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Nanocomposites of PVP/TiN/Si;N, films are prepared with different con-
centrations to utilize in many industrial fields. The dielectric properties
of PVP/TiN/Si;N, nanocomposites are examined in the frequency range
from 100 Hz to 5 MHz. The experimental results demonstrate that the
dielectric constant, dielectric loss and electrical conductivity of
PVP/TiN/Si;N, nanocomposites increase with increasing concentration. In
addition, the dielectric constant and dielectric loss of PVP/TiN/Si;N,
nanocomposites are reduced, while the conductivity is increased with ris-
ing frequency. Finally, the obtained results indicate that the
PVP/TiN/Si;N, nanocomposites can be considered as new nanomaterials to
use in different electronics fields.

Hamoromnosutu mriBok nosiBirinmipoaizon/TiN/Si;N, 6yimo BurorossieHo 3
Pi3HMMM KOHIIEHTPAIiAMHU IJIA BUKOPUCTAHHA B 0araThoX Tay3saX IPOMIUC-
aoBoctu. llocuim:keHO AieleKTPUUYHI BJIACTUBOCTI HAHOKOMIIO3UTIB IIOJIiBi-
Hinmiposigon/TiN/Si;N, y miamasoni gacror Bixg 100 I'm o 5 MTI'u. Excme-
PUMEHTAaJIbHI pPe3yJbTaTH IIOKAa3ajid, IM0 JiejieKTPpWYHA HPOHUKHICTH, mie-
JEeKTPUYHI BTPATU U €JeKTPOIIPOBIAHICT, HAHOKOMIIO3UTIB ITOJIiBiHiIMipOJTi-
mou/TiN/Si;N, spocraiors i3 30inbmenaam kKouuentpanii. Kpim Toro, mie-
JIEKTPUYHA IMPOHUKHICTH i AiesleKTPUYHI BTpaTu HAHOKOMIIOSUTIB ITOJiBiHi-
auipoaigon/TiN/Si;N, sMeHImuaIncA, a TPoBigHiCTh 3pocia 3i 36iJMbIIEHHAM
yactoTu. Haperri, omep:kaHi pesyabTaTyé MOKAa3ajau, 110 HAHOKOMIIO3UTH
noJsiBiHinmmiponigon/TiN/Si;N, MoKHA posrasazaTu AK HOBI HaHOMAaTepiaam
IS BUKOPHCTAHHSA B Pi3HUX 00JIaCTAX €JIEKTPOHIKHU.
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tronics fields, nanocomposites.

Karouori caosa: TiN/Si;N,, niemekTpuuni BjacTuBOCTi, moJiBiHinmipoJTi-
[OH, €JIEKTPUYHI [OJIsI, HAHOKOMIIO3UTH.
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1. INTRODUCTION

Polymer composites are a class of materials with prominent physi-
cochemical properties, where a polymer acts as the matrix and mi-
cro-, macro-, or nanomaterials as the filler. Researchers have re-
ported that nanofillers (e.g., carbon nanotubes or nanosemiconduc-
tors) can improve some features of polymers, such as their electrical
conductivity and mechanical behaviour. Accordingly, polymer nano-
composites (PNCs) are interesting for the industry due to their en-
hanced properties and have been receiving applications in fields
such as environmental remediation, energy storage, and biomedicine
[1].

Polymers have been widely used in various applications due to
outstanding properties such as their low cost, stability, easy fabri-
cation, etc.

The advantages of polymer matrix composites include their low
cost and straightforward fabrication processes. Furthermore, poly-
mer composites can be used as the primary material to create light-
weight, flexible electronics, which is advantageous considering con-
sumer demand [2].

Polyvinylpyrrolidone (PVP) has a good stable environment, easy
processing, and moderate electric conductivity. It has a wide range
of applications such as electrochemical devices (batteries, displays)
[3].

Silicon nitride (SizN,) is amid the mainly significant ceramic ma-
terials for elevated-temperature fields because of its combination of
mechanical properties at room and elevated temperatures, resistance
to oxidation, low thermal expansion coefficient, and low density
compared of refractory metals [4].

Titanium nitride (TiN) shows excellent chemical resistance, superi-
or electrical conductivity, and good adhesion with most materials [5].

The nanocomposites consisting of nanostructure doped with differ-
ent materials have numerous applications in different fields like op-
tical fields [6—15], energy storage [16—18], sensors [19—-20], electron-
ics and optoelectronics [21-35], antibacterial [36—41], radiation
shielding and bioenvironmental [42—-47].

The present work objects to prepare the PVP/TiN/Si;N, nanocom-
posites’ films to employ in many industrial applications.
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2. MATERIALS AND METHODS

The used nanomaterials in this work are TiN and Si;N, nanoparti-
cles (NPs) as filler and PVP as matrix. The films of PVP/TiN/Si;N,
nanocomposites were prepared using casting process with various
concentrations of 12.5 gm/L, 25 gm/L, and 50 gm/L with ratio of
TiN/Si;N, NPs (6 wt.%) and content of 50% TiN and 50% Si;N,.
The dielectric properties of PVP/TiN/Si;N, nanocomposites’ films
were examined at frequency ranged from 100 Hz to 5 MHz using
LCR meter (HIOKI 3532-50 LCR HI TESTER). The dielectric con-
stant (¢') is found by [48] as follows:

&= C,/Cy, (1)

where C, is the matter capacitance and C, is the capacitance of vac-
uum.
Dielectric loss (g") is calculated by [49] as follows:

" =¢'D, (2)

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

Ouc = 2nfe' De,. 3)

4. RESULTS AND DISCUSSION

Figures 1-4 demonstrate the difference in the dielectric constant
and dielectric loss with frequency and concentration for
PVP/TiN/Si;N, nanocomposites’ films, respectively.

The dielectric constant and dielectric loss rise with increasing
concentration; this behaviour is due to rise in number of charges’
carriers. The high values of dielectric constant and dielectric loss at
lower frequencies were assigned to the availability of enough time
for the dipoles to interact with the fields before it changes, while
the values of dielectric constant and dielectric loss decrease at high-
er frequencies due to the shorter time available to them [51-65].

The electrical conductivity performance with concentration and
frequency for PVP/TiN/Si;N, nanocomposites are shown in Figs. 5
and 6, respectively. The electrical conductivity increases with an
increase in the concentration and frequency. The rise of electrical
conductivity as the concentration increases due to increase in the
charge-carriers’ numbers. The frequency-dependent conductivity is
caused by the hopping of electrons in the localized states near the
Fermi level and due to the excitation of charge carriers to the
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Fig. 1. Difference in the dielectric constant with frequency for
PVP/TiN/Si;N, nanocomposites.
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Fig. 2. Variation of dielectric loss with frequency for PVP/TiN/Si;N,
nanocomposites.

states in the conduction band [66—70].

5. CONCLUSIONS

This work includes fabrication of PVP/TiN/Si;N, nanocomposites’
films with various concentrations to utilize in different industrial
applications.

The dielectric properties of PVP/TiN/Si;N, nanocomposites were
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Fig. 3. Dielectric constant variation with concentration for PVP/TiN/Si;N,
nanocomposites.
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Fig. 4. Performance of dielectric loss with concentration for
PVP/TiN/Si;N, nanocomposites.

examined in the frequency range of 100 Hz—5 MHz. The results
showed that the dielectric constant, dielectric loss and electrical
conductivity of PVP/TiN/Si;N, nanocomposites are increased with
increasing concentration. The dielectric constant and dielectric loss
of PVP/TiN/Si;N, nanocomposites are reduced, while the conductiv-
ity is increased with rising frequency.

The results illustrate that the PVP/TiN/Si;N, nanocomposites
may be considered as new nanomaterials to employ in various elec-
tronics applications.
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Fig. 5. Electrical conductivity performance with frequency for
PVP/TiN/Si;N, nanocomposites.
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Fig. 6. Variation of electrical conductivity with concentration for
PVP/TiN/Si;N, nanocomposites.
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