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Abstract:

The development of new materials with improved features requires the use
of nanocomposite materials and polymer blends. Their special combination
provides enhanced performance in a range of environmental, biomedical,
and industrial applications. Using the traditional casting procedure, the
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polyvinyl alcohol (PVA) / poly acrylic acid (PAA) polymer blend doped with
silicon carbide (SiC) / multi-walled carbon nanotubes (MWCNTSs)

nanocomposites was successfully created. Nanocomposites (NPs) were
evenly distributed over the polymer mix matrix, and the polymer blend was
well dispersed in the solution, according to the optical microscopy image.
The films' surface morphology of the polymer
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blend exhibits a

homogeneous grain distribution, according to FE-SEM examination. The
generated materials do not include any new functional groups, according
to the FTIR analysis, indicating that just a physical interaction has taken
place. It was observed from the study of optical properties that the increase
in SIC/MWCNTSs nanoparticles led to enhancement of all optical features,
such as absorbance, refractive index, optical conductivity, real and
imaginary parts of the dielectric constant, while transmittance and energy
gaps were decreased. The energy gap decreased from 4.8 eV to 3.82 eV for
the allowed transition, and from 4 eV to 3.02 eV for the forbidden
transition. These results reveal that PVA/PAA doped SiC/MWCNTSs films can

be utilized in a variety of advanced applications.
1. INTRODUCTION

Advanced materials known as polymer blend
nanocomposites are created by blending two or
more polymers together [1,2]. These materials are
frequently reinforced with nanoscale fillers
(1-50 nm), such as metal oxide nanoparticles,
carbon nanotubes, graphene, or clay platelets, to
produce multifunctional composites with improved

qualities. These blends take advantage of the
specific blending of several polymer matrices [such
as polyvinyl alcohol (PVA)/polyethylene glycol
(PEG), polyacrylic acid (PAA), and polyethylene
oxide (PEQ)-based systems to balance conductivity,
mechanical toughness, thermal stability, or
biodegradability [3,4].

The majority of polymer blends are immiscible,
necessitating compatibilization techniques to
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stabilize interfaces and avoid phase separation,
either by reactive in situ polymerization or the
addition of compatibilizer agents. Nanoscale fillers
can significantly improve stiffness, tensile strength,
barrier qualities, electrical or thermal conductivity,
and even electromagnetic shielding when added to
compatible blends because of their enormous
interfacial area with the polymer [5,6].

PVA and PAA polymer blends exhibit a range of
increased properties, making them extremely
useful for biomedical and industrial applications [7].
Strong hydrogen bonds between the polymers
greatly increase their mechanical strength; reports
have shown up to 40-fold increases in toughness
and tensile strength [8]. Additionally, these blends
exhibit superior cytocompatibility and enhance cell
adhesion, both of which are essential for tissue
engineering, particularly cartilage repair. PVA/PAA
hydrogels are perfect for drug delivery and smart
material applications because they are pH-
responsive and permit reversible swelling and
shape changes [9]. With an adhesion force that
increases by over 200% at physiological pH, they
exhibit robust bio-adhesion [10]. A higher glass
transition temperature in the blend indicates
improved thermal stability, and the polymers
exhibit good miscibility with a single, well-defined
Tg [11]. Their swelling behavior stays constant in
physiological settings, and their drug-release profile
usually consists of a quick initial release followed by
prolonged delivery [12]. PVA/PAA scaffolds'
promise for cartilage tissue healing is confirmed by
in vivo investigations that demonstrate their long-
term maintenance of structural integrity and water
content [13]. Overall, PVA/PAA blends are very
adaptable for biomedical applications like scaffolds,
wound dressings, and controlled-release systems
due to their adjustable adhesion, swelling, and
mechanical qualities [14].

SiC is a wide-bandgap semiconductor with an
energy gap of approximately 3.0 to 3.3 eV,
depending on the polytype, which enables excellent
performance in high-temperature and high-power
applications. Its optical features comprise strong
absorption for UV and great thermal conductivity,
making it appropriate for devices of optoelectronic
and harsh environments. SiC also displays
extraordinary chemical stability and mechanical
hardness, making it ideal for use in power
electronics, LEDs, and high-frequency devices.
Recent developments focus on refining crystal
growth methods and device production to improve
their efficiency and reliability [15-20].

MWCNTSs have special structural, electrical, and
optical characteristics because they are made up of
several concentric graphene cylinders [20].
Depending on their diameter and chirality,
MWOCNTSs can have an adjustable bandgap that can
be either metallic or semiconducting; they usually
behave in a semi-metallic manner with a very small
or nonexistent bandgap [21]. They are
advantageous in photodetectors, sensors, and
energy devices due to their great optical absorption
over a broad spectrum, ranging from ultraviolet to
near-infrared [22]. Applications in energy storage,
composite materials, and nanoelectronics are made
possible by their remarkable mechanical strength,
electrical conductivity, and large surface area [23].
Current research focuses on improving their
optoelectronic performance and customizing the
band gap through doping and functionalization [24].
Adding both SiC and MWCNTSs to polymer blends
synergistically improves thermal conductivity,
mechanical strength, and electrical properties,
enabling advanced multifunctional composites. SiC
contributes to enhanced heat dissipation, while
MWCNTs offer superior reinforcement and
electrical pathways [25]. There are several studies
on structural, morphological, and optical properties
of the advanced materials [26-29]. This study
involves the fabrication of PVA/PAA/SIC/MWCNTs
films and the examination of their optical, structural
and morphological properties to be used in various
advanced applications.

2. MATERIALS AND METHODS

The material used in the present work is a
PVA/PAA polymer blend as a host matrix and
SiC/MWCNTSs as a filler. SiC (beta, 99 + %, < 80 nm,
cubic) was obtained in nanopowder form from US
Research Nanomaterials, Inc. MWCNTs were used
as nanopowder with an outer diameter of
20-40 nm. A polymer blend consisting of 79 wt.%
PVA and 21 wt.% PAA was prepared. Using a
magnetic stirrer, both polymers were continuously
dissolved in distilled water at 70°C until they were
completely dissolved and a homogenous solution
was produced. The polymer solution was then
supplemented with SiC/MWCNTs hybrid
nanoparticles at two distinct weight percentages:
0.6 wt% and 1.2 wt%. To guarantee that the
nanoparticles were evenly distributed throughout
the polymer matrix, the mixture was further
agitated. The solution casting process was then
used to pour the resultant mixture into sanitized
Petri plates. To allow the solvent to completely
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evaporate, the films were allowed to dry at room
temperature for 7 days. The produced films were
examined optically, structurally, and
morphologically after they had dried. The
experimental part is illustrated in Fig. 1. A
micrometer was used to measure the films'
thicknesses, which came out to be about 38 um.

PVA/PAA blend (79/21 wt.%)

Dissolve in distilled
water at 70°C

Stirring with magnetic stirrer Morphological

features

Adding SiC/MWCNTs
to the blend

Structural
features

Optical
features

Further agitation

PVA/PAA/SIC/MWCNTSs
polymer blend
nanocomposites

Casting and left to dry

Fig. 1. Procedure of the experiment

The coefficient of absorption - a (cm™) is given
by [301]:

—23O3A 1
a=2. 7 (D

where A - is the absorbance (AU) and d - is the
thickness of films in (cm).

The energy gap is determined by the expression
[31]:

(ahv)% =Y(hv—Eg) (2)

where Y - is constant, hv - is photon energy in (eV),
E, - is the energy gap in (eV), and r - is 2 and 3 for
allowed and forbidden transitions. The refractive
index n - is defined by [32]:

1++R
n= 3)
1-+VR
where R - is the reflectance. The extinction
coefficient k - is given by [33]:
_ al 4

Real (g;7) and imaginary (&) parts of the dielectric
constant are given by [34]:

g =n?—k? (5)

& = 2nk (6)

The optical conductivity (o,,) is defined by [35]:
anc

Oop = E (7)

where c - is the light velocity.

3. RESULTS AND DISCUSSION

3.1. Morphological and Structural Investigation

The surface morphology, illustrated in Fig. 2, of
the PVA/PAA polymer blend doped with different
concentrations (0, 0.6, 1.2) wt.% of SiC/MWCNTs.
It is clear that the polymer blend was completely
dissolved in the solution. Fig. 2 demonstrates that
SiC/MWCNTs were evenly distributed on the
polymer blend's surface.

a)

Fig. 2. Optical microscopy image at 100X for
PVA/PAA  polymer blend with different
concentrations of SiC/MWCNTS: a) blend, b) 0.6%
andc) 1.2%

At high SiC/MWCNT concentrations, a network
of pathways is forming on the polymer blend's
matrix, which is crucial for the mobility of charge
carriers [36,37].

Fig. 3 illustrates the FE-SEM images of PVA/PAA
doped with different concentrations of
SiC/MWCNTs. Field emission electron microscopy
has been used to study the compatibility of
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PVA/PAA polymer blend with SiC/MWCNTs. The
films have a uniform grain distribution at the
surface morphology, while the surface of PVA/PAA-
SiC/MWCNTs nanocomposites has many
aggregates of nanoparticles randomly scattered in
the polymer blend. The results show that as the
ratio of SiC/MWCNTS increased, the number of
aggregations on the polymer blend increased.
Additionally, the FESEM demonstrates the
formation of a network of pathways within the
polymer blend matrix that allows charge carriers to
move through it [38].

Fig. 3. FESEM image for PVA/PAA polymer blend
with different concentrations of SiC/MWCNTS: a)
blend, b) 0.6% and c¢) 1.2%

Fig. 4 illustrates the FTIR spectra of PVA/PAA
polymer blend doped SiC/MWCNTSs
nanocomposites. It shows that PVA and PAA's
distinctive absorption bands are visible in the blend
spectrum because of intermolecular hydrogen
bonds in both PVA and PAA; there is a broad O-H
stretching band around 3200-3500 cm™. Stretching

C—H at about 2900 cm™™. The presence of carboxylic
acid groups from PAA is indicated by the C=0
stretching vibration about 1700-1720 cm™. The
normal range for C-O stretching and C-0O-C
vibrations is 1000-1300 cm™. Peaks corresponding
to —CH, bending vibrations are located between
1430 and 1460 cm™. The transmittance in the
fingerprint region (1000-1300 cm™) slightly
decreases, suggesting dispersion of fillers that may
interfere with polymer chain vibrations; the O-H
band broadens or shifts slightly, suggesting stronger
hydrogen bonding or interaction between the
polymer matrix and the filler surface (hydroxyl
groups interacting with MWCNTSs or surface oxides
on SiC); these changes imply interfacial interactions
between the polymer chains and SiC/MWCNTSs at
low loading, potentially improving compatibility
and dispersion. A slight shift or reduction in
intensity may be seen in the C=0 peak near 1700
cm™. With increased doping, because of filler
agglomeration or bonding site saturation, the O—H
band gets much broader and less strong, suggesting
a more significant interaction or potential
disruption of hydrogen bonding. Overall, peak
intensities have significantly decreased, particularly
in the 1000—1500 cm™ range. This might be because
of more filler that absorbs infrared light, decreased
crystallinity or chain mobility as a result of adding
filler, potential aggregation and increased
dispersion [39-41].

Transmittance (%)
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Fig. 4. FTIR spectra for PVA/PAA polymer blend with
different concentrations of SiC/MWCNTS: a) blend,
b) 0.6% and c) 1.2%

3.2. Optical Properties Investigation

In this section, the optical properties of
PVA/PAA-SIC/MWCNTs are investigated and
studied. Fig. 5 illustrates the variation of
absorbance spectra of PVA/PAA polymer blend
doped with SiC/MWCNTs against photon
wavelength for different concentrations of
SiC/MWCNTs. All the results showed a high
absorbance peak in the ultraviolet, and its value
becomes low at the visible region, which is related
to the fact that doping the PVA/PAA polymer blend
with SiC/MWCNTs enhances the absorption due to
localized surface plasmon resonance (LSPR) and
increased interfacial polarization. This amplifies UV
absorption,  particularly due to electron

delocalization and charge transfer between the
polymer matrix and the nanofillers [42].
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Fig. 5. The absorbance versus wavelength for PVA/PAA
-SiC/MWCNTS films

Fig. 6 shows the transmittance of PVA/PAA
doped SiC/MWCNTSs versus the wavelength. As is
obvious from Fig. 5, the transmittance increased
with photon wavelength, but it decreased with
increasing the content of SiC/MWCNTs. The
increase in transmittance of PVA/PAA-doped
SiC/MWCNT films with higher nanoparticle content
is mainly due to improved nanoparticle dispersion,
which reduces light scattering and enhances optical
clarity. Additionally, better refractive index
matching between the nanoparticles and the
polymer matrix, as well as reduced surface
roughness, contribute to higher light transmission.
These effects are typically observed up to an
optimal loading level, beyond which agglomeration
may reverse the trend [43].
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Fig. 6. The transmittance versus wavelength for
PVA/PAA -SiC/MWCNTS films
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Fig. 7 illustrates the absorption coefficient of the
PVA/PAA polymer blend doped with SIC/MWCNTs,
which gives information about the nature of the
transition that occurs. It is observed that the o <10*
cm™; therefore, an indirect transition happened.
The film's capacity to absorb photons is improved as
the amount of SiC and MWCNT nanoparticles rises
because more light-absorbing species are added to
the PVA/PAA matrix. Because of their delocalized -
electron systems, MWCNTs in particular have
substantial broadband absorption; SiC also
contributes  through its inherent optical
characteristics. The overall absorption coefficient is
raised by the combined effects of increased light-
matter interaction and potential localized energy
state creation [44].
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Fig.7. The absorption coefficient for PVA/PAA
polymer blend with different concentrations of
SiC/MWCNTS

The values of allowed and forbidden are
illustrated in Figs. 8 and 9 respectively. The optical
band gap narrows as the amount of SiCand MWCNT
nanoparticles rises because they introduce defect
states and localized energy levels into the polymer
blend matrix [45]. As a result, the absorption edge
shifts red, indicating a reduction in the allowed
energy gaps from 4.8 eV to 3.82 eV and forbidden
energy gaps.
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Fig. 8. Allowed energy gap values for PVA/PAA
polymer blend with different concentrations of
SiC/MWCNTS
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Fig. 9. Forbidden energy gap values for PVA/PAA-
SiC/MWCNTS films

Figs. 10 and 11 illustrate the performance of n
and k for PVA/PAA polymer blend doped
SiIC/MWCNTs. Both n and k increased with
increasing the content of SiC/MWCNTs
nanoparticles. The overall polarizability and optical
density of the film increase with increasing
SiC/MWCNT nanoparticle content, resulting in a
higher refractive index n. Because of the greater
light absorption by MWCNTs and the scattering
from evenly distributed nanoparticles, the
extinction coefficient k also rises. As nanoparticle
loading rises, these effects suggest stronger light-
matter interactions and increased photon
attenuation [46].

The real & and imaginary &, parts of the
dielectric constant are illustrated in Figs. 12 and 13
both of &; and &, decreased with increasing the
wavelength accept for last ratio of SiC/MWCNTs,
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generally €; and &; increased with the content of
NPs, The real part & of the dielectric constant
increases as the SiC and MWCNT nanoparticle
concentration in the PVA/PAA matrix increases
because of the higher polarizability and density of
electronic states, which improves the film's capacity
to store electric field energy. Due to increased
optical absorption and charge carrier loss, which are
mainly caused by MWCNTs' conductive and
absorptive properties, the imaginary part &, also
rises [47].
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Fig. 10. Performance of k for PVA/PAA-SiC/MWCNTs
films
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Fig. 12. &; behavior for PVA/PAA polymer blend with
different concentrations of SiC/MWCNTS
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Fig. 14 shows the optical conductivity as a
function of wavelength for PVA/PAA polymer blend
doped SiC/MWCNTs. It decreased with increasing
photon wavelength; generally, the optical
conductivity increased with increasing the content
of SiC/MWCNTSs [48].
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4. CONCLUSION

The PVA/PAA polymer blend dope SiC/MWCNTs
nanocomposites were successfully prepared
through the traditional casting method. The optical
microscopy image shows that the polymer blend
was well dispersed in the solution, and the NPs were
well distributed on the polymer blend matrix.
FESEM analysis shows that the films have a uniform
grain distribution at the surface morphology of the
polymer blend. The FTIR analysis indicates the
absence of new functional groups in the prepared
samples, which means that only a physical
interaction has occurred. It was observed from the
study of optical properties that the increase in
SiC/MWCNTs NPs leads to enhancement of all
optical features such as absorbance, refractive
index, optical conductivity, real and imaginary part
of dielectric constant, while transmittance and
energy gap were decreased. The energy gap
decreased from 4.8 eV to 3.82 eV for allowed
transition and from 4 eV to 3.02 eV for forbidden
transition. These results show that PVA/PAA-doped
SiC/MWCNTs films can be utilized in advanced
applications.
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