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Abstract: Infectious diseases are a serious threat to global health. In today’s tightly connected world, a
disease can be transported from any remote village to any major city on any continent very rapidly. By
accumulating contaminants from air, clothes can become a transport vector and source of ‘secondary
exposure’. Thus, the development of new and efficient antimicrobial textiles to kill or slow the spread of
microorganism is a focus point in textile research and gained much interest in recent years. These
antimicrobial textiles are used in various applications ranging from households to commercial, including air
filters, food packaging, health care, hygiene, medical, sportswear, storage, ventilation and water purification
systems. There is a considerable interest for incorporating metal nanoparticles in textiles in order to obtain
functional properties. Selenium nanoparticles are emerging as an effective antimicrobial agent for textiles. In
this study, we investigated the properties of SeNPs prepared by a green method of synthesis. Formation and
size distribution of SeNPs was confirmed by dynamic light scattering (DLS) analysis and scanning electron
microscopy (SEM). Chemically stabilized SeNPs dispersions were subsequently used to treat cotton fabrics by
padding. DLS analysis and Zeta potential measurements confirmed the synthesis of spherical, well-dispersed
SeNPs and SEM analysis showed the successful deposition of SeNPs on cotton fabrics.
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1. INTRODUCTION

Textiles are indispensable objects and shape our daily life. In the last 30 years, textile
industrial companies in Europe have been producing textiles that are used in many fields of
application: in the field of agriculture, they are nets to protect crops against insects or climatic
aggressions, textile screens for thermal insulation and solar filtration; in furnishing/decoration field:
cover sofas, household linen (sheets, blankets, bedding protection), bathroom linen, furniture,
curtains, and many others; in the building and construction sector, there are textiles and fabrics for
solar protection, facade cladding, stretch roofs for football stadiums, interior and exterior blinds,
etc.; in the industrial sector, textiles are used as fiberglass, used for electrical insulation and hot air
filtration, truck covers, etc.; in the medical/health sector, textiles are used for implants, dressings,
medical devices and masks; in transport, seats, airbags are made of textile, as well as helicopter
blade tips, aircraft, and rocket nose sections for the aerospace industry [1,2].
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Textile structures possess the ability to retain moisture, enabling bacteria spreading, which
causes a range of unwanted effects, not only on the textile itself, but also on the user. Over the last
few years, coronavirus pandemic generated an increase of public health awareness of the pathogenic
effects regarding personal hygiene and associated health risks, thus intenstive research has been
performed in order to minimize microbes’growth (bacteria, viruses and fungi) on textiles [3].

In the last decades there was a tremendous progress in textile functionalization by chemical
or physical modifications, providing functions as antimicrobial [4], insect-repellent [5], water-
repellent [6], odour-control [7], flame-retardant [8], etc. Nanotechnology can enhance fabrics
properties. Among the nanomaterials used, metal nanoparticles are the most popular and versatile.
Inorganic nanoparticles such as SeO,, TiO,, Cu.0, CuO, ZnO, SiO; and Al,Oz are most commonly
used because they are thermo-stable at high temperatures. Silver nanoparticles have become one of
the most explored nanotechnology-derived nanostructures and have been intensively investigated for
their unique physicochemical properties in terms of toxicity, surface plasmon resonance and
electrical resistance [9]. The same unique properties that led to their widespread applications raise
questions about potential environmental and health effects of exposure during the manufacture and
usage. Thus, exposure to silver nanoparticles by inhalation, skin and parenteral exposure can led to
oxidative stress, DNA damage, and inflammation [10]. Selenium is a naturally occurring metalloid,
essential to human health and plays a substantial role in the functioning of the human organism. It is
incorporated into selenoproteins, thus supporting antioxidant defense systems [11]. Several chemical
and physical procedures for selenium nanoparticles formation have been discovered, however, the
employment of different chemical compounds and physical approaches can result in hazardous
agents that restrict the therapeutic potential of selenium nanoparticles in industry. As a result,
significant efforts and research have been dedicated towards the green synthesis of selenium
nanoparticles, which is eco-friendly and non-toxic [12,13].

In this research, selenium nanoparticles were synthetized by a green method, different types
of nanoparticles dispersions were formulated and applied on cotton fabrics. Dynamic light scattering
(DLS) analysis was used to confirm the formation of nanoparticles, and characterization of treated
fabrics was performed by scanning electron microscopy (SEM).

2. EXPERIMENT

2.1 Materials

The fabrics used in this research were 100% cotton (shirt fabric). Sodium biselenite
(NaHSeOs), ascorbic acid, polyvinylpyrrolidone (PVP) and polyvinyl alcohol (PVA) were
purchased from Sigma-Aldrich and are of analytical grade. Itobinder AG, polyacrylic binder was
purchased from LJ Specialities, UK.

2.2 Methods

Selenium nanoparticles (SeNPs) were synthesized from sodium biselenite as a precursor (in
various concentration of 50 and 100 mM) by a green method [12]. Reducing agent of sodium
biselenite to selenium nanoparticles was ascorbic acid, prepared in various concentration of 100 mM
and 200 mM and added to dispersions at the same molar ratio of 2:1 for both dispersions (acid
ascorbic: sodium biselenite). We used stabilizing agent PVP and PVA in concentration of 60 g/L for
50 mM sodium biselenite solution (Table 1).
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Table 1. Recipes of the nanoparticle dispersions

Dispersion NaHSeOs Ascorbic Concentration of | Stabilizing
number (mM) acid (mM) stabilizing agent agent
(g/L)
1 50 100 60 PVP
2 100 200 120 PVA

Treatment of textile materials with nanoparticles dispersions was performed by padding on
laboratory dyeing machine RedKrome REDP — Ugolini, as following: 50 mL NPs dispersion + 30
g/L ltobinder, drying at 100°C for 2 minutes and condensing at 150°C for 1 minute.

The surface morphology of the selenium nanoparticles coated fabric was investigated by
scanning electron microscope (SEM Quanta 200, FEI, Holland) equipped with energy-dispersive X-
ray analysis (EDX) system.

Particle size was determined by dynamic light scattering technique (DLS) by measuring the
random changes in the intensity of light scattered from dispersions. The samples were analysed
using Zetasizer Nano ZS equipment (Malvern).

2.3. Reduction of selenium precursor to selenium nanoparticles

The formation of selenium nanoparticles was observed by changing the color of biselenite
precursor solution from colorless to orange and to dark orange when adding ascorbic acid (Table 2).

As a reductive agent, ascorbic acid acts as an electron donor and provides the reduction of
orange colored precursor sodium biselenite to dark orange color selenium nanoparticles.

Table 2 Reductlon of sodium biselenite to selenlum nanopatrticles by ascorbic acid

Sodium biselenite, PVA and
ascorbic acid as a reductant

Sodium biselenite and PVA on
magnetic stirring
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2.4. Dynamic light scattering (DLS) analysis and Zeta potential measurements.

Dynamic light scattering is a suitable technique for the determination of the size distribution
profile of particles in a dispersion. DLS was performed to confirm the formation of selenium
nanoparticles and revealed a gaussian size distribution of nanoparticles for both dispersions.

All the samples were measured 3 times, without further preparation at 25°C, using
disposable folded capillary cells (DTS 1070).

Pdl represents the polydispersity of the sample and values <0.2 are preferred. Pdl values
obtained are below 0.2 for both dispersions, suggesting that the samples are quite polydisperse. The
Zeta potential is an indicator of sample stability.

Dispersion 2 was stabilized with polyvinylic alcohol and revealed promising results, with an
average size of the nanoparticles determined by DLS of around 170 nm, and a zeta potential of -
0.382 mV, compared with dispersion 1, stabilized with polyvinylpyrrolidone that determined the
agglomeration of particles, revealing an particles average size of approximately 5000 nm and a zeta
potential of 0.402 mV (Figure 1 and 2)
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Figure 1. Size distribution by Intensity of dispersion 1 (left) and dispersion 2 (right)
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Figure 2. Zeta Potential distribution of dispersion 1 (left) and dispersion 2 (right)

2.5. SEM/EDX analysis of the fabric coated with SeNPs dispersions

Table 3: Morphological aspect of the cotton coated with SeNPs

Untreated fabric Fabric treated with dispersion 1 | Fabric treated with dispersion 2
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The cotton fabric treated with selenium nanoparticles is covered with relatively uniform
dispersed nanoparticles (Table 3), the smallest ones ranging from 118.2nm to 181.5nm. Itobinder
AG is a self cross linking aqueous acrylic emulsion. It was used to increase the adherence of
nanoparticles dispersions on the cotton surface. It is possible that some of the carboxyl groups of the
binder interact with selenium particles and other functional groups existing in dispersion. Also,
during drying, the binder forms a network which immobilizes the nanoparticles, assuring a stronger
fixation of the nanoparticles on the fabric.
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Fig. 3. EDX spectra of the fabrics coated with SeNPs dispersion 1 (left) and dispersion 2 (right)
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Table 4: EDX quantification of the Se% wt on the cotton fabrics

Dispersion 1 Dispersion 2
Element  Weight % Atomic%  Error % Element Weight% Atomic % Error %
CK 50.53 58.21 9.5 CK 45.89 53.78 9.76
oK 4751 41.09 10.28 OK 51.52 45.31 10.13
AIK 0.37 0.19 19.61 AIK 0.69 0.36 13.73
iK 0.72 0.36 9.55 SiK 0.66 0.33 11.35
0.15 13.18 0.22 12.35

A greater amount of selenium nanoparticles (1.24%) is evidentiated by EDX quantification
equipped with Smart Quant software on dispersion 2 (Figure 3 and Table 4), due to a better
stabilization capability of PVA compared to PVP, and a better fixation of selenium nanoparticles on
fabrics.

4. CONCLUSIONS

Cotton fabrics were treated with dispersions of selenium nanoparticles, synthesized by a
green chemistry route. The size and morphology of selenium particles investigated by DLS
demonstrated that PVA assures a better stabilization of the dispersion showing that majority of the
particles were approximately 170 nm compared to PVP, that determined the agglomeration of
particles. SEM-EDX analysis confirmed the presence of selenium nanoparticles on cotton fabrics, in
a greater amount on fabric stabilized with PVA. Research will continue with investigation of
antimicrobial properties of treated fabrics.
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