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B oannou pabome nanoxomnosum Ag-TiO, 6bin cunmesuposan 30 2ejib MEMOOOM U
0XapaKmepu306an ¢ ROMOWbI0 NOIE6OI IMUCCUOHHOU CKAHUPYIOW|ell I1eKMPOHHOU MUKPOCKO-
nuu (FE-SEM), penmezenoeckoui ougppaxuyuu (XRD) u Y@-euoumoii cnexkmpockonuu. Coomno-
wenue Ag'ITi* cymecmeenno enusem na gpazoeviii nepexoo TiO> uz anamaza ¢ pymun 6 Hano-
Komno3ume: cooepicanue anamaza cuudxcaemces ¢ 94,9% 0o 52,6% npu yeenuuenuu 3mozo coom-
Howenua c 1,0 0o 4,0%. /[Ina oanvueiiwiux uccinedoeanuil eplOpano UCX00HOE COOMHOUICHUE
AQ'ITi* 1,0% 6 ceasu ¢ naubonvuium cooepyucanuem TiO2 ¢ pase anamaza. Hanouacmuywi oo-
CMAmMoO4YHO MOHOOUCHEPCHBL U UMEIOM CheputecKyio (hopmy co cpeoHum paimepom 0koo 18-24 um.
Camoouuwarowiasaca mxansv u3 noauicmepa (I3T) ovina ycneuwino moouguyupoeana nanoua-
cmuuamu Ag-TiO2 nozpyscnvim memooom. Hanoxomnosum Ag-TiO; 6vin noxkpvim nonusmu-
nenznukonem (II3I) ¢ pazmepom 100-200 nm u nanecen na nosepxnocmo mxanu INIT. Bvina oe-
MOHCHPUDPOBAHA CAMOOUUMAIOWAACA HOBEPXHOCIb MKAHU O1a200apa 2UOpodhooHOll nosepxXHO-
cmu no Ighghexmy nomoca u pomoxkamanumuyeckoil oezpadayuu pooamuna b noo oeiicmeuem
conneunozo ceema. Tkanw I13T, nokpvimasn komnozumom Ag-TiOz demoncmpupyem 6onee cuns-
HYI0 AaHMUOAKMEPUATLHYI0O AKMUBHOCMb (30HA unzuduposanus 1,3 cm) no cpagnenuio c mkanwio,
nokpoimoii moavko TiO: (3ona unzuouposanusn 0,8 cm). Pezynomamol ucciedoeanus nokasaiu,
umo nocie 6 u oonyuenusn pomoxamanumuueckas akmuernocmos oopazua mxanu Ag-TiO/IIDT
OviLna 3nauumenwvro ayyuie, yem y oopasua mxanu TiO/IIIT. Cnocobnocms npespauiamocsa u3
2u0podoonozo 6 2udpodunbilii 0COOEHHO MHO2000ewarOwa 011 UHmMepPeca K camoouuuiao-
WAUMCA NOBEPXHOCHIAM, MEKCMUTbHOU NPOMBIUIEHHOCIU U OYUCHIKE OKPYXMcaloueil cpeobl.

KarwueBble cjioBa: aHTI/IMI/IKp06Ha$I AKTUBHOCTb, TKaHEBAsA IMMOBCPXHOCTD, Q)OTOKaTaHI/ISaTOp, HaHO4Ya-
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SYNTHESIS AND STUDY OF Ag-TiO2 NANOPARTICLES FOR APPLICATION
IN SELF-CLEANING FABRICS
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In this work, the Ag-TiO2 nanocomposite was prepared by sol-gel method and characterized
using the Field emission scanning electron microscopy (FE-SEM), X-ray diffraction (XRD) and
UV-Vis spectroscopy. The Ag*/Ti** ratio significantly influences the phase transition of TiO, from
anatase to rutile in the nanocomposite: the anatase content decreases from 94.9% to 52.6% as this
ratio increases from 1.0 to 4.0 %. The initial Ag*/Ti* ratio of 1.0 % was chosen for further research
due the highest content of TiO; in the anatase phase. The nanoparticles are fairly monodisperse
and have a spherical shape with an average size of about 18-24 nm. Self-cleaning fabric polyester
(PET) was modified successfully with Ag-TiO, nanoparticles by an immersed method. The nano-
composite of Ag and anatase TiO2 was coated by binder in 100-200 nm in size which coating onto
the surface of fabric demonstrated self-cleaning surface with different mechanisms: hydrophobic
surface as “lotus leaf” effect, photocatalytic degradation Rhodamine B under solar irradiation.
The PET fabric coated with the Ag-TiO, composite demonstrates stronger antibacterial activity
(inhibition zone of 1.3 cm) compared to the fabric coated with TiO. alone (inhibition zone of 0.8 cm).
The results showed that after 6 h of irradiation, the photocatalytic activity of the Ag-TiO2/PET
fabric sample is significantly better than that of the TiO/PET fabric sample.

The ability to change from hydrophobic to hydrophilic is especially promising to the interest
in self-cleaning surfaces, the textile industry, and environmental cleanup.

Key words: antimicrobial activity, fabric surface, photocatalyst, nanoparticles, self-cleaning
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INTRODUCTION

In the fabric industry, nanotechnology has
been used to provide multifunctional properties to the
fabric as self-cleaning, antibacterial, antistain, and
other properties [1-3]. These multifunctional proper-
ties can be maintained permanently after washing,
laundering, and wearing. On the other hand, nanotech-
nology and nanomaterials also enhance the durability
of fabrics due to their large area to volume ratio and
high surface energy [4].

Nano-engineered fabrics refer to the modifica-
tion of cotton’s cylindrical structure in fabric. At the
micro scale, the microstructure of cotton fiber looks
like tree trunks. Using nanotechnology and nano-
materials, the cushion of air (through a fuzz of minute
whiskers) could be created around the cotton fiber,
leading fabric in the super-non wet table or super-hy-
drophobic stages [5]. These whiskers also can create
points of contact for dirt when fabrics are contami-
nated. The self-cleaning effect of fabrics refers to the
hydrophobic water-repellent double structure of the
surface, which reduce significantly the adhesion force
between fabric surface and water droplet. Thus, when
water contacts the contaminated/inclined superhydro-
phobic fabric, the water droplet should roll off rather
than slide off.

Regarding the nanomaterials used in fabrics,
various nanoparticles have been reported for their ef-
fective photocatalytic and antibacterial activities, such
as ZnO, Ag, Cu, Au, and TiO; nanoparticles [6-11].
Among these nanoparticles, TiO has been considered
as the promising nanophotocatalyst with highly reac-
tive oxygen species for both antibacterial and decom-
position of organic pollutants. Under UV light expo-
sure, pairs of free electrons and holes are formed on the
surface of TiO,. Thereafter, they can react with oxygen
and absorb the hydroxyl group to produce superoxide
and hydroxyl radicals. In the case of polyester (PET)
fabrics, nano-TiO; can be applied in two roles, as an
efficient photocatalyst and as a hydrophobic agent. In
this direction, the possible recovery from hydrophilic
to hydrophobic states could provide the flexible and
self-cleaning abilities for PET fabrics.

However, the bandgap energy of TiO2 nano-
particles is high (Eg = 3.2 eV); moreover, TiO; only
exhibits photocatalytic effects when stimulated by ul-
traviolet radiation (A < 388 nm). Therefore, this limits
its antibacterial activity and self-cleaning ability when
using sunlight or visible light as an external stimulus
[12]. Silver nanoparticles (AgNPs) have long been
known for their broad-spectrum antibacterial capabili-
ties without requiring UV irradiation and have been ap-
plied in various fields such as textiles and food [13, 14].
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The nanosilver coated fabric can be used in a wide
range of applications such as wound dressings, hy-
gienic clothing and medical applications where the
presence of bacteria is hazardous [15]. For example, it
can be used for the fabrication of face masks, surgical
gloves and military uniforms where the infection of the
wound can have severe effects. The high flexibility of
fabric textiles allows them to be employed in the
health, leisure and sports industries [15]. These silver
nanoparticles are either incorporated into the fibers of
the fabric, or coated afterwards. If they are impreg-
nated into the material then the useful effect lasts
longer than if they are coated on the surface [16].

However, AgNPs are susceptible to transform-
ing into AgzO (silver oxide), and additionally, silver
metal is an expensive material. A low concentration of
Ag nanoparticles in many cases may not be effective
for various practical applications, while using AgNPs
at higher concentrations leads to higher costs. To har-
ness the beneficial effects of both titanium dioxide and
silver nanoparticles while minimizing their respective
drawbacks, Ag/TiO, composite materials have been
fabricated using various methods to enhance antibacte-
rial properties and photocatalytic efficiency [17, 18].
Some studies have shown that the deposition of silver
nanoparticles can enhance the photocatalytic perfor-
mance of titanium dioxide. This might be attributed to
the ability to attract electrons at the Schottky barrier of
the silver nanoparticles at all contact regions of the
Ag/TiO, composite, reducing the recombination of
electron-hole pairs on the surface of titanium dioxide.
As a result, this creates charge separation and leads to
more electron transfers, resulting in a longer lifetime
of electron-hole pairs [19].

In this work, a facile and effective method was
described for the production of the Ag-TiO, coated
PET fabrics at ambient temperatures from an aqueous
Ag-TiO; nano-sol, which was obtained via hydrolysis
and condensation of tetrabutyl titanate in water. Then,
the self-cleaning (in photocatalytic degradation of
dyes) and hydrophobic abilities of these Ag-TiO;
coated PET fabrics have been evaluated.

MATERIALS AND METHODS

Materials

AgNO; and tetrabutyl titanate 99% were pro-
vided by Sigma-Aldrich, whereas polyester fabric
(PET) — WW-3009 was obtained from KM, Ltd. (Ko-
rea). Rhodamine B dye was purchased from Duc Giang
Scientific Co., Vietnam. Nitric acid, ethanol, and ethyl
acetate were provided by Merck and used without any
further purification. The residual water in ethanol was
determined densimetrically to be 1.95 wt. %.

W3B. By30B. XuMus u xuM. TexHonorus. 2024. T. 67. Bem. 1



Synthesis of Ag-TiO2 composite

A typical synthesis of the TiO, and Ag-TiO;
composite by the sol-gel method can be described as
follows: 10 mL of tetrabutyl titanate was dissolved in
260 mL of ethanol (solution A). The AgNO; 0.0185 M
solution was added into a beaker, containing 15 mL of
water and 30 mL of ethanol with the added amount of
HNOs until the pH reached 3 (solution B). The initial
ratio of Ag*/Ti** was 1.0, 1.5, 2.0, 3.0 and 4.0%. The
solution B was slowly added to the solution A. Then,
the mixture was stirred vigorously at room temperature
for 24 h to obtain a gel solution. The gel was dried at
60 °C for 24 h and calcined at 450 °C for 3 h to obtain
nanoparticles.

Pretreatment of PET fabrics

To remove contaminants from PET fabrics,
they were firstly immerged in the nonionic detergent
solution (at 80 °C for 30 min), then washed with deion-
ized water. Thereafter, the fabrics were sonicated in
ethanol solution for 10 min to remove all organic com-
ponents then multiply cleaned with deionized water
and dried at 50 °C.

Coating preparation

The as-synthesized TiO; or Ag-TiO, powders
were dispersed in ethyl acetate with binder (PEG from
Merck, molecular weight = 6.000 g/mol), the suspen-
sion was stirred in 20 min and sonicated further for
5 min to achieve the good suspension of Ag-TiO; in
ethyl acetate.

The treated PET was immersed in suspension
of nanoparticles in ethyl acetate for 1 h, then dry at
room temperature for 30 min. Following that, the pro-
cess was repeated once more time for 30 min then dry.
Finally, the fabrics were immersed in deionized water
at 70 °C for 3 h to remove residual nanoparticles
from PET fabrics.

Characterization 1

The microstructures of TiOz, Ag-TiOz 5w
nanoparticles and fabrics were characterized by
the Field emission scanning electron microscopy :
(FESEM, FEI SIRION 200, FEI, USA) and ™
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JEM-100CX, JEOL, Japan). Crystal structures of
Ag-TiO; nanoparticles were determined by XRD
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by the disk diffusion method. Mueller-Hinton agar
was used as the growth medium. Briefly, the square
PET pieces with the size 5 mm x 5 mm were placed on
an E. coli cultured agar plate. After being incubated for
24 h at 37 °C, the diameter of the inhibition zone was
determined. The diameter of inhibition zone (DIZ) was
considered as a measure of the antibacterial activity.

Photocatalytic degradation of Rhodamine B dye

The photocatalytic degradation of Rhodamine
B dye on the surface of TiO2 or Ag-TiO: coated fabrics
was tested under a solar simulator irradiation. Both
solid and liquid of 20 mL Rhodamine B solution
(20 mg. L) were put on the surface of coated fabric
(5 mm x 5 mm) under the solar irradiation for 3 h.
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40 kV and 30 mA, where A=0.15418 nm for the Cu Ka.
line. UV-Vis spectra in powder form of TiO, and Ag-
TiO; Jasco-V670.

Antimicrobial activity

The antibacterial activity of TiO, and Ag-TiO-
coated fabrics was tested against Escherichia coli
(ATCC 8739) as a selected Gram-negative bacterium
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Fig. 1. Characterization of TiOz and Ag-TiOz nanoparticles: TEM
images of TiO: (a), and Ag-TiO2 (b) nanoparticles; UV-Vis spec-
tra of Ag-TiO2 and TiOz2 nanoparticles (c) and XRD spectra of
Ag-TiO2 nanocomposite in different ratios Ag*/Ti** (d).

Puc. 1. Xapakrepuctuka Hanodactur] TiO2 u Ag-TiOz:
n3obpaxenus TiO2 FE-SEM (a), m3oopaxenus FE-SEM (b) u
TEM (c) HaHouacTuny Ag-TiOz; YO cniektpsl HaHodacThl TiO2 u
Ag-TiO2 (d) u perrrenoBckue criekTpsl HaHokomIo3uTa Ag-TiO2
B pa3IM4HbIX cooTHomenusx Ag*/Ti* (d).
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RESULTS AND DISCUSSION

Characterization of Ag-TiO, nanoparticles

From Figure 1le, it can be observed that the
Ag*/Ti* ratio significantly influences the phase transi-
tion of TiO, from anatase to rutile in the nanocompo-
site. The rutile content increases from 5.1% to 47.4%
as this ratio increases from 1.0 to 4.0 % (Table 1). At
the same time, the average size of Ag-TiO, nanoparti-
cles is less than that of TiO; in all studied Ag*/Ti*" ratios,
however, increases with the Ag*/Ti* ratios. (Table 1).
These results can be explained as follows: the atomic
radius of Ag* ions is much larger than that of Ti*" ions.
Consequently, during the sol-gel transformation, Ag*
ions do not participate in the crystalline network of the
anatase phase of TiO..

It can be showed that, the size of anatase grains
of TiO, decreases with the Ag in nanocomposite, and
therefore, the total boundary energy for TiO, powder
increases. The driving force for rutile grain growth
then increases and the anatase to rutile phase transfor-
mation is promoted [20].

Table 1
TiO2 content in anatase and rutile phases in Ag-TiO:
samples and the average size of Ag-TiO:2 particles corre-
sponding to different Ag*/Ti*" ratios in the various reac-
tions.
Taonuya 1. Conep:xanne TiO2 B (pa3ax aHaTaza u py-
THia B 06pa3uax Ag-TiO:2 u cpequmii pasmep yacTuiy
Ag-TiO2, cOOTBETCTBYIOLIMX Pa3HBIM COOTHOIIEH UM
AgQ'/Ti** B pasIM4YHbBIX peaKklHUsX.

ESE;?F?‘I Anatase Rutil A\/S?;Zlge
in reaction, % (%) (%) (nm)
0.0 25.0
1.0 94.9 5.1 18.0
1.5 75.0 25.0 18.7
2.0 58.4 41.6 194
3.0 56.1 43.9 22.3
4.0 52.6 47.4 24.1

For photocatalytic materials, the particle size
has a significant impact on the catalytic efficiency.
Smaller particle sizes result in a larger surface area,
leading to higher electron absorption from light. More-
over, the results in Table 1 also demonstrate that, for
the photocatalytic effect of Ag-TiO, to be most effec-
tive, TiO, should predominantly exist in the anatase
phase. Besides that, the increases of the ratio between
Ag*and Ti* decrease the band gap energy of the sam-
ples [21]. Therefore, the Ag*/Ti*" ratio of 1.0 % is cho-
sen for further research.

Fig. 1a-b show the TEM images of the TiO;
and Ag-TiO; nanoparticles. The TEM images indicate
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that both TiO, and Ag-TiO, samples have spherical
shapes. From Table 1, it can be seen that, the particle
size of TiO, nanoparticles falls in the range of 25 nm,
while the Ag-TiO; nanoparticles are in the range of 18-
24 nm, depending on the Ag*/Ti* ratio, with a rela-
tively uniform distribution. The calculated size of the
Ag-TiO, composite particles using the Scherrer equation
aligns well with the measurement results from TEM.

Fig. 2. SEM surface images of untreated PET fabric (a), treated
PET fabric with binder (b), PET fabrics coated by TiO2 nanoparti-
cles with binder (c, d) and PET fabrics coated by Ag-TiO2 nano-
particles with binder (e, f) and static water contact angle on the
surface of fabric by binder (g) coated with TiO2 (h) and Ag-TiO2
nanoparticles (i).

Puc. 2. COM-u306paxeHust moBepxHOCTH HeoOpaboTanHou [1DT-
TKaHH (a), 06paboranHoii [IIT-Tkanu co cessyroumm (b), IOT-
TKaHH, MOKPBITOH HanoyacthiaMu Ti02 co ces3yromum (C, d) u
IO T-TKaHu, HOKPHITON HaHouacTuiiamu Ag-TiO2 co CBA3YIOIIM
(e, T) 1 craTryeckuil yros KOHTaKTa BOJIbI C TIOBEPXHOCTHIO TKAHU
casyronmM (), mokperrev TiOz (h) n Hanouactramu Ag-TiOz (i).

The UV-VIS spectra of the nano-TiO, and Ag-
TiO; particles are shown in Fig. 1c. The results indicate
that the samples have absorption band edges that shift
to longer wavelengths (red shift) compared to the reg-
ular TiO, sample (from 324 nm to the range of 353
nm). This suggests that the Ag-TiO, samples hold the
potential for photocatalytic activity when stimulated
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by visible light with longer wavelengths than ultravio-
let light. This red shift was also observed in other
works on Ag-TiO. hybrid nanoparticles for antibacte-
rial application in polyethylene [22, 23].

Characterization of fabric surface

The morphological properties of the PET fab-
rics before and after treatment with TiO; or Ag-TiO;
nanocomposite were explored using scanning electron
microscopy (SEM) (Fig. 2a-f). As shown in Fig. 2, af-
ter dispersing in the solution of binder, the average size
of TiO; and Ag-TiO nanoparticles is in the range of
100 - 200 nm.

Following the microscope, Fig. 2 shows the
changes on the surface of PET, before and after being
treated with TiO, and Ag-TiO2 nanoparticles and
binder. The surface of initial states is quite smooth
(Fig. 2a), then becomes roughly after coating with
binder (Fig. 2b) and then TiO-, (Fig. 2¢, d) and Ag-TiO;
nanoparticles (Fig. 2e, f).

From the WCA measurements, it can be con-
sidered to show hydrophobic properties as the contact
angle (Fig. 2g-i). Static water contact angle on surface
of fabric treated by binder (Fig. 29), TiO2 (Fig. 2h) and
Ag-TiO2 nanocomposite (Fig. 2i) with contact angle
(CA) values of 113°, 134° and 140°, respectively. Thus,
the Ag-TiO, nanocomposite increases hydrophobic
property of PET surface through “lotus effect”. Ag-
TiO; already created “lotus leaf” effects on the surface
of the fabric to increase the hydrophobic properties of
the fabric. When water is exposed to the treated fabric,
the dirt will be carried away more easily.

Antibacterial effect of PET fabrics coated by
nano TiO, and nanocomposite Ag-TiO;

The antibacterial properties of Ag and TiO,
have been demonstrated and widely used as additives
in antibacterial materials. Since nano Ag and nano
TiO, both have individual antibacterial capabilities,
combining them is expected to provide synergistic an-
tibacterial effects.

The results of the antibacterial test on the fab-
ric against E. coli show that the antibacterial effects are
evident in PET fabric coated with TiO; and Ag-TiO;
composite, while pure PET fabric (blank) does not ex-
hibit antibacterial effects against E. coli (Fig. 3). The
PET fabric coated with the Ag-TiO2 composite demon-
strates stronger antibacterial activity (inhibition zone
of 1.3 cm) compared to the fabric coated with TiO:
alone (inhibition zone of 0.8 cm). This synergistic ef-
fect was also observed in a study with a similar ap-
proach by Abualnaja et al. [24] where the Ag-TiO-
nano-composite exhibited stronger inhibition of E. coli
compared to TiO; alone. The results were measured

ChemChemTech. 2024. V. 67.N 1
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based on the optical density (OD) of the bacterial solu-
tion. In another study conducted by da Silva et al. [25],
fabric coated with Ag-TiO, nanocomposite even
demonstrated a 50% inactivation of the SARS-CoV-2
virus when it came into contact with the fabric. Other
authors have also reported similar results [22, 23]. Ad-
ditionally, in this study, the inhibitory effects were also
observed on both Gram-negative bacteria (E. coli) and
Gram-positive bacteria (S. aureus). This indicates that
the Ag-TiO2 nanocomposite exhibits a broad spectrum
of antimicrobial activity, including against both viruses
and bacteria. It can be concluded that the combination
of Ag and TiO; nanoparticles on the fabric surface en-
hances the antibacterial activity, making it a promising
approach for developing antibacterial materials.

Fig. 3. Antibacterial effect of PET blank (M1), PET coated by
TiO2 (M2) and PET coated by Ag-TiO2z (M3).
Puc. 3. Antubakrepuainbhsiii a3¢pdexr [19T-3aroroku (M1), I[19T ¢
nokpsrtieM Ti102 (M2) u I[13T ¢ nokpeitrem Ag-TiO2 (M3).

Photocatalyst degradation of Rhodamine B

The decrease of Rhodamine B concentration
over the Ag-TiO, coated PET fabric under simulated
solar irradiation was shown in Fig. 4. According to
Figure 4, 20 mL of 20 mg. L'* Rhodamine B were
degraded absolutely under solar irradiation with a
0.25 cm? piece of treated fabric by TiO, (Fig. 4 a,b,c)
or Ag-TiO; (Fig. 4 d,e,f).

It is evident that after 6 h of irradiation, the
photocatalytic activity of the Ag-TiO2/PET fabric sam-
ple (Fig. 4e) is significantly better than that of the
TiO2/PET fabric sample (Fig. 4b). Table 2 presents the
contact angles with water of the fabrics taken at differ-
ent time points. The hydrophobic properties of the fab-
ric samples can be restored after being kept in the dark
for about 2 h (Fig. 4c, f): the contact angle with water
of the fabric samples is recovered to its initial value
(Table 2).
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Fig. 4. Photodegradation of Rhodamine B in TiO2/PET (a, b, c); Ag-TiO2/PET (d, e, f) under visible light in solid state after 6 h
Puc. 4. ®otonerpananus pogamusa b B cocrase TiO2/TIOT (a, b, ¢) Ag-TiO/IIAT (d, e, f) mox neiicTBHeM BUAMMOTO CBETA B TBEPIAOM
COCTOSIHUM 4epe3 6 4

Table 2

Values of the water contact angle (CA) on the fabric surface. Water contact angles were recovered after storage in dark
Tabnuya 2. 3navenns yriaa koHTakTa Boabl (CA) ¢ MOBEPXHOCTHIO TKAHH. YTJIBI CMAYHBAHUS BOIbI OBLIH
BOCCTAHOBJICHBI IOCJI€ XPAHECHHUSA B TEMHOTE

Contact angle [deg]

Ag-TiO/PET
Initial

Irradiation 30 min

Irradiation 3h Storage in dark 2h

CA 122 10

0 122

CONCLUSIONS

The TiO; nanoparticle and Ag-TiO, nanocom-
posite have been synthesized by sol-gel method, then
coated on the surface of PET fabrics by dipping the
fabrics in the nanoparticles suspension. XRD, FE-SEM
and TEM studies indicated that the TiO, nanoparticles
in the composite were crystallized in the anatase phase.
Both TiO; and Ag-TiO, samples have spherical shapes.
The particle size of TiO, nanoparticles falls in the
range of 25-30 nm, while the Ag-TiO, nanoparticles
are in the range of 18-24 nm. Data from the test of pho-
tocatalytic degradation of dye confirmed the self-
cleaning ability of Ag-TiO- coated PET fabrics against
Rhodamine B. The PET fabric coated with the Ag-
TiO, composite demonstrates stronger antibacterial ac-
tivity compared to the fabric coated with TiO, alone.
Their photocatalytic degradation is achieved through
their hydrophobic surface and photocatalytic activity.
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From these findings, the self-cleaning performance of
Ag-TiO; coated PET fabrics is very promising in the
textile industry and environmental remediation due to
the catalytic decomposition of the organic substances
on the surface under solar irradiation without human
intervention.
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