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Abstract

There is no doubt that cotton textiles are fully qualified for medical uses, but they are a major source of bacterial growth and
reproduction. Accordingly, the present study propose the use of ethylene glycol/carboxymethyl cellulose/polyethylene glycol
hydrogel/silver/copper oxide nanocomposites (EG/CMC/PEG/Ag/CuO ratio (0.012, 0.5, 1 and 2%) and then subjecting them
to the electron beam irradiation (at doses of 5, 10 and 25kGy). This results in getting rid of bacteria and reducing their severe
effects of infections on the surfaces of textiles. The green synthesis of nano-CuO was conducted using the material extracted
from the leaves of the Moringa plant, and then cotton samples were immersed in the sample. Transmission Electron
Microscope (TEM) and X-ray diffraction (XRD) Techniques were used to prove the formation of CuO nanoparticles. The
synergistic influence of CuO and Ag nanoparticles on the antibacterial activity, water vapor permeability (WVP%),
mechanical, and thermal properties of the cured fabrics, CMC-PEG-EG composites, was studied. The current study
concluded that the fabrics that were treated showed impressive results against bacteria with an inhibition area of twenty and
fifteen mm for E.coli and S.epidermis bacteria, respectively.EG/CMC/PEG combined with 12x102% nano-CuO and 0.5%
nano-CuO at doses of 5 and 25 kGy were the most effective composites. The present study also displayed that textiles
containing EG/PEG/CMC/nano-CuO/Ag have a less WVP% estimated at 0.092(6x10-2%Ag/2.0% nano-CuO) at a dose of 5
kGy compared to unfilled textiles (0.35). of the electron radiation till 25 kGy led to significantly higher tensile strength,
compared to unfilled and unirradiated fabrics. The thermal stability was enhanced by adding CuO nanoparticles up to 2%.

Keywords: Cotton textiles improvement, Moringa plant, Nanocomposites, A radiation of electron beam

Introduction products from microbes [101]. Both carboxymethyl

There is no doubt that the use of radiation and
radioactivity is an interesting thing in daily life,
according to many publications [1-99]. It has been
noted in recent years that there is a great academic
interest in the subject of many different textiles that
have the ability to resist many microbes, such as
different types of bacteria [100]. It is worth
mentioning here to highlight the importance of cotton
textiles because of their special nature unlike other
textiles, but unfortunately that nature is a good source
of a suitable environment for the growth of bacteria

and fungi. Many organic nanoparticles have also been
used, which have the ability to protect cotton textile

cellulose (CMC) and polyethylene glycol (PEG) are
used in the formulation of hydrogels which are
biodegradable [102-106]. Studies have concluded that
PEG is hydrophilic as well as hydrophobic [107]. In
addition, the studies have shown that electron beam
irradiation ~ contains  unsaturated =~ monomers,
complementary additives, as well as oligomers that
are desired properties. Likewise, ethylene glycol
(EG) is a hydrophilic monomer that improves
flexibility —and  homogeneity  [108]. Metal
nanoparticles or oxides can be utilized as
antimicrobial agents such as nano-Ag/CuO [109]. It
is worth noting to demonstrate the importance of the
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electron beam irradiation as an effective tool in
treating, smoothing and tangling, it is also considered
it a clean method [110]. Khafaja et al. [111], treated
cotton fabrics using CMC-polyvinyl alcohol
hydrogel-TiO> nanoparticles, with the use of gamma
rays, proving their ability to resist a type of bacteria.
The present study has been carried out on the same
scale and antimicrobial resistance on cotton surfaces
has been achieved which is consistent with the results
found in a previous study [112], using a study of
polyester with (vinyl alcohol)/plasticized starch
(PVA/PLST) as well as nanocomposites such as
(Cu/CS) as antimicrobials. Moringa plant (leaves) is
considered a rich source of beta-carotene along with
protein and many antioxidants; and thus improve the
shelf life of fats within foods ascribed to the presence
of various types of ascorbic acid, flavonoids, phenols,
and carotenoids as antioxidants [113, 114]. In the
current study, CuO NPs was prepared by green
chemistry (sol-gel). Moringa leaves were treated as a
potential reducing agent, to prepare
PEG/CMC/EG/Ag that was wused at a fixed
percentage without change, but nano CuO was treated
with several concentrations and its effect was
evaluated by electron beam irradiation on the fabric,
against the antimicrobial properties. Moreover, a big
deal of work was done on the practical evaluation of
the treated cotton fabrics in terms of their physical
and thermal properties. Fourier transform infrared
(FTIR) was used to prove the occurrence of
crosslinking through cotton fabric, and an electron
microscope was used to evaluate the size of CuO NPs
(TEM).

Experimental

Chemicals

Plain-weave cotton fabrics were purchased from El-
Nasr Company for Spinning, Weaving, and Dyeing,
El-Mahalla El-Kubra, Egypt. The cotton fabrics were
scoured and not subjected to any further finishing
processes. Polyethylene glycol was purchased from
Fluka Co., Germany, with an OH Functionality = 2.0,
and Mw = 600 g/mol. CMC sodium salts of high
viscosity were bought from EI-Nasr Pharmaceutical
Chemicals, Egypt.EG was obtained from Qualikems
Fine Chem Pvt. Ltd., India, and CuCl,-2H,0 (copper
chloride dihydrate, 98.0%) was provided by LOBA
Chemie Pvt. Ltd., China. Ethanol of laboratory grade
was supplied by El-Nasr Pharmaceutical Chemicals,
Egypt. Ag NPs were prepared according to a previous
work [115]. Moringa leaves were collected from the
Department of Botany, College for Women, Ain-
Shams University, Cairo, Egypt. Laboratory-grade
agar powder was obtained from Nice Chemicals,
India. Pathogenic microorganisms of both gram-
negative (Escherichia coli) and gram-positive
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(Staphylococcus epidermis) bacteria were obtained
from Microbiologics, Inc., Minnesota, USA.

Extraction and preparation of Moringa

The leaves of Moringa were washed with tap of
water followed by deionized water to get rid of any
undesired materials. The leaves were dried at 37°C to
get ready for use. Then the extract, green Moringa
(one gram) boiled utilizing deionized water for one
hour. A filtration process was carried out by
Whatman No one filter paper and then it was stored
in cool medium. This extract was used for preparing
CuO NPs.

Synthesis of nanoparticle (Copper oxide)

A sol gel process has been utilized to prepare a
nanoparticle (CuO) using green chemistry, (Figure 1).
The nanoparticle, copper oxide, has been mixed
through deionized water with stirring and heating for
preparing solution (0.2 M), then an aqueous extract of
Moringa leaves has been added to a soln of
nanoparticle. Followed by NaOH, eight molar, to the
medium above till a black precipitate has been
formed, as a large quantity. The final precipitate has
been washed a lot of times utilizing, deionized water
and has been filtered and then it was dried at a high,
temperature  (100°C). The precipitate faced
calcination at five hundred °C for four hours.
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Figure.1. Schematic diagram for the nano CuO preparation

Preparation of a
(EG/CMC/PEG/Ag/CuO)

A nanocomposite (1.35g) was added with ethanol and
deionized water then stirring for two hours at eighty
°C till final miscibility was done. During continuous
stirring, the perfect weight of CuO {12/1000, 5/10,
one, and two %} with silver, {6/1000 %} with
respect to the total volume, was put to the solution on
the form of a dispersed phase realizing the composite.

nanocomposite
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Cotton fabric and electron beam (EB) irradiation
application

Samples of cotton textiles were filled in the
nanocomposites solutions in the perfect form
compressed to get the aggregate to hundred percent,
followed by irradiating at different doses. The cotton
fabrics with different cases (unmodified and
modified) were subjected to electron beam radiation
at 37°C, with a 2.7 million electron volt and twenty
five kW EB accelerator, at 10 mA and doses of
irradiation of 5, 10, and 25 kGy.

The synthesized CuO NPs Characterization

A transmission electron microscopy (TEM) model
JEM-2100 was used to measure the size of particle
and the shape with a voltage of two hundred kilovolts
of the nanoparticles. X-ray diffraction (XRD){6000,
Shimadzu Instruments} was utilized to investigate the
prepared nanoparticles. It has patterns from four to
nighty degree at a scanning rate of two °/min on a
diffractometer with Cu Ko radiation (mA current, and
forty kV voltages) at 37°C. In addition Energy
dispersive X-ray (EDX) and mapping image analysis
have been used to determine the mapping images and
composition of the elements of the nanoparticles
(CuO) which were examined by an EDX unit (Smart
EDX Company, UK).

The treated cotton textiles characterization
Morphological analysis

The scanning electron microscope (SEM) (ZEISS
EVO 15 SEM, UK) was used to characterize the
nanoparticles as powder beside the fracture
morphology, M (0.012, 1/2, 1.0, with 2.0% nano
CuO) on the surface of cotton textiles.

Fourier transform infrared spectroscopy

The nanocomposites were examined by FTIR
spectrometer (Vertex 70 Bruker Optics, Germany)
that has a resolution of four cm™ to software sixty
four scans with within a wide A range 4004000 cm™
at 37°C.

Measurements of mechanical behaviour

The mechanical behavior was examined at 37°C +
2°C according to ASTM D5034. Quadrangular
specimens dimensions of fifty multiply hundred mm
have been detected. Elongation at break and tensile
strength have been detected at a crosshead speed of
seventy mm/minute on a Qchida computerized
machine. The tested mechanical parameters (average
value) was determined though three samples
examined, at least.

The permeability of water vapor, WVP

WVP was measured according to the AS-
2001.2.34:1990 (standard). The test of the prepared
sample (cotton fiber) has been made at 37°C for
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twenty four hour. Then it was elevated at seventy°C
for two hours. Using a pressure of 100 kPa, tube no-
04 (L/min) and a minor opening (d. of 2.8 cm) for
many times.

Thermogravimetric analysis measurements

The sample (modified cotton fabrics) was examined
by thermogravimetric analysis using a TGA-fifty
(Shimadzu, Japan) at 10°C/minutes using a gas
(nitrogen) and temperature from 37°C to six hundred,
and 20 mL/min as flow rate to detect the thermal
stability. In addition, the specimen weights have been
in the range from two to five mg.

The antibacterial activity of the coated textiles
detection

Antimicrobial arbitrary agar diffusion way

A disk diffusion test was prepared typically
according to the method of Selvarani et al. [116], in
which the antimicrobial activity of the tested
nanocomposites was studied and different types of
the bacterial activity gram-positive (Staphylococcus
epidermis) and gram-negative (Escherichia coli)
were identified.

RESULTS AND DISCUSSION

The synthesized nano CuO estimation

XRD was used to prove the structure of the nano
Cu0, as shown in Figure (2). It has become clear that
there are two peaks; the highest of 20 are 35.62° and
38.7°, which correspond to (002) and (111). It has
become clear that nano CuO has a structure of
monoclinic card no.45-0937, and the sharp and high
peaks indicate that the product was prepared with a
superior crystallinity [117, 118].

Both TEM and SEM images as (Figure 3) are used to
reveal that the prepared nanoparticles, nano CuO are
homogeneous and spherical according to [117, 119].
The microscopic image (TEM) also showed the
average diameter of the nano CuO, which is
approximately 7-18 nm (Fig. 3a). However, Figure
(3b) has shown the nanostructure of the prepared
nanoparticles, nano CuO which is consistent with the
image given by the SEM [120], which also shows the
morphology of the prepared nanoparticles with a
spherical shape. EDX was used to examine the
components of the prepared nanoparticles in order to
determine the proportion of each element (copper and
oxygen) as shown in Figure (4a). Figure (4a) shows
that only copper and oxygen are present, which
indicates that the prepared sample is completely pure.
The percentages of these elements (copper and
oxygen) are 55.94% and 44.06%, respectively. Figure
(4b) also presents the racial maps. Based on the
abovementioned, it could be concluded that this
nanocomposite contains oxygen and copper, and this
is consistent with the aforementioned analyses
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results, (EDX). In addition, element determination
images showed a uniform dispersion of oxygen and
copper with a high purity.
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Figure.2. XRD pattern of nano CuO synthesized
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Figure 3. (a) TEM, (b) SEM images of nano CuO synthesized
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Figure 4. (a) EDX analysis and (b) mapping images of nano CuO
synthesized
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Modified cotton fabric nanocomposites
measurements

In addition, a good chemical crosslinking bonds have
been formed between PEG with CMC in the presence
of carboxyl groups of CMC, and EG monomer with
incorporating different nano CuO ratios with
continuous stirring and heating were followed by
electron beam radiation as seen in Figure (5).
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Figure.5. Schematic diagram of the compatibilizing mechanism

of Ag/CuO NPs within the CMC/PEG/EG hydrogel on surface
of cotton fabrics

FTIR spectroscopy analysis

To study the chemical reactions that took place into
the polymer utilized, FTIR technique elucidated the
influence of nano copper oxide on the
Ag/EG/CMC/PEG. Figure (6) clarifies the FTIR
spectra of the irradiated cotton textiles (control), the
surface of treated cotton textile by EG/CMC/PEG,
and the treated cotton textile utilizing
Ag/EG/CMC/PEG filled by various ratios of nano
copper oxide. The FTIR spectrum elucidated the
peaks of characteristic of the cotton textiles (control)
at 3424, and 2898 cm™, owing to the vibrations of
stretching —OH, and stretching of aliphatic CH,
respectively, whilst (C-O-C) stretching of
asymmetric bridge was ascribed to 1035 cm™ of the
main peaks of the cellulose structure. The peak
around 1603 cm™ was noticed for vibrations of
bending (OH) of the cellulose molecular. The IR
spectrum of EG/PEG/CMC on the surface of the
cotton textile demonstrated the function groups
related to PEG, CMC and EG polymers. The
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spectrum of EG/PEG/CMC hydrogel showed a main
peak at 3277 cm™ owing to inter-molecular H-
bonding [121, 88]; 2890 cm™* was referred to a CH;
stretching and 1715 cm™ to (C=0) stretching. An
anti-symmetrical vibration of the ionized COO~
group appeared at the band 1595 cm™ [122], the peak
of the scissoring bending vibration of CH, was
noticed around 1420 cm™, and the vibration of
bending of CH was observed at 1325 cm™[123]. The
band located about 1022 cm™ was associated with O-
C of the vibration of stretching of the cellulose
structure [124], while the band assigned to 1250 cm™
was ascribed to alcohol (O-C). Hence, the results
proposed that CMC/PEG/EG presented on the
surface of the cotton fabric led to the interpenetrating
polymer network formation of EG/CMC/PEG on the
cotton textile. After adding various nano CuO ratios
with Ag/EG/PEG/CMC, the low or high peaks of
intensity were seen in the FTIR spectrum of the
nanocomposite owing to the peak position change.
The same band appeared at approximately 556 cm™
of AQ/EG/CMC/PEG/(12x10°%% and 1/2% nano
Cu0), whilst the peak at 497 cm™ was attributed to
the AQ/EGCMC/PEG/( 2.0 % nano CuO). The peak
position and change in intensity indicated that the
nano CuO and CMC/PEG/EG/Ag matrix interacted
[125]. Meanwhile, the peak appearing between 400
and 600 cm™ may reflect the O-Cu [126]. For the
filled samples (Ag/EG/CMC/PEG) with various nano
CuO ratios, the absorption band appeared at 3330,
2897, 1712, 1606, 1420, 1327, 1248, and 1021 cm™,
which is attributable to the (—~OH) stretching, (C—H)
vibration of stretching, (C=0) vibration of stretching,
(COO-) antisymmetrical vibration, the scissoring
bending vibration of CH», bending vibration of CH,
C-O (alcohol), and C-O stretching vibration,
respectively.

— 0.006% Agi2.0% CuO /SkGy

— 0.006% Ag/0.5% Cul/25kGy

— 0.006% Ag/0.012% CuO/5kGy

— 0% AG/0% CuO /5kGy
= Unmodified collon 1abrice) 1

C-O (alcohol

Transmittance, %

4000 3000 2000 1000
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Figure 6. Fourier transform infrared spectra of untreated cotton
fabrics at 5 kGy, fabrics by immersing in EG/ICMC/PEG at 5 kGy,
fabrics by immersing in EG/CMC/PEG containing
Ag(0.006%)/nanoCuO (0.012%) at 5 kGy, fabrics by immersing in
EG/CMC/PEG containing Ag (0.006%)/nano CuO (1/2%) at 25
kGy and fabrics by immersing in EG/CMC/PEG containing Ag
(0.006%) Ag/ nano CuO (2%) at 5 kGy
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Morphology analysis by SEM

Figure (7) shows the sample loaded on the
nanocomposites prepared at the optimum values such
as nanoparticles (12x103%, 1/2%, 1.0%, and 2.0%)
under irradiation doses of 5 and 25 kGy. Samples that
have the ability to outperform different types of
bacteria were also chosen. This is shown in Figure
(7a), an image with smooth, homogeneous structures
as well as an ideal distribution of 0.012% nano CuO
for the nanocomposites surface of the cotton sample.
Comparing Figure (7b) with Figure (7a) in, it is clear
that the nanocomposites concentration prepared at
0.5% has an ideal homogeneous and cohesive
structure with a homogeneous and equal distribution
with the surface of the cotton sample, in addition to
the fact that there is an intense reaction between the
molecules nano  copper oxide and the
AQ/EG/PEG/CMC chains. A coordination bond
occurred between the carboxyl group present (CMC)
with the copper ion according to a previous
publication [127], as well as a covalent bond with the
sample through an esterification reaction upon
heating and radiation. By increasing the nano CuO
concentration from 1% to 2%, there were few clusters
of small nano CuO particles on the sample tissue
(Figure 7c-7d). This leads to an intense interaction
between the different particles.

Figure 7. Scanning electron micrographs of treated cotton fabrics
by EG/CMC/PEG/Ag with various concentrations of nano CuO:
(a) irradiated EG/CMC/PEG/Ag (0.006%) / (12x10%%) nano CuO,
(b) irradiated EG/CMC/PEG/Ag (0.006%) / (1/2%) nano CuO, (c)
EG/CMC/PEG/Ag (0.006%) / (1%) nano CuO and (d) irradiated
EG/CMC/PEG/Ag (0.006%) / (2%) nano CuO
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Mechanical property

The stress-strain diagram is the basis for mechanical
parameter applications. Both of Figs. (8&9) indicate
the effective of irradiation dose and the various ratios
of nano CuO on the elongation at break (Eb) and
tensile strength (TS) of fabrics sample immersed with
nano CuO and CMC/PEG/EG/Ag hydrogels.

It was noted that TS depended basically on the
radiation doses.
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Figure 9. The elongation at break of cotton fabrics by immersing
in EG/CMC/PEG, and cotton fabrics by immersing in
EG/CMC/PEG containing Ag (0.006%)/ various concentrations of
nano CuO at different radiation doses

The TS of the modified and unmodified samples,
cotton textiles progressively elevated by increasing
the amount of irradiation to a dosage of 25kGy. The
incline in (TS) values up to 25kGy could be ascribed
to the crosslinking density of the nanocomposites in
the sample. It is worth noting here that the (TS)
values increased by using 25kGy due to the presence
of dense crosslinking on the surface of the sample.
The optimum values of the stress (for irradiated and
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unirradiated samples of nanocomposites at 25kGy at
0.5% copper oxide) were (74%) and (86%),
respectively. However, the values of TS elevated by
the incorporation of nano CuO till (1/2%) for
different samples (unirradiated and irradiated)
wrapped by CuO/Ag/EG/CMC/PEG hydrogel. The
elevation of the TS rate may be because of the
symmetrical allocation of nano CuO in the
CMC/PEG/EG that reinforced the interfacial
adhesion and lamb transmit among the
EG/PEG/CMC and nano CuO. It is possible that the
increase in the network structure is due to the
presence of nano CuO, which in turn causes the H-
bonding formation through the different polar groups
between them and allows the potential adhesion
formation (coordinate bonds) between EG/PEG/CMC
and Cu [127], thus resulting in an increment in the
(TS) of CuO/Ag/EG/PEG/CMC nanocomposite. The
reduced values of TS for the highest nano CuO ratio
(one and two %) have been ascribed to nano CuO-
nano CuO cluster, causing a low interfacial
interaction with polymer blend. The high reactivity of
nano CuO causes a cluster that reduces their features.
The (TS) of the modified textiles, cotton was also
found to be higher than others were. This may be
because of the small layer of composites that resist
tension surrounding the sample. It was also observed
that there are similar trends with the elongation. It is
important here to emphasize that the mechanical
properties mainly depend on dispersion as well as
interfacial interactions between the polymer chains
(CMC/PEG/EG) on the surface of the fabrics [128].

The permeability of water vapor of cotton sample
(modified cotton fabrics)

WVP is considered constant under any conditions. It
is worth noting here that materials that love water
(hydrophilic) are different from this ideal
performance due to the attachment of water to the
polar groups of the film structures [129]. The
permeability of water vapor (WVP) is a critical factor
to be discussed. At the beginning, the pervading
particles abbreviate on superficial and solubilize
addicted on the surface of the film. It is shaded
through dispersion as the injected molecules must
negotiate their way during the film. At the end, these
molecules neglect to forfeiture the film surface at
another direction. Both modified and unmodified
cotton textiles are considered the same. It can be
identified that the steam has been dispersed by the
absence of any open holes [130]. However, after the
treatment of cotton textiles by Ag/EG/PEG/CMC
composite with various ratios of nano CuO and a
fixed radiation dose (5kGy), it resulted in the water
vapor resistance being completely changed. This was
indicated in Tab. (1) that the permeability of water
vapor of the unmodified sample notably elevated than
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the modified one, sample cotton fabrics. This
prevents the transfer of moisture through the pores,
while providing strong resistance to water vapor on
the modified cotton fabrics sample. This is ascribed
to the nano CuO which has less permeability of water
vapor [117, 125]. It is possible that the low
permeability of water vapor amounts in the sample
modified to the hydrophobic nature of nano CuO.
There is also a coordination interaction that may
occur between nano CuO and hydroxyl groups
present in polymer chains in the sample prepared
through the coordinate or hydrogen bonds formation.
These bonds could produce more crosslinking in the
entire matrix suit. This leads to reducing the
dispersion caused by water vapors through the films.

Table 1. Water vapor permeability for untreated and
treated cotton textiles with Ag/different ratios of nano CuO
crosslinked with EB radiation at 5 kGy.

Sample Dose, Water vapor
kGy | permeability %

Untreated cotton textiles 5 0.35+ 0.1596

Treated cotton textiles with 5 0.25+ 0.1596
EG/CMC/PEG
Treated cotton textiles with 5 0.13+£0.1259
EG/CMC/PEG /Ag 6x10°%%
/nano CuO 12x10°%
Treated cotton textiles with 5 0.12+0.1259
EG/CMC/PEG/Ag 6x10°% /
CuO 1/2%

Treated cotton textiles with 5 0.10+ 0.1259

EG/CMC/PEG/Ag 6x10°%
/nano CuO 1.0%

Treated cotton textiles with 5 0.092+ 0.1200
EG/CMC/PEG/Ag 6x10°%

/nano CuO 2.0%

Thermal analysis

The untreated cotton textiles, the treated cotton
textiles with immersing in composite EG/CMC/PEG
and those immersed with AgQ/EG/CMC/PEG by
filling in various nano CuQO concentrations and
crosslinked by electron beam irradiation to different
doses 5 and 25kGy Fig. (10). The thermogravimetric
analysis, TGA indicated a main degradation state
with the temperature range from 272°C to 326°C for
all samples. Besides, it was found that the all-fabrics
thermal stability, whether with immersing or not to
be still constant at ~272°C. Additionally, the treated
cotton with the EG/CMC/PEG and
Ag/EG/CMC/PEG utilizing nano CuO concentrations
0.12%, 0.5%, and 2% exhibited comparatively
elevated thermally stable state than the untreated
sample. The derivative wt facing each other indicated
identical trends; however, the reaction rate temp
(Tmax) for thermal degeneration (TD) was different
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from one substance to another (Fig. 10 and Tab. 2).
Both of Fig. 10 and Tab. 2 indicated that:

Firstly; the untreated cotton textiles, the treated
cotton textiles with immersing in composite
EG/CMC/PEG and those immersed  with
Ag/EG/CMC/PEG by filling in various nano CuO
concentrations and crosslinked by electron beam
irradiation showed TD at 2 Tmax Of TD interaction
rate owing to the presence of the hybrid structures of
fabric [112].

Secondly, the treated cotton by EG/CMC/PEG
composite and those treated by Ag/EG/CMC/PEG/
various nano CuO concentrations demonstrated
remarkable enhancements in being thermally stable
with elevated values of Tmax more than the other
sample (untreated). This can be owing to the
occurrence of crosslinking bonds, chemically formed
occurred among cellulose of fabric and
Ag/CMC/PEG/EG/nano CuO using electron beam
radiation [130]. It has been shown that the highest
improvement of thermal stability is in the case of the
first and second Tmax, as well as in the case of the
treated textile through various nano CuO content/
Ag/CMC/PEG/EG/. It was shown that the thermally
stable nanocomposites on sample surface (modified)
elevated with incorporating nano CuO. This could be
under the influence of the formation of the positive
structure of copper [125].
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Figure. 10. Thermogravimetric analysis and the corresponding rate
of thermal decomposition of untreated cotton fabrics at 5 kGy,
fabrics by immersing in EG/CMC/PEG at 5 kGy, fabrics by
immersing in EG/CMC/PEG containing Ag(0.006%)/nanoCuO
(0.012%) at 5 kGy, fabrics by immersing in EG/CMC/PEG
containing Ag (0.006%)/nano CuO (1/2%) at 25 kGy and fabrics
by immersing in EG/ICMC/PEG containing Ag (0.006%) Ag/ nano
CuO (2%) at 5 kGy
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Table 2. Temperatures of the maximum rate of reaction
Tmax (°C) of thermal degradation of untreated cotton
textiles, treated cotton textiles /EG/ CMC/PEG, treated
cotton textiles with EG/CMC/PEG/6x103 Ag/12x10° %
nano CuO, treated cotton textiles with EG/ICMC/PEG/6x10"
3 Ag /1/2 % nano CuO and treated cotton textiles with
EG/CMC/PEG/6x10° Ag /20 % nano CuO . The
irradiation dose was at 5 and 25kGy.

Samples Dose, 15 Trnax 2M Trnax
kGy (°C) (°C)
Untreated cotton fabrics 5 321 381
Treated cotton textiles with
EG/CMC/PEG 5 324 404
Treated cotton textiles with
EG/CMC/PEG /Ag 6x10 5 325 414
306 /nano CuO 12x103%
Treated cotton textiles with
EG/CMC/PEG /Ag 6x10° 25 327 422
306 /nano CuO 1/2%
Treated cotton textiles with
EG/CMC/PEG /Ag 6x10 5 328 430
306 /nano CuO 2.0%

Antimicrobial activity of sample (modified)
Bacterial culture evaluation by examination

It is known that bacterial growth occure in various
forms on cotton fabrics in particular may cause many
problems, including unwanted odors and a change in
colors, and this may lead to many health problems.
Based on this, scientists have worked hard to solve
these problems for cotton and other fabrics by using
some metals that have the ability to deal with
microbes in general, such as zinc, copper, gold,
silver, and others. However, there is no ideal way to
know the mechanism of action of mineral NPs to get
rid of various bacterial microbes.

It is worth mentioning here the attempt to understand
this mechanism [132]. It is assumed that the mineral
NPs may be attached to the bacterial cell wall, which
leads to the death of the bacteria by preventing the
formation of the holes that form it, which helps in its
reproduction. The antimicrobial characteristics of the
untreated and treated cotton fabrics have been
examined by the reaction of Ag/CMC/PEG/EG with
different nano CuO ratios and EB radiation at various
doses against Gram-positive or negative bacteria such
as S. epidermis (1) or E. coli (1), respectively. It was
determined by the inhibition zone (mm) (Figs.
eleven, twelve, & thirteen and Tab. 3) and
accordingly the following was observed: The
unmodified samples (US) showed no zones of
inhibition against bacterial growth at all doses while,
we found a small zone of inhibition for 5kGy. We
infer from this those unmodified fabrics are unable to
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resist microbes. Certainly, it can be said that fabrics
treated with (MS)/ polymer blend by incorporating
nano CuO/Ag gave high efficiency against bacterial
microbes under any dose that was used. Adding nano
CuO ratio up to (1/2 %) caused the modified sample
to have wvarious types of antibacterial and
antimicrobial properties for all doses compared to the
unmodified cotton sample. It is also worth noting that
when small ratios of nano CuO (12x10- and 1/2 %)
were embedded in the modified sample, it gave
higher features than the previous one. At the 5 and 25
kGy doses, respectively; the zones of inhibition were
fifteen and twenty mm for bacteria (I) and (lI),
respectively (including 12x10° and 1/2 % of nano
Cu0). It was observed that the inhibition zone
slightly decreased with the increase in the ratio of
nano CuO (one %) and the inhibition zone increases
again by increasing the concentration of nano CuO
(two %) at the irradiation dose of 5kGy, where it was
twenty mm for bacteria (I) and fifteen mm for
bacteria (I1). It was found that 5kGy of radiation had
a higher ability to eliminate different bacterial
microbes for various modified and unmodified
samples (I, 11) by appending Ag/nano CuO at various
concentrations (12x107, one, and two%), meanwhile
25kGy possessed a higher antibacterial characteristic
of 1/2 % nano CuO. The antibacterial characteristic
of fabrics treated with Ag/nano CuO at various
contents depending on nanocomposite versus (1) and
(1) should be studied according to factors. These
include the metal/nano/polymer composites way
which could be related to a synergistic influence
among silver and nano CuO in the polymer that
increases the antimicrobial impact of the
nanocomposites comparing with nanoparticles alone
[133]. It has been observed that at a low dose of the
electron beam, up to 5kGy, a severe reaction occurs
against both bacteria (1) and (I). The reason for this
may be that the polymers have a high ability to
release over a long period of time, which makes it
possible  that the antibacterial action of
nanocomposite may also be prolonged [134] as well
as the severe surface area effect associated with the
distribution of Ag NPs and copper oxide in the
polymer.
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Staphylococcus epidermis

Figure 11. The antibacterial properties of the untreated and treated
cotton fabrics by EG/ICMC/PEG/Ag with various concentrations
of nano CuO: for code samples (1, 2, 3 and 4) of the untreated
cotton fabrics /EG/CMC/PEG, (5, 6, 7 and 8) of the treated fabrics
by EG/CMC/PEG/Ag (0.006%)/ (12x10-%%) nano CuO, (9, 10, 11
and 12) of the treated fabrics by EG/CMC/PEG/Ag (0.006%)/
(1/2%) nano CuO, (13, 14, 15 and 16) of the treated fabrics by
EG/CMC/PEG/Ag (0.006%)/ (1.0%) nano CuO, and (17, 18, 19
and 20) of the treated fabrics by EG/CMC/PEG/Ag (0.006%)/
(2.0%) nano CuO at different radiation doses against (Gram +ve)
Bacteria

Escherichia coli

Figure 12. The antibacterial properties of the untreated and treated
cotton fabrics by EG/CMC/PEG/Ag with various concentrations
of nano CuO: for code samples (1, 2, 3 and 4) of the untreated
cotton fabrics [EG/CMC/PEG, (5, 6, 7 and 8) of the treated fabrics
by EG/CMC/PEG/Ag (0.006%)/ (12x10°%) nano CuO, (9, 10, 11
and 12) of the treated fabrics by EG/CMC/PEG/Ag (0.006%)/
(1/2%) nano CuO, (13, 14, 15 and 16) of the treated fabrics by
EG/CMC/PEG/Ag (0.006%)/ (1.0%) nano CuO, and (17, 18, 19
and 20) of the treated fabrics by EG/CMC/PEG/Ag (0.006%)/
(2.0%) nano CuO at different radiation doses against (Gram —ve)
Bacteria

Egypt. J. Chem. 67, No. 10 (2024)

Figure 13. SEM images and dishes of cotton fabrics untreated and
treated against bacteria: (A) pure cotton fabrics without bacteria,
(B) fabrics by immersing in EG/ICMC/PEG at 0 kGy, (C) fabrics
by immersing in CMC/PEG/EG at 5 kGy, (D) fabrics hy
immersing in EG/CMC/PEG at 25 kGy, (E) fabrics by immersing
in EG/CMC/PEG/Ag (0.006%)/ (12x10°%) nano CuO at 5 kGy,
(F) fabrics by padding in EG/CMC/PEG/Ag (0.006%)/ (1/2%)
nano CuO at 25 kGy and (G) fabrics by immersing in
EG/CMC/PEG/Ag (0.006%)/ (2.0%) nano CuO at 5 kGy
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Table 3. Inhibition zone of untreated and treated cotton textiles with various ratios of nano CuO for gram-positive and gram-

negative with EB radiation.

Inhibition zone(mm)
Code Conc of Ag/CuO Radiation dose, — -
sample % Gy (Staphylococous | (Escheriona cor)
epidermis)

1 0/0 0 0x+0.0 0+ 0.0
2 0/0 5 8 +0.7600 8+ 0.7600
3 0/0 10 0x+0.0 0+ 0.0
4 0/0 25 0+0.0 0£0.0
5 0.006/0.012 0 10 £0.1259 12+ 0.1259
6 0.006/0.012 5 15 +0.2259 20+ 0.1599
7 0.006/0.012 10 10 £0.2259 20+ 0.1259
8 0.006/0.012 25 15 +0.7600 20+ 0.2259
9 0.006/0.5 0 20 +0.5000 9+ 0.5000
10 0.006/0.5 5 10 £0.2155 15 +0.1596
11 0.006/0.5 10 17 £0.2155 10+ 0.2359
12 0.006/0.5 25 15 +0.1596 20+ 0.2155
13 0.006/1 0 20 £ 0.2359 10.05+ 0.3650
14 0.006/1 5 9+0.1259 14+ 0.2359
15 0.006/1 10 9+ 0.1596 15+ 0.2359
16 0.006/1 25 11 £0.2359 9+ 0.7600
17 0.006/2 0 10 + 0.3650 10+ 0.5000
18 0.006/2 5 20 +0.2356 15+ 0.2359
19 0.006/2 10 10 + 0.2356 16+ 0.2356
20 0.006/2 25 10 +0.1599 13+ 0.3650

CONCLUSIONS

It is worth noting here that cotton textiles under the
influence of bacterial microbes, change all their
properties, such as smell, color, and so on.
Accordingly, these (cotton) fabrics have been
subjected to biomedical applications. There is no
doubt that the green chemistry application with
nanocomposites have contributed to obtaining cotton
textiles free of all the defects mentioned above. The
present study concludes that small-scale nano CuO is
synthesized using Moringa plant extract, which acts
as a reducing agent. The following factors were
found from the treated samples containing this
nanocomposite Ag/CuO/CMC/PEG/EG: The
modified sample (cotton fabrics) showed much more
immovability for (I1) and (1) bacteria at all nano CuO
concentrations (12x103, 1/2, and two%), 12x107 is
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the representative of the best utilized ratio in
agreement with cost and antimicrobial effect. It has

been observed that a marked improvement occurred
in the mechanical characteristics of sample (MS)

after Ag/concentrations nano CuO/MC/PEG/EG
composite treatment up to 1/2 % nano CuO and
25kGy. The modified sample, fabrics with
Ag/concentrations nano CuO/MC/PEG/EG
composite exhibited increase in the stress values and
elongation at break of the irradiated samples at
25kGy of the formulations of cotton textile
nanocomposite at 0.5% nano CuO which were eighty
six% and seventy two%, respectively.
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