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Films of PVP/SiC/Ti nanocomposites (PVP—polyvinyl pyrrolidine) are fab-
ricated to employ in various electrical and electronics applications. The die-
lectric properties of PVP/SiC/Ti nanocomposites are tested in frequency
range from 100 Hz to 5 MHz. The results confirm that the dielectric con-
stant, dielectric loss and electrical conductivity of PVP/SiC/Ti nanocompo-
sites are rising with rising concentration. The dielectric constant and dielec-
tric loss of PVP/SiC/Ti nanocomposites decrease, but the conductivity is
raised, with increasing of frequency. The final results show that PVP/SiC/Ti
nanocomposites may be suitable in various electronics applications.

ILnieku 3 Hanokommosuris IIBII/SiC/Ti (IIBII — momisininmiposiguu) Buro-
TOBJIAIOTHCA [JI BUKOPUCTAHHA B DiBHUX €JIEKTPUYHUX Ta €JIEKTPOHHUX 3a-
crocyBaHHAX. [lienekTpuuHi BiactuBocTi HaHokommos3utis IIBII/SiC/Ti me-
peBipsiorbea B gianasoni uactor Big 100 I't ;o 5 MTI't. PesyabTaTu migTsep-
IPKVIOTH, 110 AieJIeKTPUYHA IPOHUKHICTD, JieJeKTPUUHI BTpaTu U €JIEKTPOII-
poBigHicTs HaHoKoMno3uTiB IIBII/SiC/Ti spocTatoTh 3i 36iIbIIIeHHAM KOHIIE-
HTpalii. [lieleKTpuYHa IPOHUKHICTG 1 AieJeKTPUUYHI BTPaT HAHOKOMIIO3UTIB
IIBII/SiC/Ti 3smeHITyIOThCA, ajie MPOBIAHICTh MiABUITYETHCA 31 30iIbIITEeHHAM
yacroru. OCTaTOUHI pe3yabTaTu MOKa3yioTh, 1o IIBII/SiC/Ti-uanHokomMmosu-
TH MOKYTb OyTU IPUTATHUMHU [IJIS PiSHUX 3aCTOCYBAHb €JIEKTPOHIKH.

Key words: polyvinyl pyrrolidine, SiC/Ti, nanocomposites, dielectric prop-
erties, electronics applications.
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1. INTRODUCTION

Nanocomposite materials are increasingly used in different areas.
Since the requirements for such materials are permanently increas-
ing, there is a need to create new functional materials with superior
properties. In particular, the development of flexible conductive
materials for electronics, optics, and devices for energy conversion
and storage, much attention is paid to the creation of electrically
conductive polymer-based nanocomposites [1].

Recent years have seen a rise in the use of nanocomposite materi-
als in scientific research, with the promotion of physical properties
and changes in energy storage technologies as essential components
for practical applications.

The current applications of nanocomposites include high-energy
batteries, fuel cells, microwave absorbers, optoelectronics, gas sen-
sors, and UV filters. Many microelectronic devices require flexible,
lightweight, dielectric/conductive polymer materials. By adding a
few nanofillers, electrical conduction networks can be successfully
formed in insulating polymers, leading to better optical and thermal
properties [2].

Silicon carbide (SiC) is used as inorganic materials due to its have
a well thermal and chemical stability, high strength and hardness
[3].

Titanium is a highly attractive material in the production of
components for various applications ranging from biomedical im-
plants to automotive fuel injectors due to its low density, high
strength, good corrosion resistance, and biocompatibility. At the
same time, the high strength to weight ratio and high resistance to
corrosion make titanium and its alloys ideal materials for many ap-
plications [4].

Polyvinyl pyrrolidine (PVP) has a moderately conductive electri-
cal conductivity and is suitable for a wide range of materials, since
it has great stability. Polyvinyl pyrrolidine has rich charge
transport and is considered as low-toxicity polymer [5].

There are many investigations on nanocomposites field to make
use in different approaches such as optical fields [6—15], radiation
shielding and bioenvironmental [16-21], energy storage [22-
24],sensors [25, 26], antibacterial [27—32], electronics and optoelec-
tronics [33—-47].

This study aims to fabricate the PVP/SiC/Ti nanocomposites and
to examine the dielectric properties to employ in various electrical
and electronics applications.
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2. MATERIALS AND METHODS

Nanocomposite films of PVP biopolymer doped with SiC/Ti nano-
particles (NPs) were synthesized by using casting technique. The
PVP/SiC/Ti nanocomposite films were fabricated with various con-
centrations: C;=12.5 gm/L, C,=25 gm/L, C;=50 gm/L, and con-
stant weight percentage of SiC/Ti NPs (6% ) with content of 50%
SiC and 50% Ti. The dielectric properties of PVP/SiC/Ti nanocom-
posite films were tested at frequency (F) range from 100 Hz to 5
MHz by using LCR meter (HIOKI 3532-50 LCR HI TESTER).
The dielectric constant (¢') is calculated by [48]:

£ =C,/Cy, (1)

wherever C, is the capacitance of matter and C, is the vacuum ca-
pacitance.
Dielectric loss (") is determined by [49]:

" =¢'D, (2)

where D is the dispersion factor.
The A.C. electrical conductivity is obtained by [50]:

Ga.c. = 2nFe' Dgy, (3)

3. RESULTS AND DISCUSSION

The variation of dielectric constant and dielectric loss with frequen-
cy and concentration for PVP/SiC/Ti nanocomposites films are
shown in Figs. 1-4, respectively. The dielectric constant rises at
lower frequencies. This increased dielectric constant is due to Max-
well-Wagner polarization, which is primarily produced by conduc-
tor-insulator interactions. Furthermore, this interfacial polarization
is caused by the accumulation of space charge polarization at the
interfaces. Space charges acquire ample time to adapt to an applied
electric field in the low-frequency region; however, in the higher
frequency range, changes towards an electric field eventuate rapidly
for space charges to adjust, and the polarization consequence could
not exist.

The dielectric loss reduces as the frequency increases. Higher
frequencies hinder the ability for space charges that respond to-
wards the applied field, therefore charge accumulation due to polar-
ization reduces, and hence dielectric loss decreases. The dielectric
constant and dielectric loss are increased with an increase in the
concentration; this is due to raise in the number of charges carriers
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Fig. 1. Variation of dielectric constant with frequency for PVP/SiC/Ti
nanocomposites.
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Fig. 2. Dielectric loss variation with frequency for PVP/SiC/Ti nanocom-
posites.

[61-64].

Figures 5 and 6 illustrate the behaviour of electrical conductivity
for PVP/SiC/Ti nanocomposites with frequency and concentration,
respectively. The electrical conductivity increases with an increase
in the frequency and concentration.

At low-frequency levels, conductivity is poor due to interfacial
impedance or space charge polarization. This one indicates that the
thin films, which have been investigated, have non-Debye proper-
ties. Conductivity increases with a rise in frequency, when operat-
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Fig. 3. Dielectric constant behaviour with concentration for PVP/SiC/Ti
nanocomposites.
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Fig. 4. Variation of dielectric loss for PVP/SiC/Ti L nanocomposites with
concentration.

ing at higher frequencies.
The increase of conductivity with rising concentration can be re-
lated to increase in the charge carriers [65—70].

4. CONCLUSIONS

The current study involves fabrication of PVP/SiC/Ti nanocompo-
sites films to utilize in many electrical and electronics fields. The
dielectric properties of PVP/SiC/Ti nanocomposites were tested in
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Fig. 5. Behaviour of electrical conductivity for PVP/SiC/Ti nanocompo-
sites with frequency.
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Fig. 6. Performance of electrical conductivity for PVP/SiC/Ti nanocompo-
sites with concentration.

frequency ranged of 100 Hz—5 MHz. The results confirmed that the
dielectric constant, dielectric loss and electrical conductivity of
PVP/SiC/Ti nanocomposites are increased with rising concentra-
tion. The dielectric constant and dielectric loss of PVP/SiC/Ti
nanocomposites are decreased, while the conductivity rises, with
increasing frequency. Finally, the results show that the PVP/SiC/Ti
nanocomposites may be appropriate in various electronics fields.
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