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In this work, PVA/Fe,0,/Mg0O-nanocomposite films are prepared using
casting method with various concentrations of Fe,0;/MgO nanoparticles
(NPs) (0, 2, 4, and 6 wt.%). The structural and dielectric characteristics
are studied. FT-IR spectra show that there are not chemical interaction
between PVA and Fe,0;/MgO NPs. Optical microscopy shows that a con-
tinuous network is formed. The dielectric properties of PVA/Fe,0;/MgO
nanocomposites show that the dielectric constant, dielectric loss, and a.c.
electrical conductivity of PVA/Fe,0,/MgO films increase with increasing
NPs’ concentration. As the frequency of the electric field rise, both the
dielectric constant and the dielectric loss decrease, while a.c. electrical
conductivity increases. Finally, the PVA/Fe,O;/Mg0O nanocomposites may
be useful in different electronics fields.

Y nmaniii po6ori HanokomnoautHi miaiBku PVA/Fe,O;/MgO 6yso BUroTOBJIE-
HO MeTOAOM JHUTTS 3 PpPIBHUMH KOHIleHTpalniaMu HaHouacTuHoK (HY)
Fe,0;,/MgO (0, 2, 4 Ta 6 mac.%). Byno mociifkeHo CTPYKTYpHi Ta mieaeKT-
puuHi xapakTepucTuku. IY-cmexrpockomia 3 @yp e-IIePeTBOPOM IIOKA3YeE
BigcyTHicTh xemiuHOi B3aemozili Mmik wnosiBimimoBmm cmnmuprom (PVA) i
Fe,0;,/MgO-HY. OnrtruHa MiKpPOCKOIisl IOKa3ye YTBOPeHHs Oe3mepepBHOL
citku. [ienexrpuuni BiaactuBocTi HaHOKoMno3utiB PVA/Fe,0;/MgO moka-
3yIOTh, IO JieJIeKTpUYHA ITPOHMKHICTh, MieJIeKTPWUYHI BTpaTH Ta 3MiHHA
eJeKTponpoBigHicTs maiBok PVA/Fe,0,/MgO 3spocraioTh 3i 36iJabIIeHHAM
KoHneHTparii Fe,0;/MgO-HY. 3i 36iabIlIeHHAM YacTOTU €JEKTPUYHOTO IIO-
JA AK TieJeKTpUYHa IPOHUKHICTb, TaK i JieJeKTpuuHi BTpaTu 3MEHINYIOTh-
cs, TOAi AK 3MiHHA eJeKTPOIIPOBiAHiCTL 3pocTae. 3PeliTor, HAHOKOMIIO3H-
™1 PVA/Fe,O;/Mg0O MOXKYTh CTaTU KOPUCHUMU B Pi3HUX Taay3AX €JeKTPO-
HiKH.

Key words: polyvinyl alcohol, nanocomposites, dielectric properties, struc-
tural properties.
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1. INTRODUCTION

They are found in many daily products, such as rubber, plastics,
resins, adhesives, and adhesive tapes. All of these materials include
lengthy chains of atoms that are covalently bound together as a
structural characteristic. They are a remarkably adaptable class of
materials, with a particular type’s attributes frequently having
drastically different values for other polymers and occasionally even
for the same polymer in various physical states [1, 2]. We are in the
polymer era. Terms like plastics, fibres, elastomers, coatings, rub-
ber, and cellulose are all part of our contemporary lexicon [3]. Most
people are probably unaware of this, but polymers are a known con-
cept to everyone. Subsequently, polymer research has begun to ad-
vance at an exponential rate. Scientists are working to create poly-
mers that can be utilized in a variety of industrial applications [4,
5].

The most adaptable materials used in various chemical industries
are plastics. They are robust, affordable, adaptable, and multifunc-
tional. They are employed in packing, electrical equipment, vehi-
cles, aircraft, and as electrical insulators. Their significance in the
production of satellites, space exploration, and thermal barriers is
growing [6, 7]. Electronic applications have also made use of com-
posite materials, which are often made with a concentration on me-
chanical strength and other attributes. Among the possible uses are
electronic packaging, acoustic emission sensors, angular accelera-
tion accelerometers, and integrated decoupling capacitors [8, 9].
The novel composite materials are now the basis for developing and
altering technical designs for a wide range of industrial and com-
modity goods. Ships, airplanes, and building materials are the three
most significant sectors of the automobile industry [10, 11].

PVA is a synthetic polymer that dissolves in water. PVA has been
employed in numerous biomaterial applications because of its great
chemical resistance, outstanding mechanical qualities, ease of
manufacturing, and good biodegradability [12, 13]. Fe,O; nanopar-
ticles (NPs) ranged in size from 30 to 40 nm on average. To keep
them from clumping together, NPs were suspended in water. Be-
cause of its unique thermal, optical, electrical, and chemical proper-
ties [14, 15], magnesium oxide (MgO) is one of the most significant
metal oxides and has a great deal of promise for usage in a variety
of applications [16, 17]. MgO particles at the nanoscale can be util-
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ized as fillers in paint, paper, cosmetics, rubber, plastic, and as
consistent materials in some electrical materials [18, 19].

2. MATERIALS AND METHOD

Nanocomposites of PVA/Fe,O;/MgO were prepared by using the
casting method. The method include dissolving pure PVA in 35 ml
of distilled water for 40 minutes The mixture was then mixed with
a magnetic stirrer to achieve a more homogenous mixture at a tem-
perature of 70°C. Next, the weight percentages of additives (0%,
2%, 4%, and 6% ) of magnesium oxide (MgO) and iron oxide (Fe,05)
were added; we were able to obtain films from this mixture by pour-
ing each of these ratios into a template (Petri dish) with a diameter
of 5 cm. The mixture was then allowed to dry.

3. RESULTS AND DISCUSSION

Changes in PVA/Fe,0;/MgO-nanocomposites’ surface morphology
can be seen with an optical microscope. PVA/Fe,O;/MgO nanocom-
posites are shown optically microscopy (OM) images in Fig. 1 at
(x10 magnification for each sample. The pure polymer blend (a) ex-
hibits a homogeneous and even consistent phase, when viewed from

Fig. 1. Photomicrographs (x10) for PVA/Fe,0,/Mg0O nanocomposites: (a)
for pure PVA; (b) for 2 wt.% Fe,0;/MgO NPs; (c) for 4 wt.% Fe,0,/MgO
NP; (d) for 6 wt.% Fe,05/MgO NPs.
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Fig. 2. FT-IR spectra for PVA/Fe,0,/MgO nanocomposites: (a) for pure
PVA; (b) for 2 wt.% Fe,O;/MgO NPs; (¢) for 4 wt.% Fe,O3;/MgO NPs; (d)
for 6 wt.% Fe,0;/MgO NPs.

above. The surface of the PVA polymer films displays a homogene-
ous distribution of Fe,0;/Mg0O NPs, as seen in images (b—d). Lower
concentrations of the MgO and Fe,O; NPs form a cluster together
[20, 21]. The features of the material change when the concentra-
tions of Fe,0; and MgO NPs in the PVA polymer increase because a
network of pathways for charge carriers to travel through is formed
within the polymer. This conduct aligns with Refs. [22, 23].

The vibration and rotation of molecular groups in a substance are
revealed by FT-IR spectra. The FT-IR spectra of PVA/Fe,0;/MgO
nanocomposites in the wave number range 500-4000 cm ™' are shown
in Fig. 2. In image (a), FT-IR spectra of pure PVA polymers are re-
veals absorption band at 3264.05 cm ™' was attributed to the O—-H
stretching vibrations and 2920.24 cm ™' assigned to the asymmetric
stretching of CH,. The band at 1261 cm ™ was attributed to the C—O
stretching vibration [24, 25]. The absorption bands at 1640 cm™
which can be attributed to the C=0 carbonyl stretch. The two bands
at 1416.30 cm ™ and 1085.06 cm ™ can be attributed to the stretch-
ing of CO and bending of OH. The absorption band at 839 cm™ at-
tributed to the C-C stretching vibration accordingly [26, 27].

Images in Figure 2, b, ¢, and d display the spectra of PVA with
different concentrations of Fe,O;/MgO NPs. The photos show that
the presence of Fe,0;/MgO NPs caused a shift in certain bands and
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Fig. 3. Variation of dielectric constant for PVA/Fe,O;/MgO nanocompo-
sites with frequency at room temperature.

a variation in some intensities. FT-IR analysis shows that adding
different amounts of Fe,O;/MgO NPs (in pictures b, ¢, and d) causes
a shift in some bonds without creating new peaks [28]. Conse-
quently, there is no interaction between the Fe,0;/Mg0O NPs and the
PVA polymer matrix. These findings pertain to researchers with
Refs. [29, 30].

Figure 3 shows how the dielectric constant changes with fre-
quency for polymer mixes PVA/Fe,0;/MgO and their nanocomposite
films that have different amounts (0, 2, 4, and 6% wt.%) of
Fe,0;/MgO NPs. This picture shows that as the frequency goes up,
the space charge polarization goes down compared to the total po-
larization. As a result, the dielectric constant values for all exam-
ples of the PVA/Fe,O;/MgO nanocomposite go down. This means
that the space charge polarization is a bigger part of the general
polarization at lower frequencies [31, 32]. The dielectric constant
(¢') is given by Ref. [33]:

g’ =C,/Co; (1)

C, and C, are vacuum and parallel capacitances.

Figure 4 shows the link between the dielectric constant and the
amount of presented Fe,0;/MgO NPs. The picture shows that the
dielectric constant of nanocomposites goes up as the Fe,O;/MgO
concentration goes up. The observed effect is due to the interfacial
polarization that happens in the nanocomposites when they are ex-
posed to an alternating electric field and the increase in charge car-
riers [34, 35].

The dielectric loss of nanocomposites is calculated by using fol-
lowing equation [36]:

g"=¢D, (2)
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Fig. 4. Effect of Fe,0;,/MgO concentrations on dielectric constant for
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Fig. 5. Variation of dielectric loss for PVA/Fe,0;/MgO nanocomposites
with frequency at room temperature.

where D is dispersion factor.

Figure 5 shows how the dielectric loss changes with electric field
frequency of PVA/Fe,0;/MgO nanocomposites. All of the examples
show that as the frequency of the electric field goes up, the dielec-
tric loss of the nanocomposites goes down. The reason for this be-
haviour is that space charge polarization is becoming less important
[37, 38].

In addition, the nanocomposite films with 6% Fe,0;/MgO NPs
show the highest dielectric loss of 0.41 at 102 Hz, which is a very
low frequency.

Figure 6 shows that, as the concentration of NPs grows, so the
dielectric loss of nanocomposites does. This has to do with increas-
ing the number of charge carriers [39].

The a.c. electrical conductivity of nanocomposites is calculated by
using following equation [40]:
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Fig. 7. Variation of a.c. electrical conductivity for PVA/Fe,0;/MgO nano-
composites with frequency at room temperature.

C,. = WE'g), (3)

a.c

where o is angular frequency.

The graph in Fig. 7 shows how the a.c. electrical conductivity
changes with the frequency of the electric field for PVA/Fe,0;/MgO
films. For all samples, the a.c. conductivity goes up a lot as the
frequency of the electric field goes up. Charge carriers move
through a process called ‘hopping’, which is linked to the polariza-
tion of space charge at low frequencies and this effect [41, 42]. We
also found that the conductance of the PVA/Fe,0;/MgO nanocompo-
site at 10? Hz increases as the weight percentage of Fe,0;/MgO in-
creases, as shown in Fig. 8. The conductivity of the nanocomposite
goes up, when NPs are added because they increase the amount of
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Fig. 8. Effect of Fe,0;/MgO concentrations on a.c. electrical conductivity
for PVA/Fe,0;/MgO nanocomposite at 100Hz.

charge carriers [43]. Because of this, the nanocomposites’ resistance
goes down, and its ability to carry a.c. electricity goes up. The same
kind of behaviour was recorded in [44, 45].

4. CONCLUSION

This paper gives a short outline of a very good casting method that
is used to make PVA/Fe,0;/MgO nanocomposites. The optical mi-
croscopy pictures showed that, as the NPs’ concentration roses,
network paths are formed within the polymeric matrix for charge
carriers. FT-IR spectra showed the physical interaction between
PVA-polymer matrix and Fe,0;/MgO NPs. The dielectric constant
and dielectric loss decrease as the frequency increases and its in-
crease as concentration of Fe,O;/MgO NPs increases. On the other
hand, the a.c. electrical conductivity rise as the frequency and con-
centration of Fe,0O;/Mg0O NPs rises. Finally, these findings suggest
that the PVA/Fe,0;/MgO nanocomposites can be used in different
nanoelectronic fields.
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