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Abstract

sustainable, this is to save effort, energy and water used to clean clothes. In general, we are

I n textiles, there are lots of developments to make self-cleaning coatings that are effective and

talking here about the fact that this technology can be applied in many ways, such as the critical
state technology of carbon dioxide, the photocatalyst technology and other technologies, taking ad-
vantage of the types of preparation methods that can be obtained in addition to self-cleaning, such
as resistance to combustion. All this is done on different fabrics such as cotton, polyester, wool,
etc., which gave impressive results and self-cleaning and flame-resistant fabrics were obtained.

Keywords: Self-cleaning, Lotus Effect, Contact angle, photo catalysis, Nano composite, supercriti-

cal carbon dioxide.

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. This technology gained much attention.
Fabrication of self-cleaning super hydrophobic sur-
faces have recently gained a Great deal of attention.
Up to now, various methods have been employed to
Prepare super hydrophobic films such as layer-by-
layer assembly, [1, 2] dip-coating, chemical vapor
deposition, spray coating, electro spinning and etch-
ing. [3, 4] Generally, super hydrophobic coatings
may be required on various substrates such as glass,
metals, paper, textile etc. [5, 6]

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. [7, 8]

Self- cleaning textiles mean the textile surface
which can be cleaned itself without using any laun-
dering action. 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. [9, 10] The
surfaces of hydrophobic and super hydrophobic

have a tightly arranged structure. [11, 12] The hy-
drophilic technique is not strictly dependent on wa-
ter flowing to remove pollutants. [13] Instead, pho-
to catalytic oxidation is utilized; enabling photo
degraded organic pollutants materials to be extract-
ed all across the water surface. [14-21]

This article is a review that talks about self-
cleaning technology and how to apply it using dif-
ferent techniques on different fabrics.

Self-Cleaning Properties of Cellulosic Fabrics

Mechanism of self- cleaning: Types of Coatings:
It can normally be categorized as hydrophobic or
Hydrophilic. Hydrophobic and super hydrophobic
coatings (Lotus Effect): That hydrophobic coating's
self-cleansing effect comes from large contact an-
gles with water; the water forming near-sphere
droplets on these surfaces quickly roll away and
with_them moves dust and soil. Hydrophilic coat-
ings: In comparison to hydrophobic, 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 sur-
face. The surface is washed along with the photo
catalysis and the surface is then filled with water to
extract the dirt molleculations. [22]

1. The Lotus effect: Lotus is considered a spe-
cial plant in Hinduism, botanically called
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"Nelumbo nucifera”. Lotus is also the na-
tional flora of India and is considered a sign
of pureness Nano sized 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, bring-
ing stains and dust with them but keeping
the surface clean. Such a self-cleaning ef-
fect, called the lotus impact, has given a
chance to produce super hydrophobic sur-
faces for various items. Their surfaces are
highly hydrophobic.

T

Figure 1: Hydrophobic structure of lotus leaf (a),
electron microscope image of Nano and microstruc-
ture protrusions in lotus leaf (b)

2. Contact angle: Usually, the level of surface
wettability is evaluated by measuring the
static contact angle of a drop of water in
contact with the surface. As seen in Figure
2, the angle between the surface and the
curvature of the droplet that is in contact
with the surface is considered as the contact
angle (CA). A contact angle of more than
90 degrees indicates that the surface is hy-
dro phobic; a contact angle of less than 30
degrees indicates that it is hydrophilic, and
an angle of more than 150 degrees indicates
that the surface is super hydrophobic. It is
worth mentioning that although the use of
materials such as fluorocarbon compounds
they are not classified in the group of self-
cleaning surfaces

Hydrophilic surface
Contact angle < 90°

Figure 2: Measurement of stable contact angle in
hydrophilic, hydrophobic and super hydrophobic
surfaces

hydrophobic surface
Contact angle > 90°

Superhydrophobic surface
Contact angle > 150°

3. Photo catalytic coatings: Subsequently, pho-
to catalysts can break down mutual organic
matters in the air like odor molecules, bac-
teria, and viruses. A photo catalytic semi-
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conductor technique has shown great poten-
tial as a low price, environmentally friendly,
and sustainable curing. [16-19, 23-29]

Method for photo catalysis

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 photo catalytic reactions. [30] When a
photo catalyst is emitted by light, usually ultraviolet
light, the photo catalytic process starts. Electrons at
the photo catalyst surface are stimulated with a
power similar to or greater than the band gap 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 photo catalyst ab-
sorbs. [22, 31] The couples activate redox reactions
onto the surface. The negatively charged ions and
the oxygen combine into racial superoxide anions
(0, "), while hydroxyl radicals (OH") are produced
by positively charged holes and water. [30] So
many shaped highly activated oxygen molecules
can ultimately oxidize organic compounds to car-
bon dioxide (CO,) and water (H,O). The photo
catalytic activity could then break down organic
material, including particles of odorants, viruses,
and bacteria in the air. [32]

Titanium dioxide: Titanium dioxide (TiO2) is a
photo catalytic 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 ap-
plied. [22] There are three crystalline phases in
which titanium dioxide is present; rutile, anatase,
and brookite. [33] 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 photo catalytic and often seemed to be the
most active and the simplest to manufacture in sem-
iconductor photochemistry. [34] In terms of heat,
anatase and brookite will be rutile. There are band
holes for either the anatase or the rutile. Their pho-
toactive existence ensures the existence of radical
species on their surfaces in the presence of sun and
water. [14, 16, 20, 33, 35-40]

TiO, has become a product for industrial self-
cleaning surfaces, including kitchen and bath ce-
ramic tiles and garments, indoor air filters, and
window glass. [22, 41] If the particle size of TiO,
decreases to Nano, the photo catalytic behavior in-
creases. Titanium (TiO,) nanoparticles with a cellu-
lose or cotton surface have been merged, producing
an occurrence of self-cleaning. In the latest items
known as intelligent textiles, the manufacture of
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cotton textiles with a life cycle of between 25-50
washings or higher is a goal pursued by the textiles
industry. So many experiments have shown that
cotton textiles can be coated by TiO, using various
pretreatment methods and techniques, such as RF-
plasma, MW-plasma, UV radiation, dip-pad-dry-
cure, and dip-coating. [33]

Zinc oxide: Zinc oxide is another semi-
conductive element that seems to be an alternative
to TiO2 (ZnO). Due to its non-toxic nature, cheap,
and strong photochemical reactivity, the use of ZnO
as degrading content for environmental contami-
nants 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 photo catalysis. 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 prac-
tical ZnO can be used for effluent and self-cleaning
applications [21]. Zinc Oxide (ZnO) and doped Iron
zinc Oxide (2% Fe-ZnO) has been given great im-
portance due to the physiological, chemical, and
optic properties of the components that make them
ideal for diversified catalytically purposes, photo
catalysis, sensors, ultra-violet (UV) photo detectors,
etc. [42] Different nanoparticles synthesis methods,
including the sol-gel and hydrothermal processes,
SILAR, CVDs, etc., have previously been pub-
lished. [26, 43-45] However, sol-gel is favored for
greater photo catalytic action than all other meth-
ods. Similarly, this synthesized approach offers an
economical resolution of agricultural wastewater
cleaning. [46, 47] There were quite a few attempts
for the functionalization of ZnO textiles for self-
cleaning. [33]

Self-Cleaning on Fabric: 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 Nano
technological operation in the textile industry. This
means that the durability of the required character-
istics is improved and nanoparticles are minimally
lost to the atmosphere. An optimum chemical inte-
gration among nanomaterial’s 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. [34]
The method of dip-pad-dry-curing also creates link-
ages among Nanomaterial’s and a textile. The au-
thors 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 TiO2particles. [48] Func-

tionalization of wool fabrics utilizing sol-gel low
temp process with TiO2and TiO2/SiO2 Nano com-
posite. [49]

Self-cleaning textiles perform by using photo
catalysts such as titanium dioxide and zinc oxide to
introduce a photo catalytic response in the material.
The textile that is covered with a thin layer of tita-
nium dioxide molecule, this semiconductor, ex-
posed to the sun, radiation with an energy equiva-
lent or greater than the photo catalyst wavelength,
stimulates electrons to the conductive band.
Throughout the crystalline structure, only the excit-
ed electrons interact with oxygen atoms in the air,
producing free-radical oxygen. Such oxygen atoms
are powerful oxidants that can destroy most carbon-
ic substances via the oxidation process. This pro-
cess breaks down the organic materials (i.e., toxins
and microscopic creatures) into substances such as
carbon dioxide and water. [32]

In addition to high separation and the structural
effects of the amorphous silica compound, the cot-
ton fabric TiO2-SiO2 treated exhibited an excellent
photo catalytic activity above TIO2 cotton alone.
[50, 51] 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. [22]

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 pro-
cess. These higher levels of self-cleaning are done.
[52]

In different industries, the idea of self-cleaning
provides several benefits. Self-cleansing fabric, in
particular, that, due to times, materials, energy re-
duction, and thus cost-effectiveness in manufactur-
ing, has a huge potential for improving products
and the textile industry, health industry. Besides,
this technology encompasses environmental charac-
teristics as cleaning activities are effectively re-
duced, a substantial volume of water and energy are
conserved, as well as time and laundering costs are
saved. [53]

4. Denim Fabric with Flame retardant, hydro-
philic and self-cleaning properties confer-
ring by in-situ synthesis of silica nanoparti-
cles: Recently most published papers were
concentrated on various finishing on textiles
such as synthesis of nanoparticles on cotton
fabric, industrial washing of denim garment
and changing the color of fabrics. The color
psychology is a critical issue for the con-
sumers because of the importance of the
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color in choosing of a product by the cos-
tumers. Therefore, color change can be a
useful way to attract the costumers for buy-
ing a cloth. The hydrophilic or hydrophobic
nature of fabric can be strongly affected on
the textile finishing, dyeing and printing.
Hence, most researchers worked on various
methods to enhance the hydrophobicity of
fabrics. treated the cotton fabrics by DC air
plasma and cellulose to improve the hydro-
phobicity, wettability, and dye-ability with-
out substantial fiber deterioration. In this
study, sodium silicate solution was used in
an alkaline solution of Keliab as a friendly
compound to synthesize silica NPs on the
denim fabric. Also, the synthesis was per-
formed in two different alkaline solutions
and the results compared. The better ther-
mal behavior of denim fabrics with mini-
mum effect on the handle and low color dif-
ference were explored. Besides, the hydro-
philic, photo catalytic, and mechanical
properties of the treated samples were in-
vestigate. [54-57]

In summary, S. Rosmarinus (Keliab) ash, as a
source of alkali, can be used for in situ synthesis of
silica NPs on denim fabric. This can be achieved by
means of diluted sodium silicate solution under al-
kaline conditions. The FESEM images revealed the
rod-shaped silica NPs by Keliab solution and spher-
ical-shaped NPs by ethanol in alkaline conditions
with the average size of 78.9 and 311.43 nm, re-
spectively. FTIR spectra confirmed formation of the
Si—O stretching at 1000 cm-1 on the treated fabric.
The breakages in cellulosic chains due to alkaline
treatment at high temperature along with ionic link-
ages of cellulose with SiO2 caused to the higher
tensile strength and bending rigidity. The silica NPs
on the fabrics made absorption of water faster and
improved the hydrophilic properties. Besides, the
silica NPs on the fabric surface significantly de-
creased the burning length and increased the residue
of fabric at 500 C providing the consumer protec-
tion. The handle of the fabrics turns to rigid, harsh,
and hard, nevertheless the fabric air permeability
improved. Overall, the applied synthesis method is
environmentally friendly and low cost that can be
applied on cellulose fabric to produce multifunc-
tional properties such as flame retardant and self-
cleaning. The final denim fabric can be used in var-
ious situations such as apparel manufacturing, pro-
tective clothing for humans and pets, mobile cases,
insulation textiles, and bags and shoes industry. It
can also be exploited in home textiles including
curtains, furniture, seat covers, mattresses, and
sleepwear. [58, 59]

5. Self-cleaning and super hydrophilic wool by
TiO2/Si02 Nano composite: In this investi-
gation, wool fabrics were treated with col-
loids ofTiO2/SiO2 through a low tempera-
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ture sol-gel method using the dip-pad-dry-
cure process. This study was set out to in-
vestigate the synergistic role of silica in en-
hancing the functionality of TiO2on wool
fabric, and to elucidate the impacts of silica
addition on self-cleaning and hydrophobi-
city of wool fabrics. Wool fabrics were
stained with coffee and exposed to UV to
assess the self-cleaning property. The water
absorption behavior of treated samples was
analyzed based on the water droplet contact
angle. [60] Preparing the sols: Titanium sol
was prepared by vigorous stirring of TTIP,
acetic acid, distilled water and hydrochloric
acid mixture for 2 h at 60°C. Silica sol was
prepared through hydrolysis and condensa-
tion of TEOS in water and in the presence
of hydrochloric acid (pH = 3). This mixture
was stirred for 2 h and then kept overnight
for 16 h.TiO2/SiO2 composite sols were
prepared through mixing the TiO2and SiO2
sols together based on three different Ti/Si
molar percentage ratios of 70:30, 50:50 and
30:70 and stirring for 1 h. [61, 62] Scouring
: Scouring was performed to remove the
surface impurities of wool fabrics, in a bath
containing 2 g/L of colorless nonionic de-
tergent (Kieralon F-OL-B) with a liquid to
fabric ratio of 50:1 at 40 °C for 20 min.
Then the samples were rinsed thoroughly
with water. TiO2/SiO2 treatment: Prepared
sols were applied to the surface of wool fab-
rics using the dip-pad-dry-cure process. The
excessive uptake of sols was removed from
the fabrics by an automatic horizontal pad-
ding machine with a nip pressure of 2.75 kg
cm—2 and rotating speed of 7.5 rpm. The
fabrics were dried in an oven at 80°C for 5
min and subsequently cured at 120°C for 2
min.Self-cleaning test on fabrics: Function-
alized wool fabrics were stained with 20 of
12 g/L coffee solution and exposed to UV
radiation with an intensity 0f0.98 mWcm™.
The self-cleaning property was evaluated
based on the color removal of coffee stains
on fabrics. [63] Solid extraction: Immedi-
ately after adding sodium carbonate solution
into theTiO2/Si02 sols, the suspended na-
noparticles formed a precipitate at the bot-
tom of the beaker. The precipitate was sepa-
rated from the liquid phase through centrif-
ugation. The pH of nanoparticles was low-
ered to neutral through washing with dis-
tilled water and subsequent centrifugation.
The extraction process was finalized
through drying the product at 70°C for 12 h.
[64]
Esfandiar Pakdel and “et al: Self-cleaning func-
tion and hydrophobicity of wool fabrics were suc-
cessfully improved through the integration of silica
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in the TiO2/SiO2 Nano composites. Increasing the
concentration of silica, the TiO2/SiO2 Nano com-
posite showed more capability in decomposing the
stains. This was confirmed through monitoring the
discoloring rate of coffee stains on pristine and
treated wool samples. Providing a higher surface
area in the vicinity of TiO2 and also increasing the
surface acidity of the photo catalyst, silica could
enhance the functionality of the self-cleaning coat-
ing layer on wool fabric. After applying TiO2/Si0O2
50:50 and 30:70 onto a wool fabric, a super hydro-
philic surface was obtained even in the absence of
UV irradiation. Establishing Ti—O—Si and Si—
O—Si linkages in the synthesized Nano composite
was demonstrated using the FTIR pattern. Further-
more, the presence of anatase crystalline structure
in synthesized nanoparticles was confirmed using
the XRD patterns. SEM images showed a relatively
even layer of TiO2 and TiO2/SiO2 nanoparticles on
the surface of wool. Further work is still required to
examine other important aspects of the treated wool
fabric, such as durability in washing and abrasion.

6. Stain proofing finishing of polyester fabric
in supercritical carbon dioxide

Supercritical fluid Carbon dioxide: A supercriti-
cal fluid is a substance at a temperature and pres-
sure above its critical temperature and pressure. The
critical point represents the highest temperature and
pressure at which the substance can exist as a vapor
and liquid in equilibrium. It has the unique ability
to diffuse through solids like a gas, and dissolve
materials like a liquid. Additionally, it can readily
change in density upon minor changes in tempera-
ture or pressure. These properties make it suitable
as a substitute for organic solvents. Carbon dioxide
usually behaves as a gas in air or as a solid called
dry ice when frozen. Above its critical temperature
and pressure, it behaves like a supercritical fluid
and can adopt properties midway between a gas and
a liquid. [65] Procedures of the one-step process for
tri-proofing finishing of polyester in SCF-CO2: A
one-step tri-proofing finishing of polyester in SCF-
CO2 was carried out on a supercritical multi-
functional treatment machine constructed by the
waterless coloration team from Soochow University
of China. The employed supercritical multi-
functional machine was comprised with a pressuriz-
ing, a high-pressure finishing, a separation and re-
cycling subsystems, etc., as shown in Fig. Moreo-
ver, as shown in Fig, predetermined dosages of the
tri-proofing finishing agent of TG-5574 and AOT
were sufficiently dissolved in a solution including
10.0 mL of absolute ethanol and 40.0 mL of deion-
ized water, and well stirred to obtain a working so-
lution, and then it was loaded into the high-pressure
finishing unit. Moreover, 6.0 g polyester fabric was
also set in a mesh sarong and fixed in the high-
pressure finishing unit. Since all preparations were
already made, the supercritical finishing treatment
unit was sealed, and carbon dioxide was injected by

the pressurization pump. [66] Then a one-step tri-
proofing finishing process was initiated with the
circulation pump working after the system tempera-
ture and pressure being raised to predetermined
conditions according to an individual experiment
request. When a predetermined finishing duration
was fulfilled, the separation and recycling subsys-
tems were employed to recover the residual work-
ing solution and most of carbon dioxide gas to a
balance between the high-pressure finishing unit
and the separators. Thereafter, a continuous rise of
the system temperature to 150.0 C was also per-
formed for a further short treatment of the polyester
sample for 5.0 min, and then the system was fully
depressurized to recover the remaining carbon diox-
ide. Finally, the tri-proofing finished sample was
taken out as the system pressure was in equilibrium
with atmospheric pressure. [67, 68]

Fig.‘Schematic diagram for the procedure of the
supercritical tri-proofing finishing of polyester sub-

strate in a one-step manner.

Li-Yuan Guan and “et al : In this work, a super-
critical one-step method or process for the triproof-
ing or namely the stain proofing finishing of polyes-
ter with apparent characteristics of green and eco-
friendly was successfully developed and validated.
The achieved results show that the finishing agent
concentration in work solution, system temperature,
pressure as well as duration could impact important
and various effects on triproofing performances. A
water-proofing and a soil-proofing performance at
4-grade or above, and an oil-proofing performance
at 5-6 grade for the finished polyester fabric under
one of the recommended conditions of 100°Cx 20
MPa x 90 min was achieved, respectively. Fur-
thermore, a mechanism for tri-proofing finishing in
an eco-friendly way with the developed supercriti-
cal one-step process was successfully derived, and
the supercritical tri-proofing finishing was also ver-
ified by SEM and FT-IR analysis. Additionally, a
good or comparable air permeability performance
with less variation (lower than 1.3 %) was also
achieved for the supercritical finished substrate in
comparison with the control one. The 50-time repet-
itive washings showed no evident effect on the wa-
ter- and soil-proofing performances, and a relative
high oil-proofing performance at or over 5-grade
was also achieved even some slight decrease ac-
companied as prolonging the repetitive washings
under appropriate supercritical finishing conditions.
All the results further demonstrate that the devel-
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oped supercritical tri-proofing finishing method in a
one-step manner affords a new strategy and possi-
bility to manufacture some multifunctional polyes-
ter products in practice, involving social, economic
benefits and eco-friendly characteristics for clean
finishing in textile industry.

Conclusions

The development of self-cleaning textiles pre-
sents a significant advancement in material science,
offering environmentally friendly, cost-effective,
and innovative solutions for various industries. This
review highlights the integration of hydrophobic
and hydrophilic coatings, nanotechnology, and ad-
vanced fabrication technigues to create textiles with
self-cleaning properties. These textiles not only
enhance durability and reduce maintenance costs
but also contribute to environmental sustainability
by minimizing water and energy usage. Applica-
tions of self-cleaning textiles extend to apparel,
home furnishings, and protective gear, demonstrat-
ing their versatility. Techniques such as the use of
titanium dioxide (TiO2) and zinc oxide (ZnO) nano-
particles, silica composites, and supercritical carbon
dioxide processing have shown promise in achiev-
ing multi functionality, including flame resistance,
UV protection, and improved hydrophilicity or hy-
drophobicity. Future research should focus on op-
timizing these technologies for scalability, enhanc-
ing the durability of coatings under real-world con-
ditions, and expanding their applicability across
different fabric types. By doing so, the textile in-
dustry can further harness the potential of self-
cleaning technologies to meet the growing demand
for sustainable and high-performance materials.
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