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Abstract This research work reports on development and
characterization of multi-walled carbon nanotube
(MWCNT)-doped polyvinylidene difluoride (PVDF) nanofi-
bers by the electrospinning method. PVDF is an extensively
studied polymer both theoretically and experimentally due to
its appealing ferroelectric, piezoelectric, and pyroelectric
properties which strongly favors its promising applications
in the development of micro/nanostructure devices. The fore-
most reason for its ferroelectric and piezoelectric behaviors
has been attributed to its crystalline structure, specifically the
presence of β-phase; however, the existence of the small per-
centage of β-phase in pristine PVDF limits its applications. To
enhance the electroactive features in the PVDF, MWCNTs
have been doped in it to prepare electrospun nanofibers, as
electrospinning is a single-step approach. These nonwoven
nanofibers were prepared at a DC voltage of 20 kV which
were subsequently calcined at 100 °C for 12 h. The estimation
of crystal structure and phase identification in these nanofibers
have been determined by attenuated FT-IR and XRD, while
the morphology, microstructure, mean diameter, and length
have been examined by FE-SEM. The observed electrical

conductivity, capacitance, permittivity (ε), conductivity (δ),
and impedance (Z) in these samples have been tailored by
doping a range of MWCNT contents and optimizing the ex-
perimental conditions.
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Introduction

Nanostructures in materials can be designed to exhibit signif-
icantly improved physical and chemical properties and are
destined to become a novel discipline of materials science
and engineering for innovative applications [1]. Such mate-
rials have attracted intensive interest because of their high
surface to volume ratio that instills outstanding properties for
potential applications in the areas of catalysis, magnetism,
electronics, optics, and medicine, etc. [2]. There are a number
of processing techniques being used to fabricate nanofibers
which include drawing, template synthesis, phase separation,
interfacial polymerization, self-assembly, and electrospinning,
etc. [3–12]. Electrospinning is an established technique which
is a simple but effective method to produce pristine and hybrid
continuous nanofibers, with diameters ranging frommicrome-
ters down to tens of nanometers, and of a length up to the order
of even centimeters. In the electrospinning process, a
suspended droplet of polymer solution or melt becomes con-
ical in shape under the influence of a strong electric field
produced by DC high voltage. This droplet is charged until
the electrostatic repulsion overcomes the surface tension,
resulting in deployment of highly extensional flow of polymer
solution forming nanofibers/nanofibrous mats. Electrospun
polymer nanofibers are an important class of nanomaterials
that have attracted attention in the last few years because of
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their high flexibility, mechanical strength, chemical stability,
and special characteristics for advanced engineering applica-
tions such as nanofibrous membranes for air and water filtra-
tion (micro- and ultrafiltration), energy harvesting and storage,
biomedical and textile industries, and development of EMI
(electromagnetic interference) control surfaces [13, 14].
Furthermore, electrospun nanofiber mats possess several at-
tractive qualities such as high porosity, pore sizes ranging
from tens of nanometer to several micrometers, interconnect-
ed open-pore structure, and high permeability of gases [15].
The higher porosity in the nanofiber mats enables them to
have a large surface area per unit volume accessible to the
liquid filtration applications and biotechnology [16].
Polyvinylidene fluoride (PVDF) is a favorable piezoelectric
polymer system because of its high flexibility, biocompatibil-
ity, and low cost, demonstrating pyroelectric and ferroelectric
properties [17]. These characteristics make PVDF attractive
f o r ene rgy conve r s i on app l i c a t i on s i nvo lv i ng
microelectromechanical devices, electromechanical actuators,
and energy harvesters. It is a well-known fact that PVDF
crystallizes into five different phases namely α, β, δ, γ, and
ε that involve three different chain conformations. Among the
five polymorphs, the β-phase has the largest spontaneous po-
larization per unit cell and thus exhibits the highest
electroactive properties. A considerable volume of research
has been done in order to increase the β-phase content in
PVDF by applying multiple additives and processing tech-
niques. Efforts have been made to develop nanofiber mats
by intercalation and blending of organic and inorganic addi-
tives such as nanoparticles or carbon nanotubes (CNTs) in
PVDF [18, 19]. CNTs are allotropes of carbon having a cylin-
drical nanostructure which have been constructed with a
length-to-diameter ratio of up to 132,000,000:1, showing high
thermal conductivity and electrical and mechanical properties
that make them a promising candidate to explore applications
as additives to various structured materials [20]. The
electrospun nanofibers of PVDF blended with CNTs promote
the formation of the β-phase directly from the solution which
results into enhancement of pyroelectric and piezoelectric re-
sponses of these nanofibers over that of the pristine one. The
differential scanning calorimetry (DSC) data indicated that by
loading a low aspect ratio MWCNTs has resulted into a blend
of α- and β-phases whereas a high concentration of CNTs
revealed towards β-phase [21]. The DSC analysis showed that
due to incorporation of CNTs, the crystallinity of PVDF de-
creased; however, the melting and crystallization temperatures
increased. According to the thermogravimetric analysis
(TGA), the thermal stability has been observed to decrease
due to the addition of CNTs [22]. Thermal stability and mo-
lecular retraction were assessed for nanofiber mats as during
electrospinning, the molecular chains of PVDF become
aligned to a state of low entropy along the fiber axis. When
the membranes are heated, the surface area retracts to a

random coil state of higher entropy. To observe this mecha-
nism, membranes of pure and composite PVDF nanofibers
were heated to around 170 °C, which is slightly higher than
the melting peak temperature of the PVDF. Before the melting
point, there is no observable retraction of the membranes, but
once the crystals started to melt, the surface area of the nano-
fibers began to shrink due to molecular retraction of the elon-
gated polymer chains [23].

This research work has been undertaken to synthesize
MWCNT-doped PVDF conducting nonwoven nanofiber mats
by electrospinning process using PVDF as the host material.
PVDF was chosen because of its useful properties such as
high piezoelectricity, high chemical resistance, good mechan-
ical properties, biocompatibility, and easy electrospinnability.
The structure of these nanofibers was analyzed by X-ray dif-
fraction and Fourier transform infrared spectroscopy (FT-IR)
spectroscopy techniques. The morphology of these nanofibers
was characterized by using a field-emission scanning electron
microscope (FE-SEM). The frequency-dependent electrical
properties were determined by impedance spectroscopy.
Since both incorporation of MWCNTs in PVDF and
electrospinning experimental conditions help promote the for-
mation of β-phase, therefore, investigations on the influences
on polymorphism, structure and crystal orientation, morphol-
ogy, and electric conductivity have been carried out.

Experimental

PVDF (MW 71,000, S igma-Aldr ich , UK) , N ,N -
dimethylacetamide (DMAc) (99.5%, Scharlau, Spain), and
acetone (99%, Sigma-Aldrich, UK) were used as received.
PVDF solution was prepared by dispersing the pellets in a
mixture of acetone and DMAc (50/50 volume ratio).
MWCNTs (NCP, Pakistan) were suspended in 0, 0.5, 1.0,
2.0, and 4.0 wt% loadings by ultrasonication in 2.0 ml of
toluene (99.7%, Sigma-Aldrich, UK). MWCNT suspension
was mixed slowly under stirring in the PVDF solution which
remained on stirring (WiseStir, Germany) at 80 °C for 48 h.
The resultant composite solution of each MWCNT weight
percent loading was filled in a 1.0-ml disposable plastic sy-
ringe fitted with a 26.5-gauge metallic needle, respectively.
The filled syringe was fixed on an in-house-made syringe
pump (Parker Position System, USA) in such a way that the
effusion rate of the solution through the needle was adjusted to
0.9 ml/h. A vertically aligned circular-shaped copper plate
(diameter 20 cm) wrapped with aluminum foil was placed at
a distance of 15 cm from the tip of the needle which has been
used as a grounded collector for accumulation of nanofiber
mats. Pristine electrospun nanofiber mats and MWCNT-
loaded PVDFwere prepared at 20 kV supplied by a DC power
supply (DEL Electronic Corporation, USA). Afterward, all
samples were heat-treated in the oven (Memmert VO-200,
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Germany) at 100 °C for 12 h. The crystalline structure, mor-
phology, and electrical properties of the developed nanofibers
were characterized by XRD (Bruker D8 Advance, Germany),
FT-IR (PerkinElmer Spectrum 100, USA), FE-SEM
(Panalytical, Netherlands), and impedance spectroscopy
(Novacontrol Technologies, Germany). All experiments were
performed at room temperature.

Results and discussion

X-ray diffraction (XRD) analysis

XRD is a promising technique used to observe the structural
arrangements in nanomaterials and nanofibers. XRD data has
been used to observe the effect of MWCNT loadings on the
evolved microstructure of PVDF nanofibers. Electrospun
nanofiber samples prepared in this work have been analyzed
in the 2θ range from 10° to 30°, by the diffractometer
equipped with CuKα (λ = 1.5418 Ǻ) X-ray radiation source
to evaluate their electroactive phases. The three electroactive
peaks of α-, β-, and γ-phases mostly appear around 20°, while
α and γ only show other signatures close to 18° [24]. So the β-
phase can easily be differentiated from the other two phases.

Figure 1 shows the diffraction patterns of electrospun nano-
fibersofpureandMWCNT-dopedPVDF,whichwereannealed
at 100 °C for 12 h to achieve high polarity and dipole moment.
Diffraction peaks observed in the as-preparedMWCNT-doped
PVDFnanofibers have exhibitedβ-phase. From the analysis of
the XRD results, it is evident that the diffraction peak observed
at18.3° is of the α-phase whereas a single peak of the β-phase
has appeared at 20.6°. The two diffraction peaks of (110) and
(200) planes merge together at 20.26° and appears as the β-
phase [24]. This behavior in these samples has been attributed
to the appearance of higher contents ofβ-phase in PVDFnano-
fiberswhichoccursdue tomolecularstretchingofPVDFduring
the electrospinningprocess under the influence of a strongelec-
tric field aswell as post-process annealing at theglass transition
temperature of the polymer. The alpha phase, however, is be-
lieved to undergo a change with the intercalation ofMWCNTs
in the polymer matrix. It has been noticed from the diffraction
patterns that transformation of the crystalline structure took
place fromα toβ in such away that the character of theα-phase
has alsobeenaffectedby increasing theMWCNTloading.This
can be perceived with clarity from Fig. 1 that intensities of
diffraction peaks were declining and shifting towards higher
angles with increasing MWCNT loading compared to those
of pure PVDF. The decreasing trend in crystallinity with rising
loadingreflects that thebetaphasehas improvedwhile thealpha
phase has suppressed;moreover,MWCNTs have a detrimental
effecton thepreferredorientationsofPVDFstructural chains. It
has been noticed from the XRD spectra that sharpness of the
beta phase peak decreasedwith the reinforcement ofMWCNT,

which revealed that the beta phase has a higher degree of orien-
tation.Further,broadnessof thepeaksand their shiftingtowards
higher angles may be attributed to the β-phase extended-chain
crystals formed under high tensile stress exerted by the electric
field during the electrospinning process, because the interchain
distance reduced due to stress effect [17].

FE-SEM

The effect of MWCNT doping on the morphology of
electrospun PVDF nanofibers has been investigated by FE-
SEM. Micrographs in Fig. 2 show that the mean diameter of
nanofibers ranges between 50 and 200 nm in these nonwoven
structures. From these micrographs, the diameters of these
nanofibers have an increasing trend whereas the number den-
sity was noticeably falling with the addition ofMWCNT load-
ings. The surface smoothness has decreased and waviness in
the nanofibers increased with rising doping contents. As most
of the MWCNTs have exhibited entangled orientations in-
stead of alignment in preferred directions, they could not dis-
perse uniformly, hence, becoming agglomerated within the
polymer fibers. This behavior is due to the inherent dispersion
characteristics of MWCNTs in the polymeric dispersions.
Besides, they may not be able to stretch completely during
the electrospinning process under the influence of a strong
electric field [19]. The MWCNTs are more sensitive to distor-
tions during the electrospinning process and are thus incorpo-
rated into the fibers in an entangled conformation [25].

FT-IR analysis

FT-IR spectroscopy has been conducted on these samples to ex-
amine the local conformational changes and functional groups in
pristineandMWCNT-loadedPVDFnanofibers,whichhave tak-
en place due to the dopant contents and exposure to the strong

Fig. 1 XRD patterns of a PVDF pellet, b nanofibers of PVDF, c 0.5 wt%
MWCNT:PVDF, d 1 .0 wt% MWCNT:PVDF, e 2 .0 wt%
MWCNT:PVDF, f 4.0 wt% MWCNT:PVDF
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electric field during the synthesis, as well as post-synthesis an-
nealing. In thesesamples,peaksof theα-phasewithTGTGchain
conformation have been observed at 614, 760, 793, 870, and
976 cm−1 respectivelywhich are shown inFig. 3. The distinctive
peaks of β-phase with all-trans (TTTT) conformation in the
MWCNT-PVDF nanofibers have been observed at 442, 470,
510, 840, and 1276 cm−1, respectively. The IR absorption bands
of the β-phase (470, 840, 510, and 1276 cm−1) have been ob-
served to strengthen in these nanofibers with the addition of
MWCNT and exposure to the strong electric field during
electrospinning process [19]. The FT-IR spectra are strongly

supported by XRD analysis illustrating that the beta phase en-
hancement took place in the samples due to a strong interaction
between π electrons of MWCNTs and fluorine (F) atoms of
(TTTT) PVDF polymer chains [26].

Impedance spectroscopy

The frequency-dependent electrical transport properties intro-
duced in the nanofibers due to the grains, grain boundary, and
interfacial effects have been analyzed by complex impedance
spectroscopy [27]. Usually, the electrical/dielectric response

Fig. 2 FE-SEM micrographs of electrospun nanofibers. a Pure PVDF. b 0.5 wt% MWCNT:PVDF. c 1.0 wt% MWCNT:PVDF. d 2.0 wt%
MWCNT:PVDF. e 4.0 wt% MWCNT:PVDF. f Mean size distribution of PVDF

Fig. 3 FT-IR spectra of a PVDF
pellet, b PVDF nanofibers, c
0.5 wt% MWCNT:PVDF, d
1.0 wt% MWCNT:PVDF, e
2.0 wt% MWCNT:PVDF, f
4.0 wt% MWCNT:PVDF
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of a material is analyzed by observing various complex elec-
trical features like admittance (Y), permittivity (ε), conductiv-
ity (δ), and impedance (Z). The squared shape samples of
10 × 10 mm2 were cut from the nanofiber mats for impedance
spectroscopy analysis. The wire contacts were made at the
four corners of these samples by using silver paste. For this
nanofiber system, real and imaginary components of complex
Z, ε, and δ which are corresponding to a frequency range 0.1–
1.0 MHz have been investigated as a function of MWCNT
loading in the PVDF. The Nyquist plots shown in Fig. 4 are
related to the real and imaginary components of the complex
impedance Z which have been observed at different doping
concentrations.

These Nyquist plots revealed that the diameters of the semi-
circles have a dwindling trend with the rise of MWCNT load-
ings in the PVDF nanofibers. This directly reflects that charge
transport conduction has enhanced due to reinforcement by
addition ofMWCNTs in the PVDF nanofibers [27, 28].

Figure 5 shows that real impedance (Ź ) values which were
declining with increase in applied frequency, became nearly
constant beyond 10 Hz for all concentrations of MWCNT
loadings in the samples. Below 10 Hz, the value of Ź for
pristine PVDF nanofibers is 4.33 × 1010 Ω, which has been
found to exhibit a decreasing trend with the rise in MWCNT
loadings. The experimentally observed values of Ź in these
samples have been found varied from 1.59 × 1010 Ω to
1.8 × 108 Ω for the MWCNT loadings of 0.5, 1.0, 2.0, and
4.0 wt%, respectively. It is clearly observed that Ź values have
a declining trend with the rise in applied frequency, whereas
its higher values at lower frequencies are attributed to the
polarization caused by the creation of space charges, dipoles,
ions, and electrons. At higher values of applied frequencies,
higher were the orientations of the polymer molecules but
only for a certain limited value. Beyond that, molecules were
unable to follow the applied frequencies and would not re-
spond any more. Such a behavior exhibited by the nanocom-
posite materials has been ascribed to the faster transfer rates of

the charges in these electrospun fibers, which leads to reduc-
tion of barrier properties and enhancement of alternating (AC)
conductivity at higher frequencies upon increasing the
MWCNT loadings [29].

Figure 6 shows the imaginary part of the impedance (Z″)
versus log of frequency for pure and loaded with different con-
centrations of MWCNTs in PVDF nanofibers. A relatively
sharp and intense peak has been observed in the pure PVDF
nanofiber mat at low frequency, i.e., 1 Hz. The peaks observed
in the nanofiber mats loaded with 0.5, 1.0, 2.0, and 4.0 wt%
loadings of MWCNTs have been found to be shifting towards
higher frequencies which appeared at 2.4, 3.3, 50, and 160 Hz,
respectively. The rising concentrations and dispersion of
MWCNTs in the PVDF nanofiber mats are beleived to lead to
transfer of charges at a faster rate. Furthermore, these peaks
have been found broadening inwidth and suppressing in inten-
sity as well. These peaks are believed to be appearing in these
samplesdue to themicrophase separationof thepolymerchains
by the inclusionofMWCNTs.Thedriftingof thepeakpositions
towards the higher frequencies alsodemonstrate that relaxation
time was decreasing with the rising filler contents. The reduc-
tion inrelaxation time in thesesamples is indicativeofenhanced
dipole density and increased polarization rates [30].

Dielectric or tangent loss is a material characteristic that
does not depend on the geometrical features. Tangent loss
depends on many factors and can be defined as:

Tan δ ¼ ε″=ε
0 þ σ=2π f ε

0 ð1Þ

Where, ε′ and ε″ are real and imaginary components of
dielectric constant, σ is the conductivity, and ƒ is the frequen-
cy. Figure 7 reveals that dielectric losses have decreased with
the increasing frequency, while it increased with the addition
of MWCNT as filler in the PVDF. Here, the dielectric loss
arises mainly from the excessive polarized interfaces induced
by the fillers and specifically the movement of atoms or mol-
ecules by application of an alternating electric field [31, 32].Fig. 4 Nyquist plots of pure and MWCNT-doped PVDF nanofibers

Fig. 5 Bode plot of real impedance (Ź ) vs frequency of pure and
MWCNT doped PVDF nanofibers
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The increased dielectric loss with the addition of MWCNTs is
the main impediment in achieving ultra-high dielectric con-
stant because increasing the filler contents make an efficient
conductive network in the polymer nanocomposite [33].

The dielectric analysis is considered an easy approach to in-
vestigate the response and behavior of polymer composites by
studying the relaxation nature of dipoles of polymer electrolyte
[34]. The complex dielectric permittivity can be expressed as:

ε* ¼ ε0−ιε″ ð2Þ

Where, έ is the real and ε″ is the imaginary part of the
dielectric constant of the polymer electrolyte system.
Moreover, the real and imaginary parts of the dielectric con-
stant can be written as:

ε0 ¼ CpL=εoA ð3Þ

ε″ ¼ σ=ωεo ð4Þ

Where, Cp is the parallel plate capacitance, L is the length,
A is the area, and ε0 is the permittivity of free space. Here, the
real part of the dielectric constant (ε′) is the measure of charge
stored in a material, whereas imaginary part is known as a
direct measurement of dissipation of energy or dielectric loss
produced by the movement and effect of polarization of the
charge carriers [35].

Figure 8 shows the ionic conductivity of electrospun
nanofibers which has increased with the applied frequen-
cy. The conductivity of the MWCNT-doped PVDF nano-
fibers increased almost linearly with the frequency, show-
ing characteristics of insulating materials [36]. At higher
frequencies, MWCNTs virtually have no effect on con-
ductivity. However, for lower frequencies, the dopant

Fig. 6 Imaginary impedance (Z″)
vs frequency of pure and
MWCNT doped nanofibers

Fig. 7 Phase angle vs frequency of puer and MWCNT doped PVDF
nanofibers Fig. 8 Response of ionic conductivity vs frequency
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effect on PVDF-nanofiber conductivity is noticeable.
MWCNT doping considerably enhanced the conductivity
of the target nanofibers owing to their highly conductive
graphitic structures. The enhancement in conductivity was
also due to the incorporation of conducting MWCNT net-
work in the PVDF, showing percolation behavior, where
the filler contents in the polymer matrix are free to move
and so can make conducting paths at much lower dopant
contents [37]. Further, the region of low frequency has
been recognized as dispersion of charge polarization or
space interfacial resistance. The amount of accumulated
charges at the interface of electrode has been increased
at lower the frequency region as dopant increases. As a
result, the number of mobile charge carriers or ions avail-
able for the charge transportation is believed to enhance
the ionic conductivity. This charge addition also specifies
the existence of non-Debye properties of the polymeric
composite. But, at the higher frequencies, the charge car-
rier mobility is greater and contributes to the higher ionic
conductivity [38, 39].

It is seemingly observed from Fig. 9 that when fre-
quency was increasing, the capacitance was decreasing;
but, at higher values, it became independent of frequency.
It also illustrates that data was described satisfactorily for
all loadings but towards the low-frequency ends, the mod-
el deviated slightly. Therefore, by using an AC supply, a
capacitor accumulates only a limited amount of charges
prior to the potential difference which changes the polar-
ity and the charge it dissipates. As the frequency in-
creases, the less charges will be accumulated; as a result,
there will be lesser opposition to the flow of current.

The overall capacitance can be calculated by the following
relation:

C ¼ 1

2πf Zimg
�
�

�
�

ð5Þ

Where, |Zimag| is the magnitude of the imaginary part of the
impedance in ohms;C is capacitance in F, and f is frequency in
hertz. Therefore, Eq. 5 can also be rewritten as;

Zimg
�
�

�
� ¼ 1

C
ω−1 ð6Þ

Where, ω−1 = 1/2πf, in radians per second. Therefore, the
capacitance C can be obtained as the inverse slope of a plot of
imaginary impedance Zimag against the reciprocal of frequency
for the low frequency data [40].

In order to study the ferroelectric properties for the PVDF-
MWCNT nanofibers, the capacitance-frequency (C-F) char-
acteristics have been studied by using an BAlpha-A High
Performance Frequency Analyzer.^ In Fig. 10, it is observed
that the capacitance varies nonlinearly with the frequency,
consequently, well-defined butterfly-shaped variations were
observed in the PVDF nanofibers doped with 1.0 wt%
MWCNT-loaded PVDF nanofibers, where two peaks show
the two time constants. The peaks are believed to appear as
a result of spontaneous polarization change, which indicates
that PVDF has a ferroelectric nature. The decrease in relaxa-
tion time indicates their better energy delivery capabilities.
The presence of MWCNTs in the nanofibers enhances con-
ductance and charges carrier sites. Thus, the conductance fre-
quency seems to be stronger with increasingMWCNTcontent
in PVDF [41]. Moreover, a shift observed throughout the
samples towards the higher frequency range has suggested
that the doped MWCNTs in PVDF nanofibers contain mobile
electrons or negative ions build up at the interface between the
nanofibers and the electrodes [40].

Figure 11 illustrates the deviations in the dielectric constant
as a function of frequency at different loadings of MWCNTs

Fig. 9 Real capacitance vs frequency of pure andMWCNT doped PVDF
nanofibers

Fig. 10 Imaginary capacitance vs frequency of pure andMWCNT doped
PVDF nanofibers
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in PVDF nanofibers. It has been observed from the dielectric
plots that there was only one relaxation process in these nano-
fibers except in 1.0 wt% MWCNT loading where two relax-
ation processes were witnessed. The dielectric constant has
been found to decrease with the rise in the frequency. This
type of behavior in nanocomposites is attributed to the fact
that at lower frequencies, dielectric response follows the exci-
tation field, but as the frequency increases, these dipoles lag
behind the applied field and thus reduce the dielectric constant
of the material. According to the Koop’s model, the dielectric
in heterogeneous structures can be thought of as conducting
grains with the separation of highly resistive grain boundaries.
As a result, the space charge polarization builds up at the grain
boundaries which govern the free charge carriers available at
the grain boundaries as well as the conductivity of the mate-
rial. As the grain boundaries respond at low frequencies, so
higher will be the dielectric constant. This supports the values
of high dielectric constant at lower frequencies. It can also be

seen that the dielectric constant has strengthened with the
rising contents of MWCNTs in the PVDF [35].

Figure 12 shows the variation of relaxation time as a func-
tion of MWCNT loading in PVDF nanofibers. The character-
istic relaxation time (τ) was calculated from Z′ and Z″
(Nyquist plot) and also from log(ƒ) and Z″ graphs. The relax-
ation time is given as:

τ ¼ 1

2π f max
ð7Þ

Where, ƒmax is the relaxation frequency at which the Z″ is
found to be maximum. It is observed that by increasing the
MWCNT loading in the nanofibers, the relaxation time (τ)
decreased eventually, which shows the semiconducting be-
havior [42, 43].

Conclusions

PureandMWCNT-loadedPVDFnanofibermatshavebeen syn-
thesized by the electrospinning method. As prepared pure and
MWCNT-dopednanofiberswerefoundamorphous,crystallinity
appeared after annealing in the air. The structural analysis have
revealedthatstrongelectric fieldandheat treatmenthaveplayeda
keyrole to foster crystallinity in thesepolymericnanocomposites
which resulted into formation of different phases that strongly
depend upon the temperature gradients. As the electrospinning
process has taken place under the influence of a strong electric
fieldwhichpromoted formationof theβ-phase in thePVDF.The
morphological analysis has revealed that MWCNTs are homo-
geneously dispersed in the PVDF matrix; however, while in-
creasingtheMWCNTloadings in thePVDFmatrix, thediameter
of the formed nanofibers has improved while beading subsided.
The impedance spectroscopy has revealed that addition of
MWCNTs has decreased the resistivity, which improved inher-
ent piezoelectric effect of pure PVDF. As a result, MWCNT-
doped PVDF nanofibers may require less stresses for better pie-
zoelectric response in comparison to pure PVDF. Another char-
acteristic is the enhancement of β-phase due to the synergistic
effect of extensional forces and the reinforcement caused by
MWCNTs along the chains of the PVDF nanofibers.
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