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ABSTRACT

In this study, polyacrylonitrile (PAN) nanofiber mats were fabricated using electrospinning
method. Three hundred nanometers of polyvinylidene fluoride (PVDF) fine particles were
used to enhance the mechanical strength and structural integrity of the as-spun nanofibrous
membrane. As-spun nanofibrous mats were submerged in different concentrations of PVDF
dispersions to incorporate PVDF particles among PAN nanofibers matrix. Subsequently,
they were subjected to post-heat treatment at 177°C. The fused PVDF cemented the strings
and welded the junctions that resulted in strengthening the fibers and enhancing its bond-
ing together. The PVDF-cemented PAN (PVDF-c-PAN) membranes were characterized by
scanning electron microscopy, dynamic mechanical analysis, porometry, and permeability
analysis. Results showed good improvement in the membranes’ mechanical properties in
terms of tensile strength and Young's modulus. Comparing to as-spun PAN, the average
increase in Young’s modulus and tensile strength in the PVDF-c-PAN membranes were 19.8
and 6.63 folds, respectively. However, the strain ratio decreased by 5.47 folds. The highest
improvement was obtained by PVDF-c-PAN membrane at 0.01 wt.% PVDF and one second
submersion time. In comparison with two different techniques that seek the same purpose,
this technique is simpler, applicable, and time—cost saving.
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1. Introduction

Electrospinning is a novel, versatile, and affordable
technique to produce nanofiber membranes from poly-
mer solutions or melts [1,2]. Nanofibers are generally
employed for a wide scope of uses, such as air filters
[3], membrane separation [4], catalysts [5], conductive
fiber [6], energy scavenging [7], ultrasensitive sensors

*Corresponding author.

[8], micro/nanoactuators [9], tissue engineering scaf-
folds [10], drug delivery [11], protective clothing [12],
and multifunctional composites [13]. Most of these
applications require certain mechanical properties and
robustness [14].

Electrospun nanofibrous membranes (ENMs) are
relatively newly developed materials in the filtration
field. Widespread commercialization of these materials
has been impeded by poor mechanical stability, which
mostly refers to their high porosity exacerbated with
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weak bonding at fiber junctions [15]. The choice of a
polymer for a specific application should be based on
a key criterion for that application and should also be
based on cost. In some applications, such as FO-MBR,
membrane tensile strength and tolerance against
applying stresses is very important to resist the
mechanical deformation caused by a broad range of
temperature, humidity, mechanical vibration, shock,
reactive, and abrasive particulates, while for instance,
in sea water desalination using forward osmosis tech-
nology, high flux may be a critical need and may
override other features such as mechanical resistance
as there is no or little pressure used.

Polyacrylonitrile (PAN) is a synthetic, semi-crys-
talline organic polymer resin that widely used for elec-
trospun nanofiber membrane fabrication due to
chemical stability, solubility in common solvents,
hydrophilicity, and low fouling propensity [16]. Nev-
ertheless, PAN membranes show mechanical short-
comings related to brittleness and pore collapse,
especially when it exposed for sequential rounds of
wet and dry conditions [17]. PAN has a special mode
as it degrades before melting at 317°C if the heating
rates are 50 degrees per minute or above [18,19]. Jiang
et al. [20] investigated the structural change of PAN
fibers and their results showed that above 87°C (its
glass transition temperature) and below 180°C mini-
mal structural change was detected. While from 180 to
240°C, partial thermal degradation was noticed with-
out change of its original backbone structure.
Polyvinylidene fluoride (PVDEF) is characterized by its
toughness, strength, non-reactivity, and tolerance to
extreme thermal and chemical conditions. Further-
more, it's relatively low melting point (177°C) and
easy melting process can provide it with eligibility to
play a role of cement material to strengthen the fiber
junctions in electrospun fiber mat [21].

The mechanical characteristics of electrospun nano-
fiber rely mainly on the polymer composition, in addi-
tion to fiber orientation, arrangement, size, and
molecular structure.

During its service lifetime in different real-life
applications, the nanofibers could be exposed to
mechanical stresses leading to permanent deformation
or even failure [22]. Therefore, commercially based
produced membrane should have high mechanical
strengths and superior stiffness, in addition to anti-
fouling, chemical resistance, thermal stability, high
selectivity, and good flux.

Wang et al. [23] classified the previous studies that
targeted the enhancement of mechanical strength of
ENMs into three categories. In some researches,
non-woven fibers redesigned to be changed from con-
ventional web structure to self-bundled fiber strings.
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Adding nanoadditives into the polymer solution to
incorporate and reinforce the electrospun fiber matrix
is the second approach to promote the mechanical
properties. However, these nanoadditives are normally
difficult to fabricate, not easy to evenly disperse and
costly.

Probably post-heat treatment by exposing as spun
mat to heating above its glass transition temperature
but below melting point, considers the most effective
approaches to enhance the bonding at junction points
by soldering the fibers together [15].

Bilad et al. [24] investigated the feasibility of using
nanofiber membranes as potential MBR-membranes.
In this study, the impact of post-heat treatment on
nanofiber membrane was studied and showed remark-
able improvement of membrane performance against
layered fouling, but also demonstrated a lowering of
critical flux. Exposing electrospun fibers to a tempera-
ture near below their melting points, the enhanced sta-
bility of fibers by changing their crystallinity and
facilitated the linking of melted nanofibers to one
another.

Homaeigohar and Elbahri [25] reinforced PES elec-
trospun nanofiber membrane against compaction via
adding Zirconia nanoparticles into nanofiber matrix
which resulted in improving mechanical strength and
wettability. Yoon et al. [26] enhanced mechanical
properties using two different solvents, DMF and
NMP in electrospinning solution. Less volatile NMP is
a high boiling solvent and can leave nanofiber matrix
more slowly, leading to fusion of nanofiber junction
points. Using NMP with DMF (50%: 50%), mechanical
strength and Young’s modulus were improved by 570
and 360% respectively. Zhang et al. [27] electrospun
polymer blends, PAN and PA-66 simultaneously. They
used PA-66 nanofibers between PAN nanofibers to
improve mechanical properties of their membrane.

Apart from being used in filtration applications,
void-free electrospun non-woven PA6 nanofibers were
produced using a solution-based processing method
to optimize the membranes mechanical properties.
PAG6 electrospun fiber mats were introduced into PVA
solution. After the evaporation of the solvent, the PVA
matrix filled all the pores [28]. A recent study investi-
gated the potential use of polyphenylsulfone (PPSU)
nanofibrous membrane in the filtration of canned
beans production wastewater. A heat-treated PPSU
nanofibrous membrane with a mean fiber diameter of
694 nm showed 100% turbidity rejection, while obtain-
ing chemical oxygen demand and total dissolved solid
rejections of 27 and 25%, respectively [29].

Although a combination of high strength and
toughness is the crucial necessity and the most
challenging for all structural materials research,
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unfortunately, most of the studies attain success in
terms of mechanical strength enhancement were par-
tially at the expense of strain and toughness [30,31].
For example, metals and polymers that are drawn to
high draw ratios exhibit remarkable strength and
modulus but low failure strains.

Since developed in the 1960s, high-performance
fibers used as the reinforcement phase are considered
a milestone of structural materials industrialization,
due to its very high strength, heat resistance, and
chemical stability. Nevertheless, most of the current
fibers are brittle and the majority of the structural
fibers break at low strains [32]. Papkov et al. [33] suc-
ceeded to synchronously improve elastic modulus
from 036 to 48 GPa, true strength from 15 to
1,750 MPa, and toughness from 0.25 to 605 MPa when
reduced the fiber diameter up to 100 nm. The increase
of toughness attributed to low nanofiber crystallinity
at that diameter ranges.

Conversely, for the integration of nanocomposite
material in the electrospun polymer solution, the as-
spun PAN-based nanofiber mats were introduced to
PVDF-contained solution and post-heat treated at
177°C afterward. The melted PVDF particles played
the role of cement for the fiber strings and fused them
together at junction points. This is expected to lead to
the improvement of its mechanical properties.

Obtaining the optimum membrane production con-
ditions was targeted as one of the technical objectives
of this work. Effects of PVDF concentration and sub-
mersion time on the membrane were studied. Our
results revealed that membrane A that submerged in
0.01 wt.% PVDF for one second had almost the best
mechanical strength and relatively the lowest perme-
ability reduction.

2. Material and methods
2.1. Material

The PAN polymer (Mw: 150000 Da) and surfactant
Triton X-100 used in this study were obtained from
Sigma-Aldrich. DMF was purchased from Akkim
(Turkey) and used as a solvent without any further
purification. KYNAR 500, fine powder-grade PVDF
polymer with 300 nm diameter was purchased from
Arkema.

2.2. Nanofiber membrane production

About 8% w/w PAN solution was prepared using
DMF as a solvent. The solution stirred on a magnetic
stirrer plate for a period of 24-36 h at 310 rpm and
30°C until the solution became homogeneous.
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Nanofiber membranes were fabricated using electro-
spinning machine (NE100, Inovenso Co. Ltd, Turkey).
It has a grounded collection drum which rotates con-
stantly at 350 rpm and strokes to both sides in order
to collect nanofibers uniformly. Each polymer solution
was electrospun through four metallic nozzles, each
having 700 pm inner diameters. Production of electro-
spun PAN-based membrane was performed at room
temperature for two hours. For all the membranes fab-
rication, the flow rate of 4 mL/h, voltages of 27 kV,
and nozzle tips to collector drum distance of 13 cm
were selected as electrospinning operating parameters.

2.3. Using PVDF particles for PAN mat cementation

Different concentrations of a fine powder grade,
KYNAR 500 PVDF (Arkema) dispersions were pre-
pared. Average diameter of PVDF nanoparticles was
about 300 nm. For each concentration, the specific
amount of PVDF is added to 400 ml of distilled water
containing 4 g of Triton X-100 (Sigma-Aldrich). Mag-
netic stirrer and ultra-sonication bath were used to
disperse PVDF particles. Dispersions were ultra-soni-
cated for at least 2 h before the experiments.

25 x 15 cm pieces of the electrospun PAN mem-
branes were submerged in different PVDF dispersion
concentrations for different submersion periods. The
concentrations and submersion times for the PVDF-c-
PAN membranes are shown in Table 1.

PAN membrane pieces containing PVDF particles
were transferred into 177°C oven and dried for 10 min
to allow the melting of PVDF among electrospun PAN
fibers. Different PVDF-c-PAN with different concentra-
tions and submersion times are referred to as A, B, C,
and D, while as-spun PAN is labeled as blank-control.
Steps of PVDF-c-PAN membrane synthesis are
illustrated in Fig. 1.

2.4. Characterization

In order to determine the effect of PVDF addition
on the PAN membrane and its characteristics, four
tests were performed which included permeability,
scanning electron microscopy (SEM), dynamic
mechanical analysis (DMA), and porometry.

2.4.1. Filtration test (water flux measurements on as-
spun PAN and PAN-c-PVDF membranes)

The permeability of the membranes was deter-
mined by water flux measurements. The pure water
flux was characterized in dead-end filtration cells
(Sterlitech Corp., Kent, USA). Approximately 1,000 mL
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Table 1
PVDF concentrations and submersion times for as-spun PAN and PVDF-c-PAN membranes
Serial no. Membrane PVDF conc. (wt.%) Submersion time Symbol
1 PVDF-c-PAN 0.01 1s A
2 PVDF-c-PAN 0.01 10s B
3 PVDF-c-PAN 0.05 1s C
4 PVDF-c-PAN 0.05 10's D
5 As-spun PAN - - Blank
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Fig. 1. Steps of PVDF-c-PAN membrane synthesis.
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Notes: (1) PAN nanofiber, (2) incorporation of PVDF particles on/into PAN nanofibers, (3) melting of PVDF to cement

PAN nanofibers.

of ultrapure water was allowed to permeate through
the membranes at 0.6 bars for compaction. For each
membrane, water flux experiments were performed at
0.2, 0.4, and 0.6 bars and calculated using the follow-
ing equation:

(1)

where V is the permeate volume (L), A is the effective
membrane area (m?), and At is the filtration time (h).
Using Microsoft Excel, flux vs. pressure was plotted.
From the slope of the graph, permeability results were
obtained.

2.4.2. Scanning electron microscopy

The microstructure of the PVDF-c-PAN nanofiber
mats were observed with an FEI Quanta FEG 250
scanning electron microscope (SEM) after being coated
with Au-Pd by using Quorum SC7620 ion sputtering.

2.4.3. Dynamic mechanical analysis

The tensile strength, strain, and Young’s modulus
of PVDF-c-PAN nanofiber mat according to ASTM
D638 were measured by SII DMS 6100 Exstar. The
machine was operated under a displacement control
mode at the crosshead speed of 5 mm/min.

2.4.4. Porometer test

Pore size and pore size distribution of the nanofi-
brous membranes have been studied using a capillary
flow porometry. Quantachrome’s Porofil with a
defined very low surface tension of 16 dynes/cm
(Quantachrome Ins., Florida, USA) was used as a wet-
ting agent for porometry measurements. Membranes
were cut into 3 X 3 cm squares for porometry measure-
ments. The thickness of the prepared samples was
measured electronically using the micrometer.

3. Results and discussion
3.1. Preliminary experiments

Early in this work, different PAN concentrations
with different electrospinning operating conditions
were tested to optimize the dope solution and the fab-
rication process criteria. The characterization of this
stage restricted to SEM micrographs that can be evalu-
ated the fiber structure (beadless, fiber radius)
through. For example, 6 wt.% PAN solution was used
to fabricate nanofibrous web. Unfortunately, bead-on-
string structure was observed as seen in Fig. 2.
Research team considered two conditional boundaries
in the fabrication process. Firstly, the smaller the fiber
radius, the greater is the mechanical stability. More-
over, the smaller is the developed pore size, which
result in better filterability. The second boundary is
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Fig. 2. A SEM micrographs of nanofibrous membranes
doped from 6 wt.% PAN solution at 8,000 magnifications.

the production of uniform beadless fibers as the
beads-on-strings structure is a mechanical shortcoming
sign. The amount of beads increased with decreased

0.1 wt.% PVDF-c-PAN membrane

1.0 wt.% PVDF-c-PAN membrane
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polymer concentration because the very low viscosity
did not suffice to sustain the elongation of the liquid
jet. But, the fiber radius also increased with the
increase of polymer concentration [34].

Process parameters were optimal for 8 wt.% PAN
polymer spun at a flow rate of 4 mL/h, with a tip to a
collector distance of 13 cm, and an applied voltage of
27 kV. Later, numbers of these membranes were syn-
thesized for further PVDF treatment. For more homo-
geneity and eventual distribution of PVDF upon the
surface and through the fiber matrix, nonionic surfac-
tant (Triton X-100) was used. Determination of the
lowest PVDF concentration that can enhance the
mechanical stability without sacrificing the membrane
permeability was also investigated.

Number of PAN membranes were submerged in
0.1, 0.5, 1.0, and 2.0 wt.% PVDF solutions for one sec-
ond and then further post-heat treated. The SEM
micrographs of these membranes at 10,000 magnifica-
tions are presented in Fig. 3.

The SEM micrographs showed high agglomeration
of PVDF particulates on the surfaces of the

2.0 wt.% PVDF-c-PAN membrane

Fig. 3. A series of SEM micrographs for 0.1, 0.5, 1.0, and 2.0 wt.% PVDF-c-PAN membranes at 10,000 magnifications.
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membranes. This agglomeration was more pro-
nounced at the higher concentrations such as 1.0 and
2.0 wt.% PVDF-c-PAN. The PVDF particulates could
not completely and evenly embed into the nanofiber
matrix and the handled fibers membrane surface
became rougher at that high concentrations. Because
the agglomeration could be considered a negative
sign, high PVDF concentrations were excluded and
finer concentration range was selected for the next
investigation.

3.2. Effect of PVDF concentration and submersion time on
the membrane morphology

Based on the preliminary work, finer range of
PVDF concentrations at different submersion times
were selected for investigation in this stage. The SEM
images of the as-spun pure PAN and PVDF-c-PAN
nanofiber mats prepared with various PVDF concen-
trations are presented in Fig. 4. These data indicate
that a non-woven mat was created, PVDF has success-
fully incorporated through the PAN nanofiber matrix,
and a fusion of overlapping fibers was noticed.

The SEM images show that membrane A, that was
produced at the lowest PVDF concentration and sub-
mersion time, had relatively the same morphology
when compared to as-spun PAN membrane. The
addition of PVDF significantly influenced the fibers
diameter and surface. Mean fiber diameter thicknesses

PAN (Blank)

PVDF Particles (B)
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given in Table 2 were calculated from the measure-
ments of fiber diameters in the SEM micrograph.

In membrane A, the addition of 0.01 wt.% PVDF
for one second increased the mean fiber diameter by
45%. The largest mean fiber diameter was in mem-
brane D. The higher the concentration of submersion
solution, the larger became the fiber thickness. Even
though membrane B has the same concentration of
membrane A, the increase of contact time has remark-
ably increased the mean fiber diameter. Regarding
membrane B and C, even though the membrane C has
been immersed in 0.05 wt.% PVDF solution rather
than 0.01 wt.% PVDF solution (membrane B), the
mean fiber diameter was higher in the latter inferring
that the submersion time is more crucial in building
up cement material upon the membrane mate. Cross-
section images of the membranes shown in Fig. 5.

Table 2
Mean fiber diameters and Membrane thicknesses

Mean fiber diameter Membrane thickness

Membrane (nm) (um)
Blank 294 56.25
A 427 34.04
B 547 35.32
C 536 30.41
D 652 29.7

(D)

Fig. 4. A series of SEM micrographs for all PVDF-c-PAN membranes at 25,000x magnification and for PVDF particles at
50,000 magnifications: (A) 0.01 wt.% 1's, (B) 0.01 wt.% 10s, (C) 0.05 wt.% 1's, and (D) 0.05 wt.% 10 s.
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As spun PAN Membrane
(Blank)

(B) (D)

Fig. 5. Cross-section SEM images of as-spun PAN and PVDF-c-PAN nanofibers: (A) 0.01 wt.% 1, (B) 0.01 wt.% 10s, (C)
0.05 wt.% 1s, and (D) 0.05 wt.% 10 s.

It is noticeable that the melting of PVDF through  3.3. Mechanical properties
the PAN membrane matrix decreases the membrane
thickness as the concentration and submersion time
increases (Table 2). The results showed that as-spun
PAN membrane has a thickness of 56.25 um; and the
PVDF-c-PAN membranes had thicknesses ranging

Mechanical properties represented by strain, tensile
strength, and Young’'s modulus were determined. The
high strain percent of the blank sample and low val-
ues of its tensile strength and Young's modulus

from 29.7 to 35.32 um. reflected the high ductility of the as-spun PAN fiber.

A
B seresecaeses
G e
D o
Blank

i

s

Blank
L L 1 L 1 1 1 L
0000 5000 10000 15000 20000 25000 30 000 35000

Strain %

Fig. 6. Stress—strain curves for as-spun PAN and PVDF-C-PAN Nanofibers: (A) 0.01 wt.% PVDF 1s, (B) 0.01 wt.% PVDF
10 s, (C) 0.05 wt.% PVDF 1 s, (D) 0.05 wt.% PVDF 10 s.
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Table 3
Membrane’s mechanical property parameters

Young’'s
Sample modulus Tensile strength Strain
no. (MPa) (Breaking point) (MPa) (%)
Blank 598 1.022 33.86
A 126 7.081 6.231
B 125 5.679 6.00
C 117 6.678 7.254
D 106 7.678 7.794

Fig. 6 illustrates the stress—strain curves for PAN and
PVDEF-c-PAN nanofibers.

It was shown that the addition of a small amount
of PVDF significantly improved tensile strength and
Young’s modulus, while decreasing the nanofibers
strain. The results of membrane mechanical property
parameters are shown in Table 3.

Generally, regarding the mechanical properties, no
significant differences among the different PVDEF-c-
PAN membranes were detected. Comparing to blank

Table 4
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sample, the average increase of Young’'s modulus and
tensile strength in the PVDF-c-PAN membranes were
19.8 and 6.63-fold, respectively. However, strain ratio
decreased by 5.47-fold.

Data in Table 3 show that membrane A has the
best mechanical structure in term of Young’s modulus
and tensile strength. The water flux measurement val-
ues that will be displayed later will reveal that mem-
brane A not only enjoy by better mechanical
properties, but also without greatly compromising the
membrane flux performance.

The toughness represents the area under the
stress—strain diagram. When the increase of the stress
is more than the decrease of the strain, it can be con-
cluded there is an overall increase of membrane
toughness.

Current research results were compared to two dif-
ferent studies as shown in Table 4. The method
described here is quicker, simpler, and cheaper. Com-
paring to Huang et. al. [15], the post-treatment took
shorter time and the mechanical properties were com-
parable, especially when we take into account the
thicknesses of membranes. The composite electrospun

Comparative performance among current work, Huang et al. [15], and Hou et al. [35] methods

Author Current work Huang et al. [15] Hou et al. [35]
Reinforcing CNTs + hot-
Method Melting post-treatment Solvent vapor post-treatment stretched post-treatment
Electrospinning 8% PAN, 27 kV, 4 mL/h, 13 cm 10% PAN, 28 kV, 1 ml/h, 70 rpm 12 wt.%, 14-16 kV,
conditions 6.6 m/s

Post-treatment
technique and
material

0.01% PVDF was incorporated
into PAN mat and melted at
177°C for 10 min

Electrospun nanofibrous
membranes (ENMs) were exposed
to DMF vapor for 18 h

PAN/SWNTs nanofiber
composites were prepared
and hot-stretched by
fixing one end to the
ceiling of the oven and
the other end was
weighted by 75 g of metal
poise to in the
temperature-controlled
oven at about 135°C for

5 min
Membrane thickness 34.04 50-100 -
(pum)
Untreated  Treated Change Untreated  Treated Change As Hot- Change
PAN fiber PAN (%) PAN fibers PAN (%) spun stretched (%)
fibers fibers
Mechanical
properties:
Tensile strength 1.022 7.081 +592 6.5 20 +207 51.84 80.52 +55.32
(MPa)
Young’s modulus 5.98 126 +2,000 60 500 +733 1,080 2,770 +156
(MPa)
Strain % 33.86 6.231 —443 60 82 +36 22.05 11.61 —90
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Table 5
Different membrane porometry data
Sample no. Blank A B C D
Pore diameter (um), at 50% cumulative pore number >1.36 >0.794 >(.738 >(.745 >0.74
Mean flow pore size (um) 1.511 0.704 - - 0.795
Bubble point pressure (bar) 0.315 0.760 0.493 0.622 0.607
Bubble point flow rate (1/m) 0.026 0.071 0.084 0.054 -
Pore Number (Density) Distribution (Cylindrical)
100 .
Curmulative N % 3;
. i
80 f3 %:
1 £ %
s 70 ] .‘ X E
5 ¢ If =
zg 50 ] 1 if E
20 ’;’ '._. A ag
: A/ A

V] -
6 58 56 5452 5 48 46 44 42 4 38 36 34 32 3 282624 22 2 18161412 1 08 06

Pere diameter (pm)

Fig. 7. Pore diameter (um), at 50% cumulative pore number of the blank sample.

nanofibers show enhanced Young's modulus.
However, synthesizing these nanocomposite nanofi-
bers is complicated and costly [35].

Considering the differences in electrospinning pro-
duction conditions that produced pure PAN nanofiber
with different properties, the best improvement ratio
was obtained by the current method in terms of
tensile strength and Young’s modulus.

3.4. Impact on membrane pore sizes and permeation
properties

In order to determine the impact of the PVDF
addition on the membrane’s matrix, porometry and
permeability tests were performed. Porometry data of
as-spun PAN and PVDF-c-PAN membranes are sum-
marized in Table 5, including the mean flow pore size,
bubble point pressure, bubble point flow rate, and
pore diameter (um), at 50% cumulative pore number.

Low values of bubble point pressure (representing
the lowest pressure at which flow is sensed) and bub-
ble point flow rate obtained in the blank indicate the
presence of larger pores when compared to the other
PVDEF-c-PAN membranes. Fig. 7 illustrates that blank
pore diameters at 50% are 21.36 with almost the
twofold of PVDF-treated membranes values.

The mean flow pore size of the blank, A, and D
were determined to be 1.511, 0.704, and 0.795 pum,
respectively. Pores with larger diameter contain a
greater proportion of the pore cross-sectional area
than smaller diameter pores. Since lower pressure is
required for flow to occur through larger pores than
smaller pores, the mean pore diameter area may
provide a better indication of which pores will
actually be relevant in a filtration application.

Fig. 8 illustrates the histogram of pure water flux.
As expected, the blank sample has the highest value

14000 12259

BLANK

12000

10697
9855
8432.2 8375.2

A B C D

Fig. 8. Pure water flux for blank and PVDF-c-PAN
nanofiber membranes.
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which was 12,259 Lm ?h ' atm™. The pure water
flux reduction ratios for PAN-C-PVDF membranes A,
B, C, and D were found to be 12.7, 31.2, 19.6, and
31.7%, respectively. This reduction was related to
PVDF incorporation among nanofibers. By increasing
PVDF concentration, PVDF intensity was also
increased, as can be seen in SEM images (Fig. 3).
PVDF made the resistance of membrane to increase
against water flow, but at least membranes kept their
superior permeability in a reasonable state, while
increasing their mechanical properties.

4. Conclusion

In the study described above, we have explored
the properties of electrospun PAN nanofibers, which
were submerged in different PVDF concentrations.
The effects of PVDF on the morphological and
microstructural properties of the as-spun nanofibers
were probed. Filtration test, SEM, DMA, and porome-
try were used to accomplish membrane characteriza-
tions. The results showed remarkable improvement in
mechanical properties of the handled membranes
without great trading off the membrane’s flux perfor-
mance.

This technique used in this study was compared to
two different techniques that seek the improvement of
the mechanical properties of the electrospun PAN
nanofibers. In addition to its reasonable results, from
application point of view, the current work technique
is simple, practical, and time—cost saving.
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