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In this paper, films of (PMMA-PC/Sh203-GO) quaternary nanostructures were prepared by casting method
with different concentrations of Sh203/GO NPs are (0, 1.4 %, 2.8 %, 4.2 %, and 5.6 %). The structural and dielectric
characteristics of nanostructures system (PMMA-PC/Sh203-GO) have been explored to use in different solid state
electronics nanodevices applications. The morphology of (PMMA-PC/Sh203-GO) nanostructures films was studied
using a scanning electron microscope (SEM). SEM images indicate a large number of uniform and coherent
aggregates or chunks. The Fourier transform infrared spectroscopy(FTIR) analysis were studied to show the
interactions between the Sh203/GO NPs and PMMA/PC blend. The dielectric properties of nanostructures films
were investigated in the frequency range (100HZ-5MHZ). The dielectric constant, dielectric loss, and A.C electrical
conductivity increase with the concentration of (Sh203-GO) NPs. The dielectric constant and dielectric loss were
reduced, whereas electrical conductivity increased with frequency. Finally, results showed the PMMA-PC/Sb20s-
GO nanostructures may be considered as promising materials for solid state electronics nanodevices.
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Introduction

In recent years, the worldwide community has drawn
their consideration towards materials with appropriate and
sustainable characteristics. Development of
characteristics can be done with a variety of doping
substances. The nature and the technique of their
fabrication are the factors the most influencing these
characteristics. Targeted applications and cost guide
researchers on the choice of substances and the technology
to be employed in developing the desired devices.
Polymers and mainly hybrid composites (organic—
inorganic) are attracting growing consideration from
researchers as a result of their utilize in numerous
industrial sectors [1]. Poly-methylmethacrylate (PMMA)
is an significant kind of polymer amid thermoplastics.
PMMA is an optically transparent thermoplastic, which is
expansively used as a substitute for inorganic glass.
PMMA has been prepared using various polymerization
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techniques. PMMA is an significant thermoplastic
substance with extensive fields in several technological
fields due to its unique optical, mechanical, thermal and
electrical properties. PMMA is an amorphous polymer
with excellent chemical, weather, scratch, and corrosion
resistance. It is lightweight, shatter-resistant, and possess
favorable processing conditions. PMMA has been used in
a range of fields like coatings, additives, sealers, optical
fibers, and transparent neutron stoppers [2]. Polycarbonate
(PC) has a high degree of transparency. As a result, it may
be employed in a variety of industrial applications,
including electrical devices, optical fibers, optical storage
devices, and glass lenses. However, improving the optical
characteristics of polycarbonate is required in
contemporary industrial applications. Furthermore,
inorganic fillers are promising possibilities for improving
the mechanical characteristics, transparency, and
toughness of PC without compromising its mechanical
qualities. PC appears to be a good host material for a
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variety of NPs. Doped Polycarbonate composites
containing metal chalcogenides or oxides have distinct
optical and structural properties, making them suitable for
industrial applications [3]. GO is insulating due to the
breaking of the conjugated electronic structure by means
of

oxidized functional groups, and it contains permanent
defects and disorders. Hence, the electrical characters of
GO sheets are dissimilar from those of pristine graphene
[4]. Antimony trioxide (Sh203) is used as a catalyst, a
retardant, a conductive substance, a functional filler, and
an optical material. Sh,Os is also valuable in plastics,
paints, adhesives, and textile back coatings as conductive
materials and a high-efficiency flame-retardant synergist
[5].This work aims to prepare of (PMMA-PC/Sh,03-GO)
nanocomposite film studying the structural and dielectric
properties to use in different electronic devices.

I. Materials and Method

Polymethylmethacrylate (PMMA), polycarbonate
(PC), antimony trioxide (Sh,03), and graphene oxide
(GO) were employed in this study. The casting technique
was used to prepare nanocomposites films (PMMA-
PC/Sb,03-GO). The films were prepared by dissolving 1g
of the (PMMA-PC) blend with ratio 80/20 % in
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chloroform using a magnetic stirrer. The (Sb203- GO) NPs

were introduced in the polymeric blend by (1.4%, 2.8%,

4.2%, and 5.8%). The dielectric properties are determined

in the frequency range 100Hz-5MHz using an LCR meter.
The dielectric constant (§) is calculated by [6]:

€=Cp/Cy (1)

Co and Cp are vacuum and parallel capacitances. The
dielectric loss (¢ ") is gives by [6]:

g =¢-D )

D is the dispersion factor. The A.C conductivity was
calculated by [7]:

Opc = w - 8” & (3)

w is the angular frequency.

I1. Results and Discussion

Figure (1) indicates the SEM images of (PMMA-
PC/Sh,03-GO) nanocomposites. The compatibility of
different polymer components with (In20s;, Sh,03)
nanoparticles was investigated using scanning electron
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Fig. 1. SEM images for (PMMA-PC/Sh,03-GO) Nanocomposites: (A) for pure (B) for 1.4 wt.% Sh,03-GO NPs (C)
for 2.8 wt.% Sh,03-GO NPs (D) for 4.2wt.% Sh203-GO NPs (E) for 5.6 wt.% Sbh,03-GO NPs.
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microscopy. The films have a homogeneous grain
distribution at surface morphology, whereas the surfaces
of the (PMMA-PC/Sh,03;-GO) nanocomposites include
numerous aggregates or pieces of nanoparticles randomly
scattered on the surface. The results are shown when
increasing the content of (Sb203-GO) NPs, the number of
aggregations on the surface can be increased [8], also the
SEM images show the (Sh.03-GO) nanoparticles have
formed the paths network inside the (PMMA-PC) blend
where charge carriers are allowed to pass through this the
paths [9]. Figure (2) shows the FTIR spectra of (PC-
PMMA-Sh,03-GO) nanocomposites at room temperature
in the range 4000-500 cm*. These results reveal that there
was no chemical interaction between the components in
the (PMMA-PC) blends. The transmittance of the
carbonyl and methoxyl stretches of PMMA reduced with
increasing in PMMA content, while the transmittance of
these peaks increased with an increase in PC
concentration, according to a detailed examination of the
FTIR spectra for these blends. Because no alterations in
the peaks of any of these functional groups in the (PMMA-
PC) blend spectra suggest the creation of polymer blends,
it may be argued that there is no chemical interaction
between component polymers. Thus, these are certainly
physical blends. The absorption band at around 1723cm

at 1434cm? attributed to CH, scissoring. O — CHs
stretching resulted in a peak at 1143.66 cm* rocking made
of vibration. while the peak at 749.63 cm* was due to CH,
rocking made of vibration. Finally, the adding of (Sh,O3
and GO) NPs to the polymer blend results in two
noteworthy alterations: modest changes in absorption
band intensities and vibrational band intensities in peak at
995.79 cmtand 749cmt. This suggests that the interaction
between Sb,03; and GO NPs and the two polymers has
resulted in a decoupling of the corresponding vibrations.
Figure (3) shows the dielectric constant of (PMMA.-
PC/Sh,03-GO) nanocomposites varies with frequency, the
dielectric constant values decrease with increasing applied
frequency, with increasing frequency causing a decrease
in space charge polarization to total polarization, with
space charge polarization becoming more contributing to
polarization at low frequencies and less contributing with
increasing frequency, causing a decrease in dielectric
constant values for all samples of (PMMA-PC/Sb,0s-
GO)nanocomposites with polarization. When compared to
electronic polarization, ionic polarization reacts somewhat
more to changes in field frequencies because the mass of
an ion is larger. Figure (4) shows the dielectric constant
of(PMMA-PC/Sh,03-GO) nanocomposites vary with the
Sb,03-GO NPs content at 100 Hz, The dielectric constant
increases with increased
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Fig. 2. FTIR spectra for (PC-PMMA-Sb,03-GO) NPs (A)for (PMMA-PC) blend (B) for 1.4wt% (Sb,03-GO) NPs,
(C) for 2.8wt% (Sh203-GO)NPs , (D)for 4.2wt% (SbO3-GO) NPs, (E) for 5.8wt% (Sh,03-GO) NPs.
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Fig. 3. Variation of dielectric constant for (PMMA-PC/Sh,03s-GO) Nanocomposites with frequency at room
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Fig. 4. Effect of(Sh203- GO) NPs content on dielectric constant for (PMMA- PC) blend at 100Hz.

concentration of Sh,O3;-GO NPs. This result might be
attributed to interfacial polarization inside
nanocomposites under an alternating electric field (E1)
and, additionally, in charge carriers [10]. Given the high
value of the dielectric constant for Sh,O03-GO NPs, the
dielectric constant (PMMA-PC/Sh,03-GO)
nanocomposites are also high [11].

Figure (5) indicates the dielectric loss with frequency
for (PMMA-PC) blend with and without different (Sb2O3-
GO) NPs concentrations. When the frequency is raised,
the dielectric loss values for all of the samples tested drop.
The creation of free charges occurs at a lower frequency
when free charges are generated at the interface between
the studied material and the electrode, it also has a
maximum value [12]. After a certain frequency value,
charge carriers can no longer follow the applied electric
field, dielectric loss lowers with increasing frequency, and
the fast reduction may be related to polarization for
trapped carriers [13]. Figure (6) indicates the dielectric
loss increases as the concentration of (Sb203- GO) NPs
increases, a result ascribed to a rise in charge carriers
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inside the nanocomposites. Furthermore, the increase in
dielectric loss with increasing concentrations of (Sh2Os-
GO) NPs might be due to the creation of a path of
conductive, which would result in leakage current [14,15].
Figure (7) shows the A.C electrical conductivity of
(PMMA-PC/Sh,03-GO) nanocomposites changes with
the frequency of the electric field at room temperature.
Because of charge-carrier mobility and ion hopping from
the cluster, A.C electrical conductivity improves with
higher electric field frequency. At low frequencies, charge
buildup occurs at the electrode-electrolyte interface,
resulting in reduced ion mobility and electrical
conductivity [16]. Because charge-carrier mobility rises as
the frequency field increases [17], the electrical
conductivity of nanocomposites improves which is agree
with [18-20]. The behavior of A.C electrical conductivity
of (PMMA-PC) with Sh,03-GO NPs contents is shown in
Figure (8). Because of the composition of dopant NPs, the
A.C electrical conductivity of the PMMA -PC blend
improves with increased Sh203-GO NPs concentration,
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Fig. 5. Variation of dielectric loss for (PMMA -PC/Sb,03s-GO) Nanocomposites with frequency at room
temperature.
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Fig. 6. Effect of(Sb203; - GO) NPs content on dielectric loss for (PMMA- PC) blend at 100Hz.
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Fig. 7. Variation of A.C electrical conductivity for (PMMA -PC/Sh,03-GO) nanocomposites with frequency at
room temperature.
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Fig. 8. Effect of (Sb,03-GO) content on A.C electrical conductivity for (PMMA-PC) blend at 100Hz.

allowing for an increase in charge carriers [21-23]. As a
result, the resistance of nanocomposite materials reduces,
while A.C electrical conductivity rises. At high
concentrations, the nanoparticles in the nanocomposites
form a network, which is consistent with agree with
[24,25].

Conclusions

Flexible, lightweight and few cost films of (PMMA -
PC/Sh,0s-GO) were prepared using the solution cast
technique. The structure and dielectric properties of
(PMMA -PC/Sh,03-GO) films were studied to use in
different electrical applications. SEM micrographs
confirm the miscibility of polymers (PMMA -PC/Sh,03-
GO) in the blend. The growth of (Sh,0s-GO) in (PMMA
—PC) blend was confirmed by the presence of irregular-

shaped granular microstructures. The FTIR spectra show
the(PMMA-PC) blends did not indicate the existence of
any chemical interaction the adding of (Sb,O; and GO)
nanoparticles to the polymer blend results in two
noteworthy alterations: modest changes in absorption
band intensities and vibrational band intensities in peak at
995.79 cm? and 749cm?. The dielectric constant,
dielectric loss and A.C electrical conductivity rise as the
content of (Sb,03-GO) increases. The dielectric constant
and dielectric loss reduce as frequency rises, although the
A.C electrical conductivity increases. The results show
that the nanocomposites (PMMA-PC/Sh;03-GO) might
be employed in a range of electronic applications.
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BHIoTOB/IeHHSI YeTBEPTHHHUX HAHOCTPYKTYP
GO/Sb203/PMMA/PC Ta aganTaitist ix CTPyKTYpPHHX i
JieJIeKTPHYHHUX XaPAKTEePHUCTHK IS TBEPAOTIIHLHUX eJIEeKTPOHHHUX
HAHOIIPUCTPOIB

Kagpedpa onmuunoi mexnixu, Yuisepcumemcoiuii konedxc Anv-Mycmaxban, Basunon, Ipax
2BagunionceKull yuigepcumem, Oceimuill Koiedx e uucmux Hayk, gaxyremem Qizuxu, Ipax, ahmed_taay@yahoo.com

IlniBkM 4YeTBEpTUHHUX HAHOCTPYKTYp (PMMA-PC/Sb203-GO) OoTpHMaHO METOAOM JHTTS 3 DI3HUMH
xoHnenTpanisvu HY Sb203/GO (0, 1,4 %, 2,8 %, 4,2 % T1a 5,6 %). CTpYKTYpHI Ta ieNeKTpUIHI XapaKTePHCTHKI
cucreMd HaHOCTPYKTYp (PMMA-PC/Sb203-GO) nocnimxyBanu isl iX BUKOPUCTAHHS B Pi3HHX HAHOIPHCTPOSX
TBEPAOTLILHOI eNleKTpoHika. Mopdosorito tiiBok HaHocTpykTyp (PMMA-PC/Sh203-GO) nociimkeno 3a
JIOTIOMOT'O0 CKaHYIUOi eJIeKTpoHHOT Mikpockomii (SEM). SEM-3006pakeHHs1 BKa3yroTh Ha BENIMKY KiIbKiCTH
OJTHOPIIHUX 1 KOTEPEHTHUX arperariB abo mMaTkiB. AHami3 iH(pauyepBOHOI CHEKTPOCKOIIi 3 IMEePEeTBOPEHHIM
Dyp’e (FTIR) npoBoan, mob nokaszatu B3aeMoito Mk Sb203/GO NP Ta cymimmuiro PMMA/PC. docnimkeHo
JieNeKTPHYHI BIACTUBOCTI IUTIBOK HAHOCTPYKTYP B Aiana3oni yactot (100l n-5MIm). [TokazaHo, o gienekTpuyHa
MIPOHHKHICTD, ICNCKTPUYHI BTPATH Ta EIEKTPOIPOBIAHICTH 3MIHHOTO CTPYMY 3pOCTAarOTh 3i 301JIBLICHHSIM
xonnentpanii HY (Sb203-GO). [lienexTpryHa MPOHHUKHICT 1 Ji€IEKTPHYHI BTpaTh Oynu 3MEHIIEHi, TOMI SK
€JIEKTPUYHA POBIIHICTE 3pOcTalia 3 4acToTor0. Pe3yibraTy rokasaim, mo HaHocTpykrypu PMMA-PC/Sh203-GO
MOYKHA PO3TJIAATH SIK IEPCIIEKTUBHI MaTepiain Ul TBEPAOTIIbHUX eICKTPOHHUX HAaHOIIPUCTPOIB.

KurodoBi ciioBa: HAHOKOMITO3UTH, OKCH] IpadeHy, AieIeKTPHYHI BIACTUBOCTI, CyMilll, HAHOIPHUCTPO.
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