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The current research aims to fabricate the new PMMA/PEO/SiC/BaTiO;
nanostructures (PMMA—poly(methyl 2-methylpropenoate), PEO—polyethylene
oxide) to use them in biomedical purposes as the radiation-shielding and in
antibacterial applications due to their distinguished chemical and physical
properties as well as a good gamma-ray attenuation coefficients and high
antibacterial effectiveness. The PMMA/PEO/SiC/BaTiO; nanostructures
are prepared with different weight percentages of silicon -carbide
(SiC)/barium titanate (BaTiO;) nanoparticles (NPs) and PMMA/PEO blend
to obtain nanostructures with low-weight, good flexibility, and good pro-
cessability. The morphology of films’ surface for PMMA/PEO/SiC/BaTiO,
nanostructures is searched by optical microscope (OM) and scanning elec-
tron microscope (SEM). The SiC/BaTiO; NPs are highly homogenous with-
in the PMMA/PEO medium, according to the OM and SEM investigations.
The attenuation coefficients are tested using '*Cs sources. The results
demonstrate that the attenuation coefficient of PMMA/PEO is enhanced
by rising of SiC/BaTiO; NPs. The antibacterial results show that the
PMMA/PEO/SiC/BaTiO; nanostructures have antibacterial effectiveness
for gram-positive and gram-negative organisms. Therefore, the
PMMA/PEO/SiC/BaTiO; nanostructures can be employed as a radiation-
shielding material as well as an antibacterial agent for use in the medical
and environmental applications.

IToTouHe mOCHimKeHHS CIPAMOBAaHe HAa BUT'OTOBJEHHS HOBUX HAHOCTPYKTYP
IIMMII/ITEO/SiC/BaTiO; (IIMMA — momni(meruin-2-metunnponenoar), ITEO
— TIOJIIeTUJIEHOKCHUT) [IJIsT BUKOPUCTAHHA iX y OioMegwyHMX IiIsAX SK 3a-
XUCT Bim pamigmii Ta B aHTHOaKTepiaJbHUX 3aCTOCYBAaHHAX 3aBAAKM iXHIM
BiAIMiHHMM XeMiuHMM i ()iBsMYHUM BJIACTHUBOCTAM, a TaKOK XOPOIIUM KOe-
dimienTam ocnmabieHHA y-IPOMEHIB i BUCOKi#M aHTmMOGaKTepisnbHill edeKTuB-
Hocti. Hamoctpykrypu IIMMA/ITEO/SiC/BaTiO; roryooTbecsa 3 pisHMMU Ba-
ropumu Bimcorkamu HamouacTuHOK (HY) xapbimy Cuaimito (SiC)/Turamarty
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Bapiro (BaTiO;) ta cymimi IIMMA/IIEO nns omep:KaHHS HAHOCTPYKTYD 3
HU3BKOIO Barolo, XOPOIIIOI0 THYUYKICTIO Ta XOPOIIOK TeXHoJoTiuHicTio. Mop-
dosoria moBepxHi mIiBOK Ana HaHocTpyKTyp IIMMA /ITEO/SiC/BaTiO; mo-
CIIKyeThCA 3a JOIOMOTOI0 ONTHUYHOrO MiKpockoma (OM) Ta ckaHyBaJIbLHOTO
enekTpoHHoro Mikpockomna (CEM). 3rigmo 3 mocaimxkemmamu OM i CEM,
HY SiC/BaTiO; € Bucoxoromorennumu B cepepoBuii IIMMA /IIEO. Koedi-
ImieHTH ociableHHS IepeBipAIOTHCA 3 BUKOPHUCTAaHHAM mxkepex 2'Cs. Pe-
3yJbTaTHU AEeMOHCTPYIOTh, M0 KoedimieHT ocmabaernrs IIMMA/IIEO migBu-
IIyeThCA 3a PAXYHOK 3POCTaHHA KinbkocTu HaHouacTmHOK SiC/BaTiO;. Pe-
3yJILTATA AHTUOAKTEPIAJTBHUX AOCIiAKeHb NMOKa3yIOTh, IO HAHOCTPYKTYPU
IIMMA/IIEO/SiC/BaTiO; wmatoTh aHTUOAKTEPiAJBLHY e(GeKTUBHICTH AIA
rpaM-IIO3UTUBHUX 1 rpaM-HeraTMBHHUX opraHiamiB. TakmMmM UYMHOM, HAHOCT-
pyxrypu IIMMA /IIEO/SiC/BaTiO; MoXHa BUKOPUCTOBYBATH AK MaTepids,
110 eKpaHye BUINPOMiHEHHS, a TaKOMK SK aHTHOAKTepiAJbHUM 3acib mAjad BU-
KOPUCTAHHS B MEIUIIMHI Ta HAaBKOJUIIHLOMY CEPEIOBUIIII.

Key words: PMMA/PEO, SiC, BaTiO;, antibacterial effectiveness, radia-
tion shielding.

Karouori caora: IIMMA/ITEO, SiC, BaTiO;, anTtubaxrepisibHa edeKTUB-
HiCTb, 3aXMCT Bif pamisiii.

(Received 15 July, 2023)

1. INTRODUCTION

Antibacterial substances are essential in many scientific fields, in-
cluding medicine, manufacturing, food packaging, and water treat-
ment [1]. Antimicrobial activity can be description as a collective
term for all active principles (agents) that limit bacterial develop-
ment, inhibit the generation of microbial colonies, and may even
kill microorganisms [2, 3].

Traditional disinfectants made of organic substances are cytotox-
ic and unhealthy. Therefore, there has been a lot of emphasis paid
to the development of inorganic disinfectants [1, 4]. For example,
the nanoparticles (NPs) improve antimicrobial activity without cre-
ating toxicity to nearby tissues [4]. More importantly, unlike con-
ventional antibiotics, these nanomaterials could have various effects
on bacterial growth, making it harder for germs to develop re-
sistance to them [1, 5]. Due to its excellent mechanical, electrical,
and thermal properties, such as fracture strength, large elastic
modulus, stiffness and toughness, chemical stability, relatively low
density and perfect thermal conductivity, as well as low thermal-
expansion co-efficient and high resistivity, silicon carbide (SiC) is
one of the attractive filler ceramics for elevated temperature struc-
tural components [6].

Semi-crystalline-linear polyethylene oxide (PEO) has great heat
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stability as well as low cost and is useful for enhancing mechanical
characteristics. Therefore, PEO is taken in to account for utilisation
in antibacterial coatings and the food-packaging field [7, 8]. The
PEO polymer has been utilised to create antimicrobial coatings on
the surfaces of biomedical systems as an efficient coating approach.
Although PEO coating alone can increase a materials’ antimicrobial
activity, adding nanofiller with strong antibacterial activity to the
PEO matrix can increase the antibacterial activity by twofold [9,
10]. Barium titanate BaTiO; NPs, a perovskite-type ceramic materi-
al, offers excellent properties like a high dielectric constant and
good ferro-, piezo-, and pyroelectric properties. The production of
multilayer ceramic capacitors, thermistors, transducers, infrared
detectors, sensors, and electrooptical devices often uses BaTiO; NPs
[11, 12] and may potentially be used in medicinal domains such as
tissue engineering, medication delivery, and cancer therapy, accord-
ing to studies [13—-16].

Due to its reduced inflammatory properties, PMMA, one of the
most widely used commercial polymeric materials, is nevertheless
used for a variety of biomedical applications, including lenses [16].
Silicon and silicon compounds doped polymers were investigated by
many studies to apply in optical, electronics and photonics fields
[17-21].

The aim of this work is to synthesize the PMMA /PEO/SiC/BaTiO,
nanostructures, which have excellent antibacterial activity against
gram-positive and gram-negative bacteria, with low cost and high
activity.

2. MATERIALS AND METHODS

The materials used in this work are PMMA /PEO blend as a matrix
and SiC/BaTiO; NPs as fillers. In 40 ml of chloroform, PMMA
(75%) and PEO (25% ) were dissolved with a magnetic stirrer for 1
hour to get a more uniform solution. Various weight percentages of
SiC/BaTiO; NPs 1.6, 3.2, 4.8, and 6.4 wt.% were added to the
PMMA/PEO solution. Nanostructures were prepared by using cast-
ing method with thickness of 90 ym. The morphology of films sur-
face for PMMA/PEO/SiC/BaTiO; nanostructures was explored by
optical microscope (OM) and scanning electron microscope (SEM).
Nanostructured PMMA /PEO/SiC/BaTiO; composites are tested as
antibacterial for gram-positive (Staphylococcus aureus) and gram-
negative (Escherichia coli) bacteria by using a disc diffusion meth-
od. The gamma-ray attenuation properties for various percentages
of SiC/BaTiO; NPs have been examined. The samples were putted in
front of a collimated beam hail from gamma-ray sources (Cs-137).
The space between the sample and the gamma-ray source was of 2
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cm.

3. RESULTS AND DISCUSSION
Figures 1 and 2 show the distribution of SiC/BaTiO; NPs in the

PMMA/PEO matrix with different ratios of SiC/BaTiO; NPs. At
low content, the SiC/BaTiO; NPs are agglomerated as clusters.
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Fig. 1. Optical microscope images (x10) for PMMA/PEO/SiC/BaTiO,
nanostructures: (a) blend; (b) 1.6 wt.% SiC/BaTiO; NPs; (¢) 3.2 wt.%
SiC/BaTiO; NPs; (d) 4.8 wt.% SiC/BaTiO; NPs; (e) 6.4 wt.% SiC/BaTiO,
NPs.
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Fig. 2. SEM images for PMMA/PEO/SiC/BaTiO; nanostructures: (a) blend;
(b) 1.6 wt.% SiC/BaTiO; NPs; (¢) 3.2 wt.% SiC/BaTiO; NPs; (d) 4.8 wt.%
SiC/BaTiO; NPs; (e) 6.4 wt.% SiC/BaTiO; NPs.

When the SiC/BaTiO; NPs ratio increases, the SiC/BaTiO; NPs
form path connect inside the PMMA /PEO matrix.

The SEM images demonstrate that the surface of
PMMA /PEO/SiC/BaTiO; nanostructures’ films becomes more softer
with a rise of nanoparticles’ ratio [22—28].

Figures 3 and 4 represent the antibacterial activity of the
PMMA/PEO/SiC/BaTiO; nanostructures against gram-negative
(Escherichia coli) and gram-positive (Staphylococcus aureus) bacte-
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Fig. 3. Inhibition-zone diameter of PMMA/PEO/SiC/BaTiO; nanostruc-
tures against Escherichia coli.
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Fig. 4. Inhibition-zone diameter of PMMA/PEO/SiC/BaTiO; nanostruc-
tures against Staphylococcus aureus.

ria. The inhibition area enhances with increasing ratio of
SiC/BaTiO; NPs. Polymers can be rendered antimicrobial by various
technologies, such as ionizing radiation; however, they can still be-
come polluted by microbes, while being used, melt mixing of poly-
mers with antibacterial chemicals is the favourer method to get an-
tibacterial polymers.

The major method that caused the antibacterial activity of
nanostructures by the SiC/BaTiO; NPs might be through oxidative
stress reason by ROS. ROS include radicals like superoxide radicals
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Fig. 5. Variance of N/N, for PMMA/PEO medium with different concen-
trations of SiC/BaTiO; NPs.

(0™, hydroxyl radicals (—OH) and hydrogen peroxide (H,0,); singlet
oxygen ('0,) could be the cause spoilage the proteins and DNA in
the bacteria. ROS could have been generated from the existent the
PMMA /PEO/SiC/BaTiO; leading to the inhibition of most pathogen-
ic bacteria like Escherichia coli and Staphylococcus aureus. It is
found from the results that a high effectiveness of the samples was
against gram-positive bacteria (Staphylococcus aureus) than gram-
negative bacteria (Escherichia coli) on nanoparticles. This is because
of a thick cell wall of the gram-positive bacteria consist of many
layers of peptidoglycan than thin cell wall of gram-negative bacteria
including little layers of peptidoglycan [29-39].

Figure 5  illustrates the change of N/N, for the
PMMA/PEO/SiC/BaTiO; nanostructures with different amount of
SiC/BaTiO; NPs. The transmission radiation is reduced with the
rise of the content of SiC/BaTiO; NPs that is imputed to the raise
of the attenuation radiation.

Figure 6  depicts the attenuation coefficient for the
PMMA/PEO/SiC/BaTiO; nanostructures with various ratios of
SiC/BaTiO; NPs. The attenuation coefficient rises with increasing
SiC/BaTiO; NPs. This is because shielding materials are made of
nanostructures, which either absorb or reflect gamma-rays [40—46].

4. CONCLUSIONS

This work includes fabrication of PMMA/PEO/SiC/BaTiO,
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Fig. 6. Variance of attenuation coefficient for the gamma-radiation in
PMMA /PEO medium with different concentrations of SiC/BaTiO; NPs.

nanostructures to use as a radiation shielding and in antibacterial
applications with low-weight, good flexibility, good processability,
having good gamma-ray attenuation coefficients as well as high ef-
fectiveness for antibacterial applications. The results demonstrated
that the attenuation coefficient of PMMA/PEO/SiC/BaTiO,
nanostructures enhanced by rising of SiC/BaTiO; NPs. The antibac-
terial results show that the PMMA /PEO/SiC/BaTiO; nanostructures
have antibacterial effectiveness for gram-positive and gram-
negative organisms. Therefore, the new PMMA/PEO/SiC/BaTiO,
nanostructures can be employed as a radiation shielding material as
well as an antibacterial agent for use in medical and environmental
applications.
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