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Abstract: Designing dielectric nanocomposite films with excellent dielectric properties is of strategic 

importance for a variety of applications requiring pressure sensing, energy harvesting and storing, and 

biomedical technology. Hence, the present investigation aims at studying the dielectric properties of lead 

lanthanum zirconate titanate (PLZT)/poly(vinylidene fluoride) (PVDF) nanocomposite based 

membranes fabricated using traditional electrospinning techniques. The composites were investigated 

for structural and electrical conductivity properties at varying temperatures.  While the Scanning Electron 

microscope revealed beaded and unannealed micro/nanofibers, the observations of temperature-

dependent electrical conductivity imply that the charge carrier transport phenomena involve more than 

one conduction mechanism. This is an interesting observation and can be explained in terms of the 

contents and porosity of the composites. As compared to PVDF, PLZT/PVDF nanocomposite films have 

somewhat better conductivity. The space charge limited current (SCLC) was the dominant mechanism 

at high voltages, while the Schottky–Richardson conduction mechanism was dominating at high 

temperature, according to observed J–V characteristics. The DC activation energy was found to be 

different, as expected, due to the dynamically heterogeneous nature of PLZT aggregates within the 

polymer matrix; however, the films exhibit the well-known Arrhenius relationship. This indicates that 

the dominant conduction mechanism is observed to be electronic and thermally activated. 
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1. Introduction 
 
Poly(vinylidene fluoride) (PVDF), also known as poly(1,1-difluoroethylene), is a high-performance 

polymer and has useful electroactive features such as piezoelectricity, pyroelectricity, ferroelectricity, 

and optoelectronics. PVDF is made up of around 50% lamellar crystals with a thickness of tens of 

nanometers and a length of up to 100 nanometers embedded in an amorphous matrix. PVDF and its 

copolymers exhibit a low density (1.78 g/cm3) when compared to other fluoropolymers like 

polytetrafluoroethylene; as a result, PVDF and its copolymers are attractive materials for the additional 

number of possible organic microelectronics applications, such as electro-optic transducers, waveguides, 

sensors, actuators, energy harvesting, and electro-optic transducers memory, and biomimetic robotics [1-

6]. 

PVDF, often referred to by its trade name Kynar®, is a high purity engineering thermoplastic and 

highly polar material. As per the International Association of Plastics Distribution (IPPD), PVDF is a 

semi-crystalline, high purity thermoplastic fluoropolymer, where electrical characteristics are caused by 

the polarized structure between hydrogen (δ+) and fluorine (δ−). The repeat unit of (–CH2–CF2_)n or 

(CH2-CF2)n, where the carbon-hydrogen bonds with the electrically polar carbon-fluorine, can take up to 

several stable configurations. The crystalline structures of PVDF may be present in at least four types: α, 

β, γ, and δ phases. PVDF β phase (form I) is an all-trans planar zigzag conformation (TTTT), PVDF α 

phase (form II) is a trans-gauche twist conformation (TGTG′), PVDF δ phase (form IV) is a different 

packing structure of PVDF α phase, and PVDF γ phase (form III) is an intermediate conformation of 

PVDF β and α phases (TTTGTTTG′). In the case of β and γ phases, all dipoles of individual molecules 

are arranged parallel to each other producing a non-zero dipole moment, and hence they induce polarity. 

Since the electroactive properties of a material depend on its polar structure, the β phase of PVDF shows 

the highest electroactive properties due to the highest dipole moment (8 × 10−30 C.m). Two forms β (or 

I) and α (or II) phases are of particular importance. The α phase can be converted into the β form by 

stretching and electrically poling with an appropriate electric field. All-trans configurations in the β form 

exist in the molecular groups, with molecules assembled to provide a polar unit cell. 

Several research investigations have highlighted the benefits of using nanoparticles, including 

carbon nanotubes dispersed in a polymer matrix to design and fabricate multifunctional materials with 

improved strength [7-9], including improvement in certain electrical properties [10]. Piezoelectric 

sensors have a high sensitivity and stability, but they are unable to sense static pressures since the surface 

charge decays under static loads, limiting their usage as pressure sensors. Many piezoelectric materials 

are ceramic-based and rigidity, brittleness, toxicity, high density, lower voltage coefficient, and lack of 
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design flexibility are some of the shortcomings of traditional piezoelectric materials. The design 

parameters, such as flexibility, application frequency, and available volume, limit the choice of certain 

piezoelectric materials for a specific energy-based application. The high contact resistance between 

conductive materials may also critically restrict the application of the sensors. Piezoelectric polymers, 

such as PVDF, are therefore of interest as they satisfy most of the abovementioned criteria, in addition 

to high stability, low power consumption, and simple construction. Ferroelectric smart materials have 

been utilized for several applications because their notably large piezoelectric coefficients, high 

pyroelectric coefficients, electro-optic properties, and dielectric susceptibilities exist [1]. They are used 

as high energy density capacitors, sensors, actuators, ultrasonic imaging, pyroelectric thermal imaging, 

electro-optic light valves, gate insulators in transistors, multiferroic transducers, thin-film memory 

elements, and energy harvesters. As an example, lead zirconate (lanthanum) titanate (PLZT) is a 

ferroelectric material that manifests both pyroelectric and piezoelectric characteristics upon polarization 

[2]. These achievements in the area of sensor technology were obtained because its high piezoelectric 

coefficients, electromechanical coupling coefficients, and dielectric constants manifest. To combine the 

attractive properties of PLZT and PVDF, composite materials are being considered. 

The probable dc conduction mechanism(s) and nature of charge transport in PLZT/PVDF 

nanocomposite are therefore investigated in this paper since conduction mechanisms are not restricted to 

classical conduction and transport methods. This investigation may aid in the application of this material 

as it improves our knowledge of the material for future studies. Composites in the form of fiber 

membranes are gaining interest as a result of their potential in large-area low-voltage devices. The 0–3 

connectivity composite, which consists of a three-dimensionally connected polymer matrix filled with 

isolated active ferroelectric ceramic particles, is the most basic of the composites studied. One of the 

most attractive features of the 0–3 design is its versatility in the fabrication of a variety of geometric 

forms, including thin/thick films and certain molded shapes. In this work, we have investigated the 

probable conduction mechanisms in PLZT nanocomposite films. In the light of some known conduction 

mechanism(s) models like Schottky emission, tunneling, space charge limited conduction (SCLC), 

intrinsic conduction, Poole–Frenkel (PF) conduction processes [11-15], an analysis is investigated here 

to explain conduction mechanism(s) in nanocomposite membranes fabricated by electrospinning. 
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2.  Experimental details 

2.1. Nanomiser Technique for Nanoparticles Fabrication 

The nanoparticles modified PZT (named MPLZT) were procured and prepared by a propriety method to 

produce a variety of high purity ceramics, mixed metal oxide, and metal nanopowder using the nanospray 

process by Micro-coating Inc., Georgia, USA.  In this process, a proprietary Nanomiserthe device is 

used to produce large quantities of aerosols with controllable, narrow droplet size distributions. The 

micrograph shows some agglomeration of particles Figure 1. The particles are of the order less than 30 

nm with equal size. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 A transmission electron micrograph (TEM) of nanoparticles of MPLZT (Pb0.93 

La0.07Zr0.3Ti0.7O3 ) 

 

2.2. Electrospun Membrane Fabrication 

The electrospinning process is based on an electro-hydrodynamic phenomenon in which the fibers are 

made from polymer solutions or molten polymers [16,17]. The surface and inner morphology of the 

resultant nanofibers can be changed by the process variables such as the polymer type and concentration, 

the type of a solvent, the needle to the collector distance, the flow rate, the applied electric field, the 

temperature, and humidity [18]. Since the properties of electrospun nanofibers are significantly affected 

by the fabrication parameters, a PVDF powder (MW 534000, Sigma-Aldrich) was dissolved in the 

solution of dimethylformamide (analytical standard, Fisher Scientific) to yield a polymer solution with a 

concentration of 20 wt. %. The solution was mechanically stirred for 3 h at a constant speed of 100 rpm 

100 nm 
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on a hot plate set at 60 °C. Electrospinning of the PVDF solution was carried out with an Inovenso 

laboratory-scale electrospinning apparatus. A constant voltage of 20 kV with the negative polarity was 

applied to the stainless needle of 18 gauge located 18 cm from the grounded collector plate. The flow 

rate of the solution for all samples was set at 6 mL/hr-1, and the time of electrospinning was approximately 

60 min. The ambient temperature during electrospinning was approximately 25° C, and the ambient 

humidity was ~ 60%. The nanofibers produced by this method were collected on aluminum foil and DC 

studies were conducted using electrospun fibers membranes by removing them from the aluminum foil 

– by cutting to an appropriate size and applying a copper tape with a conducting adhesive on both sides 

of the PVDF membrane to form a full-face electrode capacitor. It is worth mentioning that electrospun 

nanofibers exhibit many exceptional properties such as a large surface area, high aspect ratio, flexible 

surface, superior mechanical properties, and tunable surface morphologies [19]. The fibers also provide 

a very large surface area per unit mass. As a result, only a small amount of material is required, and there 

is very little waste. Another uniquely important advantage is that nanofibers prepared through a simple 

and scalable electrospinning process can eliminate the need for conventional direct-contact corona poling 

in ferroelectric materials, as was used in our experimentation. The composition of PVDF-nanocomposite 

solution is described in table 1, including sample nomenclature. 

 

Table 1: Composition of PVDF solution, DMF = Dimethylformamide, MEK = Methyl Ethyl Ketone, 

and SWCNT = single-walled carbon nanotubes. 

 

PVDF 

(grams) 

DMF/MEK 

(mL) 

PLZT 

(grams) 

Sample code 

2.0 30 0.00 PVDF 

2.0 30 0.045 MPLZT-1 

2.0 30 0.074 MPLZT-2 

2.0 30 0.114 MPLZT-3 

2.0 30 0.212 

+SWCNT 

MPLZT-4 

 

2.3. DC Conductivity Measurements 

To eliminate extrinsic charge carriers the samples were short-circuited and annealed at 50° C for 2 h after 

the fabrication procedure. The approximate thickness of the composite films was 0.24 mm and the bulk 
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DC conductivity wase obtained using Ohm’s law as per the Drude model: 

 

σdc = I.t ∕ V.A                                                                         (1) 

where I is the current in amperes and V is the applied voltage in volts over the samples. The parameters 

A and t are the area and thickness of the composite membrane, respectively. Two terminal electrical 

measurements were performed for DC measurement, utilizing a Keithley model 6517. 

2.4. Surface Microstructures 

The surface morphology of the electrospun PVDF nanofiber mat was analyzed using a scanning electron 

microscope) for JOEL, USA. The fibers were coated with a thin film of gold before observation using 

scanning electron microscopy (SEM) at an accelerating voltage of 2 kV at typically 5000X magnification.  

Figure 2 below shows a typical SEM image of the electrospun PVDF nanofiber mat. The fibers are 

randomly oriented forming a web of nanofibers, with only a few beads formed during electrospinning. 

An inset shows a section of aligned fibers ~ 100 nm forming a mesh within the composite of PVDF and 

MPLZ. 

 

  

 

Figure 2 Scanning electron micrographs of electrospun nanocomposite membranes (a) PVDF (b) 

MPLZT-4. 

 

3. Results and Discussion 

Among the conduction mechanisms being investigated in this investigation, some depend on the 

electrical properties at the electrode-dielectric contact. These conduction mechanisms are called 

a b 

1 μm 



Page | 7 

injection-limited or electrode-limited conduction mechanisms. Other conduction mechanisms depend 

on the properties of the dielectric itself and are called transport-limited or bulk-limited conduction 

mechanisms. Since several conduction mechanisms may all contribute to the conduction current 

through the dielectric film at the same time, it is necessary to distinguish among these conduction 

mechanisms.  Furthermore, several conduction mechanisms depend on the temperature, and thus 

measuring the temperature-dependent conduction currents may provide a way to know the constitution 

of the conduction currents. 

The electrode-limited conduction mechanisms include (1) Schottky or thermionic emission, (2) 

Fowler-Nordheim tunneling, (3) direct tunneling, and (4) thermionic-field emission. The bulk-limited 

conduction mechanisms include (1) Poole-Frenkel emission, (2) hopping conduction, (3) ohmic 

conduction, (4) space-charge-limited conduction, (5) ionic conduction, and (6) grain-boundary-limited 

conduction, as shown in figure 3 below. 

 

 
 

Figure 3: Classification of conduction mechanisms in dielectric films 

 

3.1. Steady-state Electrical Conduction 

When the influence of absorption current reduces the steady-state conduction current or the leakage 

current is reasonably constant over time [20], the steady-state conductivity can be observed. Leakage 

currents are generally measured after a period of testing at the device held at a certain test temperature. 

The currents were recorded after 5 seconds at the stabilized test temperature of the sample and the applied 
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electric field. Figure 4 shows the current density-voltage (J–V) characteristics of the membranes at 50°C 

in a voltage range of 1–20 V, which shows an increase in current density with the applied voltage. From 

the linear behavior with a positive slope, one can simply deduce the ohmic conduction mechanism 

applicable to both composite films with the power law of the form, viz., J α Vn, where n is the power 

index. The mode of electric transport is governed by the resistance of the membrane samples and directed 

by thermally activated charge carriers in the ohmic conduction region. 

 

 
 

Figure 4. J-V Characteristics of MPLZT-2 and MPLZT-4 and PVDF-20kV electrospun films.  

 

It is observed from the J–V curve that the current in MPLZT-2 composite film is higher than the 

pure PVDF nanofiber membrane. This can be explained by incorporating PLZT in the PVDF solution, 

which may be forming charge transfer interfaces. However, in the case of MPLZT-4 film with a higher 

particle content, the current is lower due to the presence of the conductive MWCNT in the solution. Since 

in these samples, dipolar polarization does exist, the role of dipolar and space charge polarization 

contribution to conduction mechanisms cannot be ruled out, in structurally heterogeneous composite 

membranes. Therefore, the results obtained in this investigation were examined in the framework of other 

potentially relevant types of conduction mechanism(s) present due to the complex nature of charge 

transport [21]. Other relevant and possible conduction processes include SCLC [22], Schottky [23], and 

PF [24] mechanisms. It is worth mentioning that the membranes consist of nanofibers with PLZT of ~ 

30 nm size and hence demonstrate slightly higher conductivity as compared with PVDF. In general, 

modeling of thermal conductivity of composites, by modifying both the thermal conductivity of the 
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matrix and particles to take into account the strong scattering of the energy carriers with the surface of 

the nanoparticles, it is observed that the particle size effect shows up on the thermal conductivity of 

nanocomposites through the collision of the particles. The thermal conductivity of composites with 

metallic particles depends strongly on the relative size of the particles concerning the intrinsic coupling 

length, and the ratio between the electron and phonon thermal conductivities. The size dependence of the 

composite thermal conductivity appears not only through the interfacial thermal resistance but also by 

utilizing the electron-phonon coupling. Furthermore, at the non-diluted limit, the interaction among the 

particles is taken into account through a crowding factor, which is determined by the effective volume of 

the particles. Also, since surface conduction can contribute to the total conduction process, conductivity 

will increase with the incorporation of nanoparticles. 

 

3.2. Space‑charge limited conduction (SCLC) 

In the SCLC regime, the current is dominated by charge carriers injected from the contacts and the 

current-voltage characteristics become quadratic (I ~ V2). The current is then only dependent on the 

mobility and no more on the charge carrier density, hence, the mobility can be estimated from a simple 

current-voltage measurement. This is in contrast to Ohmic conduction, where the current is mainly driven 

by the mobile charge carriers being intrinsically present in a material so that the charge carrier density 

needs to be known to determine the mobility. For the current study, the charge is injected at the electrode–

polymer interface that has a large excess charge carrier density at the injecting electrode, leading to the 

SCLC current flow. The space charge limited current density is represented by: 

 

J = 9
8
 Ɛµ𝑉𝑉

2

𝑑𝑑3
                                                                      (2) 

 

where J is the current density of SCLC at voltage V and d is the thickness of samples. The parameters Ɛ 

and μ are permittivity and permeability of the material, respectively. 

From Eq. (2) it is evident that J is inversely proportional to d3. The large negative value of slope 

with linear nature of the characteristics is governed by the SCLC mechanism [22]. The linear relationship 

that exists at higher voltages of J versus V2 in the PVDF film (Fig. 5) indicates the existence and 

predominance of the SCLC mechanism. However, it can be observed that the non-linear nature of J–V2 

curve illustrates the absence of the SCLC conduction mechanism in nanocomposite films (membranes). 
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Figure 5. Variation of current density (J) with square of applied voltage (V2) for MPLZT-2 and 
MPLZT-4 and PVDF-20kV electrospun films. 

 

3.3. Tunneling or Fowler–Nordheim Mechanism 

The electrode-limited conduction mechanisms depend on the electrical properties at the electrode-

dielectric contact. The quantum mechanism predicts that the electron wave function will penetrate 

through the potential barrier when the barrier is thin enough (<100  ̊A). Hence, the probability of electrons 

existing at the other side of the potential barrier is not zero because of the tunneling effect. Fowler-

Nordheim (F-N) tunneling occurs when the applied electric field is large enough so that the electron 

wave function may penetrate through the potential barrier into the conduction band of the dielectric [25, 

26]. Hence, the current is produced without the transport of charge carriers in the conduction band or the 

valance band. The Fowler–Nordheim relation for J can be expressed as: 

 

log 𝐽𝐽
𝑉𝑉2

= 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 − 𝜑𝜑
𝑉𝑉

                                                     (3) 

 

where A = 
𝑞𝑞3

8𝜋𝜋ℎ𝜑𝜑𝐵𝐵
, and 𝜑𝜑 =  8𝜋𝜋√(2𝑞𝑞𝑚𝑚8

3
)
ℎ

  𝜑𝜑3/2 

 

J, V, q, m*, 𝜑𝜑𝐵𝐵 are the current density, applied voltage, electronic charge, tunneling effective 

mass, and barrier potential, respectively. If the tunneling effect prevails, then a log of J/V2 versus 1/V 
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plot (Fig. 6) should exhibit a linear nature with a negative slope. For the study under investigation, the 

samples are of thickness approximate 0.15mm which is relatively thicker; therefore, one can exclude the 

tunneling effect. It is observed that plots have neither linear characteristic nor negative slope, thereby 

indicating the absence of tunneling effect in films investigated. 

 
Figure 6. Fowler-Nordheim plots of MPLZT-2 and MPLZT-4 and PVDF-20kV electrospun films at 
50°C. 

 

3.4. Poole–Frenkel (PF) conduction 

The process of Poole–Frenkel (PF) conduction is similar to that of well-known Schottky thermal 

emission and occurs due to the trapped electrons or holes being excited by heat [27,28]. Bulk-limited 

electric transport arises as a result of electron emission from trapping centers in samples under test, due 

to the effects of temperature and electric field. Hence, field-assisted thermal ionization is another term 

for PF conduction. The conductivity of the PF field is stated as: 

 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =   𝑙𝑙𝑙𝑙𝑙𝑙𝜎𝜎0 +  𝛽𝛽𝑃𝑃𝑃𝑃
2𝑘𝑘𝑘𝑘

√𝐹𝐹                                               (4) 

 

where F, k, T are the Poole-Frenkel coefficient under static electric field, Boltzmann constant, and 

absolute temperature, respectively. The linearity of log σ versus F1/2 or log σ versus V1/2 plots with a 

positive slope indicates the presence of the PF mechanism. From Figure 7 it can be seen that the plot for 

both the films exhibits a nonlinearity without any particular slope character (positive or negative); ruling 

0 250 500 750 1000
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out the possibility of PF conduction mechanism in the films under investigation. It is worth assuming, 

that it may be due to the presence of space charges accumulated near the electrodes creating non-uniform 

electric field distribution between the electrodes. 

 
Figure 7. PF (PF) of MPLZT-2 and MPLZT-4 and PVDF-20kV electrospun films at 50°C. 

 

3.5. Schottky–Richardson mechanism 

An electric field at a metal-polymer interface interacts with the image force and lowers the potential 

barrier in the Schottky-type conduction mechanism. For the Schottky–Richardson, the model current-

voltage relationship is expressed as, 

 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑇𝑇2 − 𝜑𝜑
𝑘𝑘𝑘𝑘

+  𝛽𝛽𝑠𝑠𝐹𝐹1/2                                                      (5) 

where, 𝛽𝛽𝑆𝑆 =  
𝑞𝑞√ 𝑞𝑞

4𝜋𝜋𝜀𝜀𝑟𝑟𝜀𝜀0
𝑘𝑘𝑘𝑘

 , F, A, T, 𝜑𝜑, 𝑘𝑘,𝑞𝑞, 𝜀𝜀𝑟𝑟,    𝜀𝜀0  are electric field, effective Richardson constant, absolute 

temperature, Schottky barrier height, Boltzmann constant, electronic charge, optical dielectric constant, 

and permittivity in a vacuum, respectively [29,30].  

The linear slope of the J–V1/2 curve with a positive slope governs the Schottky–Richardson 

process. The curves in Figure 8 are nonlinear, albeit showing a positive slope, especially at higher 

voltages. The most likely source of the divergence is the accumulation of space charges near the 

electrodes, resulting in non-uniform field distribution between the electrodes. 
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Figure 8. Schottky plots of MPLZT-2 and MPLZT-4 and PVDF-20kV electrospun films at 50°C. 

 

Furthermore, the linear nature of the curve at higher voltages indicates electronic-type conduction 

that may be caused by either the Schottky emission mechanism or the Poole-Frenkel mechanism [31, 

32]. In the plot of log (J/T2) versus 1000/T, the Richardson line shows linearity with a negative slope, 

(Fig. 9). The negative slope in both composites films specifies the relevance of the Schottky–Richardson 

mechanism. Furthermore, it can be observed that the current density is strongly dependent on 

temperature; see (Fig.10 ), where it is observed that linear increment of log J exists with elevated 

temperature and sharp linearity persists in higher temperature regions. This behavior is an indication of 

the absence of any thermodynamic transition in the chosen temperature range. The strong temperature 

dependency follows Schottky–Richardson conduction mechanism [31,32]. 
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Figure 9. Richardson plots of MPLZT-2 and MPLZT-4 and PVDF-20kV at the applied voltage of 10V. 

 

3.6. DC–Electrical Conductivity 

The graph between electrical conductivity and temperature was plotted to elucidate the effect of PLZT 

on the dc conductivity of the PVDF nanocomposite membrane. The temperature dependence of dc 

conductivity in the temperature range of 20–80°C for samples is shown in Figure 11. It is observed that 

the dc conductivity of the nanocomposite membrane is higher than the sample  PVDF membrane. Our 

result matched with Arrhenius relationship which can be expressed by the following equation: 

 

                                                         𝜎𝜎𝑑𝑑𝑑𝑑 = 𝜎𝜎0𝑒𝑒𝑒𝑒𝑒𝑒𝑘𝑘𝑘𝑘𝑘𝑘−∆𝐸𝐸                                                        (6) 

 

where ΔE, kb, σo represent the thermal activation energy, Boltzmann’s constant (8.617 × 10-5  eV/K), 

and pre-exponential factor/maximum conductivity, respectively [17]. 

Figure 11 illustrates the temperature dependence of conductivity, where the slopes of both 

composite samples are negative and almost linear. 
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Figure 10. Current density versus temperature of MPLZT-2 and MPLZT-4 and PVDF-20kV at the 
applied voltage of 10V. 

 

 

 

 

 

 

 

 

 

 

Figure 11 DC Conductivity with varying temperature for MPLZT-2 and MPLZT-4 and PVDF-20kV 

electrospun films at an applied voltage of 10V. 

 

The calculated activation energy was found to be 0.79 eV, 0.77 eV, and 0.80 eV, respectively for 

samples MPLZT-2, MPLZT-4, and PVDF films as per Figure 12. The activation energies obtained via 

dc conductivity measurements are slightly different in the composite films [33] and the relatively small 

difference in the activation energies is indicative of the dynamically heterogeneous nature of PLZT 

aggregates within the polymer matrix [34]. 
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Figure 12. Temperature dependence of dc conductivity for MPLZT-2 and MPLZT-4 and PVDF-20kV 

at the applied voltage of 10V. 

 

4. Conclusion and Future Recommendations 

For the present investigation, PLZT nanocomposite films in a PVDF matrix were produced by the 

traditional electrospinning process. It is widely known that PVDF is a piezoelectric material and has 

applications from vibration sensing to energy harvesting. The addition of PLZT to the PVDF matrix 

enhances the dielectric response. To characterize such responses and to apply these characteristics to 

devices for tactile sensing, pressure transducers, energy harvesting, and vibration monitoring, it is critical 

to identify characteristics of these composites of PVDF and PLZT. Furthermore, the temperature 

dependency of electrical conductivity identifies the charge carrier transport mechanism to see if one or 

more mechanisms are involved in the conduction mechanism. It was determined that in comparison to 

pure PVDF, the PVDF-based nanocomposite films exhibit increased conductivity. It was also observed 

that the space charge limited current (SCLC) mechanism was dominant at high voltage, while the 

Schottky–Richardson conduction mechanism dominated at high temperature, according to our J–V 

characteristics. The dc activation energy was found to be slightly different for these composites and 

follow the Arrhenius relationship, which showed that the conduction was electronic and thermally 

activated. The electrical characteristics, therefore, provide more insight into the conduction mechanism 

in these functional polymer composites and are extremely useful in devices for appropriate applications. 

Since the fabrication parameters matrix is extremely large, the characterization can yield optimum results 

to optimize the fabrication process, almost similar to Taguchi’s method. of parametric optimization.  
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