation from the
nanofiber. The collector and distance tip also govern the
spherical fibres diameter and morphology.

Research involving PVDF and PAN to observe
morphology has been widely conducted in recent years,
for example, PVDF-Chiotan-gelatin nanocomposites as a
potential application in wound dressing. They used a
5%-25% (w/v) solution parameter formulation to
produce bead and large fibre morphology (Mohseni,
Delavar, & Rezaei, 2021). PAN/Graphene composites
can be used as electrodes in energy storage and have
high dielectric properties. The resulting nanofiber has a
characteristic bead-free morphology with a fixed
solution concentration of 10% (w/w) with increasing
graphene mass (Almafie et al, 2022). AgNO3-
PAN/PVDF composites were applied to air
permeability, where the solution was adjusted in the
concentration of polymer ratio of 60-80%, PVDF 20-30%
and AgNO; 0-20% resulting in fibre morphology such as
strands of hair in diameter (Ince Yardimci, Durmus,
Kayhan, & Tarhan, 2022). However, they have not
specifically ~optimized the parameters of the
electrospinning process so that a homogeneous and
smooth diameter is produced. The research focuses on
the solution parameters based on these investigations.
Therefore, the influence of process parameters, such as
voltage, flow rate and distance tip to needle, must be
investigated through morphology observation. As well
as molecular interactions and crystal structure to
confirm the presence of polymer in the nanofiber
composite.

Method

Material

Polyacrylonitrile (PAN, MW 150,000 kg/mol, and
Polyvinylidene fluoride (PVDF, MW 180,000 kg/mol,
CAS 24937-79-9) were purchased from Sigma-Aldrich
(Singapore). N,N-Dimethylformamide (DMF, 299.8%
Assay, CAS 68-12-2) VWR Chemicals BDH (Singapore).
All reactants were used as received without further
treatment (analytical grade).
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Preparation of Solution Parameters

PVDF/PAN composite nanofiber was prepared
from a mixture of PVDF and PAN polymers in the same
container using DMF non-polar solvent. Details of the
solution  composition expressed in  variable
concentrations are given in Table 1. The PVDF/PAN
dispersion was heated on a Hotplate Magnetic Stirrer
(Thermo Scientific, Singapore) for approximately 12
hours at 80°C with a stirring speed of 300 rpm to obtain
a uniform spinning solution. The electrospinning
procedure utilised Nachriebe 601 ITB (Bandung,
Indonesia). Put the prepared solution into an 8 mL
plastic syringe connected to a No. 16 G stainless steel
needle as a nozzle. The syringe was driven by a pump
with a 30 pl/min flow rate. A voltage of 10 kV was
applied to perform electrospinning. The distance tip and
the collector were constant at 75 mm. A grounded drum
collector wrapped with aluminium foil collected the
fibres.  After electrospinning, the electrospun
nanofibrous mat was carefully removed from the
aluminium foil and dried in a vacuum overnight at room
temperature.

Table 1. Composition of the prepared PVDF/PAN.

Label PVDF PAN DMF
(%.w/w) (%.w/w) (%.w/w)
PN1 6 8 86
PN2 6 10 84
PN3 6 12 82

Preparation of Process Parameter

The optimum polymer solution is introduced into
the syringe. The needle is wired to the positive end of the
high-voltage source. The entire assembly is put in a
room with a securely closed door, and variable high
voltage between 12 and 18 KV is delivered. the variable
flow rate was applied at 30-90/min while the nozzle that
formed the Taylor cone was deposited on a metal
collector wrapped in aluminium foil. This flow rate was
adjusted to control the release rate of the polymer
solution. the variable distance tip and collector were
utilized at a distance of 75-125 mm, allowing the solution
to produce an intact fibre extension.

Characterization of Nanofiber

Using a scanning electron microscope (SEM, JEOL
JSM-6510 LA, Japan) and a fluorescence microscope
(MF, Optika, B-380 MET, Italy) were explicitly used to
observe the samples at the solution parameter stage and
the process parameter stage, respectively, the
morphology of the nanofibers was examined. Each
sample was calculated for diameter, standard deviation,
and homogeneity using Image ] 1.54 (National Institutes
of Health, US). FTIR spectroscopy (FTIR, 8201PC
Shimadzu, Japan) was used to evaluate and identify
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intermolecular bonds and functional groups in each
sample. IR absorption peaks were studied using FTIR at
400 to 4000 cm-1 wavelengths. The nanofiber scaffold's
structure and crystal shape were examined using X-ray
diffraction (XRD). The scanning range was 5°-60°, the
scanning voltage was 40 kV, and the scanning current
was 40 mA. The speed rate was 5°/min.

Result and Discussion

Nanofiber PVDF/PAN

Morphology and distribution of PVDF/PAN
nanofiber produces fine fibres with a thin surface area,
as shown in Figure 1. The resulting nanofiber are
homogeneous despite adding non-polymeric substances
that can reduce homogeneity. Electrospinning
successfully converted the PVDF/PAN composite
solution into nanofibers. In the electrospinning process,
a push with a set flow rate will push the difficulty until
the solution comes out towards the tip of the needle.

(a) (b)
= B
(c) (d)

Figure 1. The optical photos of PN1.

A high-voltage source is connected to the distance
tip of the needle, giving a positive charge and the
collector a negative charge. The charge at the distance tip
of the needle will induce the solution. Taylor cone jet will
be formed when the amount of charge loads with surface
tension. If the charge contained exceeds the surface
tension, there is emission from the tip of the needle,
causing the solution to come out through the distance
tip. The charge jet is drawn and gathers on the surface of
the collector drum. The nanofiber exhibits curved
flexibility and can be easily rolled into a helix, cooled,
and self-rotated, allowing it to be folded into various
angles with external support. After removing the force,
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it will quickly reflect on the prototype without leaving a
crease.

SEM analysis

The surface morphology of PVDF/PAN nanofiber
of PN1, PN2, and PN3 as a function of concentration
showed that the nanofiber microstructure was straight
and continuous, with a smooth surface and no beaded
structure, as shown in the scanning electron micrograph
in Figure 2. The histogram shows that increasing PAN
concentration influences the diameter of the nanofibers.
As the PAN concentration increased from 8% to 12%, the
diameter increased from 394 + 79 nm (NF1) to 851 + 89
nm (NF3). The distribution of nanofibers is categorized
as homogeneous because the coefficient of variation (o)
is smaller than 0.3 (Jauhari, Wiranata, Rahma, Nawawi,
& Sriyanti, 2019; Sriyanti, Marlina, Fudholi, Marsela, &
Jauhari, 2021). Although in previous studies, the average
diameter of pure PVDF and pure PAN nanofibers were
around 328 + 108 nm and 443 + 75 nm, respectively,
when the concentration was less than 10% (Gade,
Nikam, Chase, & Reneker, 2021; Jauhari, Suharli,
Nawawi, & Sriyanti, 2021). The viscosity and surface
tension increase in solution is directly proportional to
the polymer concentration. A high viscosity indicates the
extent to which the polymer molecular chains are bound
in solution, resulting in larger fibres. Conversely,
solutions with low viscosity produce smaller fibres or
granules.

High viscosity bonds between polymer molecular
chains prevent secondary emission or double emission
caused by charge interactions(Eren Boncu, Ozdemir, &
Uskudar Guclu, 2020; Prabu & Dhurai, 2020; Sengor,
Ozgun, Gunduz, & Altintas, 2020). Surface tension is the
attractive force acting on molecules on the surface of a
liquid, forming the smallest specific surface area. In
high-viscosity solutions, the interaction between
polymer and solvent molecules is more dominant than
between solvent molecules. This causes the solvent
molecules to spread around the polymer molecules and
not form a roundabout when attracted to the electric
voltage. In contrast, in a low-viscosity solution, the
number of solvent molecules is greater than that of
polymer molecules, causing a more dominant
interaction between the solvent molecules and the
sphere(Ahmadian, Shafiee, Aliahmad, & Agarwal, 2021;
Liang, Pan, & Gao, 2021; Wang & Nakane, 2020). Fibres
can still form when the solution is drawn into the
collector, but due to the large surface tension, these
fibres form small spheres or beads.
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Figure 2. Morphology and Distribution of PVDF/PAN
Composite Nanofiber of (a) PN1, (b)PN2, and (c) PN 3 as the
Effect of Concentration Variables.

PN1 nanofiber solution with 6% (w/w) PVDF and
10% (w/w) PAN concentration was selected as the most
optimum fibre composition to analyze the
electrospinning process parameters. This is based on the
homogeneous continuous ribbon-like shape of the
nanofiber, and the size is manageable. The morphology
and distribution of PVDF/PAN nanofibers as an effect
of voltage were observed using MF, which can be seen
in Figure 3. The voltage variation was set at 12 kV, 16 kV
and 18 kV. The flow rate and distance between the
nozzle and collector were kept constant at 30 pl/min and
75 mm, respectively. Each nanofiber was observed to be
bead-free, with no defects in a regular state, but had
differences in fibre size and homogeneity. These results
align with previous studies that the effect of voltage
variation does not change the regularity of the
nanofibers  (Ghafouri et al, 2022; Jadbabaei,
Kolahdoozan, Naeimi, & Ebadi-Dehaghani, 2021;
Mahdavi Varposhti, Yousefzadeh, Kowsari, & Latifi,
2020). The average diameter affected by a high voltage
at 12 kV, 16 kV, and 18 kV was 647 + 185 nm, 598 + 149
nm, and 538 + 143 nm and fibre homogeneity with a
coefficient of variance (o) values of 0.26, 0,.9, and 0.33,
respectively. Where PN1 and PN2 are set homogeneous,
and PN3 is set inhomogeneous.

Higher stress usually leads to more excellent
solution stretching due to the coulomb force and electric
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field on the stronger jet(Liyanage, Biswas, Dalir, &
Agarwal, 2023). This has the effect of reducing the fibre
diameter and promoting solvent evaporation to produce
drier fibres. When a low-viscosity solution is used,
higher tension can favour the formation of secondary
jets during electrospinning, thus reducing fibre
diameter(Rathore & Schiffman, 2021; Xu, Lv, Wang, &
Qu, 2023). At lower voltages, the jet acceleration is
reduced, and the weak electric field can increase the
electrospinning jet flight time, favouring fine fibre
formation. In this case, a voltage close to the critical
voltage for electrospinning is advantageous to obtain
finer fibres.
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Figure 3. Morphology and Distribution of PVDF/PAN
Composite Nanofiber of (a) PN3: 12 kV, (b) PN3: 16 kV dan
(c) PN3:18 kV as the Effect of High Voltages Variables.

The morphology and size of PVDF/PAN nanofiber
as an effect of variable flow rate obtained from SEM
images are presented in Figure 4. The voltage rate
variation was set at 30 pl/min, 60 pl/min and 90 pl/ min.
The flow rate was set at 10 kV, and the distance between
the nozzle and collector was constant and 75 mm. PN1
nanofiber: 30 pl/min had a smooth and uniform surface
with a 647 + 185 nm diameter. The nanofiber mat with
PN1: 60 pl/min has a rough and beadless surface with a
diameter of 598 + 149 nm, while and has a more uniform
structure than the PN1 nanofiber mat: 80 pl/min with a
diameter of 538 + 143 nm. In addition, the comparison
analysis between the standard deviation and the average
diameter confirmed that the nanofibers remained
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homogeneous (0<0.3). The flow rate increases the
amount of polymer solution available for spinning,
resulting in larger fibres. A stable Taylor cone requires a
specific flow rate, but high flow rates can cause the
polymer solution to fall or drip from the needle tip,
preventing fibre formation(Baykara & Taylan, 2021;
Gelb et al., 2022). Increasing the solution flow rate can
increase the fibre's size and the number of ions or free
charges per unit volume. This increased force causes
more excellent tensile and elongation due to charge
interactions(He, Rault, Lewandowski, Mohsenzadeh, &
Salatin, 2021; Jiang et al., 2020). The increase in fibre size
is balanced by an increase in fibre tension and
elongation, ensuring that the fibre size does not increase
significantly.
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Flgure 4 Morphology and Distribution of PVDF/PAN
Composite Nanofiber of pada (a)PN3: 30 pul/min, (b)PN3: 60
pl/min dan (c)PN3: 90 pl/min as the Effect of Flowrate
Variables.

O

MF images of PVDF/PAN nanofibers with
different needle-to-collector distances are shown in
Figure 5. The morphology of the nanofibers after
crosslinking showed no significant difference except for
an increase in fibre diameter, as evidenced by the
diameter distribution histogram. At 75 mm spacing,
spinning resulted in a diameter of 430.46 + 118.19 nm,
with a fibre homogeneity (o) of 0.26. With increasing
spacing, the fibre diameter decreases from 667 + 83 nm
at spacing 100 and 667 £ 83 nm for spacing 125, and the
nanofiber is still considered homogeneous (0<0.26).
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Similar results were also observed in studies on
PVP/CA electrospun fibres, where more uniform fibres
with increased size were made with increased PVP
content(Jauhari et al., 2019). The flying time and electric
field strength greatly influence the electrospinning
process and the resulting fibres. The distance tip
between the tip and collector is essential in determining
the flying time and electric field strength(Sorkhabi et al.,
2022). As the distance between the tip and collector
decreases, the jet has a shorter distance tip before
reaching the collector plate. This increases the electric
field strength, causing the jet to accelerate to the
collector, resulting in less time for the solvent to
evaporate. This results in a larger fibre
diameter(Chinnappan, Krishnaswamy, Xu, & Hoque,
2022). The excess solvent can cause the fibres to coalesce
when the distance is too low, forming inter- and intra-
layer junctions and bonds.

00 600 800 1000 1200
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Figure 5. Morphology and Distribution of PVDF/PAN
Composite Nanofiber of (a)PN3: 75 mm, (b)PN3: 100 mm dan
(c)PN3: 125 mm as the Effect of distance of needle to collector

Variables.

FTIR Analysis

The PVDF/PAN nanofiber composite produced
five peak changes. The FTIR spectra between 550 and
3700 cm-1 are presented in Figure 6. The first in the range
of 3700-3500 and 3000-2800 cm-1 represents the strong
interaction of N-H stretching and C-H stretching(Emam,
Elezaby, Swidan, Loutfy, & Hathout, 2023; Singh et al.,
2020; Weret et al.,, 2020). A higher increase in PAN

September 2023, Volume 9 Issue 9, 7159-7169

concentration led to sharper peaks, and the spectrum
shifted to a higher wave number at 2245 cm-1, which
was attributed to stretching in C=N(Nadirah, Ong,
Saheed, Yusof, & Shukur, 2020; C. Zhang et al., 2019).
These peaks were typical characteristics derived from
PAN spectra(Jauhari et al, 2021). Secondly, the
absorption band located at 1404 cm-1 is related to C-F
stretching vibrations, and the last peak is due to C-C
bonding as well as weak peaks around 510 and 486 cm-
1 attributed to CF» bending vibrations, which are
derived from PVDEF(Lim & Shin, 2020).

PN1
——PN2
——PN3

Transmittance (%)

3549
2939
2245

3700 3250 2800 2350 1900 1450 1000 550
Wavenumber (cm™)

Transmittance (%)

Se =2 g ==
=3 x=5 23
1600 1400 1200 1000 800 600 400

Wavenumber (cm™)

Figure 6. FTIR Analysis of nanofiber PN1, PN2, and PN3
loaded composite nanofiber.

Third, the peak around 1670 cm is due to the
oxidation of PAN in air, which results in the formation
of a C=0 double bond (Guo, Cheng, Huo, Ren, & Liu,
2020). The peaks around 1251 and 1360 cm! are derived
from vibrations of aliphatic CH bonds of various modes
in CH and CH»(Weret et al., 2020), respectively. Fourth,
the C=0 band around 1735 cm and the N=C-N amine
group at 1635 cm indicate the successful grafting of
PAN in the PVDF matrix on the nanofiber
surface(Kishore Chand et al., 2022). Finally, the influence
of the PVDF phase is seen from the bands around 879,
and 784cm-1 representing the a-phase(Gade et al., 2021;
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Kog, Parali, & San, 2020), and 3-phase (~1450, 1404, 1181,
1072, 841 cm))(Cernohorsky et al., 2021). The strong
peak at 879 cm? was determined as the dominant a-
phase, especially in PN2 and PN3 nanofibers. PAN
concentration substantially affected the peaks for
PVDF/PAN nanofibers, and the intensity decreased
with increasing PAN content due to the chemical
interaction of PVDF and PAN.

XRD Analysis

XRD was performed to confirm the crystal structure
of the nanofiber. The PVDF/PAN nanofiber in the 20
range of 5-60° is shown in Figure 7. The broad reflection
in the 20 range of 11.0°-37.0° is due to the amorphous
nature of PVDF/PAN nanofiber. Nanofiber PN1 (15.22
A) shows the weakest peaks where the background of
PVDF (21.24° and 36.38°) and PAN (17.66 and 24.12°) are
still detectable which represent characteristic reflections
as characteristic reflections of (112), (220), (002) and (201)
planes,  respectively(Khalil, = Aboamera, Nasser,
Mahmoud, & Mohamed, 2019; Mousa, Fahmy,
Abouzeid, Abdel-Jaber, & Ali, 2022; Singh et al., 2020; S.
Zhang, Zhang, Zhang, & Ren, 2021). The XRD pattern of
PN2 (16.66 A) is characterized by peaks at 17.86° and
20.52° indicating characteristic reflections of the (200)
and (011) planes, a reflection at 23.84° corresponding to
the (220) plane and another reflection observed at 37.52°
(132) (Bhute & Kondawar, 2019; Chen et al., 2022; Khalil
et al.,, 2019; Rysanek et al., 2019). A strong peak pattern
of Nanofiber PN3 (26.66 A) was found at 20 due to
reflections at 17.36° (102) and 23.98° (211), confirming
the presence of PAN(Jauhari et al., 2021).

The crystallinity of the sample was calculated with
Origin Pro 2023 software by comparing the crystalline
area fraction to the whole spectra's area fraction
(Almafie et al, 2022). PN1 showed a degree of
crystallinity of 50.83%. The crystallinity of PN2 and PN3
was 43.23% and 40.94%, respectively; the crystallinity is
likely due to the broken crystal lattice, giving a more
amorphous structure. The electrospinning process
transforms PVDF/PAN from a crystalline state to an
amorphous state. Solutions undergo elongation, solvent
evaporation, and liquid-to-solid transition
simultaneously, preventing molecular reorientation
between PVDF and PAN, resulting in lower-order
molecules(Sriyanti et al., 2017). PVDF belongs to
polycrystalline polymers with three distinct crystalline
phases (a, B, and y). The a-PVDF crystal phase is around
15.26°, 16.78°, and 18.16° derived from pure PVDF
(Mahdavi Varposhti et al., 2020). The B crystalline phase
is around 20.52°, and 23.32°, which may be due to the
influence of the amorphous halo of PAN. In some
reports, the electrospinning method can easily produce
the P phase(Dang et al., 2020; He et al., 2021; Jin et al.,
2020). However, our findings show a tendency of a
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phase dominance. This may be because a small amount
of B phase coexists with a, or the interaction of PAN
molecules prevents the formation of P phase. This
finding corroborates our argument about the molecular
interactions described in the FTIR analysis.

——PN1
—PN2

Intensity (cps)

20 (deg)

Intensity (cps)

Figure 7. XRD Spectra of nanofiber PN1, PN2, and PN3
loaded composite nanofiber.

Conclusion

The nanofiber of PVDF/PAN were in the diameter
range of 394-851 nm and 513-663 nm, respectively. The
optimal state was at a solution of PN2: PAN 10% (w/w)
and PVDF 6% (w/w), High Voltage 12 kV, Flow Rate
PN3: 60 pl/min, and Needle to Collector Distance 75
mm. FTIR results showed substantial interaction where
PAN was successfully grafted to the PVDF matrix
characterized by peak changes and decreasing intensity.
XRD results showed that the PVDF/PAN nanofiber was
amorphized with less than 50.83% crystallinity.
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