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Abstract

antibacterial component. It is also chemically stable, non-toxic, affordable, and generally accepted

Due to its photocatalytic properties, titanium dioxide (TiO2) has been regarded as an appealing

as a safe (GRAS) material. Titanium dioxide nanoparticles considerably enhanced these qualities
(TiO2NPs). In order to better protect sick children from microbial and bacterial infection in children's
hospitals, TIO2NPs are utilised to increase the antibacterial, self-cleaning, and UV characteristics on
cotton textiles. All necessary measures are looked at and included into our work.
Keywords Titanium dioxide, nanoparticles, cotton fabric, antimicrobial activity, self-cleaning property

Introduction

High-performance fabrics have been created in
recent years using many nanoparticle types, each with
its own special qualities. [1] Due to their distinct
physiochemical  characteristics in  biological
applications, metal oxide nanoparticles including zinc
oxide (ZnO), magnesium oxide (MgO), titanium
dioxide (TiO2), and iron oxide (Fe203) have found
significant application. [2-7] The intriguing qualities
of titanium dioxide nanoparticles, such as their
optical, catalytic, long-term stability, and non-
toxicity, set them apart from the others. [8-14] Also,
its usages in textile finishing produce self-cleaning
[15, 16], antimicrobial, [17, 18] ultraviolet (UV)
protection [19, 20], mothproofing [21], and flame
retardancy properties. [22]

The morphology, size, chemistry, source, and
nanostructure of nanoparticles as well as other
intrinsic characteristics such as their size and shape
have a significant impact on their antibacterial
activity. [23-26]

In particular, the photocatalytic performance of
TiO2NPs, which is highly reliant on its
morphological, structural, and textural features,
considerably influences the antibacterial activity of
TiO2NPs.. [27] Several TiO2NPs have been created
using various synthesis techniques. According to
studies on synthesis, factors like hydrothermal
temperatures, the initial acid content, etc., have an
impact on the shape and crystalline structure of

TiO2NPs.[28] The most significant factors
influencing TiO2NPs' physicochemical
characteristics, and therefore their antibacterial

capabilities, are both their crystal structures and their
shapes. [29] Anatase exhibits the greatest
photocatalytic and antibacterial activity among
crystal formations. Several studies have demonstrated
that an anatase structure may catalyse a
photocatalytic process to create OH radicals.

In this paper, the finishing of cotton fabric is
investigated using TiO,NPs by spraying method. This
treatment gave high values of antimicrobial, and
ultraviolet protection in addition to self-cleaning
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properties. All the required measurements are
investigated.

Materials, Methods, and Measurements
Materials

Cotton fabric (100%) was kindly obtained from
El-Mahalla Company for Spinning and Weaving, El-
Mabhalla, Egypt.

TiO, NPs (of particle size 700 nm) were
purchased from Sigma-Aldrich, Egypt.

Acrytex-330 (used as a binder additive) was
kindly supplied by Dystar company, Egypt.

Methods

The following recipe was used to treat cotton
fabric:
e 10 ml of Acrytex-330 binder (const)
o (1,2,3 %) of TiO2 NPs of fabric weight
e  W.0.S =3 gm of cotton fabric
e 40 ml of water (const)
The cotton sample was sprayed with the
finishing solution containing the previous ingredients
The sample was left to dry at room temperature
and then fixed at 150° C for 5 minutes.

Measurements
Antimicrobial Test

The disc agar diffusion technique was used to
investigate the antibacterial activity. Staphylococcus
aureus ATCC 6538-P (G+ve), Escherichia coli
ATCC 25933 (G-ve), Candida albicans ATCC 10231
(yeast), and Aspergillus niger NRRL-A326 were the
four typical test organisms employed (fungus). In the
case of bacteria and yeast, nutrient agar plates were
severely injected on a regular basis with 0.1 ml of
105-106 cells/ml. Potato dextrose agar plates seeded
by 0.1 ml (10° cells/ml) of the fungal inoculum were
used to evaluate the antifungal activities. Textile-
treated discs (15mm diameter) were placed over the
inoculated plates. To allow for maximal diffusion,
plates were then maintained at a low temperature
(4°C) for 2-4 hours. The plates were then incubated
for the bacteria at 37°C for 24 hours and for the
organisms to develop as much as possible at 30°C for
48 hours in an upright posture. The diameter of the
millimeter-sized zone of inhibition was used to
measure the test agent's antibacterial activity (mm).
The experiment was run many times, and the mean
value was noted.

Scanning Electron Microscopic (SEM) Test:

Using Quanta FEG250, field-emission scanning
electron microscopy (FE-SEM) was used to examine
the morphological characteristics of the pre- and
post-treated textiles (Thermo Fisher Scientific, Brno,

Czech Republic). Applying a work distance of 21
mm and an acceleration voltage of 20 kV allowed
this to examine the chemical composition of the pre-
and post-treated textiles using energy-dispersive X-
ray spectroscopy (TEAM-EDX Model).

Ultraviolet Protection Test

The UVPF (ultraviolet protection factor) was
calculated using the AS/NZS 4399:1996 standard
methodology. AATCC 183:2010 UVA Transmittance
was used to measure the ultraviolet transmission
through the cloth using a Cary Varian 300 UV-Vis
spectrophotometer. [30, 31]

Self-Cleaning Activity Test

By monitoring the progression of methylene
blue's degradation, the photocatalytic activity of
cotton textiles that had been treated both before and
after was evaluated (Aldrich, United States). Using a
Cary Varian 300 ultraviolet-visible (UV-Vis)
spectrophotometer in the wavelength range of 320-
400 nm, the amount of ultraviolet transmission
through textiles was measured. The performance of
the photocatalytic self-cleaning was evaluated by
observing the methylene blue degradation under
visible light at wavelengths greater than 410 nm. A
fluorescent lamp (TC-L18W, AC230V-50 Hz, China)
was used to provide visible light illumination at a
distance of 5 cm and a light intensity of 44 W cm2).
To achieve an equilibrium between photocatalysis
and methylene blue under ambient circumstances, a
cotton sample of 1 g was agitated for 30 minutes in
50 ml of an aqueous solution of methylene blue (10
mg/L at pH 6.5). After then, the sample was
irradiated with visible light. A sample of 5 mL of
solution was obtained after each interval of
irradiation and examined using a spectrophotometer.
By measuring the absorption maxima at 665 nm as a
function of the irradiation period, the concentration of
methylene blue was determined. The following
equation was used to measure the photocatalytic
degradation:

Photocatalytic degradation = (Cy — C/Cy) = (Ay
—AJ/Ay).

Where AO is the initial absorption and it is the
variable absorption at various irradiation intervals,
CO is the starting concentration of methylene blue, Ct
is the concentration at different irradiation periods,
and

Results and Discussion:

The samples were chosen to be tested with the
precisely mentioned finishing solution using (2%
conc.) of (TiO,NPs) of fabric (cotton) weight.

Antimicrobial Test

Due to its photocatalytic properties, chemical
stability, non-toxicity, low cost, and status as a
generally recognised as safe (GRAS) material,
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titanium dioxide (TiO2) has been regarded as an
appealing antibacterial molecule.

The following table demonstrates the results of
this test. The table shows that the treated cotton fabric
containing (TiO2NPs) has antibacterial action against
a variety of test microorganisms, including yeast (C.
Albicans), fungus, G+ve bacteria (S. aureus), and G-
ve bacteria (E. coli) (A. niger).

Metal oxide exhibits outstanding antifungal and
antibacterial capabilities against a wide variety of
both Gram-positive and Gram-negative bacteria,
according to several studies.

Scanning Electron Microscopic (SEM)

Figure 1 The following figure represents the
micrograph obtained on treating cotton samples using
TiO,NPs.

Ultraviolet Protection

Three cotton samples are treated using different
TiO,NPs concentrations which are 1, 2, and 3%
(TiO2NPs), the Ultraviolet factor obtained are 112,
125, and 172, respectively. Increasing the values
proved more efficient.

Self-Cleaning Test

Three cotton samples were prepared for Self-
Cleaning Test using three different concentrations 1,
2, and 3% (TiO, NPs) of fabric weight. The results
obtained are 118,129, and 156 for each concentration
1,2,3, respectively. Increasing the values proved more
efficient.

Tablel. antimicrobial results obtained by cotton fabric (Aspergillus niger — Candida albicans- Staphylococcus

aureus- Escherichia coli).

Clear zone (¢mm)

Staphylococcus aureus escherichia coli

Candida albicans Aspergillus niger

a B

fabric weight) conc. of (TiO2NPs).

Figure 1: SEM images for (a) and (b) are the untreated samples, (c) and (d) are the treated samples with 2%(of

oz

sl

Table 2 the weight percentage and atomic percentage of two different cotton fabric areas.

Samples C (0] Al Sr Eu

Wt.% At.% Wt.% At.% Wt% | At% | Wt% | At% | Wt% | At%
Region 1 59.05 67.11 38.47 3243 0.86 0.46 1.31 0.02 0.03 0.01
Region 2 58.84 66.89 38.51 32.36 1.03 0.52 1.24 0.19 0.17 0.02
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Conclusion

In this work, the spraying approach is
effectively employed to apply titanium dioxide
nanoparticles to cotton textiles. and applied to cotton
textiles as a functional treatment while Acrytex-330
(used as a binder) acts as a cross-linking agent. Some
characteristics of cotton textiles, such as self-
cleaning, antimicrobial, and UV blocking, are
enhanced by the addition of titanium dioxide
nanoparticles.

Additionally, the sample that has been treated
with nanoparticles performs well.

It 1is anticipated that titanium dioxide
nanoparticles would be employed to create smart
textiles and high-performance fabrics.
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