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In present work, nanocomposites films have been prepared from Cr,0;—
Sb,0;-nanoparticles-doped PVA to exploit in different electrical and elec-
tronics applications. The dielectric properties of PVA—Cr,0;—Sb,0; nano-
composites were tested at frequency ranged from 100 Hz to 5 MHz. The
experimental results confirmed that both the dielectric constant and the
dielectric loss of PVA-Cr,0,—Sb,0; nanocomposites were reduced, whereas
the electrical conductivity was increased with raising the frequency. The
dielectric constant, dielectric loss, and A.C. electrical conductivity of PVA
were increased with raising the Cr,05,—Sb,0;-nanoparticles’ concentration.
The results illustrated that the PVA—-Cr,0,—Sb,0; nanocomposites can be
suitable in different electrical and electronics applications.

Y it pob6oTi HAHOKOMMIO3UTHI IJIiBKKM OyJI0O BUTOTOBJIEHO 3 IIOJIiBiHiJIOBOTO
cuupry (IIBC), smerosanoro Hamouactukamu Cr,0;—Sb,0;, mjga BuUKopHC-
TaHHA B PIBHUX €JEKTPUUYHUX Ta €JEKTPOHHUX 3aCTOCYyBaHHAX. [liereKTpu-
yai BracruBocti HaHokommodutis IIBC—-Cr,0,—Sb,0; nepeBipsanau B gisamaso-
Hi wactor Bim 100 I'm mo 5 MI'i. ExcrnepumMmenTaibHi pesyJbTaTH HiaTBep-
OUJIW, II0 AieJIeKTPUYHA MPOHUKHICTL i mieJeKTpPUUYHI BTpaTm HAHOKOMIIO-
autiB IIBC—Cr,05—Sb,0; 3MeHIIYIOTECS, TOALI AK €JIEKTPOIPOBiIHICTH 3poc-
Tae 3i 36iJAbIIeHHAM dYacToTH. [llieleKTpUYHA NPOHUKHICTH, AieJeKTPUUHi
BTpaTU I eJeKTPOHpoOBigHicTh, 3minmHoro crpymy IIBC 3pocranu 3i 36iab-
IIeHHAM KoHIeHTparii HaHodacTuHOK Cry,0;—Sb,0;. Kinmeri pesymabratu
nokasanu, mo Hanokommodutu [IBC—Cr,0,—Sb,0; MoxKyTh OyTH TPUIATHU-
MU [JIF Pi3HUX €JeKTPUYHUX Ta €JEKTPOHHUX 3aCTOCYBaHb.

Key words: Cr,05, Sb,0;, PVA, nanocomposites, dielectric properties.

Kimouogi cioBa: Cr,0,, Sb,0;, momiBiHizoBHUIT cOMPT, HAHOKOMITOSUTH, [ieJIeK-
TPUYHI BJIACTUBOCTI.
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1. INTRODUCTION

Today, intercalated polymer nanocomposites (NCs) with nanometal
oxides are gaining significant interest in both academic and indus-
trial scenarios. It involves the selection of polymers and metal ox-
ides on the nanoscale from various numbers of polymers and nano-
materials available today for the desired properties. Metal oxides
are well-known materials for sensors, photocatalytic, fuel cells,
coatings, optoelectronic devices, etc. [1]. The substrate/matrix role
of organic polymers, where the substantial dispersion of inorganic
oxides results in the composite formation, finds enormous applica-
bility. The various fields, where these heterostructures involving
polymeric matrix find their applicability, include optoelectronics,
automotive and aerospace industries, efc. Polymer composites have
been found to be effective in dye degradation compared to other
materials. The properties of these polymeric nanocomposites get af-
fected by various factors like interfacial bonding, the embedding of
nanoparticles (NPs), and the morphological behaviour of the dis-
persed nanoparticles in the polymeric substrate [2].

Organic—inorganic hybrid optical materials are extremely valua-
ble for a technological perspective. Hybrid compositions with re-
markable properties may emerge once the relationships between the
properties of inorganic elements and polymer matrices are clarified.
Polymeric nanocomposites, because of their interesting properties,
are also a significant class in the field of applied materials science
technology. Polymer composites display a variety of fascinating op-
tical features, including a high/low refractive index, tailored ab-
sorption/emission spectra, and strong optical nonlinearities. Hy-
brids are eligible for potential optoelectronic applications because
they possess such rare properties [3].

The new characteristics of PVA-based materials have made them
appropriate for a range of applications, especially, optoelectronic
technology. One might modify the behaviour of optoelectronic de-
vices by dispersing one or more nanofiller (such as metal oxide, rare
earth salt, etc.) inside the PVA matrix [4].

Metal-oxide materials have increasing demand in the scientific
community due to their eco-friendliness, stability, natural abun-
dance, ease of synthesis, and wider application purposes. Different
types of metal oxides and their nanomaterials are being used in an
extensive variety of fields like adsorbents, gas sensors, photovolta-
ics, photoelectronics, and electrochemical, fuel cells, ceramics and
other biological applications [5]. Antimony trioxide (Sb,05) is a sem-
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iconducting material and possesses excellent catalytic performance
in photochemistry and superior chemical stability in flame retarda-
tion. So far, much attention has been focused on the synthesis of
Sb,0; films, and the exploration of their novel properties [6].

Nanocomposites materials of polymer as a matrix doped with na-
noparticles have huge applications of optical, electronics and optoe-
lectronics fields [7—33]. The present work deals with preparation
and dielectric properties of PVA—Cr,0;—Sb,0;-nanocomposites’ films
to exploit in different electrical and electronics applications.

2. MATERIALS AND METHODS

The PVA-Cr,0,—Sb,0; nanocomposites films were prepared using
casting process. The PVA film was fabricated by dissolving of 0.5
gm PVA in 30 ml of distilled water by using magnetic stirrer to
mix the polymer for 1 hour to obtain more homogeneous solution.
The Cr,05; and Sb,0; nanoparticles were added to PVA with constant
ratio 1:1, and different contents are 2.2%, 4.4% and 6.6% . The
dielectric properties of PVA-Cr,0,—Sb,0;-nanocomposites’ films
were measured at frequency range from 100 Hz to 5-10° Hz using
LCR-meter type (HIOKI 3532-50 LCR HI TESTER). The dielectric
constant (¢') is calculated by [34] as follows:

&' =C,/Cy, (2)

where C, is the capacitance of matter and C, is the capacitance of
vacuum.
Dielectric loss (¢") is determined by [35] as follows:

¢"=¢D, (2)

where D is the dispersion factor.
The A.C. electrical conductivity is obtained by [36] as follows:

Oac. — 2ch8'D80. (3)

3. RESULTS AND DISCUSSION

The performance of dielectric constant and dielectric loss for PVA—
Cr,0;—Sb,0; nanocomposites with frequency and Cr,0,—Sb,0;-NPs’
concentration are demonstrated in Figs. 1-4, respectively. Because
the values of dielectric constant drop with increasing frequency, the
dipole is difficult to spin accurately and easily, and its oscillation
begins to occur after this field. This behaviour is because of the die-
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Fig. 1. Dielectric-constant variation for PVA-Cr,0,—Sb,0; nanocomposites
with frequency.
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Fig. 2. Dielectric-loss behaviour for PVA—Cr,0;—Sb,0; nanocomposites with
frequency.

lectric-constant values decrease. In addition, there was no evidence
of relaxation peaks, which points to a non-Debye response.

These figures show that the motion of ions is recognized as the
fundamental foundation of nanocomposite dielectric loss at lower
frequencies, leading to a decrease in dielectric loss as a function of
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Fig. 3. Dielectric-constant performance of PVA with Cr,0,—Sb,0,;-NPs’
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Fig. 4. Dielectric-loss behaviour of PVA with Cr,0;—Sb,0,;-NPs’ concentra-
tion.

raising frequency. Thus, the high value of the dielectric loss at low
frequencies indicates the impact of ion jumping.

The dielectric constant and dielectric loss of PVA are increased
with increasing Cr,0,—Sb,0;-NPs’ concentration; this is due to in-
crease in the charge-carriers’ numbers [37-51].

Figures 5 and 6 conform the variation of electrical conductivity
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Fig. 5. Variation of electrical conductivity for PVA-Cr,0;—Sb,0; nanocom-
posites with frequency.
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of electrical conductivity for PVA with Cr,0,—Sb,0;-

NPs’ concentration.

for PVA-Cr,0,—Sb,0; nanocomposites with frequency and Cr,O;—
Sb,0;-NPs’ concentration, respectively.

The electrical

conductivity rises with increasing concentration

and frequency. The increase of electrical conductivity, as the Cr,O4—
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Sb,0;-NPs’ concentration increases, is attributed to raising 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 states in the conduction band
[62-60].

4. CONCLUSIONS

This study involved preparation of nanocomposites from Cr,O;—
Sb,0;-nanoparticles-doped PVA to utilize them in various electrical
and electronics fields. The results showed that the dielectric con-
stant and dielectric loss of PVA-Cr,0;—Sb,0; nanocomposites are
reduced, whereas the electrical conductivity is increased with rais-
ing frequency. The dielectric constant, dielectric loss, and A.C.
electrical conductivity of PVA are increased with raising the Cr,05—
Sb,0;-NPs’ content. Finally, the results demonstrated that the
PVA—-Cr,0;—Sb,0; nanocomposites may be used in different electri-
cal and electronics applications.
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