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Abstract 

In this work, we introduce a metal-organic framework (MOF) that is 2D in nature into the poly 

(vinylidene fluoride) (PVDF) matrix, an area relatively underexplored. Using the chemical 

method, a highly 2D Ni-MOF was synthesized. Ni-MOF with different weight ratios was 

incorporated into PVDF matrixes by solvent casting. SEM and XRD were used to determine the 

nanocomposite structure. According to XRD, PVDF shifted towards the β phase with the 

incorporation of Ni MOF nanofiller. The dielectric constant decreases with frequency; 

however, higher MOF loadings cause the dielectric constant to decrease as dielectric loss 

increases. TGA/DSC shows that the thermal stability of PVDF-Ni-MOF nanocomposite is higher 

than that of pure PVDF due to the intermolecular interaction of Ni-MOF with PVDF. 

Keywords: SEM·XRD· Dielectric permittivity · DSC·TGA 

Introduction 

A typical ferroelectric polymer is poly (vinylidene fluoride), whose dielectric constant is 10. It 

also has a dielectric strength of 800 kV/mm. PVDF is an excellent chemical resistance ferroelectric 

polymer. The vinylidene fluoride in PVDF provides excellent corrosion and abrasion resistance, 

as well as excellent electro-active properties. Recently, the addition of nanofillers has become 

a widely employed method for increasing the β-phase content in PVDF due to its simplicity 

and adaptability. Adding nanofillers to PVDF to raise the β-phase content has become a common 

method lately because it is easy to use and can be changed to fit different needs. It is obvious that 

MOFs are very different from flexible polymers, thus scientists are trying to combine the two 

materials to make composites with the best qualities of each. To make MOFs, organic linkers are 



linked to metal-inclusive units (MIUs) or secondary building units (SBUs). This creates open 

frameworks that are stable and have permanent porosity [1]. Nickel-based Metal-Organic 

Framework (Ni-MOF) facilitates the structural modification of Polyvinylidene Fluoride (PVDF) 

by promoting the development of the polar β-phase, thereby enhancing the material's piezoelectric 

characteristics. This effect is realized through the integration of Ni-MOF into the PVDF 

matrix, which contributes to superior dielectric and energy storage capabilities [2,3]. PVDF's 

electroactive properties are highly dependent on its polarity. As a result, the α phase's TG+ TG− 

chain conformation changes to the TTTT and/or T3G+T3G− chain conformations of the β and 
γ phases, respectively. This is because the dipole alignment generated by this interaction [6,7]. 

Dielectric permittivity and piezoelectric activity of PVDF-based composite films are strongly 

affected by their amount of deuterium (exhibiting the highest dipole moment). A variety of unique 

techniques have been used to improve PVDF's polarity [4]. Among the various techniques 

investigated, nanomaterials have been incorporated directly into PVDF matrixes, a method that is 

both easy and cost-effective [4,5]. A fundamental goal of incorporating nanomaterials into PVDF 

is to induce strong interfacial interactions between PVDF dipoles (–CH2 and –CF2 dipoles) and 

their surfaces. Consequently, the TG+ TG−chain conformation of the α phase transforms to the 

TTTT and/or T3G+T3G− chain conformations of the β and γ phases, respectively, through the 

dipole alignment caused by this interaction [6,7]. As electronics and electrical fields have grown 

rapidly in recent years, many electronic components have improved for greater intelligence, 

miniaturization, and integration, posing challenges to existing materials [8–12]. In order to 

fabricate promising flexible films with excellent electrical and mechanical properties on a large 

scale, it is necessary to find a concise and effective process. As opposed to traditional inorganic 

ceramics, flexible ferroelectric polymers have many advantages, including good toughness, ease 

of processing, and ease of integration [13–16]. In the present work, we prepare Ni-MOF and 

PVDF/Ni-MOF nanocomposite thin films and study their structural, thermal, and dielectric 

properties by SEM, XRD, TGA/DSC, and dielectric parameter (i.e., permittivity, dielectric loss, 

AC conductivity, and impedance) measurements and develop correlations with these properties. 

Experimental Techniques  

The granular PVDF used in this investigation was purchased from Redox (India), while Merck 

provided the methanol, N, and N-Dimethylformamide (DMF). For MOF synthesis, NiCl2.6H2O 

(98%; Merk) was used as a source of metal ions, and trimesic acid (TMA, 99%; Merck) was used 



as an organic linker. To modify the pH, sodium hydroxide (99%; Sigma Aldrich) DI water (18.3 

MΩ cm) was used. We employed laboratory-grade reagents and solvents in the synthesis without 

any further steps to clean them up. We can make MOFs using Ni (II) metal ions using aqueous 

solutions of Ni (II) metal ions, which is a method that has already been reported. To prepare an 

aqueous solution, 50 mL of deionized (DI) water was added with 4.75×10-3 mol of trimesic acid 

(TMA). We added drops of a 1 M NaOH solution to the organic linker solutions until the pH 

reached 7, and 50-mL DI water was used to prepare metal ion solutions containing 3.72×10-3 mol 

of Ni (II). The prepared metal ion solutions were introduced dropwise into the TMA, solution in a 

beaker while being continuously stirred at a rate of 1000 rpm using a separator beaker. The light 

green precipitate was seen upon completion with TMA and mixing proceeded for 12 hours. 

Finally, the MOFs were filtered through filter paper, rinsed twice with ethanol and extra water, 

and then dried for five hours at 70 °C and then for another 48 hours at 100 °C. The TMA-M Ni 

(II) MOFs that were made were stored in sealed containers so they could be used later in 

experiments [17,18]. DSC (Differential Scanning Calorimetry) measurements are typically 

conducted to ensure accurate and reproducible results in a nitrogen atmosphere with a 

heating rate of 100C/ min using DSC Q200. The instrument was calibrated using standard 

materials to ensure accurate temperature and heat flow measurements. The 5 mg sample 

was taken and placed in a suitable pan for analysis. A common method for frequency-

dependent dielectric measurement involves using a precision LCR meter model no. 

Novacontrol Technology. The Al coated circular sample of diameter 1 cm is placed between 

electrodes, and the device applies an AC voltage at varying frequencies. The resulting 

capacitance was measured to calculate dielectric constant and loss tangent, as a function of 

frequency. 

Preparation of PVDF-Ni-MOF nanocomposites 

Solution casting was used to mix MOF with PVDF to form nanocomposite thin films. By 

dissolving 5gm of PVDF in 100 ml of N-dimethylformamide (DMF), the PVDF-Ni MOF 

nanocomposite was produced, which was then magnetically stirred at 60°C for 6 hours. To create 

PVDF-Ni MOF nanocomposite samples, Dimethylformamide (DMF) with Ni MOF (0.20 g for 

4%) was dissolved. A magnetic stirrer was used to agitate these solutions for 12 hours to attain 

homogeneity. After the solution had been prepared, it was placed in a sonicator set at 20 kHz for 

10 minutes to disperse Ni MOF in PVDF solution[19]. A glass plate was poured with the prepared 



solution. The solvent was allowed to evaporate in a room temperature oven for a whole day, 

producing nanocomposite films. The thin nanocomposite films were very easy to remove from the 

glass plates. After drying, the films were vacuumed to 10-5 Torr for 48 hours at 300C to remove 

any leftover solvent. To measure the thickness of the film, an electronic screw gauge was 

employed. For the SEM, XRD, and dielectric analysis, the samples had a thickness of 30–50µm. 

Results and Discussion 

Scanning Electron Microscopy (SEM) 

Fig. 1(a) shows an SEM picture of the produced Ni-MOF particles with a magnification of 5.0 

KX. The particles are small, but the micrograph shows that there are larger secondary aggregates 

that formed when particles interacted with each other. This renders it to appear like the particles 

are bigger than they genuinely are. At a low concentration of Ni-MOF (4 wt%), the PVDF matrix 

shows a spherulitic microstructure that is comparable to that of pure PVDF with α- and β-phases, 

as seen in Fig. 1(b) [20]. At this loading, the nanofiller primarily influences the nucleation process, 

and the overall spherulitic structure of PVDF remains mostly unchanged. As the amount of Ni-

MOF increases (8 and 12 wt.%), the spherulitic structure of PVDF becomes increasingly 

disintegrated, as shown in Fig. 1(c) and Fig. 1(d). At these higher filler concentrations, the Ni-

MOF particles accumulate together in large clusters that are not uniformly distributed throughout 

the polymer matrix. This kind of agglomeration slows down the growth of spherulites and changes 

the rate of crystallization, which changes the polymer phase and lowers the degree of crystallinity 

[21]. In these composites, the polymer phase is limited to smaller regions between MOF 

aggregates, which stops crystals from growing. Thereby, the most effective way to disperse Ni-

MOF in the PVDF matrix is at low filler concentrations. At larger concentrations, the particles 

adhere together, and the microstructure becomes uneven. 

X-ray diffraction (XRD) 

Fig. 2 displays the XRD patterns of pristine PVDF and PVDF–Ni-MOF nanocomposite thin films 

with Ni-MOF loadings of 4, 8, and 12 wt%. The XRD pattern of pure PVDF shows a strong 

diffraction peak at 2θ = 19.25°, which is the (110)/ (200) planes of the polar β-phase. When 4 wt% 

Ni-MOF is added, new diffraction peaks show up at 2θ ≈ 18.26° and 19.22°. These peaks are 

linked to the (020) plane of the α-phase and the overlapping contributions from PVDF crystalline 

phases. This shows that when there is a small amount of Ni-MOF, it changes the way the PVDF 



chains are arranged in crystals, which causes distinct phases to partially coexist. As the amount of 

Ni-MOF increases (8 and 12 wt%), the major diffraction peak shifts from 2θ ≈ 19.25° to ≈ 19.22°, 

while the peak at 18.26° gets less intense. This behavior indicates a relative suppression of the 

non-polar α-phase and a stability of the polar β-phase at elevated filler concentrations, attributable 

to intensified interfacial contacts between Ni-MOF and PVDF dipoles. The β-phase content 

changes in a non-monotonic way because of the competing impacts of chain disruption caused by 

fillers at low loading and dipole alignment at moderate loading. In general, the overall degree of 

crystallinity goes down when the Ni-MOF content goes up (Table 1). This is something that is 

often seen in polymer nanocomposites. This decrease is due to the filler making it harder for 

polymer chains to move about and breaking up long-range crystalline order. When polymer chains 

stick to the filler surface, they become less available for crystallization [22]. The comparatively 

greater peak intensities seen in 8 and 12 wt% Ni-MOF composites suggest that the crystallites are 

oriented in a certain way, not that the overall crystallinity has gone up. Kinematical scattering 

theory posits that peak broadening in XRD patterns correlates with diminished crystallite size and 

heightened lattice disorder, both of which align with filler-induced confinement effects in PVDF-

based nanocomposites [23–25]. 

Dielectric Properties 

The dielectric response as a function of frequency was measured for the PVDF-Ni-MOF 

nanocomposites. Fig. 3 shows how the dielectric properties of PVDF films changed with 

increasing MOF content in the composites. Fig.3 and Fig.4 reveals that both the real part of the 

dielectric constant and the dielectric losses show similar behavior as the pure polymer, such as 

decrease with frequency. The relaxation process is assigned to cooperative segmental motions 

within the amorphous phase, which are also present in the nanocomposites [26]. Space charge 

increases in low-frequency regions because charge carriers have more time to accumulate under 

the electric field, leading to higher density. Space charge accumulation generally increases the 

dielectric constant by enhancing polarization, especially at low frequencies. However, at higher 

frequencies or under specific conditions, it can reduce the dielectric constant due to charge trapping 

and diminished polarization [27]. The MOF aggregates or touching particles have a significant 

impact on the effective dielectric permittivity and increase the local field in PVDF's ferroelectric 

phase. It is important to consider the specific microstructure when determining the field 

distribution and effective dielectric constant. The ferroelectric phase of PVDF is surrounded by 



MOF with a low dielectric constant and a thin shell. On the shell, there is a high concentration of 

the local field, and on the ferroelectric phase, the field is almost zero, and on the matrix, it is nearly 

the same as that applied to the matrix. As the dielectric permittivity of the shell material increases, 

the electric field in the matrix becomes less homogeneous [28].  The explanation of local electric 

fields in a PVDF comprising a shell, ferroelectric phase, and matrix can be derived from the distinct 

dielectric properties of these components (i.e., in present case PVDF and Ni-MOF) and their 

interactions with an external electric field. The shell, characterized by a high permittivity, 

concentrates electric field lines within itself, resulting in a pronounced local field. In the 

ferroelectric phase, the material's inherent spontaneous polarization effectively mitigates the 

external field, leading to a near-zero field. Conversely, the matrix, with its lower permittivity, 

exhibits a field that closely resembles the applied field [29]. All composites have a decrease in 

dielectric constant as the frequency increases. This phenomenon can be explained by the relaxation 

of polarization at interfaces and dipole orientations within composites. The PVDF composite with 

4 wt% Ni-MOF has the highest dielectric constant of all the compositions because it has more 

dipolar and interfacial polarization. At higher filler loadings, though, Ni-MOF 

agglomeration renders it difficult for dipoles to migrate, which lowers the effective 

polarization and dielectric constant. The polarizability may decrease when nanofillers 

agglomerate together, even with an electric field present [30]. This happens particularly in case of 

PVDF with 8% and 12% Ni-MOF. The substantial reduction in the dielectric constant value is 

attributed to a decrease in polarized dipoles within the nanocomposite, which is associated with 

the presence of the low β -crystal structure, as confirmed by XRD analysis. The decrease in real 

part of dielectric permittivity with increasing nanofiller concentration can occur due to factors such 

as agglomeration, increased dielectric loss, or a shift in the dominant polarization mechanisms at 

higher filler loadings. For example, in a study on barium titanate (BaTiO₃) nanofillers in a polymer 

matrix, the dielectric permittivity initially increased up to a certain concentration but began to 

decline as agglomeration became more pronounced at higher loadings. Similarly, in composites 

with silica nanoparticles, a significant increase in dielectric loss was observed at higher 

concentrations, leading to a reduction in the overall permittivity [31]. The relations between the 

real part of the impedance (M′) with different frequencies are shown in Fig. 5. For all 

nanocomposites, the value of the real part (M′) varies with the increase in the Ni-MOF content 

inside the PVDF matrices [32–34].  Increasing the Ni-MOF content in the PVDF results in a 

reduction in the real component of the electric modulus (M'). This indicates potential alterations 



in the dielectric properties, which may be attributed to variations in polarization or charge carrier 

dynamics [35]. In the lower frequency range, M' exhibits an increasing trend with rising frequency. 

This phenomenon is attributed to the release of space charge, defined as the accumulation of charge 

carriers (electrons or ions) at interfaces or within the material under the influence of an applied 

electric field. This accumulation is particularly significant at lower frequencies, as the charge 

carriers are afforded more time to move and redistribute [36]. Dipoles in materials with higher 

inertia are unable to keep pace with field alternation. This phenomenon occurs because certain 

molecules or ions within the material exhibit greater resistance to altering their orientation in 

response to the electric field. At elevated frequencies these entities are unable to rotate or reposition 

swiftly, leading to a reduction in their contribution to polarization [37]. Fig.6 shows the plots 

between the imaginary part (M′′) and the frequency. The M′′ values decrease, and then become 

constant. The value of M′′ is saturated toward higher frequency. This is an indication of the 

frequency dependency of the relaxation time in PVDF-Ni-MOF nanocomposites samples. The 

relaxation is due to the presence of inter-polarization (Maxwell–Wagner–Sillars polarization), 

which can usually be encountered inside the pure polymeric samples. This relaxation process is 

affected by the effect of the inter-polarization that causes the accumulation of electric charges 

around the molecules of the nanocomposite samples. As shown in Fig. 7, PVDF / PVDF-Ni-MOF 

nanocomposites exhibit AC conductivity between 10 Hz and 106 Hz at room temperature. 

Increasing frequency leads to a continuous increase in AC conductivity as shown in Fig.7. For 

PVDF-4% Ni MOF nanocomposites, AC conductivity, is the maximum. The increase in applied 

field frequency may have resulted in increased electron mobility, resulting in higher conductivity 

[38]. Additionally, at higher frequencies, the loss factor dominates, resulting in higher 

conductivity. As a consequence of the AC conductivity study, we can conclude that the relaxation 

mechanism is strongly dependent on composition. 

Thermal properties  

Thermogravimetric analysis (TGA) 

We have investigated PVDF thermal stability with different concentrations of Ni-MOF nanofiller 

by using TGA analysis. As can be seen in Fig.8, all the samples examined degraded in a single 

step at 600°C almost without residual weight. Ni-MOF nanofiller increase the thermal stability of 

nanocomposites by shifting the onset decomposition temperatures higher side. A strong interfacial 



interaction between PVDF and Ni-MOF contributes to the higher temperature shifting [39,40]. A 

variation in temperature was observed at every filler loading concentration at the end of thermal 

degradation (Tp). The highest results were observed at load concentrations of 12 wt%. Compared 

to PVDF, PVDF-Ni-MOF nanocomposites have a higher Tp at filler loadings of 4 and 8 wt%. This 

can be explained by a complex interfacial interaction between filler and matrix. This could be 

understood by interlocking carbon groups of polymers and nanofillers and the zigzag asperities in 

the molecular chains [41,42]. Interlocking carbon groups in polymers and nanofillers refer to 

the structural arrangement where carbon atoms or groups in the molecular chains of 

polymers interact with nanofillers, creating a strong physical or chemical bond. These 

interactions enhance the mechanical and thermal properties of the composite material. 

Zigzag asperities in molecular chains describe the irregular, jagged features along the chain's 

structure, which can influence the interaction and alignment with nanofillers, contributing 

to improved load transfer and overall composite performance. 

Differential Scanning Calorimetry (DSC) 

DSC can be used to distinguish PVDF phases, but it is not very reliable because of other factors, 

such as sample morphology, lamellar thickness, and crystal imperfection, can affect melting 

behavior as well. A melting peak on a DSC thermogram may also be a result of 

melting/recrystallizing during heating [43,44]. Fig. 9 shows the DSC thermograms of PVDF 

nanocomposites with compositional ratios wt.% of 4, 8, and 12% Ni-MOF. Each PVDF 

nanocomposite exhibits an endothermic peak between 140-1500C. This peak is located near the 

melting temperature of pristine PVDF [45]. These DSC results are identical to other PVDF 

nanocomposite samples. There is a single peak associated with the PVDF structure, indicating 

polymorphic crystallization (i.e., higher temperature attributable to the β-phase) [46,47]. The lower 

temperature peak is reported to be due to the α-phase of PVDF. These results indicate the α phase 

of PVDF is not observed by DSC. The lowering of peak temperature values of PVDF-Ni-MOF 

nanocomposite is the evidence for the formation of PVDF heterogeneous chain interactions[48]. 

It was observed that in the presence of Ni-MOF, the functional groups of PVDF chains participated 

primarily in dipolar interactions and modified the polymer crystals' thermal behavior. Recent 

publications [49,50] demonstrate in detail the significance of a single peak related to an 

endothermic peak. According to the estimated degree of crystallinity, it ranged between 42% and 

47%. It was noted that the degree of crystallinity decreased as Ni- MOF content increased (i.e. 



Table 2). This behavior could be due to the possible changes in the quality of the PVDF / Ni-MOF 

dispersions during sample formation caused by nanoparticle agglomeration. According to XRD 

analysis and literature data on PVDF nanocomposites (this needs to be verified), the obtained Xc 

values are consistent [51–53]. Namely, the crystallites of the β-phase are smaller than those of the 

α-phase, thus reducing the crystallinity in β-phase rich samples [54]. This behavior fully 

corresponds to β-phase PVDF.   

Conclusions 

As a result, PVDF-Ni MOF nanocomposites have been successfully prepared by the solution 

mixing method. It was investigated that, through structural studies, Ni-MOF influences PVDF 

dielectric and thermal properties. All testing indicated that MOF increased PVDF nanocomposite 

crystal content, resulting in a higher dielectric permittivity, lower dielectric loss, increased residual 

polarization, and an increase in the need for electric applications with the PVDF nanocomposite. 

X-ray diffraction (XRD) analysis of the nanocomposites confirms the formation of the β phase of 

PVDF upon the addition of Ni-MOF. Due to the presence of Ni-MOF, there is a possibility of 

structural reorganization in the polymer chain. This leads to a decrease in polymer crystallinity. 

The DSC study further confirms the presence of a strong β phase. As the thermal degradation test 

from the TGA/DSC instrument indicates, there is only one stage during the decomposition process 

for all PVD / Ni-MOF nanocomposites. However, PVDF-Ni-MOF nanocomposite thermal 

properties are higher than those of pure PVDF. The combined structural, dielectric, and 

thermal properties indicate that PVDF–Ni-MOF nanocomposites are viable candidates for 

applications necessitating flexible dielectric materials with improved thermal stability. 

Future research may concentrate on enhancing filler dispersion, regulating interfacial 

interactions, and customizing MOF chemistry to further elevate dielectric performance, 

energy storage capacity, and multifunctional characteristics for application in sensors, 

capacitors, and polymer-based electronic devices. 
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Table 1 Values of Bragg’s angle 2θ, full width at half maximum FWHM 𝛽, intensity I, crystallite 

size L, interplanar distance (d), interchain separation (R), and crystalline of the diffraction peaks 

of composite films. 

Sample                              2θ  𝛽/°            Intensity L/nm d/nm R % 

Ni MOF 17.6 0.34 10732.44 24.06 0.5 0.63 
 

 
18.7 0.42 18375.84 19.35 0.47 0.59 

 

 
20.05 0.32 4068.33 25.34 0.44 0.55 

 

 
22.03 0.25 2829.38 32.53 0.4 0.5 

 

 
25.26 0.29 1540.96 28.12 0.35 0.44 

 

 
26.53 0.17 1301.53 47.51 0.34 0.42 

 

 
27.18 0.23 3277.67 36.11 0.33 0.41 

 

 
28.65 0.35 3300.77 23.45 0.31 0.39 

 

 
33.48 1.51 419.25 5.55 0.27 0.33 

 

 
35.66 0.22 3055.04 38.31 0.25 0.31 

 

 
28.65 0.35 3300.77 23.45 0.31 0.39 

 

 
33.48 1.51 419.25 5.55 0.27 0.33 

 

 
35.66 0.22 3055.04 38.31 0.25 0.31 

 

PVDF 19.25 1.59 12581.47 0 5.56 6.95 44 
 

35.12 1.93 350.88 0.02 4.58 5.73 
 

 
40.44 4.01 1035.21 0.01 2.2 2.75 

 



PVDF/Ni MOF 4% 19.37 2.15 5592.97 3.79 0.46 0.57 38 
 

29.14 0.23 540.39 35.44 0.31 0.38 
 

 
40.13 3.6 579.23 2.37 0.22 0.28 

 

PVDF/Ni MOF 8% 18.26 3.79 5383.781 2.15 0.49 0.61 32 
 

19.22 0.99 14821.75 8.19 0.46 0.58 
 

 
34.61 2.7 1132.725 3.12 0.26 0.32 

 

 
40.35 6.32 1943.502 1.35 0.22 0.28 

 

PVDF/Ni MOF 12% 18.45 3.71 3653.406 2.2 0.48 0.6 31 
 

19.15 1.05 10351.43 7.73 0.46 0.58 
 

 
21.72 0.52 2774.004 15.77 0.41 0.51 

 

 
34.72 2.66 757.439 3.17 0.26 0.32 

 

 
40.27 4.81 1360.522 1.78 0.22 0.28 

 

 

 

  



 

 

Table 2 The DSC of all sample onset melting temperature Tm(O), end melting temperature Tm(E),   

peak melting temperature Tm, melting enthalpy ΔHm, and mass fraction crystallinity Xc. 

 

Sample Name Tm(O)/°C Tm(E)/°C Tm/°C ∆Hm (J/g) Xc(%) 

PVDF 120.12 162.94 144.94 49.2 46.99 

PVDF/ Ni MOF 4% 122.82 162.11 146.33 46.8 44.70 

PVDF/ Ni MOF 8% 122.11 168.33 147.62 44.4 42.41 

PVDF/ Ni MOF 12% 126.44 162.63 145.94 43.8 41.83 

 

 

 

 

Fig. 1 SEM image for: (a) Ni MOF (b) PVDF/Ni MOF 4% (c)PVDF/Ni MOF 8%(d)  



         PVDF/Ni MOF 12%   

 

Fig. 2 X-ray diffraction pattern of polyvinylidene flouride (PVDF) and PVDF composites. 



 

Fig. 3 Frequency dependent dielectric constant of nanocomposites at room temperature 

 



 

Fig. 4 Frequency dependent dielectric loss of nanocomposites at room temperature 

 



 

Fig. 5 Frequency dependent Real modulus M’ of nanocomposites at room temperature 

 

 

 



 

Fig. 6 Frequency dependent Imaginary modulus M’’ of nanocomposites at room temperature 

 



 

Fig. 7 Frequency dependent AC conductivity of nanocomposites at room temperature 



 

Fig. 8 Thermogravimetric analysis (TGA) curves of polyvinylidene flouride (PVDF) and composites. 



 

Fig. 9 The DSC analysis of polyvinylidene flouride (PVDF) and composites. 

 

 

 


