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Abstract: This article provides an overview of a technology of photocatalytic self-cleaning of fabric
that is a photocatalyst like (ZnO or TiO, or other materials ) that decomposes organic stain into water
and carbon dioxide(COy) in the presence of a UV light source. In this article, the photocatalytic
techniques are presented. In various applications like textiles, which usually are used in everyday life,
the self-cleaning principle is useful. These technologies can also be developed in other applications
such as medical textiles, athletic wear, military uniforms, and outdoor fabrics. It is also desirable
because it efficiently conserves water and enhances the appearance of the atmosphere and decreases
energy in the long term, laundry cost and time as well

Keywords: self-cleaning; coatings; cotton fabric.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

There are various innovations available in the world today. From nature, one of them
is self-cleaning technology. Many examples include the wing of butterflies and plant leaves
like cabbage and lotus.

To function, the natural fiber absorption and/or penetration of functionality of
polymeric materials on/into fiber surfaces will be advantageous to confer high-performance
properties on natural fibers [1-9].

Due to the wide variety of applications like cleaning the windows, solar panels, and
cement; This technology gained much attention. In textiles, there are lots of developments to
make self-cleaning coatings that are effective and sustainable.

This technology also provides a wide variety of applications, different benefits,
including minimized operating costs, removal of tedious manual effort, and time-saving,
Expended on the job of washing [10]. It can normally be categorized as hydrophobic or
hydrophilic. The first includes the coating of a hydrophobic film on fabric to eliminate water
droplets that contain pollutants. The surfaces of hydrophobic and superhydrophobic have a
tightly arranged structure. The hydrophilic technique is not strictly dependent on water flowing
to remove pollutants. Instead, photocatalytic oxidation is utilized, enabling photodegraded
organic pollutants materials to be extracted all across the water surface.

The susceptibility of the solvents does not typically constrain the design of
photocatalytic surfaces, and therefore has greater functional ability than the hydrophobic
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technique. Titanium dioxide (TiOz), zinc oxide (ZnO), and tungsten trioxide (WO3) were used
as photocatalysts [11,12].

2. Contact Angle

The phenomena of self-cleaning rely on the surface contact Angle. This angle is found
between the drop liquid surface and the surface of the fabric. The solid surface is considered a
hydrophilic surface when the contact angle is lower than 90. The surface is known as a
hydrophobic surface if the contact angle (CA) is above 90. Equally, a water contact angle
surface-reaching zero is known as ultra-hydrophilic (super) and a contact-angle surface
abovel50 is typically defined as hydrophobic ultra (super) (see Figure 1) [10,13].

Hydrophilic surface hydrophobic surface Superhydrophobic surface
Contact angle < 90° Contact angle > 90° Contact angle > 150°

Figure 1. The contact angle of hydrophilic, hydrophobic, and superhydrophobic surface.
3. Lotus Effect

Nanosized wax papillae upon this top part of each epidermal cell give the lotus
(Nelumbo nucifera) leaf and flower their water-repellent surface. As the reason, raindrops
create a high contact angle through the papillae and rolling off, bringing stains and dust with
them but keeping the surface clean. Such a self-cleaning effect, called the lotus impact, has
given a chance to produce superhydrophobic surfaces for various items. Their surfaces are
highly hydrophobic.

Lotus is considered a special plant in Hinduism, botanically called "Nelumbo nucifera”.
Lotus is also the national flora of India and is considered a sign of pureness. Its flower and
leaves are disturbing to water.

A raindrop that falls becomes a water drop and carries the dust particles with it. So the
lotus leaf's surface remains fairly clean while it grows in muddy waters. Even though the
repellent water of the lotus is well known, But in 1997, when two scientists recognized his
scientific foundation. The botanists at Bonn University analyzed the lotus leaf surfaces and
many other plants using an electron micro-scanning system [14].

This spectrum resolves structures that are as small as 1-20 nm (one nm=billionth or 10°
% meters). They found that self-cleansing is related to convex papillae on leaf surfaces covered
with nanoscopic dimension wax crystals: approximately 10 to approximately 100 nm.

The papilla significantly decreases the water droplet contact area. The droplet, for
instance, by rain, cloud, or moisture, is dislocated and usually coalesce to a huge drop in the
core of the surface of leaves that flows off with the leaf's swing. Wax consists of a combination
of hydrocarbons of long-chain: alcohols, aldehydes, and triterpenes, both primary and
secondary. When it is well researched in the lotus, the occurrence of water repellence and self-
cleaning has become called the 'Lotus effect'.

Scientists studied about 13,000 plants. Mostly on surfaces of the plants over the ground,
a wide variety of structures has been found [14,15].
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4. Water-Repellent Plant Surfaces Occurrence

Importantly, most plants have water-repellent leaves in the wetlands. If this is not the
case, the watering of the stomata on the upper (exposure) section of the floating leaves will
interfere with gas exchange. Some other benefits of a surface with water repellents may be to
reduce the chance of infection. Because the spores of some bacteria need free water and air for
plant growth, it has evolved naturally to reduce the risk of attacking pathogenic bacteria and
fungi by pasting wax molecules on cuticles (externally covered). Water repellence is not
limited exclusively to plants. The insects with huge wings (such as butterflies and dragonflies)
that cannot purify their flying structures by their legs are also realized. In this situation, the
lotus effect acts not only to eliminate particulate matter but also for preserving the flight
potential of insects [13,16,17].

5. Types of Coatings

5.1. Hydrophobic and superhydrophobic coatings (Lotus Effect).

That hydrophobic coating's self-cleansing effect comes from Large contact angles with
water; The water forming near-sphere droplets on these surfaces quickly roll away and with
them moves dust and soil.

Before it would evaporate, polluted water that lands on the hydrophobic substrate is
eliminated. The rolling flow of droplets is a crucial self-cleansing process and dynamic
physical phenomena. A droplet rolls, the contact angles of a progressive or decreasing three-
stage interface between solid, liquid, and gas produce a deformation.

Methodology on how this deformation changes with the chemical and topological
features of the surface is still evolving. Suppose drops are to roll with flexibility and at low
surface inclination angles. In that case, deformation should be as close to zero as possible.
Since drops roll-on extremely stable contact angle surfaces only, writers also only keep quoting
a static contact angle for their surfaces.

The rolling movement clears the floor more quickly and is less likely to be left the dust
away rather than the slipping action at lower touch angles. Thus, the highest static contact angle
for a self-cleaning hydrophobic floor surface is the condition frequently mentioned over 160
degrees, with the rollover angle being very low. A surface with both properties is called
superhydrophobic or ultra hydrophobic.

Ultrasonic surfaces have become the natural environment's self-clearing coatings: more
than 200 plants can use rolling drops of water to maintain the “Lotus” plants in Asia clean,
possibly the most popular one [18].

5.2. Hydrophilic coatings

In comparison to hydrophobics, scientists are searching for hydrophilic surfaces useful
for self-cleaning applications in the presence of water. The dampness is elevated and the
contact angle is about 0.

So, rather than droplets, water lays on the surface. The surface is washed along with the
photocatalysis and the surface is then filled with water to extract the dirt molleculations [19].
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6. Photocatalyst

Subsequently, photocatalysts can break down mutual organic matters in the air like odor
molecules, bacteria, and viruses. A photocatalytic semiconductor technique has shown great
potential as a low price, environmentally friendly, and sustainable curing [20,21].

6.1. Method for photocatalysis.

In the availability of catalysts, photosynthesis is speeded up. Through using light from
the sun, this mechanism breaks down the dirt molecules. The organic Pollutants can be
transformed into air and water using photocatalytic reactions [22].

When a photocatalyst is emitted by light, usually ultraviolet light, the photocatalytic
process starts. Electrons at the photocatalyst surface are stimulated with a power similar to or
greater than the bandgap and leaving the valence band to go to the conduction band. The
negative electrons charged (e°) in the conduction band stimulated pair in the surface, with the
positively charged holes (H*) in the valence band. The produced pairs can be reunions and bind
with other materials, which the photocatalyst absorbs [19,23].

The couples activate redox reactions onto the surface. The negatively charged ions and
the oxygen combines into racial superoxide anions (O2"), while hydroxyl radicals (OH") are
produced by positively charged holes and water [22].

So many shaped highly activated oxygen molecules can ultimately oxidize organic
compounds to carbon dioxide (CO2) and water (H20). The photocatalytic activity could then
break down organic material, including particles of odorants, viruses, and bacteria in the air
[24].

6.2. Photocatalytic materials.
6.2.1. Titanium dioxide.

Titanium dioxide (TiOz2) is a photocatalytic semiconductor and has proven to be an ideal
catalyst for the visual degradation of dyes and other organic contaminants. Due to its different
benefits, including non-toxicity, availability, cost efficiency, chemical constancy, and
beneficial physical and chemical properties, are widely applied [19].

There are three crystalline phases in which titanium dioxide is present; rutile, anatase,
and brookite [25].

In the case of pigments as sun blockers and paintings, the rutile between these three
types is more reliable than the two others. The anatase has an open crystal-based structure, it
is highly photocatalytic and often seemed to be the most active and the simplest to manufacture
in semiconductor photochemistry [26].

In terms of heat, anatase and brookite will be rutile. There are band holes for either the
anatase and the rutile. Their photoactive existence ensures the existence of radical species on
their surfaces in the presence of sun and water [25].

TiO2 has become a product for industrial self-cleaning surfaces, including kitchen and
bath ceramic tiles and garments, indoor air filters, and window glass [18,19].

If the particle size of TiO2 decreases to nano, the photocatalytic behavior increases.
Titania (TiO2) nanoparticles with a cellulose or cotton surface have been merged, producing
an occurrence of self-cleaning. In the latest items known as intelligent textiles, the manufacture
of cotton textiles with a life cycle of between 25-50 washings or higher is a goal pursued by
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the textiles industry. So many experiments have shown that cotton textiles can be coated by
TiO2 using various pretreatment methods and techniques, such as RF-plasma, MW-plasma,
UV radiation, dip-pad-dry-cure, and dip-coating [25].

6.2.2. Zinc oxide.

Zinc oxide is another semi-conductive element that seems to be an alternative to TiO2
(Zn0O). Due to its non-toxic nature, cheap, and strong photochemical reactivity, the use of ZnO
as degrading content for environmental contaminants has been widely discussed. ZnO was
often mentioned to be more effective than TiO2. ZnO in powder form has mainly been used to
degrade dyes found in effluent photocatalysis. Even so, after degradation, the ZnO powder has
a recovery issue because some ZnO powder is lost when solutions have been drained. ZnO
particles should especially be added to the material because it has the highest surface area to
fix the issue. Such textiles with practical ZnO can be used for effluent and self-cleaning
applications [25].

Zinc Oxide (ZnO) and doped Iron zinc Oxide (2% Fe-ZnO) has been given great
importance due to the physiological, chemical, and optic properties of the components that
make them ideal for diversified catalytical purposes, photocatalysis, sensors, ultra-violet (UV)
photodetectors, etc [27].

Different nanoparticles synthesis methods, including the sol-gel and hydrothermal
processes, SILAR, CVDs, etc, have previously been published [2,28-35]. However, sol-gel is
favored for greater photocatalytic action than all other methods. Similarly, this synthesized
approach offers an economical resolution of agricultural wastewater cleaning [36-38]. There
were quite a few attempts for the functionalization of ZnO textiles for self-cleaning [25].

6.2.3. Other materials.

Though many self-cleaning semiconductor analyses focus hard on UV-light irradiation
of TiOz2, other substances and techniques could be used. Over the years, some metal oxides and
sulfides have been examined, such as WOs, ZrOz, ZnO, and CdS, as well as polyoxometalates,
but no one has ever overcome TiO2 with light alone to enable the catalyst. But the
semiconducting photocatalysis is affected via an electric field as an effectively electrochemical
operation [18].

7. Self-Cleaning on Fabric

In daily human needs, textiles play a significant role. They are typically manufactured
and used in clothing. In many other fields, like agricultural production, transport, construction
materials, and healthcare, textile materials or fibers are also essential. The technical
advancement of textiles is then enhanced to meet the needs of different industries. The
characteristics and efficiency of textile fibers are important for the production and use of
fabrics. Cloth finishing has often led to innovative technological features, which are important
in various end-uses. New technologies variegation in the finishing industry focuses on the
efficiency of fabrics and renders them practical in the field of chemistry linked to garment
finishing that has been progressing and advancing. Recent scientific interests have grown
exponentially with the use of nanomaterials in the textile industry. Nanotechnology has been
shown to improve garment characteristics like the softness of the cloth, flexibility,
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breathability, water repulsion, delayed flame, and antimicrobial properties of fibers, films, and
fabrics [39].

Textile finishing with inorganic nano-suspending colloidal nano-sols will create new
materials wherein inorganic nanomaterials characteristics are passed only to the textile surface
[40].

All has been done to create finished fabrics with several results once nanoparticles in
textiles were introduced. This was primarily because fabrics of textiles consider one of the best
surfaces for nanotechnology, and cotton fibers, commonly referred to as cotton fibers, have a
wide area.

The strong fixation of nanoparticles to fabric surfaces is an important part of the
nanotechnological operation in the textile industry. This means that the durability of the
required characteristics is improved and nanoparticles are minimally lost to the atmosphere.

An optimum chemical integration among nanomaterials and even the textile surface
must be obtained to ensure the application of nanoparticles. For this reason, A technique that
utilizes covalent linkers is a widely used one [26].

The method of dip-pad-dry-curing also creates linkages among nanomaterials and a
textile.

The authors tested the influence of nano TiO2 chemical treatment on the characteristics
of cotton fabric. The cotton material was prepared by the pad-dry-cure process using nano TiO2
particles [41]. Functionalization of wool fabrics utilizing sol-gel low temp process with TiO2
and TiO2/SiO2 nanocomposite [42].

Self-cleaning textiles perform by using photocatalysts such as titanium dioxide and zinc
oxide to introduce a photocatalytic response in the material. The textile that is covered with a
thin layer of titanium dioxide molecule, this semiconductor, exposed to the sun, radiation with
an energy equivalent or greater than the photocatalyst wavelength, stimulates electrons to the
conductive band. Throughout the crystalline structure, only the excited electrons interact with
oxygen atoms in the air, producing free-radical oxygen. Such oxygen atoms are powerful
oxidants that can destroy most carbonic substances via the oxidation process. This process
breaks down the organic materials (i.e., toxins and microscopic creatures ) into substances such
as carbon dioxide and water [24].

In addition to high separation and the structural effects of the amorphous silica
compound, the cotton fabric TiO2-SiO2 treated exhibited an excellent photocatalytic activity
above T102 cotton alone [43,44].

Experts have confirmed that cotton textiles can be linked to TiO2 via chemical holes. A
coating process was easy and non-toxic surfactants had been used. TiO2 cotton textiles have a
steadily self-cleaning effect and caused any chromophore(s) of wine to be slightly removed by
daylight, which shows a stable long-term efficiency [19].

Experts also defined that the degree of self-cleaning in cross-linked textiles is higher
than in non-cross-linked cured substances. This results in a higher amount and more reliable
distribution of titanium components over cotton surfaces in the cross-linking process than in
the non-crosslink process. These higher levels of self-cleaning are done [45].

8. Summary

In different industries, the idea of self-cleaning provides several benefits. Self-cleansing
fabric, in particular, that, due to times, materials, energy reduction, and thus cost-effectiveness
in manufacturing, has a huge potential for improving products and the textile industry, health
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industry. Besides, this technology encompasses environmental characteristics as cleaning
activities are effectively reduced, a substantial volume of water and energy are conserved, as
well as time and laundering costs are saved.

This review article covers different research work carried out in the last 10 years on

hydrophilic and hydrophobic surfaces.

Another difficulty is the 'peeling off' impact in creating competent self-cleaning

surfaces in this paper. Self-cleaning surfaces are ideal for many areas ranging from the glass
industry to the textile sector and are a promising area for interesting research.
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