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Abstract 

Herein, we report the synthesis of poly (vinylidene fluoride) (PVDF) based novel nanocomposites reinforced with graphene 

nanoplatelets (GNP) and vanadium pentoxide (V2O5) as nanofillers. The PVDF/V2O5/GNP nanocomposite films were 

characterized using Fourier transform infrared spectroscopy (FTIR), X-ray diffraction analysis (XRD), thermogravimetric 

analysis (TGA), polarized optical microscopy (POM) and scanning electron microscopy (SEM). The electrical properties of 

nanocomposites were investigated to ascertain the synergistic effect of fillers on the quality factor (Q-factor) of 

nanocomposites. The FTIR and XRD results infer good interaction between PVDF and V2O5 and the good dispersion of 

nanofillers in the PVDF matrix. The TGA results revealed that the thermal stability of PVDF/V2O5/GNP nanocomposite has 

improved at higher loading of nanofillers due to the good interaction between the nanofillers and the polymer matrix. The 

electrical analysis of nanocomposite films demonstrates high Q-factor value (1099.04) at 4.7 wt % V2O5 and 0.3 wt % GNP 

loading. With further increase in GNP loading to 1 wt %, the Q-factor becomes lower (356.52) which could be due to the 

enhanced conductivity of the samples. The significant enhancement in the value of Q-factor shows that the nanocomposites 

can be used as a potential candidate for high-Q capacitor applications. Copyright © 2017 VBRI Press. 
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Introduction 

With day to day improvisation in this so called 

technological society, the requirements of the new 

materials having special properties like high-quality factor 

(Q-factor) is useful for various applications such as 

medical devices, consumer products, food packaging, 

aerospace technologies for sensing and also for coating 

and barrier applications. The materials having a high Q-

factor play a remarkable role in designing microelectronic 

devices and to analyze microscopic processes. Polymers 

are the most widely used materials because of their low 

cost, reproducibility and easy processing [1-5]. Poly 

(vinylidene fluoride) (PVDF) is one of the most studied 

polymeric systems because of its excellent piezoelectric 

and pyroelectric properties [6]. PVDF attracts the 

attention of engineers and physicists as a stimuli-

responsive polymer having four crystal polymorphs such 

as α, β, γ and δ [7, 8]. β - phase of PVDF has shown great 

potential as a polymeric matrix for functional applications 

because of its good physical and chemical properties, 

good processability and favorable electrical, thermal and 

mechanical properties [9].  

Since the discovery of graphene by Geim, Novoselov 

and co-workers in 2004 [10, 11], it has evolved as one of 

the ideal carbon-based nanomaterials. Graphene belongs 

to the family of graphitic materials with a two-

dimensional (2-D) structure, arranged in a honeycomb 

crystal lattice of sp2 bonded carbon atoms [12]. Graphene 

can be obtained easily from abundant natural or synthetic 

resources without enormous energy consumption [13]. 

Graphene has been used extensively by the researchers all 

over the world due its extraordinary optical, mechanical 

and physical properties such as high surface area (2630 

m2/g), Young’s modulus (1TPa), fracture strength (130 

GPa) and thermal (5 Wmk-1) and electrical conductivity 

of (720 Sm-1) [14, 15]. Graphene has the ability to be 

dispersed in polymer matrices and it has gained both 
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academic and industrial interest as it can produce a 

dramatic improvement in properties of the polymer matrix 

with a small amount of loading [16]. Polymer 

nanocomposites based on graphene nanoplatelets (GNP) 

evolved as a new class of materials having extraordinary 

potential for many applications. Graphene-based 

nanocomposites have fascinating applications such as 

field effect transistors [17], high-performance composites 

[18] and lithium ion batteries [19]. The graphene oriented 

applications have motivated scientists and engineers all 

over the world in producing novel graphene-based 

polymer nanocomposites. The host polymers show 

significant improvement in its physical properties by 

improving the exfoliation and dispersion of graphene and 

by producing stronger interactions with the polymer 

matrix through the proper interaction of functional groups 

on the surface of graphene.  

Various metal oxides such as MnO2, V2O5, SiO2, and 

TiO2 demonstrated their technological applications as 

catalytic material [19], in electrochromic devices [20], as 

battery cathode material [21], and sensors [22, 23]. Out of 

these oxides, V2O5 shows notable physical and chemical 

properties. The multiple valence states and its rich 

structural chemistry make its molecule (or ion) [24] 

capable of inserting into the compounds. This lamellar 

layered material is one of the most stable oxides in V-O 

systems and possesses great potential to change its optical 

and electrical properties. However, only a few 

experimental studies have been performed on 

polymer/V2O5 composites. The metal-semiconductor 

transition nature of V2O5 could be helpful in increasing 

the Q-factor of the polymer matrix. Taking this into 

account, V2O5 has been used as the second filler in the 

present study. 

Here, the PVDF/V2O5/GNP nanocomposite films were 

prepared and characterized using FTIR, XRD, TGA, 

optical microscopy and SEM analyses. The Q-factor of 

nanocomposite films was obtained as a function of 

frequency at four different temperatures in order to check 

their feasibility for high-Q capacitor applications.  

 

Experimental 

Materials 

Poly (vinylidene fluoride) powder was purchased from 

Pragati Plastics Pvt. Ltd., India. The V2O5 powder was 

supplied by Yogi Dye Chem Industries, Ghatkopar, 

Mumbai, India. Graphene nanoplatelets (Type 1) with 

surface area, 150 m2/g, thickness ranging from 6-8 nm 

and average particle size (APS) 15 micron was purchased 

from Sisco Research Laboratories Pvt. Ltd, Chennai, 

India. Dimethylformamide (DMF) was purchased from S. 

D. Fine Chemicals, Mumbai, India.  

  
Preparation of PVDF/V2O5/GNP nanocomposite films 

PVDF/V2O5/GNP nanocomposite films were prepared by 

colloidal blending method as per the procedure described 

in Fig. 1. The desired amount of PVDF powder was first 

dissolved in DMF at 70oC for 2 h in a hot air oven. Later, 

GNP and V2O5 were dispersed separately in DMF and 

sonicated for 1 hr. The resulting homogeneous dispersions 

of GNP and V2O5 were then added to the PVDF solution 

and stirred vigorously for 6 h. After that, the 

PVDF/V2O5/GNP colloidal mixture was spread onto a 

Teflon Petri dish and dried in the hot air oven at 70oC for 

4 h.  

 

 
 
Fig. 1. Protocol for the synthesis of PVDF/V2O5/GNP nanocomposite 

films. 

 

After solvent evaporation, the PVDF/V2O5/GNP 

nanocomposite films were obtained. The percentage 

loading of the GNP and V2O5 in PVDF/V2O5/GNP 

nanocomposite were varied from 0.3 to 1 wt% and 5 to  

4 wt% respectively, as shown in Table 1.  

 
Table 1. Feed composition of PVDF/V2O5/GNP nanocomposite films. 

No. PVDF (wt %) V2O5 (wt %) GNP (wt %) 

1 100 0 0 

2 95 5 0 

3 95 4.7 0.3 

4 95 4.5 0.5 

5 95 4.3 0.7 

6 95 4 1 

 

Characterizations 

FTIR spectroscopy of GNP, V2O5, PVDF, PVDF/V2O5 

and PVDF/V2O5/GNP nanocomposite films was  

carried out in a transmittance mode using FTIR 

spectrophotometer (JASCO -6300) in the wave number 

range from 400-4000 cm-1 with a spectral resolution of  

4 cm-1.  

The X-ray diffraction of PVDF, GNP, V2O5, 

PVDF/V2O5 and PVDF/V2O5/GNP nanocomposite films 

with different compositions were studied using an 

advanced X-ray diffractometer (D8 Bruker, Germany). 

The scans were taken in the 2θ range from 10–90o using 

Cu Kα radiation of wavelength λ = 1.54060 Å. 
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The dispersion state of PVDF/V2O5 and 

PVDF/V2O5/GNP nanocomposites were studied using 

optical microscopy (Axio Scope A1, Carl Zeiss, 

Germany) at a magnification of 10X. The microstructure 

and surface morphology of GNP, V2O5 and 

PVDF/V2O5/GNP nanocomposite films were analyzed by 

scanning electron microscope (SU6600, HI-2108-0002, 

Japan) equipped with a secondary electron detector. The 

analysis was conducted at various pressure modes. The 

samples were gold coated and an accelerating voltage of 

15 kV was applied to obtain the SEM micrographs. SEM 

micrographs at X 5,000 magnification were taken. 

Thermal stability of GNP, V2O5 and PVDF/V2O5/GNP 

nanocomposite films were evaluated using 

thermogravimetric analyzer (TG/DTA 6200, SII Nano 

Technology, Japan). The samples were heated up to 

600oC under N2 atmosphere at the heating rate of 

20oC/min. 

The current-voltage characteristics of pure PVDF and 

PVDF/V2O5/GNP nanocomposite films were studied by 

using the two probes Keithley source meter at room 

temperature and relative humidity 30%. The voltage was 

changed from 0 to +40 V using a scientific power supply 

for each step of 30s, in the forward bias. 

The Q-factor measurements were carried out by using 

an impedance analyzer (Hioki 3532-50 LCR Hitester, 

UK). The samples were tested as a function of frequency 

ranging from 50 Hz to 5 MHz and at four different 

temperatures.  

 

Results and discussion 

FTIR spectroscopy  

The FTIR spectroscopy was performed to identify the 

reactive functional groups and to study the interactions 

among the atoms and ions of PVDF, V2O5 and GNP. The 

FTIR spectra of GNP, V2O5 and PVDF are shown in  

Fig. 2. There is no remarkable peak in the FTIR spectrum 

of GNP (Fig. 2(a)), which is mainly because of the 

absence of oxygen species in the graphene. Fig. 2(b) 

shows FTIR spectrum of pure V2O5, in which a low-

frequency band was observed at 516 cm-1which can be 

attributed to symmetric stretching vibrations of the  

V-O-V group.  
 

 
 

Fig. 2. FTIR spectra of (a) GNP (b) V2O5 (c) PVDF. 

The bands at 726 and 837 cm-1 were also observed in 

FTIR spectrum of pure V2O5 which is attributed to 

asymmetric stretching vibrations of the  

V-O-V group. The band obtained at 993 cm1 is attributed 

to the presence of V=O stretching vibrations. The band 

appearing at 3499 and 3576 cm-1 are due to O-H 

stretching vibration [25]. From Fig. 2(c), it can be seen 

that the FTIR spectrum of PVDF shows the characteristic 

absorption bands at 598 and 846 cm-1 attributed to 

respective CF2 bending and CH2 rocking. The FTIR bands 

at 3019 and 2977 cm-1 are respectively due to the 

asymmetric and symmetric stretching vibration of the 

CH2 group [26].The FTIR spectra of PVDF/V2O5 (95/05) 

and PVDF/V2O5/GNP nanocomposites with different 

V2O5 and GNP loadings are shown in Fig. 3. The FTIR 

spectra of PVDF/V2O5/GNP nanocomposite films show 

various FTIR peaks which are common in the FTIR of 

individual components. The bands of asymmetric  

(3019 cm-1) and symmetric (2977 cm-1) stretching 

vibration of CH2 groups of PVDF were shifted  

to (2977cm-1 and 3011 cm-1) for PVDF/V2O5 composites; 

(2978 cm-1 and 3019 cm-1) for nanocomposites with  

0.3 wt % GNP and 4.7 wt % V2O5, (2985 cm-1 and  

3012 cm-1) for 0.5 wt % GNP and 4.5 wt % V2O5,  

(2976 cm-1 and 3012 cm-1) for 0.7 wt % GNP and  

4.3 wt % V2O5, (2979 cm-1 and 3014 cm-1) for 1 wt % 

GNP and 4 wt % V2O5. Also, the peaks around 3576 cm-1 

appeared due to the presence of moisture in V2O5. Thus, 

from the FTIR study, it can be seen that there is a good 

interaction between PVDF and V2O5 and a good 

dispersion of GNP and V2O5 in the PVDF matrix. 
 

 
 
Fig. 3. FTIR spectra of PVDF/V2O5/GNP nanocomposite films  
(a) PVDF/V2O5 (b) 0.3 wt% GNP (c) 0.5 wt% GNP (d) 0.7 wt% GNP 

(e) 1 wt% GNP. 

 

X-ray diffraction studies 

X-ray diffraction is an effective method to investigate the 

crystalline properties of synthesized nanocomposites. The 

XRD patterns of neat PVDF, V2O5, GNP and 

PVDF/V2O5/GNP nanocomposites are illustrated in  

Fig. 4(a) and Fig. 4b (i-vii). The XRD pattern of PVDF 

powder (Fig. 4(a)) shows a broad peak at 19.26o which 

correspond to α-phase of PVDF [27]. The XRD pattern of 
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PVDF also showed two more characteristic peaks at  

2θ = 35o and 40.3o. The XRD pattern of GNP showed a 

broad reflection peak at 2θ =26.2o (Fig. 4b (i)) with an 

interlayer spacing of 0.36 nm, indicating the crystalline 

nature of GNP [28, 29]. In Fig. 4b (ii), the XRD pattern 

of pure V2O5 shows different characteristics diffraction 

peaks at 2θ = 25.84o (110), 2θ = 30.2o (400), 2θ = 32.3o 

(011) and 2θ = 39.12o (002). The XRD pattern of the pure 

V2O5 indicates that the V2O5 used in the present study 

belongs to the orthorhombic crystal symmetry [JCPDS-

41-1426]. The XRD pattern of PVDF/V2O5 (95/5) and 

PVDF/V2O5/GNP nanocomposite films shows a single 

diffraction peak at 2θ =19.76o (Fig 4b (iii-vii)) which is 

associated with the crystalline peak of PVDF. The XRD 

peaks corresponding to GNP and V2O5 were not seen in 

the XRD pattern of PVDF/V2O5/GNP nanocomposites 

which could be due to the structural disorder in the 

nanocomposite films [30, 31]. 

 

 
 
Fig. 4. (a). XRD pattern of PVDF powder (b). XRD pattern of 

PVDF/V2O5/GNP nanocomposite films (i) GNP (ii) V2O5 powder (iii) 

PVDF/V2O5 (iv) 0.3 wt% GNP (v) 0.5 wt% GNP (vi) 0.7 wt% GNP (vii) 
1 wt% GNP. 

 

Morphology and microstructure  

Optical microscopy is one of the most useful techniques 

to identify the dispersion state of nanofillers and it helps 

in understanding the reinforcement effect of fillers in the 

polymer matrix. It also provides information about the 

morphology and degree of agglomeration ranging from 

several micrometers to millimeters. Optical microscopy of 

PVDF/V2O5/GNP nanocomposite films was studied to 

understand the reinforcement effect of V2O5 and GNP in 

PVDF matrix. Fig. 5 shows optical microscopy images of 

PVDF/V2O5/GNP nanocomposites. It can be observed 

that GNP andV2O5 have been dispersed homogeneously 

throughout the PVDF matrix without any obvious 

agglomerations. The microstructure of nanocomposites 

was further examined by SEM analysis.  

 

 
 

Fig. 5. Optical microscopy images of PVDF/V2O5/GNP nanocomposite 
films (a,b) 0.3 wt % GNP(c,d) 0.5 wt % GNP (e,f) 0.7 wt % GNP  

(g,h) 1 wt% GNP. 

 

SEM is a powerful technique to study the interfacial 

interactions between the constituents of polymer 

nanocomposites. The SEM micrographs of GNP, V2O5 

and PVDF/V2O5/GNP nanocomposites are depicted in Fig 

6(a-f). The SEM micrographs of GNP as shown in Fig. 

6(a, b), indicates a wrinkled surface morphology which is 

a highly favorable medium for strong interfacial 

interaction with polar polymers. From the SEM 

micrographs of V2O5 shown in Fig. 6(c, d), a porous 

network of nanobelts can be seen. The SEM micrographs 

of PVDF/V2O5/GNP nanocomposite film with 0.7 wt% of 

GNP is shown in Fig. 6(e, f). SEM micrographs 

demonstrate that the majority of GNP and V2O5 have been 

uniformly dispersed throughout the polymer matrix and 

(a)

(b)
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individual phases of PVDF, GNP and V2O5 were difficult 

to distinguish. This type of morphology of the 

nanocomposites leads to higher capacitance and cycling 

life during the charge-discharge process of capacitors  

[29-32]. 

 

 
 
Fig. 6. SEM micrographs of (a, b) GNP (c, d) V2O5 powder  

(e, f) PVDF/V2O5/GNP nanocomposite film with 0.7 wt % GNP loading. 

 

Thermogravimetric analysis (TGA) 

The thermal stability is an important property of polymer 

nanocomposites for their application point of view. The 

incorporation of nanofillers can significantly enhance the 

thermal stability of the polymer matrix. To demonstrate 

this possibility, PVDF/V2O5/GNP nanocomposite films 

were studied by TGA. The weight loss of all the samples 

due to degradation is monitored as a function of 

temperature. The TGA curves of GNP, V2O5 and 

PVDF/V2O5/GNP nanocomposites are depicted in Fig. 7. 

The TGA curve of pure GNP powder is shown in 

Fig. 7 (a). It can be observed that from 100 to 600oC GNP 

shows only 18% weight loss, indicating its excellent 

thermal stability. On the other hand, the TGA curve of 

V2O5 powder (Fig. 7(b)) shows two major decomposition 

steps. First weight loss is just above 100oC which could 

be due to the loss of absorbed water. The second weight 

loss is in the temperature range of 380-400oC can be 

attributed to the removal of residual water from vanadyl 

group. Pure V2O5 showed 32 % weight loss when heated 

up to 600oC. Thus, it can be noted that the GNP is 

thermally more stable than V2O5. The TGA curve of pure 

PVDF powder is shown in Fig. 7(c). It can be seen that 

pure PVDF showed negligible weight loss (only 1%) up 

to 340oC. With further increase in temperature, the weight 

loss increases sharply and complete decomposition 

occurred. This indicates that PVDF is thermally stable up 

to 340oC. The TGA curves of PVDF/V2O5/GNP 

nanocomposites films are depicted in Fig 7 (d-g). The 

PVDF/V2O5/GNP nanocomposites containing 0.3 and  

0.5 wt% GNP loadings show two-stage decomposition 

behavior. However, the decomposition temperature is 

around 330oC (17.5 % weight loss) for nanocomposites 

containing 0.3 wt % GNP loading and 325oC (18 % 

weight loss) for nanocomposites containing 0.5 wt % 

GNP loading. In addition, from the TGA curves of 

PVDF/V2O5/GNP nanocomposites containing 0.7 and  

1 wt% GNP loading, it can be seen that the decomposition 

temperature is shifted towards higher temperature as 

compared to the nanocomposites containing 0.3 and  

0.5 wt % GNP loading. The % weight loss for 

nanocomposites containing 0.7 wt % GNP was found to 

be 17% at 430oC and that of 1 wt % GNP loading was 

found to be 20% at 460oC. This indicates that the thermal 

stability of nanocomposites containing 0.7 and 1 wt % 

GNP is better than the nanocomposites containing 0.3 and 

0.5 wt % GNP. Thus, TGA results indicate enhanced 

thermal stability of nanocomposites at higher loadings of 

GNP.  

 

 
 
Fig. 7. TGA thermograms of PVDF/V2O5/GNP nanocomposites 

(a) GNP (b) V2O5 (c) PVDF (d) 0.3 wt% GNP (e) 0.5 wt% GNP  

(f) 0.7 wt% GNP (g) 1 wt% GNP. 

 

Electrical Properties 

The current-voltage characteristic is very useful in 

determining the operating conditions of a particular 

electronic device or component and shows the possible 

combinations of current and voltage. The current-voltage 

relationship of pure PVDF and PVDF/V2O5/GNP 

nanocomposite films with different V2O5 and GNP 

loading is shown in Fig. 8. It can be seen that the potential 

difference (in volt) increases linearly with applied current 

(mA), which confirms the semiconductor behavior of 

nanocomposites. With an increase in the GNP loading in 

the polymer matrix, the conducting nature of the 

PVDF/V2O5/GNP nanocomposites increases gradually 

with respect to the applied current. Furthermore, the  

Q-factor of nanocomposites was also investigated to 

check their feasibility for high-Q capacitor applications. 

The Q-factor is a dimensionless parameter, which defines 



 
Research Article 2017, 8(3), 288-294 Advanced Materials Letters 
 

 
Copyright © 2017 VBRI Press  293 
 

how the system (oscillator or resonator) oscillates with the 

amplitude which gradually decreases to zero. 

 

 
 
Fig. 8. I-V curves of PVDF and PVDF/V2O5/GNP nanocomposites 

(a) PVDF (b) 5 wt% V2O5  (c) 0.3 wt% GNP (d) 0.5 wt% GNP  

(e) 0.7 wt% GNP (f) 1 wt% GNP. 

 

Q-factor plays an important role in the characterization 

of the resonant tank circuit or LC circuit. Q-factor can be 

defined as 

Q = 2π  
Maximum energy stored per cycle

Maximum energy dissipated per cycle
 

 
Q-factor can also be considered as a ratio of the 

required quantity related to the inductive reactance to the 

unwanted quantity i.e. resistance.  

 

 
 

Fig. 9. Q-factor of (a) PVDF film (b) PVDF/V2O5 (95/05) 

nanocomposite (c) PVDF/V2O5/GNP nanocomposite with 0.3 wt% GNP 
loading (d) Q - factor of PVDF/V2O5/GNP nanocomposite with 0.5 wt% 

GNP loading (e) PVDF/V2O5/GNP nanocomposite with 0.7 wt% GNP 

loading (f) PVDF/V2O5/GNP nanocomposite with 1 wt% GNP as a 
function of frequency at four different temperatures. 

In this investigation, the incorporation of GNP into the 

PVDF matrix increases the Q-factor at high frequencies 

via the high-frequency characteristics (> 1 MHz). The 

values of Q-factor for PVDF/V2O5/GNP nanocomposites 

were shown in Fig. 9(a-f) as a function of frequency and 

temperature.It can be seen that the Q-factor for 

nanocomposites containing 5 wt% V2O5 and 4.7 wt% 

GNP is 997.97 and 1099.04 respectively evidencing that 

GNP offers a high degree of electromagnetic interference 

(EMI) response. However, from the Fig. 9 (d-f), it can be 

observed that the Q-factor decreases gradually in the 

PVDF/V2O5/GNP nanocomposite films with further 

increase in the GNP loading. The inductance values also 

decrease by increasing GNP loading which indicates an 

increase in the conductivity. So the Q-factor and the 

conductivity are inversely proportional to each other. The 

Q-factor and inductance values obtained for 

PVDF/V2O5/GNP nanocomposites are given in Table 2. 

Also, it can be seen that GNP loading increases 

conductivity, whereas the increase in wt % of V2O5 

increases the Q-factor value of the PVDF/V2O5/GNP 

nanocomposite films. The results obtained from the 

electrical analysis confirm that PVDF/V2O5/GNP 

nanocomposite can be used as a potential candidate for 

high Q-capacitor applications. 

 
Table 2. Q - factor and inductance values of PVDF/V2O5 and 
PVDF/V2O5/GNP nanocomposite films. 

 

Sample Name Q - factor (Q) Inductance (G) 

PVDF 889.99, 1MHz, 

100oC 

1.216×10-4, 

5MHz, 100oC 

PVDF/V2O5 997.97, 1MHz, 

80oC 

3.935×10-4, 

5MHz, 100oC 

0.3 wt% GNP 

loading 

1099.04, 1MHz, 

80oC 

1.316×10-4, 

5MHz, 100oC 

0.5 wt% GNP 

loading 

989.99, 100Hz, 

80oC 

9.892×10-5, 

3MHz, 100oC 

0.7 wt% GNP 

loading 

370.91, 50Hz, 

100oC 

9.555×10-5, 

3MHz, 100oC 

1 wt% GNP 

loading 

356.52, 500Hz, 

40oC 

2.204×10-5, 

5MHz, 100oC 

 

Conclusion  

In summary, PVDF/V2O5/GNP novel nanocomposite 

films were successfully prepared by colloidal blending 

and their characteristics were examined using different 

analytical techniques, such as FTIR, TGA, XRD, 

polarized optical microscopy and SEM. FTIR and XRD 

results infer a good interaction between PVDF and V2O5 

and a good dispersion of GNP and V2O5 in the PVDF 

matrix. SEM micrographs of PVDF/V2O5/GNP 

nanocomposite films reveal that V2O5 and GNP were 

uniformly dispersed within the polymer matrix. The 

investigation of thermal properties by means of TGA 

revealed that the GNP have better thermal stability than 

V2O5 and the thermal stability of PVDF/V2O5/GNP 

nanocomposite has improved at higher loading of 

nanofillers due to the good interaction between the 

nanofillers and the polymer matrix. The results of the 

current-voltage characteristics indicate the semiconductor 

behavior of PVDF/V2O5/GNP nanocomposites. 



 
Research Article 2017, 8(3), 288-294 Advanced Materials Letters 
 

 
Copyright © 2017 VBRI Press  294 
 

Furthermore, with an increase in the GNP loading, the 

conducting behavior of the PVDF/V2O5/GNP 

nanocomposites increases gradually with respect to the 

applied current. From the electrical properties of 

nanocomposites, it can be noted that the addition of V2O5 

enhances the Q-factor of PVDF/V2O5/GNP 

nanocomposite films. The low loading of GNP shows a 

significantly high Q-factor value indicating the low 

energy loss in the nanocomposites.  The nanocomposites 

with 4.7 wt% V2O5 and 0.3 wt % GNP loading showed  

Q-factor value of about 1099.04. With further increase in 

GNP loading to 1 wt %, the Q-factor has decreased to 

356.52, which could be due to the enhanced conductivity 

of the samples. Thus, the results from the electrical 

properties of PVDF/V2O5/GNP nanocomposites 

demonstrate that these novel nanocomposites with high  

Q-factor can be used as a potential candidate for high  

Q - capacitor applications.  
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