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Abstract
The objective of this study is to improve the electrical properties of nanostructures made of polyvinyl alcohol (PVA), silicon 
carbide (SiC), and cerium dioxide  (CeO2) so that they may be used in electronic nanodevices and flexible pressure sensors. 
Using a casting procedure, PVA/CeO2/SiC films containing 0, 2, 4, 6, and 8 wt%  CeO2/SiC nanoparticles were produced. 
When the weight% of (PVA/CeO2/SiC) nancomposites (NCs) films reaches 8%, field emission scan electron microscope 
(FE-SEM) investigation reveals cohesive aggregates or fragments that are randomly spread on the top surface. Unlike the 
pure (PVA) film, optical microscopy (OM) has shown that the  (CeO2/SiC) nanoparticles (NPs) form a network inside the 
polymer matrix. The FTIR study showed that the physical interaction between polymer matrix (PVA) and  CeO2/SiC nano-
particles. Analyses of the dielectric properties of PVA/CeO2/SiC nanocomposites showed that, as frequency increased, both 
the dielectric constant and the dielectric loss decreased, while its increase when the ratio of  (CeO2/SiC)NPs increases. When 
the frequency and ratio of  (CeO2/SiC) NPs in (PVA/CeO2/SiC) nanocomposites increase, the A.C electrical conductivity 
also increases. Results showed that the dielectric characteristics of PVA/CeO2/SiC films improved with increasing pres-
sure, suggesting that these nanostructures might be promising as pressure sensors. The outcomes of the pressure sensor’s 
application show that the (PVA/CeO2/SiC) nanostructures outperform competing sensors in terms of pressure sensitivity, 
flexibility, and environmental durability.
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1 Introduction

The conjugated chains found in polymers give these organic 
compounds remarkable electrical conductivity. Their ability 
to transport charges via the π-electrons enables the mobility 
of charges along the polymer chains, which is the reason 
for this. There are a few benefits and drawbacks to using 
polymers, but overall, they are quite like inorganic com-
pounds. Among them are its inexpensive cost, lightweight 
nature, simplicity of processing, resistance to corrosion, 

and high flexibility. Important features, such as resistance 
to heat and good mechanical qualities, are also present in 
the inorganic materials. Hence, the combination of poly-
mers and inorganic compounds finds wide use in several 
fields [1]. Nanotechnology has the potential to enhance our 
quality of life in several ways, including the acceleration 
of electronic devices, the expansion of memory capacity, 
the reduction of energy costs by improving energy conver-
sion efficiency, and the enhancement of security via the 
advancement of nanoscale technology [2]. Nanotechnology 
is a highly sought-after field for research and development 
across several technological fields. Nanotechnology has the 
potential to facilitate the creation of innovative materials that 
may be used to design and produce new properties and struc-
tures. This will lead to greater performance, lower mainte-
nance costs, and increased usefulness [3]. Due to their many 
advantages, such as low manufacturing costs, high resilience 
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to fatigue, and exceptional corrosion resistance, polymer 
matrix nanocomposites have become indispensable to con-
temporary materials. Several physical properties, including 
electrical, structural, thermal, and optical, are significantly 
altered when nanoparticles are introduced into a polymer 
matrix [4, 5]. The significant attention given to metal-oxide 
nanoparticles is due to their remarkable chemical and physi-
cal properties, which differ from those of bulk materials. 
These nanoparticles find extensive use in many applications, 
such as solar cells, optoelectronics, sensing, and catalysis [6, 
7]. One kind of thermoplastic polymer that exhibits partly 
crystalline properties is polyvinyl alcohol, or PVA. Notable 
properties include high water resistance, good interactions 
with biological things, non-toxicity, and long-term tolerance 
to chemical and mechanical stress. Among the many fields 
that make use of polyvinyl alcohol (PVA) are those dealing 
with implants, eye care, textiles, membranes, medicines, 
and personal care products [8]. Researchers are looking at 
polyvinyl alcohol (PVA) as a possible material for prosthetic 
articular cartilage. Polyvinyl alcohol (PVA) has considerable 
promise as a substance owing to its remarkable storage capa-
bility, elevated dielectric resistance, and distinctive electrical 
characteristics. This flexible material has several major uses, 
including polymer recycling, packaging, and drug delivery 
systems [9]. Of all the rare-earth metal oxide compounds, 
 CeO2 is one of the most attractive. Optical and photoelectric 
properties, thermal coatings, electrochemical cells, electro-
magnetic shielding, and corrosion protection are just a few of 
its many applications. Even though most rare-earth elements 
are only found in three-valent states, cerium may really exist 
in four-valent and trivalent forms. Its ability to alter oxida-
tion states makes it useful in a variety of applications, such 
as solid oxide fuel cells and catalytic converters. In addition, 
 CeO2 is highly sought after for its unique qualities, which 
include being non-toxic, biocompatible, having the ability 
to store oxygen, and having remarkable optical and ther-
mal characteristics. Its many useful properties make it an 
ideal material for use in biosensors, gas detectors, and solar 
cells, among other things [10, 11]. Chemically speaking, 
silicon carbide (SiC) is an example of a non-oxide substance. 
Ceramics used in semiconductors have several desirable 
properties, including high heat conductivity, resistance to 
oxidation, inertness to acids and melts, and thermal stability. 
Its great toughness and extraordinary stress resistance make 
it a popular choice for use in power-energy storage materials 
and microwave dielectrics. Consequently, it is possible to 
achieve outstanding outcomes. Surface-modified SiC nano-
particles enhance the performance of composites [12, 13]. 
The biomedical, aerospace, environmental, and automotive 
industries are just a few that rely on pressure sensors to con-
trol and monitor a wide range of applications. The pressure 
sensors made of nanocomposite materials may act in two 
ways: piezo resistively or pseudo-capacitive, depending on 

the circumstances. Differentiating pressure sensors is pos-
sible according to KPIs such as pressure range, sensitivity 
to small forces, resistance to larger forces, and pressure sen-
sitivity [14, 15]. One possible method for measuring strain 
is the use of piezo resistive pressure sensors, which work 
by changing the resistance of test patterns in response to 
applied pressure. For the most part, piezo resistive pressure 
sensors are made from materials like polysilicon thin films, 
bonded metal foils, inkjet printer films, sputtered thin films, 
and silicon. Because of their low price and high sensitivity, 
The pressure sensor industry favors piezo resistive pressure 
sensors [16, 17]. This study introduces a straightforward and 
economical approach to fabricating nanocomposites of PVA, 
CeO2, and SiC suitable for nanoelectronics applications and 
flexible pressure sensors.

2  Experimental Part

Polyvinyl alcohol (PVA), cerium dioxide  (CeO2), and silicon 
carbide (SiC) nanocomposites were produced using the cast-
ing process. 1 g of PVA was dissolved in forty milliliters of 
distilled water and stirred with a magnetic stirrer for thirty 
minutes at seventy degrees Celsius to get a homogeneous 
solution. Subsequently,  CeO2 and SiC nanoparticles were 
introduced to the PVA solution at varying concentrations 
(0, 2, 4, 6, and 8 work percent). After the solution had dried 
at room temperature for five days, polymer nanocomposites 
were formed. We used the petri dish-clipped (PVA/CeO2/
SiC) NCs for our analysis. A Hitachi SU6600 variable pres-
sure scanning electron microscope (FE-SEM) was used for 
the analysis of the structural characteristics of PVA/CeO2/
SiC NCs. An optical microscope (OM) supplied by Olympus 
(model Nikon-73346) was used to study the nanocompos-
ites topically. A German-made Bruker vertex-70 Fourier 
transform infrared spectroscopy (FTIR) device having a 
500–4000 cm–1 wavenumber range. The dielectric char-
acteristics were examined using an LCR meter, the Hioki 
3532–50 LCR HI TESTER, throughout the frequency range 
of 100 Hz to 5106 Hz. The pressure sensor of the PVA/
CeO2/SiC nanocomposites was tested by measuring the 
parallel capacitance between the specimen's top and bot-
tom poles at different pressures (80–160 bar) using an LCR 
meter.

The following formula is used to compute the dielectric 
constant (ε′) [18, 19]:

The sign "(Co)" is usually used to denote a vacuum capac-
itor, whereas the term "Cp" is generally used to describe 

(1)έ =

Cp

Co
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capacitance. It is possible to express the dielectric loss (ε") 
as [20, 21]:

The variable "displacement" (D) is utilized in this con-
text. The calculation for the alternating current (A.C.) elec-
trical conductivity is as follows [22, 23]:

where ω represents the angular frequency.

(2)𝜀
��
= έD

(3)𝜎AC = 𝜔έ 𝜀o

3  Results and Discussion

3.1  Field Emission Scanning Electron Microscope 
(FE‑SEM) Measurements of (PVA/  CeO2/SiC) 
Nanocomposites

Finite element scanning electron microscopy (FE-SEM) 
examination, which looks at how the nanoparticles are dis-
tributed within the polymer, confirms that the  CeO2/SiC par-
ticles have an effect on the NCs. Nanocomposites of PVA, 
 CeO2, and SiC with varying concentrations of  CeO2 and SiC 
NPs are shown in Fig. 1 by means of FE-SEM pictures. As 
the concentration of  (CeO2/SiC) NPs increases, the surface 
profile of the scheme changes, leading to the development of 
(PVA/CeO2/SiC) nanocomposites. Image (a) clearly shows 

Fig. 1  FE-SEM images for 
(PVA/CeO2/SiC) NCs: a PVA, 
b 2 wt%  CeO2/SiC, c 4 wt% 
 CeO2/SiC, d 6 wt%  CeO2/SiC, e 
8 wt%  CeO2/SiC
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the cohesive and homogeneous character of the polymer. 
Image (b), image (c), image (d), and image (e) all reflect 
this. As can be seen in the images shown, the presence of 
grain collections is proportional to the rise in  CeO2/SiC 
NP concentration. The PVA/CeO2/SiC membranes' surface 
morphology will be determined by the findings. A higher 
concentration of  (CeO2/SiC) NPs causes a more even dis-
tribution of clusters or fragments over the nanocomposites' 
top surface [24–26].

3.2  The Optical Microscope of (PVA/CeO2/SiC) NCs

Figure 2 exhibits optical microscope images of nanocompos-
ite films composed of PVA/CeO2/SiC at various concentra-
tions, with a magnification of 10x. Nevertheless, the photo-
graphs clearly show significant disparities among them (a, 
b, c, d, and e). When the concentration of  CeO2/SiC NPs in 
(PVA) films reaches 8% weight percent, the  CeO2/SiC NPs 
create interconnected networks inside the polymer. The net-
work's channels allow charge carriers to move freely within 
nanocomposites [27–29].

3.3  The FTIR Spectra of (PVA/CeO2/SiC) 
Nanocomposites

Figure  3 displays the Fourier transform infrared spectra 
(500–4000  cm−1) of (PVA/CeO2/SiC) nanocomposites. The 
OH stretching vibrations in the main chain and aromatic rings 
are equivalent to the absorption band of pure PVA at 3262.55 
 cm−1 in picture (A) [28]. Among the vibrations attributable 
to C-H bonds are those at 2916.56  cm−1, 1415.42  cm−1, and 
1085.37  cm−1, all of which correlate to the C-O bond in car-
bohydrates [30–32]. The inorganic carbonate bands at 837.84 
 cm−1 that correspond to the bending -C = O bond. Images B, 
C, D, and E show the spectra of PVA with varying concentra-
tions of  CeO2 and SiC NPs added. In picture B, the inclusion 
of 2 wt%  CeO2 and SiC NPs shifted the wavenumber to a low 
value in certain bands and intensities at (32,386.63, 1412.60, 
1084.36)  cm−1, whereas the bands 2920.27  cm−1 and 838.87 
 cm−1 shifted to a high value. In the picture C, the additive 
concentration of 4 wt.% from  CeO2 and SiC NPs resulted in a 
shift to lower wavenumbers for the bands at 2918.01  cm−1 and 
1319.18  cm−1. Conversely, the bands at 3245.35  cm−1, 1084.76 
 cm−1, and 839.50  cm−1 saw a shift to higher wavenumbers. 

Fig. 2  Optical microscope 
images for (PVA/CeO2/SiC) 
samples: a for PVA, b 2 wt% 
 CeO2/SiC NPs, c 4 wt%  CeO2/
SiC NPs, d 6 wt%  CeO2/SiC 
NPs, e 8 wt%  CeO2/SiC NPs
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Image D shows that the bands at 3237.50, 1082.09, and 829.48 
 cm−1, which are 6 wt% NPs, shifted to a low wave number; 
band 2919.45  cm−1, on the other hand, shifted to a high wave 

number; and band 1319.18  cm−1, in that region, was unaf-
fected. The band (1046.69, 820.81)  cm−1 in picture E changed 
to a low wave number due to the 8wt.% additive concentration 

Fig. 3  FTIR data for PVA/CeO2/SiC films: a for PVA, b 2 wt%  CeO2/SiC NPs, c 4 wt%  CeO2/SiC NPs, d 6 wt%  CeO2/SiC NPs, e 8 wt%  CeO2/
SiC NPs
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of NPs, whereas the band (3237.50, 2919.45, 1319.18)  cm−1 
remained unaffected. The FTIR analysis demonstrated that 
PVA,  CeO2, and SiC NPs do not interact chemically [33, 34].

3.4  The Dielectric Properties for PVA/CeO2/SiC NCs

Equation (1) was used to determine the (PVA/CeO2/SiC) 
NCs dielectric constant (έ). The correlation between fre-
quency and dielectric constant is shown in Fig. 4. The ratio 
of space charge to total polarization decreases as the applied 
frequency increases, as indicated by the decreasing trend 
of the dielectric constant values. The most common kind 
of polarization in the low-frequency region is space charge 
polarization. The more often it occurs, though, the less 
important it becomes. Every PVA/CeO2/SiC sample has a 
lower dielectric constant value as the electric field frequency 
increases because different kinds of polarization happen at 
higher frequencies. Because ions and electrons have different 
masses, ionic polarization reacts differently to changes in 
field frequency than electronic polarization [35–37].

Modifications to the dielectric constant of (PVA/CeO2/
SiC) NCs at 100 Hz as a function of  CeO2/SiC nanoparticle 
concentration are shown in Fig. 5. The dielectric constant of 
NCs is proportional to the concentration of  CeO2/SiC NPs. It 

Fig. 4  Behavior of (έ) with a frequency for (PVA/CeO2/SiC) nano-
composites

Fig. 5  Influence for  (CeO2/SiC) 
nanoparticles content on the (έ) 
for (PVA/CeO2/SiC) nanocom-
posites at 100 Hz

Fig. 6  Behavior of (ε˝) with a 
frequency for (PVA/CeO2/SiC) 
nanocomposites
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is possible that the extra charge carrier activity is due to inter-
facial polarization, which happens when an oscillating electric 
field divides two surfaces inside nanocomposites [38–40].

3.5  The Dielectric Loss for (PVA/CeO2/SiC) NCs

Using Eq. (2), the dielectric loss (ε˝) of NCs was calculated. 
Dielectric loss characteristics of (PVA/CeO2/SiC) NCs as 
a function of frequency are shown in Fig. 6. As seen in 
the picture, the dielectric loss is most apparent at lower 
applied frequencies and gradually reduces as the frequen-
cies increase. The observed phenomenon is explained by the 
fact that the effect of space charge polarisation diminishes 
with increasing frequency [41–43].

The relationship between the dielectric loss (ε˝) and 
the concentration of  CeO2/SiC NPs is shown in Fig. 7. A 
significant association is seen between the concentration 
of nanoparticles and the dielectric loss of PVA/CeO2/
SiC nanocomposites, suggesting an increase in charge 
carriers [44, 45].

3.6  The A.C Electrical Conductivity for (PVA/CeO2/
SiC) NCs

The alternating current electrical conductivity was deter-
mined by utilizing Eq. (3). Figure 8 depicts the correlation 
between frequency and electrical conductivity of (PVA/
CeO2/SiC) NCs. The graph presented depicts a significant 
rise in electrical conductivity with increasing frequency. 
This phenomenon is believed to be caused by space charge 
polarization occurring at low frequencies, as well as the hop-
ping process that facilitates the movement of charge carri-
ers [46, 47]. At higher frequencies, the observed increase 
in electrical conductivity is relatively minimal due to the 
phenomenon of electronic polarization and the movement 
of charge carriers through hopping [48, 49].

The impact of  CeO2/SiC nanoparticles on the (A.C) elec-
trical conductivity of PVA/CeO2/SiC nanocomposites at 100 
Hz is shown in Fig. 9. Nanocomposites show a positive cor-
relation between the electrical conductivity and the concen-
tration of  CeO2 and SiC NPs. Dopant nanoparticles increase 
the number of charge carriers in nanocrystals (NCs), which 
lowers their resistance and improves their electrical conduc-
tivity [50, 51]. At a frequency of 100 Hz, Table 1 shows the 
values of the dielectric constant, dielectric loss, and A.C. 
electrical conductivity.

Fig. 7  Influence of  (CeO2/SiC) nanoparticles content on the (ε˝) for 
(PVA/CeO2/SiC) nanocomposites at 100 Hz

Fig. 8  Difference of electrical conductivity for (PVA/CeO2/SiC) NCs 
with frequency

Fig. 9  Difference of electrical conductivity for (PVA/CeO2/SiC) 
nanocomposites with  (CeO2/SiC) nanoparticles

Table 1  Results of the A.C. electrical conductivity, dielectric loss, 
and dielectric constant for NCs composed of (PVA/CeO2/SiC) at 100 
Hz

Con.(wt.) % Dielectric 
constant

Dielectric loss AC electrical 
conductivity(S/
cm)

0 2.11 0.61 3.4E-11
2 2.41 0.72 4.03E-11
4 2.77 0.88 4.94E-11
6 3.3 1.15 6.43E-11
8 3.72 1.56 8.69E-11
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3.7  Application of (PVA/CeO2/SiC) NCs for Pressure 
Sensors

The parallel capacitance of (PVA/CeO2/SiC) nanocom-
posites changes with pressure at different concentration of 
 (CeO2/SiC) nanoparticles, as shown in Fig. 10. An immedi-
ate correlation between the amount of the applied pressure 
and the capacitance is shown in the figure. The presence of 
crystalline areas with an internal dipole moment inside the 
nanocomposite samples explains the association between 
the applied pressure and the parallel capacitance. The dipole 
moments exhibit a stochastic orientation in the absence of 
any external mechanical or electrical effect, resulting in a 
dipole moment of zero amplitude [52, 53]. An electric field in 
the proximal distribution may be generated by subjecting the 

specimens to stress, which in turn can cause dipole moment 
changes. The creation of an electric field causes charges to 
accumulate at the sample's top and lower surfaces [54, 55].

In Fig. 11, we can see the relationship between the con-
centration of  CeO2/SiC nanoparticles at 80 bar and the 
electrical capacitance  (Cp) of (PVA/CeO2/SiC) nanocom-
posites. According to the graph, there is a positive correla-
tion between the concentration of  (CeO2/SiC) nanoparticles 
and the electrical capacitance of nanocomposites. One pos-
sible explanation for the aforementioned phenomenon is the 
increased density of charge carriers inside nanocomposites 
[56, 57].

The effectiveness of (PVA/CeO2/SiC) nanostructures is 
greatly affected by the concentration of  (CeO2/SiC) nanopar-
ticles in the sensitive layer. The aforementioned phenomena 
dictates the range of pressure sensing, which in turn leads to 
a wide variety of uses requiring resistance to greater forces. 
In Fig. 12, we see how  (CeO2/SiC) nanoparticles affect the 
sensitivity of (PVA/CeO2/SiC) nanocomposites. There is a 
positive correlation between the concentration of  (CeO2/
SiC) NPs and the sensitivity of nanocomposites, as seen 
clearly in the graph, the occurrence may be explained by 
the internal dipole moment, as previously stated [58, 59]. 
Table 2 show values of sensitivity with concentration of 
 (CeO2/SiC) NPs for (PVA/CeO2/SiC) NCs.

Fig. 10  Difference of parallel capacitance for (PVA/CeO2/SiC) nano-
composites with pressure

Fig. 11  Effect of  (CeO2/SiC) nanoparticles concentrations on parallel 
capacitance for (PVA/CeO2/SiC) nanocomposites

Fig. 12  Influence of  (CeO2/SiC) NPs concentrations on sensitivity for 
(PVA/CeO2/SiC) nanocomposites

Table 2  Values of sensitivity 
with  (CeO2/SiC) NPs 
concentration for (PVA/CeO2/
SiC) nanocomposites

Con.(wt.) % Sensitivity

2 50.3
4 57.1
6 64.7
8 80.9
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4  Conclusions

The current work involved preparation of (PVA/CeO2/SiC) 
nanocomposites by using the solution casting technique. 
The structural, morphological and dielectric properties 
of (PVA/CeO2/SiC) nanocomposites are examined. Field 
emission scanning electron microscope (FE-SEM) images 
show that the  CeO2/SiC nanoparticles were successfully 
dispersed within the PVA polymer matrix. The findings 
of optical microscope (OM) validated the hypothesis that 
the PVA, with its uniform surface and refined structure, 
demonstrated outstanding miscibility. The polymer nano-
composite films also showed evenly distributed additive 
concentrations of  CeO2/SiC NPs. The physical interac-
tion between the polymer matrix and the  CeO2/SiC nano-
particles was confirmed by the Fourier transform infrared 
spectroscopy (FTIR) analysis. The dielectric characteris-
tics of PVA/CeO2/SiC nanostructures demonstrated that, at 
f = 100 Hz, the dielectric constant, dielectric loss, and A.C 
electrical conductivity all increase from (2.11 to 3.72), 
(0.61 to 1.56), and (3.4 ×  10–11 to 8.69 ×  10–11) S/cm, 
respectively, as the concentration of  CeO2/SiC nanopar-
ticles rose. Despite an increase in electrical conductivity 
(A.C), the dielectric constant and dielectric loss decrease 
with increasing frequency. Results showed that the die-
lectric characteristics of (PVA/CeO2/SiC) nanostructures 
increased with increasing pressure, suggesting that these 
nanostructures might be useful as pressure sensors. An 
outstanding sensitivity of 80.9% is shown by the nanocom-
posites at a concentration of 8 wt %. Results of structural 
morphological, and dielectric properties confirmed that 
the PVA/CeO2/SiC nanostructures might benefit in numer-
ous pressure sensors and nanoelectronics applications.
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