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GRAPHICAL ABSRTACT

ﬁzggzzg 13 f:élss/ezﬁfom Functionalized multiwalled carbon nanotubes (FMWNTSs) were
9/6/2023 used in this study to improve the performance of polyvinyl
Accepted in 29/6/2023 (PVA). The hydrogen-bonding interactions between polyvinyl

alcohol and nanofillers provided the driving force for the creation of
the homogenous dispersion nanocomposite films between the
FMWCNTs into the polymer matrix. Antimicrobial activity, tensile
Antimicrobial, strength tan §, transmission electron microscopy, thermal gravimetric
analysis and Fourier transform infrared were among the techniques
used to examine the biological, mechanical and structural performance
nanotubes, of the prepared nanocomposite. Because of their homogeneous disper-
sion across the PVA matrix, the nanofillers considerably improved the
film's mechanical and biological activity.
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INTRODUCTION

To get really uniform dispersion in their
host polymer matrix, FMWCNTs still have to
overcome several practical challenges, even
though it is viewed as promising nanofiller for
the next generation of nanomaterials (Zhu et
al. (2012) and Novaes et al. (2010). MWCNT
possess a large number of exfoliation readily
to form monolayer nanosheets that diffuse
gradually in the polymer matrix (Kuang et al.
(2015), Nath et al. (2014) and Uddin et al.
(2015). These functional groups greatly en-
hance the dispersion ability in liquids or poly-
mer matrix through covalent or non-covalent
bonding (Stankovich et al.(2007), Bose et al.
(2012) and Coleman et al (2004). The CNTs
are bonded vertically to graphene sheets using
covalent bonds. As a result, all of the graphene
and carbon nanotubes are united into a single
unit, producing super-elasticity (Ribeiro et al.
(2021) and effective electrical connections
(Palumbo et al. (2022).

In order to create composite foam with
increased specific strength, elasticity, and me-
chanical stability, entangled CNTs were con-
necting with the polymer matrix to stop frac-
ture propagation, brittle breakage and in-
creased the stretchability of entangled CNTs
to achieve a retractable 200% elongation. Be-
cause PVA films are nontoxic, odorless, and
biocompatible, they are also attractive candi-
dates for biotechnological applications such
tissue engineering, drug delivery, articular car-
tilage, and biosensors (Hemalatha et al.
(2014). Consequently, it has recently attracted
a lot of interest from the research community.
Studies have demonstrated that PVA hydrogel
is a perfect biomaterial for articular cartilage
regeneration because of its advantageous bio-
compatibility and bio-tribological properties.
Thus, the aim of this study is to prepare nano-
composite are also considered to be very good
options for antimicrobial agent (Muhammad
et al. (2019). Thus, they are proposed as novel
constituents of antimicrobial wound dressing
systems, which can be synthesized by trapping

PVA in FMWCNTS (Abdullah et al.(2016).

MATERIALS and METHODS
1. Materials

PVA (99% hydrolyzed, Mw ~ 89,000—
98,000) were purchased from Sigma—Aldrich.
The source of the multiwalled carbon nano-
tubes was Nanostructured & Amorphous Ma-
terials, Inc. USA. The as-received MWCNT
material had an outside diameter of 10-20 nm
and an interior diameter of 5-10 nm, with a
purity of >95%. Hydrochloric acid (37%) was
provided Sigma—Aldrich.

2. Preparation of PVA/ FMWCNTSs nano-
composites:

The FMWCNTs were treated with hydro-
chloric acid in an ultrasonication bath (300 W,
40 kHz) for three hours in order to purify
them. Several filtrations were performed on
the sample to get rid of contaminants. The
FMWCNTs were vacuum-dried for one hour
at 180 °C.

The following steps describe the prepara-
tion of PVA/FMWCNTs nanocomposite films
using a solution casting approach. To create a
homogeneously dispersed PVA/FMWCNTs
solution, (0.1 % based on the total weight of
PVA) was diluted in 25 mL DI water and then
scattered using ultrasonic (300 W) for 30
minutes. Also, a calculated amount of
FMWCNTs was diluted with 25 milliliters of
DI water and subjected to a 30-minute soni-
cation. The mixture was then allowed to cool
to room temperature. After adding the aqueous
suspension gradually to the PVA solution and
ultrasonically for five minutes at room temper-
ature, the FMWCNTs aqueous solution was
progressively added to the mixture and ultra-
sonically sonicated for thirty minutes.

The solution was then poured onto a glass
plate, allowed to cool at room temperature for
48 hours, and then placed under vacuum at 40
degrees Celsius to create a film until its weight
stabilized. The samples were designed as PVA
(sample A), PVA/O.IFMWCNTS (sample B),
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PVA/0.2 FMWCNTs (C), PVA/ 03
FMWCNTs (D), and PVA/ 04 GO/ 0.5
FFMWCNTs (E), respectively.

RESULTS

As shown in Table (1) DMTA data for pure
PVA and its PVA/MWNTs nanocomposites.

However Table (2) summarizes a summary of
the disc diffusion data for the four samples (A)

PVA/0.I FMWCNTS, (B) PVA/0.2
FMWCNTSs, (C) PVA/ 0.3FMWCNTs and (D)
(PVA/04 /0.SFFMWCNTS).
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Fig (1) FTIR spectra of (A) PVA, (B) PVA/O.IFMWCNTS, (C) PVA/0.2 FMWCNTs, (D) PVA/
0.3FMWCNTs and (E) (PVA/04 GO/0.SFFMWCNTs) , respectively.

18.18nm

*11.73nm

Fig (2) TEM of (a) PVA/0.2 FMWCNTs lower concentration, (b) PVA/ 0.5FMWCNTs higher con-

centration, respectively.
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Fig (3) TGA of (A) PVA , (B) PVA/O.IFMWCNTS , (C) PVA/0.2 FMWCNTs , (D) PVA/
0.3FMWCNTs and (E) ( PVA/04 GO/0.5SFFMWCNTs) , respectively.
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Fig (4) DMA experimental results on (A) PVA, (B) PVA/O.IFMWCNTS, (C) PVA/0.2
FMWCNTs, (D) PVA/ 0.3FMWCNTs and (E) ( PVA/04 GO/0.SFFMWCNTS) , respectively
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Table 3. Percentage of CLA in camels at Bassatin abattoir during 2020-2022.

Form No. of examined animals No. of affected animals Percentage
Superficial 83 9.76%
Visceral 850 5 0.58%
Total 88 10.35%

Superficial form is significantly (p< 0.00001) prevalent than visceral form.

Clinical findings: animals had showed enlargement of
Out of the 850 examined animals at  different superficial LNs with a distinct
Bassatin abattoir, 83 were affected by variation in size ranging from small
superficial form of CLA. The affected lemon up to orange size or even larger

Fig. (1): CLA in camel involving both inferior cervical and both prescapular
LNs with ulceration of outer skin .
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Table (1): DMTA data for pure PVA and its PVA/MWNTSs nanocomposites.

Storage Modulus (MPa) Relaxation
Emulsion R @b (°C)
At 20°C Strength
A 1850 0.263 54.1
B 6750 0.259 68.4
C 7700 0.223 69.1
D 4950 0.212 65.9
E 3400 0.326 44.7

* The height of the tan  peak and ° The tan & peak temperature

Table (2) presents a summary of the disc diffusion data for the four samples (A) PVA/0.1
FMWCNTS , (B) PVA/0.2 FMWCNTs , (C) PVA/ 03FMWCNTs and (D)
(PVA/04 /0.5 FFMWCNTs).

Sample Subtilis E. Coli P. aeruginosa S.aureus
PVA/0.IFMWC 15.1£0.4 15 £0.3 15+ 0.4 15.6£0.3
NTS
PVA/0.2FMWC 162 + 0.6 1544 + 0.5 15.44+0.6 15.5+0.5
NTS
PVA/0.3FMWC 17.5+0.7 16.1+ 0.4 15.6+£0.7 16.8 £0.6
NTS
PVA/0.5SFMWC 18.6 £0.9 16.6 £ 0.7 16.11+0.6 17.8 £ 0.6
NTS

Where antibacterial activity was expressed as diameter of bacterial growth, inhibition zone in pres-
ence of PVA/ FMWCNTs nanostructure
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DISSCUSSION
Structural evaluations

The FTIR spectra were recorded and pre-
sented in Fig 1 to assess the nanofiller synthe-
sis. The signal in the acid functionalized
MWNTs spectra at 3450 cm™ indicates the
presence of a hydroxyl group on the nanotube
surface. A broad band at 3425 cm™ that is in-
dicative of the hydroxyl groups' OH stretching
vibration and a carboxylic acid's C=0 at 1710
cm”. At 1625 cm™, the unoxidized graphitic
domain band is seen (Quintavalla et al.,
2002). The consequence of stretching C-H
was recorded at 2928 c¢cm™. For pure PVA,
Fig. 1 A shows two main distinguishing bands
(Joerger et al., 2007 and Silvestre, 2011).
The first one is caused by the O-H stretching
vibration of the PVA hydroxyl groups, which
vibrate at 3330 cm™. It is well known that the
O-H and C-OH stretching bands can both be
impacted by hydrogen bonding (Huang et al.,
2011). The band near 3340 cm™ of the pure
film shifts to a lower wavenumber, 3330 cm™,
with an increase in the O-H band width and a
decrease in intensity upon the addition of nan-
ofillers. This indicates the presence of strong
intra- and intermolecular hydrogen bonding
between the function groups of the nanofillers
and the free hydroxyl groups of PVA (Wei et
al., 2011).

When FMWCNTs were added to the pure
PVA in two different concentrations 0.2 and
0.5 as lower and higher concentration of
FMWCNTs (Fig. 2), the shape of the fracture
surface of FMWCNTs was drastically
changed (Azerdo et al., 2013). Fig 2 clearly
shows a uniformly ordered layered structure
of PVA’s dispersion. The picture of the nano-
composite was smoother in the lower concen-
tration than the higher concentration, suggest-
ing that the surfaces of FMWCNTS sheets
were covered with the PVA polymer. This
indicates that there were significant interfacial
interactions  between PVA  and the
FMWCNTs (Tankhiwale et al., 2012). The

addition of 0.1% functionalized FMWCNTs
(sample C) induced an increase in Tg, which
reached its highest at 46.05 °C as a result of
stronger hydrogen bonds being formed be-
tween the free hydroxyl group of PVA and the
carboxylic acid of the functionalized carbon
nanotubes. However, for sample (D) shows a
bit deviation in the Tg of the PVA at 41.79 °C
and 32.38 °C for sample (E), respectively.
This could be as a result of nanofillers cluster-
ing together rather than combining with PVA.

Mechanical evaluations

The DMA experimental results on PVA,
and PVA/FMWCNTs nanocomposites were
clearly shown in Fig (4) displaying that the
glass transition temperature (Tg) of the nano-
composites is much higher than that of pure
PVA up to sample (C). When the concentra-
tion of FMWCNTs increase the peak transfers
to a higher temperature and the relaxation
strength decreases, as shown by the results in
Table (1) and the tan 6 against temperature
graphs in Fig (4). This change in the tan o
peak revealing that the polymer chain can't
move in segments is because of the nano-
fillers that have been added. The presence of
'interphase’ polymer, which is formed when
chains interact with platelet surfaces, has been
related to such Tg shifts (Arfat et al., 2014
and Joerger et al., 2007).

Biological evaluations
Antimicrobial activity

Table (2) presents a summary of the disc
diffusion data for the four samples (A)
PVA/0.1 FMWCNTS, (B) PVA/0.2
FMWCNTs, (C) PVA/ 0.3FMWCNTs and
(D) (PVA/04 /0.5SFFMWCNTs). The investi-
gation of antibacterial activity was conducted
using the sizes of the clear inhibition zones.
The obtained data indicated that pure
MWCNT exhibited no antibacterial action
against the examined microorganisms. The
inhibitory zones for the PVA films with vary-
ing MWCNT concentrations were evident.
PVA/MWCNT composite is effective against
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both Gram-positive and Gram-negative bacte-
ria, according to disc diffusion data. As a re-
sult, we can say that the MWCNT-incorporated
PVA films demonstrated outstanding antibacte-
rial efficacy against each of the four microor-
ganisms. Subtilis, E.Coli, P. Areoginosa and
S.aureus were tested for the PVA/ FMWCNTs
nanostructure. For all four pathogens, the PVA
films containing MWCNT demonstrated out-
standing antibacterial efficacy as shown in ta-
ble (1) SWCNT significantly inhibit B. Anthra-
cis by damaging and inactivating its cell mem-
brane Sayed et al. (2024). However, (SWCNT)
significantly inhibit the growth of E. coli by
inducing damage to the cell membrane and pro-
moting the release of stress-related gene prod-
ucts.

CONCLUSION

ince the surface of carbon nanotubes is
S extremely hydrophobic and has negative

toxicological effects. In addition to its
physicochemical characteristics, such as their
length, specific surface area, degree of oxida-
tion, surface topology, bound functional
groups, manufacturing process, concentration,
and dose given to organisms, are responsible
for their toxicity. Here in, this study reports the
addition of FMWCNTs is the reason for the
change in the tan § peak, which indicates that
the polymer chain cannot move in segments.
Subtilis, P.aeroginosa, S. aureus, and E. Coli
were examined in relation to the PVA/
FMWCNTs nanostructure. The PVA films in-
corporating MWCNT showed exceptional anti-
bacterial activity against all four infections.
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