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Abstract
The current work deals with the synthesis and characterization of strontium titanate (SrTiO3) nanoparticles reinforced polyvi-
nyl chloride (PVC) and polyvinylidene fluoride (PVDF) blend nanocomposite films prepared via a solution casting approach. 
The structural, thermal, morphological characteristics of the PVC/PVDF/SrTiO3 nanocomposite films were explored through 
Fourier transform infrared spectroscopy- FTIR, X-ray diffraction–XRD, thermogravimetric analysis–TGA, scanning electron 
microscopy–SEM and atomic force microscopy–AFM. The electromagnetic interference (EMI) shielding efficiency (SE) of 
the PVC/PVDF/SrTiO3 nanocomposite films were investigated in Ku-band (12–18 GHz). The EMI shielding result demon-
strated the enhancement in EMI SE values with an increase in the SrTiO3 loading. The PVC/PVDF/SrTiO3 nanocomposite 
exhibits the maximum EMI SE values ∼ − 12.51 dB at 10 wt% of SrTiO3 loading. These findings affirm the dominating 
absorption behaviour of the nanocomposite (73.9%) with an overall shielding ability of 99.6% and negligible transmittance.
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1  Introduction

Over the years, the composite consisting of dielectric 
and magnetic materials has been extensively employed in 
research sectors [1–8]. Such materials are used adversely 
in various applications including electronic devices, stealth 
technology and electromagnetic interference (EMI) shield-
ing applications as electromagnetic absorber (EMA) [1, 8]. 
The need for shielding turns necessity as the harmful elec-
tromagnetic radiations (EMR) that arises from the upgrading 
telecommunication systems tends to pollute the atmosphere. 

Along with disrupting the function of electronic devices, 
these dreadful radiations can leave a detrimental impact on 
the environment and the biological tissues as well, hence 
blocking EMR is essential [1, 9, 10]. Out of the three pre-
dominant shielding mechanisms namely reflection, absorp-
tion and multiple reflection, shielding through absorption is 
preferable as it can attenuate the EMR within the material 
whereas other techniques can partially harm the environment 
[11]. Generally, materials with good electric permittivity (
�′
)
 and permeability 

(
�′
)
 make an excellent EMR absorber. 

Moreover, the EMR absorbed on the electric field is esti-
mated by �′ , while the EM radiation absorbed in a mag-
netic field can be measured by�′ . When EM waves strikes 
the shielding material, the radiation is attenuated and with 
the dissipation of heat, the energy is lost. The degree of 
energy loss counts on the values of �′ and �′ and also on the 
frequency of the wave [1, 12]. Furthermore, materials with 
improved porosity also play a vital role in increasing the 
rate of absorption through polarization of EM waves [11].

For the primary reflection-based shielding mechanism, 
the material requires metals which has certain constraints 
like a heavyweight, corrosiveness, high cost and difficulty 
in processing [13]. The absorption technique requires a 
material with definite electrical conductivity and holds 
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electric–magnetic dipoles. Hence, materials with superior 
magnetic permeability and dielectric constant are preferable 
[13, 14]. Though high k-materials offer various advantages 
for absorption-based EMI shielding, it also opens up some 
key constraints such as weakening the mechanical proper-
ties, narrowed band actions and processing difficulties [15]. 
Hence, polymer-based composites were developed to resolve 
those drawbacks and to achieve an efficient EMI shielding 
material [16]. Polymer nanocomposites (PNCs) can be made 
by reinforcing nanofillers within the polymer matrix. The 
integration of nanofiller into polymer matrix formulates a 
synergistic effect on the properties of PNCs. These revolu-
tionary effects of PNCs make them applicable in various sec-
tors including energy storage devices, sensors, EMI shield-
ing, biomedical engineering and even as a replacement for 
metal alloys in automobile industries [11, 17–24]. Although 
PNCs have various applications and different sorts of poly-
mer composites have been built up, the ultimate objective 
of current work is to achieve a light weight and economical 
EM radiation blocking material. Several works have been 
reported where conductive nano-fillers having high aspect 
ratio for instance single-walled carbon nanotubes (SWCNTs) 
[25], multi-walled carbon nanotubes (MWCNTs) [26] and 
metal nanowires [27] were studied extensively in this context 
due to their impressive properties coupled with their unique 
microstructure [14]. For instance, Fayzan Shakir et al. [28] 
have studied the EMI SE of PVC/PANI/GNP composites 
which showed EMI SE of ~ 51 dB in the Ku band. Kim et al. 
[29] reported that MWCNT/PVDF/PVP composite exhib-
its EMI SE of 18–21 dB in the frequency range of 10 to 
1500 MHz. The foam composites comprising functionalized 
graphene and PVDF show ~ 20 dB in X-band [30]. Muzaf-
far et al. [31] reported PVC/BaTiO3/NiO nanocomposites 
with a maximum EMI SE of − 18.7 dB in the Ku band. 
Moreover, several reports have been published on various 
carbon-based filler reinforced PNCs for EMI shielding 
applications [32, 33]. Though all these material facilitates 
effective EMR shielding behavior, on the other hand, their 
fabrication process was highly complex, tedious and also 
expensive [34, 35]. Thus, the material has to be chosen in 
such a way that it should produce good EMI SE and also 
should be budget-friendly.

Polyvinylidene fluoride (PVDF) is a flexible, piezoelec-
tric material with low density that can form great conductive 
PNCs for shielding applications [13]. Also, PVDF offers a 
very high breakdown strength [36], high weather and chemi-
cal resistance and high dielectric constant. The conductiv-
ity in PVDF can be induced when the conductive filler is 
uniformly distributed into the polymer matrix [37]. On 
the other hand, PVC is one of the most promising polymer 
matrices being versatile, lightweight and flexible it increases 
the workability of the composites [38]. It has the potential 
to withstand atmospheric conditions like extreme heat and 

radiation which is essential in practical applications. Thus, 
PVC can be a potential candidate in shielding applications 
[11]. The motivation behind choosing strontium titanate 
(SrTiO3) nanoparticles as nanofiller is that the incorporation 
of conducting ceramic ferroelectric oxides into the polymer 
matrix can offer a good energy device with a high dielec-
tric constant along with appreciable energy storage density 
[39]. Also, under the electric field, the ferroelectric mate-
rial performs a rapid dipole moment and their orientation 
switches (coercive field) which can attenuate the harmful 
radiations through absorption [40]. These peculiar properties 
of ferroelectric perovskite oxides can also be implemented in 
high-k- materials, energy storage devices, electromechani-
cal transducers etc. [41]. So far as we know, no report was 
published on PVC/PVDF/SrTiO3 nanocomposites which 
are investigated here as a potential shield for blocking EM 
radiation.

2 � Experimental

2.1 � Materials

PVDF was supplied by Pragathi plastics Pvt. Ltd., India. 
PVC of average molecular weight 43,000 g/mol and SrTiO3 
nanoparticles with an average particle size of 50 nm are 
purchased from Sigma-Aldrich, India. N, N dimethylforma-
mide (DMF) was purchased from the Sisco Research Labo-
ratory—SRL, Pvt. Ltd., from India.

2.2 � Synthesis Process of PVC/PVDF/SrTiO3 
Nanocomposite Films

The PVC/PVDF/SrTiO3 nanocomposite films have been 
synthesized at different loading (0 to 10 wt%) of SrTiO3 
nanoparticles via the solution blending technique. Initially, 
the PVC was dissolved in DMF at 60 °C for 1 h. Simultane-
ously, PVDF was dissolved in the same solvent at 60 °C for 
4 h. On the other hand, SrTiO3 nanoparticles were dispersed 
separately in DMF in an ultrasonicating bath for 1 h. To this 
dispersed SrTiO3 nanoparticles, PVC/PVDF blend solution 
was added. The PVC/PVDF/SrTiO3 dispersion was then 
stirred overnight on a magnetic stirrer to get a homogeneous 
mixture followed by its casting onto a Teflon petri dish and 
drying at 60 °C for 6 h in a hot air oven. The dried samples 
were peeled away from the petri dish and utilized for various 
analyses. The synthesis protocol and the feed compositions 
are shown in Fig. 1 and Table 1.

2.3 � Characterizations

The PVC/PVDF/SrTiO3 nanocomposi te  f i lms 
were  charac te r ized  us ing  Four ie r  t ransfor m 
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infrared Spectrophotometer between the wave number 
400–4000 cm−1 (Shimadzu, IRAffinity -1, Japan),

XRD study of PVC/PVDF/SrTiO3 nanocomposite films 
was analysed using Bruker AXS D8 focus advanced X-ray 
diffraction meter (Rigaku, Tokyo, Japan). The samples were 
scanned in the 2θ range between 10 and 90° through Cu-K α 
radiation of wavelength, λ = 1.54 Å with the scanning speed 
1°/min and step size of 0.01° respectively.

The thermal durability of PVC/PVDF/SrTiO3 nanocom-
posite films was analysed using thermogravimetric analyser 

(TGA) SDTQ600 TA equipment in the temperature range 
between 25 and 700 °C with a heating rate of 10 °C/min.

The surface topography of the PVC/PVDF/SrTiO3 nano-
composite films was obtained using the atomic force micro-
scope (AFM) Nano Surf Easy Scan2 from Switzerland. The 
measurements were done in tapping mode.

Hitachi Quanta 200 scanning electron microscope was 
employed to analyze the surface morphology of the PVC/
PVDF/SrTiO3 nanocomposite films. The SEM images of 
the samples were acquired using an accelerating voltage of 
15 kV.

The dielectric properties of the samples were evaluated in 
the temperature range 40–150 °C and  in the frequency range 
between 1 Hz and 20 MHz through Wayne Kerr 6500B Pre-
cision Impedance Analyzer, Chichester, West Sussex, UK.

The PVC/PVDF/SrTiO3 nanocomposite films have been 
scrutinized for their EMI shielding properties. Specimens 
with 3 × 3 cm dimension were positioned on a sample holder 
that was linked to a Hewlett Packard 8510C Vector Network 
Analyzer (VNA), USA. The EMR in the broad range of fre-
quency between 12 and 18 GHz (Ku band) were encoun-
tered with the sample and scattering parameters respective 
to transmission (S12/S21) and reflection (S11/S22) of the 
incident EMR was estimated [2].

Fig. 1   Protocol of the synthesis of PVC/PVDF/SrTiO3 nanocomposite films

Table 1   Feed compositions of PVC/PVDF/SrTiO3 nanocomposite 
films

Sample code PVC (wt%) PVDF (wt%) SrTiO3 (wt%)

a 100 0 0
b 0 100 0
c 40 60 0
d 40 58 2
e 40 56 4
f 40 54 6
g 40 52 8
h 40 50 10
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3 � Result and Discussions

3.1 � FTIR Spectroscopy Studies

FTIR studies are done to confirm the existence of cor-
responding functional groups of material. Figure  2a–i 
displays the FTIR spectra of PVC/PVDF/SrTiO3 nano-
composite films. Figure 2a depicts the FTIR spectrum of 
SrTiO3 nanoparticles where the absorption bands around 
480 and 542 cm−1 are assigned to TiO6 octahedron bending 
and stretching vibration respectively [42]. The absorption 
peak around 1459 cm−1 attributed to the bending vibration 
of H–O–H from the adsorbed H2O [42]. Figure 2b shows 
the FTIR spectrum of pristine PVC. The band at 955 cm−1 
corresponds to the rocking vibration of CH2 and the band at 
1324 cm−1 is due to the –CH2 deformation while the band 
at 1428 cm−1 represents the wagging of methylene groups in 
PVC [43]. The FTIR spectrum of pristine PVDF is shown in 
Fig. 2c. The peak at 840 cm−1 ascertains the presence of � 
phase stretching vibration [44]. The band around 1152 cm−1 
corresponds to the symmetrical stretching of –CF2 and the 
band at 1398 cm−1 attributes to the scissoring or in-plane 
bending of CH2 groups of PVDF [44]. Figure 2d–i repre-
sents the FTIR spectra of PVC/PVDF/SrTiO3 nanocom-
posites where the existence of FTIR peaks of an individual 
component affirms the functional groups present in the cor-
responding component. Moreover, it is observed that the 
PVC/PVDF blend matrix shows no significant shift in the 
peaks with the addition of nanofiller.

3.2 � X‑Ray Diffraction Studies

The XRD pattern of SrTiO3 nanoparticles can be seen in 
Fig. 3a. The good crystallinity of SrTiO3 nanoparticles is 
confirmed by the presence of prominent XRD peaks cor-
respond to 100, 110, 111, 200, 211, 220, 310, 311 and 222 
planes with peak positions at 2� = 22.9°, 32.5°, 40°, 46.6°, 
57.9°, 68°, 77.3°, 81.9° and 86.4° respectively [45]. From 
the XRD pattern, the particle size of the SrTiO3 crystallites 
was determined to be 25.48 nm using Eq. (1),

From JCPDS card no: 35-0734, it was confirmed that the 
characteristic XRD peaks of SrTiO3 nanoparticles belong 
to the cubic perovskite structure with space group Pm3m 
[45]. Figure 3b, reveals the amorphous nature of PVC with 
those two broad peaks at 2� = 29.2 and 2� = 40.1° respec-
tively [46]. The XRD pattern of pristine PVDF is illustrated 
in Fig. 3c, which shows three characteristic XRD peaks of 
PVDF at 2� = 19.1, 34.4, and 40.2° respectively, where, the 
broad peak at 2� = 19.1° indicates the �-phase of PVDF 
[19]. Figure 3d–i, depicts the XRD patterns of PVC/PVDF 
blend and the PVC/PVDF/SrTiO3 nanocomposites with dif-
ferent wt% of SrTiO3 nanoparticles. The result shows the 
presence of the characteristic peaks of both polymers and 
SrTiO3 nanoparticles.

(1)D =
K�

�cos�

Fig. 2   FTIR spectra of PVC/PVDF/SrTiO3 nanocomposite films. (a) 
SrTiO3, (b) pristine PVC, (c) pristine PVDF, (d) PVC/PVDF, (e) 2 
wt% SrTiO3, (f) 4 wt% SrTiO3, (g) 6 wt% SrTiO3, (h) 8 wt% SrTiO3, 
(i) 10 wt% SrTiO3

Fig. 3   XRD patterns of PVC/PVDF/SrTiO3 nanocomposite films. (a) 
SrTiO3, (b) pristine PVC, (c) pristine PVDF, (d) PVC/PVDF, (e) 2 
wt% SrTiO3, (f) 4 wt% SrTiO3, (g) 6 wt% SrTiO3, (h) 8 wt% SrTiO3, 
(i) 10 wt% SrTiO3
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3.3 � Thermogarvimetric Analysis

Figure 4 depicts the TGA thermograms of SrTiO3 nanopar-
ticles, PVDF, PVC and PVC/PVDF/SrTiO3 nanocomposites. 
From Fig. 4a it was observed that the SrTiO3 nanoparticles 
are thermally stable with an overall weight loss of about 
2.25% in the entire temperature range. Figure 4b depicts the 
thermogram of pristine PVC film. The weight loss between 
ambient temperatures and 160 °C corresponds to the disper-
sion of volatile components and the trapped solvent [11]. 
The sample remains thermally stable in the temperature 
range between 161 and 224 °C. The thermogram revealed 
that PVC has undergone two strong decomposition stages; 
one is in the temperature range between 225 and 350 °C due 
to the decomposition of PVC with the release of HCL where 
the sample experiences a drastic weight loss of 57.6% [47]. 

The latter weight loss between 401 and 500 °C is compara-
tively shorter than the previous decomposition; in this stage, 
the sample has a weight loss of 22.4% which can be attrib-
uted to the disintegration of the polyene backbone of PVC 
that creates volatile aromatic compounds and a substantial 
carbonaceous residue [11, 47]. The TGA curve of PVDF was 
displayed in Fig. 4c, which demonstrates that PVDF film is 
quite stable until 410 °C where the loss of HF takes place 
that leads to the formation of polyaromatization followed by 
carbonization and at 700 °C the residue of 2.16% is left [44]. 
Figure 4d shows the TGA curve of PVC/PVDF blend films 
which showed good stability until 224 °C. The TGA ther-
mogram displayed two strong degradation stages, the initial 
decomposition between 225 and 350 °C can be assigned to 
the loss of HCl in PVC [47]. Whereas the sample remains 
stable in the temperature range between 351 and 409 °C, the 
second stage weight loss between 410 and 497 °C is due to 
the loss of PVDF backbones at this temperature range [48]. 
Thus it can be interpreted that PVDF is thermally more sta-
ble than that of PVC. The TGA thermogram of PVC/PVDF 
blend film reveals that the inclusion of PVDF has enhanced 
the thermal stability of PVC. Figure 4e–i shows the TGA 
thermogram of PVC/PVDF/SrTiO3 nanocomposite films 
which reveals the thermal stability of the nanocomposite 
film. Also, the thermal stability of PVDF is better than the 
PVC/PVDF blend films. This indicates that the addition of 
PVC to PVDF reduces the thermal stability of nanocom-
posite film. The SrTiO3 nanoparticles show great thermal 
stability, hence the mechanism of thermal decomposition 
and carbonization of the PVC and PVDF are shown in Fig. 5 
[49].

3.4 � Morphological Studies

AFM study has been carried out in tapping mode to under-
stand the surface topography and roughness of the PNCs. 
Figure 6a–f depicts the 2D topographic images of PVC/

Fig. 4   TGA thermograms of PVC/PVDF/SrTiO3 nanocompos-
ite films. (a) SrTiO3, (b) pristine PVC, (c) pristine PVDF, (d) PVC/
PVDF, (e) 2 wt% SrTiO3, (f) 4 wt% SrTiO3, (g) 6 wt% SrTiO3, (h) 8 
wt% SrTiO3, (i) 10 wt% SrTiO3

Fig. 5   Mechanism of thermal decomposition and carbonization of PVC and PVDF
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PVDF/SrTiO3 nanocomposite films. The surface rough-
ness values (Sa–Sq) in nm at different SrTiO3 loading are 
revealed in Table 2. From the outcome, it can be observed 
that the surface roughness of PVC (Fig. 6a) is more than that 

of PVDF (Fig. 6b). The roughness values increased when the 
polymers are blended together as can be seen in (Fig. 6c). 
Figure 6d–f depicts the AFM topographic images of the 
nanocomposite at different loadings of SrTiO3 nanoparticles. 

Fig. 6   AFM topographic images of PVC/PVDF/SrTiO3 nanocomposite films. a pristine PVC, b pristine PVDF, c PVC/PVDF, d 2 wt% SrTiO3, e 
6 wt% SrTiO3, f 10 wt% SrTiO3
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At the maximum loading of the nanoparticles, the nanocom-
posite exhibits maximum roughness attributing to the fine 
dispersion and better interfacial interaction of the nanofiller 
with the PVC/PVDF blend [50]. The microstructures of the 
PNCs were further studied using SEM analysis. Figure 7 
shows the SEM images of PVC/PVDF/SrTiO3 nanocom-
posites. From the overview of the images, it is evident that 
the pristine PVC (Fig. 7a) and PVDF films (Fig. 7b) have 
comparatively smoother surfaces than their blend (Fig. 7c). 
The SEM micrograph of PVC/PVDF blend film depicted in 
Fig. 7c illustrates the surface of the sample with the forma-
tion of small and large pores. This porosity can be associated 
with the highly tangled polymeric chains formed during the 
blending of these polymers [51]. Figure 7d–f displays the 
SEM micrograph of PNCs with different loadings of SrTiO3 
nanoparticles. In addition to the presence of porosity that 
developed from the polymer blend matrix, it is observed 
that the agglomeration improves when nanofiller loading 
increases which signify the superior interfacial interaction 
between the filler and the polymer matrices [52].

3.5 � Dielectric Properties

Figure 8a depicts the dielectric constant of pristine PVC. The 
result shows that PVC has a maximum dielectric constant ( � ) 
of 1.2 at a lower frequency (1 Hz, 150 °C). The temperature 
dependence of dielectric properties of pristine PVDF can 
be seen in Fig. 8b where � of about 134 (1 Hz, 150 °C) was 
observed [53]. The dielectric response of the PVC/PVDF 
polymer blend was shown in Fig. 8c compared to the pristine 
PVDF, the � of the PVC/PVDF polymer blend is decreased 
to � = 65 (1 Hz, 150 °C) which may be due to the influence 
of PVC. The � of PVC/PVDF/SrTiO3 nanocomposite films 
at various SrTiO3 nanofiller loading (2 to 10 wt %) can be 
observed from Fig. 8d–h. The result confirms that the over-
all � of the PNCs increases as the composition of SrTiO3 
nanoparticle increases. It can be observed that, as the degree 
of agglomeration increases, the dielectric constant of the 

composites is also enhanced. This enhancement in dielectric 
constant can be attributed to the number of regions of the 
enriched electric field by the side of the applied field amidst 
the particles in agglomerate [54]. Thus, the sudden drop in 
the � of the composites with 4 and 8 wt% of SrTiO3 loading 
can be interpreted to its lesser agglomeration (roughness) 
[54]. It can be noted that for all the samples the dielectric 
constant decreases gradually at higher frequencies whereas 
it falls abruptly at lower frequencies [54]. The scattering of 
charge and the molecule chaotic thermal oscillation causes 
this rapid drop in dielectric constant with respect to the 
frequency. Every sample exhibits maximum dielectric con-
stant at higher temperatures due to the phenomenon called 
space charge polarization [54]. At lower temperatures the 
dipoles are not aligned appropriately and the orientation of 
the dipoles will be facilitated at elevated temperatures [54]. 
Therefore, increased polarization gives rise to increased 
dielectric constant. The PVC/PVDF/SrTiO3 nanocomposite 
films exhibit maximum � of 163 (1 Hz, 150 °C) at 10 wt% 
of SrTiO3 loading. Figure 9a depicts the dielectric loss of 
pristine PVC, from the result it can be noted that the maxi-
mum tan � of 45 is attained at higher temperature (1 Hz, 
150 °C). Figure 9b shows the tan � plot of pristine PVDF, 
where the maximum tan � of 7.82 is obtained at higher tem-
perature (50 Hz, 150 °C). Figure 9c the dielectric loss of the 
polymer blend is comparatively lesser ( tan � = 4.5, 10 Hz, 
150 °C) than that of pristine PVC and PVDF films, which 
may be due to the higher ratio of PVDF in the composite 
than PVC. Figure 9d–h shows the dielectric loss of PVC/
PVDF/SrTiO3 nanocomposites at various wt% of SrTiO3 
loading. The minimum dielectric loss was observed to be 
2.1 at 10 wt% (Fig. 9h) of the nanofiller which is compara-
tively lesser than other composites. Thus among all ratios, 
10 wt% of the SrTiO3 loading provides the highest dielectric 
constant with the lowest dielectric loss which is an essential 
characteristic for an ideal energy storage device.

3.6 � EMI Shielding Properties

EMI shielding is the process of attenuating the EMR that 
interacts with the sample and acts as a shield. The EMI SE 
of a material can be calculated from Eq. (2).

where PT and PI represent the power of transmitted and inci-
dent radiations [11]. Figure 10 reveals the EMI SE of PVC/
PVDF/SrTiO3 nanocomposites in the broadband frequency 
ranging from 12 to 18 GHz (Ku-band). The obtained EMI 
SE values were summarized in Table 3. The poor SE of 
PVC in Fig. 10a is witnessed with SE value around − 1 dB. 
Hence, PVC is absolutely transparent to EM waves in the 
analyzed frequency range [11]. From Fig. 10b it can be 

(2)EMI SE = 10 log
(
PI∕PT

)
= 10 log

(
1∕T

)
dB

Table 2   Surface roughness parameters of PVC/PVDF/SrTiO3 nano-
composite films at different SrTiO3 loading

PVC/PVDF/SrTiO3 compositions (wt%) Surface rough-
ness (Sa–Sq) 
nm

100/0/0 15
0/100/0 12
40/60/0 19
40/58/2 38
40/56/4 25
40/54/6 40
40/52/8 29
40/50/10 49
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noticed that the shielding behavior of pristine PVDF is 
comparatively better (− 4.2 dB) than that of PVC film. The 
shielding performance of the PVC/PVDF blend in Fig. 10c 
affirms better EMI SE than that of individual polymers. 

Figure 10d–i depicts the EMI SE spectra of PVC/PVDF/
SrTiO3 nanocomposites with different wt% of SrTiO3 nano-
particles. The SE of − 6.55, − 7.61, − 10.26, − 11.77 and 
− 12.51 dB was obtained for 2, 4, 6, 8 and 10 wt% of SrTiO3 

Fig. 7   SEM micrographs of PVC/PVDF/SrTiO3 nanocomposite films. a pristine PVC, b pristine PVDF, c PVC/PVDF blend, d 2 wt% SrTiO3, e 
6 wt% SrTiO3, f 10 wt% SrTiO3
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Fig. 8   Dielectric constant graphs of a pristine PVC film, b pristine PVDF film, c PVC/PVDF blend film, d PVC/PVDF/SrTiO3 nanocomposite 
films with 2 wt%, e 4 wt%, f 6 wt%, g 8 wt%, and h 10 wt% SrTiO3 content
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Fig. 9   Dielectric loss graphs of a pristine PVC film, b pristine PVDF film, c PVC/PVDF blend films, d PVC/PVDF/SrTiO3 nanocomposite films 
with 2 wt%, e 4 wt%, f 6 wt%, g 8 wt%, and h 10 wt% SrTiO3 content
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Fig. 10   EMI shielding properties of PVC/PVDF/SrTiO3 nanocom-
posite films in Ku band (a) pristine PVC, (b) pristine PVDF, (c) PVC/
PVDF, (d) 2 wt% SrTiO3, (e) 4 wt% SrTiO3, (f) 6 wt% SrTiO3, (g) 8 
wt% SrTiO3, (h) 10 wt% SrTiO3

Fig. 11   EMI SE Versus SrTiO3 loading trend of PVC/PVDF/SrTiO3 
nanocomposite films in Ku band (a) pristine PVC, (b) pristine PVDF, 
(c) PVC/PVDF, (d) 2 wt% SrTiO3, (e) 4 wt% SrTiO3, (f) 6 wt% 
SrTiO3, (g) 8 wt% SrTiO3, (h) 10 wt% SrTiO3

Fig. 12   Reflection power (%) of PVC/PVDF/SrTiO3 nanocompos-
ite films in Ku band (a) pristine PVDF, (b) PVC/PVDF, (c) 2 wt% 
SrTiO3, (d) 4 wt% SrTiO3, (e) 6 wt% SrTiO3, (f) 8 wt% SrTiO3, (g) 10 
wt% SrTiO3

Fig. 13   Absorption power (%) of PVC/PVDF/SrTiO3 nanocompos-
ite films in Ku band (a) pristine PVDF, (b) PVC/PVDF, (c) 2 wt% 
SrTiO3, (d) 4 wt% SrTiO3, (e) 6 wt% SrTiO3, (f) 8 wt% SrTiO3, (g) 10 
wt% SrTiO3

Table 3   EMI SE of PVC/
PVDF/SrTiO3 nanocomposite 
films in Ku band

Frequency 
in (GHz)

SE in dB

PVC PVDF PVC/PVDF SrTiO3 loading at different wt%

2 4 6 8 10

12 − 1.04 − 4.24 − 5.36 − 6.55 − 7.61 − 10.26 − 11.77 − 12.51
13 − 1.03 − 4.22 − 5.33 − 6.54 − 7.57 − 10.24 − 11.72 − 12.49
14 − 1.03 − 4.19 − 5.32 − 6.53 − 7.55 − 10.21 − 11.70 − 12.48
15 − 1.02 − 4.14 − 5.29 − 6.52 − 7.54 − 10.20 − 11.69 − 12.47
16 − 1.00 − 4.11 − 5.26 − 6.50 − 7.53 − 10.19 − 11.67 − 12.47
17 − 1.00 − 4.08 5.26 − 6.49 − 7.52 − 10.18 − 11.65 − 12.45
18 − 1.00 − 4.02 − 5.25 − 6.47 − 7.46 − 10.17 − 11.65 − 12.44
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Fig. 14   Transmission power (%) of PVC/PVDF/SrTiO3 nanocompos-
ite films in Ku band (a) pristine PVDF, (b) PVC/PVDF, (c) 2 wt% 
SrTiO3, (d) 4 wt% SrTiO3, (e) 6 wt% SrTiO3, (f) 8 wt% SrTiO3, (g) 10 
wt% SrTiO3

PVC has poor potential to shield EM radiation, the sample 
was not analysed to find its dominating shielding mecha-
nism. As the maximum loading of SrTiO3 offers the best 
shielding results (Fig. 11h) its PR, PA and PT are discussed 
here. Figure 12 shows the reflectance power versus fre-
quency trend. It can be noted that the reflectance behaviour 
of the sample decreased with an increase in nanofiller load-
ing. Also, it is observed that the % of reflectance increases 
gradually as the frequency range increases. The total reflec-
tance varies between 26.4 and 31.9% (12–18 GHz, 10 wt% 
of SrTiO3). Figure 13 illustrates the absorbance power versus 
frequency graphs. At 10 wt% of SrTiO3 loading (Fig. 13g) 
the specimen exhibits outstanding absorption behaviour of 
EM radiation. PA % enhances with an increase in the load-
ing of the nanoparticles and at high loading, the absorption 
values range from 73.9 to 68.4% (12–18 GHz) therefore, 
this nanocomposite can be an excellent EM absorber. The 
absorption performance of the sample can be understood 
when it is correlated with the reflection loss (RL) of the 
shielding material which can be mathematically expressed 
as [55, 56],

Zin : Input impedance, C: Velocity of EM waves (in free 
space), f: Corresponding frequency, d: Thickness of the 
shielding material.

It is known that an EM absorber should have high permit-
tivity and permeability thereby it can attenuate the radia-
tion through electric and/or magnetic dipoles [57]. Thus, 
Fig. 13g shows the highest absorption of 73.9% with the 
highest relative permittivity, �� = 163. The PT in % versus 
frequency plot shown in Fig. 14 affirms the very minimal 
transmittance of the sample. This makes the PVC/PVDF/
SrTiO3 nanocomposite films an ideal EMI shielding mate-
rial. At 10 wt % of SrTiO3 loading Fig. 14g the composite 
exhibits a negligible transmittance which ranges between 
0.31 and 0.32% (12–18 GHz).

4 � Conclusions

The PVC/PVDF/SrTiO3 nanocomposite films were syn-
thesized effectively via a cost-effective solution casting 
approach. The structural, thermal, morphological and elec-
trical behavior of the synthesized PNC’s was studied. The 
EMI shielding ability of the sample has also been tested 
in Ku-band (12–18 GHz) region. The presence of different 

(6)RL = 20log
|||
|

Zin − 1

Zin + 1

|||
|

(7)Zin =
�

�r∕�r
tan h

�
j(2�fd∕C)

√
�r�r

�

content respectively. From Fig. 11a–h it can be ascertained 
that SrTiO3 enriches the overall shielding performance of 
the nanocomposites and maximum EMI SE (− 12.51) was 
achieved at maximum loading (10 wt%) of SrTiO3.

3.7 � EMI Shielding Mechanism of PVC/PVDF/SrTiO3 
Nanocomposite Films

The incident EMR striking on a radiation blocking mate-
rial can be segregated as reflected power, absorbed power 
and transmitted power. The coefficients of respective reflec-
tance (R), absorbance (A) and transmittance (T) power are 
expressed as

The overall EMI SE (SE Total) may be obtained by the 
summation of the three predominant shielding techniques 
such as reflection (SER), absorption (SEA), multiple reflec-
tions (SEM) which are mathematically expressed as,

SEM can be ignored in cases where SETotal ≥ 10 dB, thus 
Eq. (4) can be re-written as,

It is necessary to unfold the segregated shielding mecha-
nism of the nanocomposite material. Figures 12, 13 and 14 
shows the power (PR, PA and PT) in % versus frequency plots 
where the % of reflection, absorption and transmission of 
EM radiation by the shielding material is depicted. Since 

(3)R + A + T = 1

(4)EMI SETotal(dB) = SER + SEA + SEM

(5)EMI SETotal(dB) = SER + SEA
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functional groups in the PNCs was affirmed using FTIR 
spectroscopic analysis. The XRD result affirms the cubic 
perovskite structure of the SrTiO3 nanoparticles. The TGA 
thermogram unfolds the thermal stability of the PNCs. The 
morphological analysis shows the uniform distribution of the 
nanofiller within the polymer blend which enriches the inter-
facial interaction between the PNCs. The dielectric study 
reports that the PVC/PVDF/SrTiO3 nanocomposite films 
show highest dielectric constant ( � 163 at 1 Hz, 150 °C) 
at 10 wt% of SrTiO3 nanoparticles and low dielectric loss 
(Tan � = 2.1, 1 Hz, 150 °C). From the EMI SE analysis, 
three main results have been inferred, (i) the SE of the PNCs 
intensify as the loading of SrTiO3 nanoparticle increases, 
and this validates the potential of SrTiO3 nanoparticles to 
block the EM noises. (ii) The prepared PNCs can operate as 
a dynamic EM absorber (73.9% absorption) as it has the pro-
ficiency to attenuate the impinging radiation through its high 
electric and magnetic dipoles at maximum filler content. (iii) 
The material acquires incredible great efficiency to blocks 
almost 99.68 to 99.69% of harmful EM noises (i.e., power of 
transmission around 0.31 to 0.32%). This negligible power 
of transmittance also ensures that the other 99.6% of destruc-
tive EM radiations have been attenuated through reflection 
and absorption mechanisms. Hence, the PVC/PVDF/SrTiO3 
nanocomposite films can make a powerful and efficient elec-
tromagnetic absorber in Ku-band.
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