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Nano- TiO2 coatings have been applied to cotton fabric by sol-gel process without any crosslinker or binder. The 
characteristics of coatings derived from two different approaches by sol-gel process are compared. It is revealed from the 
Fourier transform infrared spectroscopy that the TiO2 sol particles have the similar spectra as observed for commercial TiO2 

(Degussa P25). The nano-TiO2 particles are applied to cotton fabric using 1 wt% acrylic binder and cured. The photo-
catalytic activity of the finished fabric has been investigated and a comparison is made between the commercially available 
TiO2 sample and the nano-sol coated samples. The self-cleaning action of nano-crystalline TiO2 coated cotton has been 
quantified by measuring the photo-catalytic degradation of stain due to visible light irradiation. Nano-sol derived TiO2 
particles with smaller particle size of <10 nm (prepared using nitric acid) show significantly better activity than the 
commercial TiO2 sample of the particle size 25nm. The titanium coatings on fabric also act as anti-bacterial photocatalyst. 
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1 Introduction 

Titanium dioxide (TiO2), a wide band gap and non-
toxic semiconductor, has been studied extensively in 
the past in a vast range of scientific and industrial 
fields. High photo-catalytic property of titanium 
dioxide nano-particles/coatings has been widely used 
for water and air purification1-4, sterilization/ 
disinfection5, photo-induced water splitting2, organic 
compound degradation6,7 , dye-sensitized solar cell8 

(DSSC), super hydrophilic effect9 and self-cleaning 
properties.9 A recent review on the photo-induced 
reactivity of TiO2 gives a comprehensive idea of this 
exciting field.3-6 Recently, the application of nano-
TiO2 in textile finishing has become an important area 
of research because of the self-cleaning effect 
imparted by nano-TiO2 to textile substrates. 

The catalytic activity of TiO2 is based on the 
electron/hole pair formation due to photo-excitation. 
Nano- TiO2 particles show high photo-catalytic 
activities because they have a large surface area per 
unit mass and volume, and hence facilitate the 
diffusion of excited electrons and holes towards the 
surface before their recombination. As the photo-
catalytic activity of TiO2 nano-particle coatings 

depends strongly on the phase, the crystallite size, 
porosity of the coatings and the particles size are 
formed during nano-particles synthesis. Hence, their 
application to textile may result in different levels of 
self-cleaning activity. Therefore, the synthesis of 
uniform and stable nano-particles is of significant 
importance in the manufacturing process of high 
quality end products. A great deal of research has 
been conducted recently to optimize the performance 
of TiO2 photocatalysts with high surface area. The 
anatase form is reported to have the highest activity 
among the crystalline phases10 of TiO2. Several 
techniques, such as chemical precipitation11, 
microemulsion12, hydrothermal crystallization13 and 
chemical vapor deposition14 have been reported for 
the activity of anatase titanium dioxide. These 
techniques are complex and also require high 
temperature (~ 450°C) for anatase formation. 

However, the poor thermal stability of textile 
requires the use of low temperature synthesis/ 
crystallization methods. Hence, it is important to use 
room temperature/low temperature methods to 
prepare catalyst with high activity. Jung et al.

15 have 
reported that the anatase TiO2 sol could be prepared at 
a low temperature of 80 °C using nitric acid to 
peptization of amorphous TiO2 sol. Daoud and Xin16 
have reported that the single-phase aqueous solution 
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of nano-crystalline anatase titanium dioxide is 
produced under ambient pressure and at a temperature 
as low as 38°C using sol-gel method. Xie et al.

17,18 
used chemical co-precipitation-peptization method to 
prepare neodymium-ion modified TiO2 sol at 72°C. In 
these methods, TiO2 sol was obtained at high acidic 
condition, and it was not so suitable for industrial 
production. Gole et al.

19 and Mrowetz et al.
20 prepared 

TiO2 sol with surface protective agent by adding 
triethylamine to a porous TiO2 solution, then 
characterized the sol particles and evaluated the 
photo-catalytic activity. 

In a typical sol-gel process, a colloidal suspension 
or a sol is formed due to the hydrolysis and 
polymerization reactions of the precursors, which on 
complete polymerization and loss of solvent leads to 
the transition from the liquid sol into a solid gel 
phase. This can be used to produce thin coatings/ 
films on textile substrate using dip-coating. The 
wet gel film can be converted into anatase nano-
crystals with further drying and hydrothermal 
treatment.21 

This paper reports the synthesis, characterization 
and application of nano-TiO2 by two different routes. 
The self-cleaning action of nano-TiO2 finished fabric 
has been compared with the cotton substrates. 

 
2 Materials and Methods 
2.1 Materials 

Titanium isopropoxide (AR grade), procured from 
Sigma-Aldrich Chemical Company, USA, was used 
as precursors for TiO2 nano-particles. Lissapol-N non-
ionic was used as surfactant for dispersion of nano-
particles in acrylic binder (Texacryl Binder SLN). 
The commercially available TiO2 powder (Degussa P-
25), procured from Degussa Co. Ltd., Düsseldorf, 
Germany, with anatase- to- rutile ratio of 75:25 was 
used for comparison. De-ionized water was used for 
the hydrolysis of Ti (O-iPr)4 and for preparation of all 
sols and solutions. Cotton fabrics, as received 
(bleached and mercerized), were used as substrates. 

 
2.2 Synthesis of TiO2 Nano-sol using Titanium Isopropoxide 

as Precursor 

The typical procedures22-24, as shown below, for the 
synthesis of TiO2 nano-sol were used: 
 

(i) The aqueous nano-sol designated as ‘nano-sol 
TiO2 water’ was prepared at room temperature by 
mixing titanium tetraisopropoxide with 200 mL of 
water containing nitric acid (2 mL). The mixture was 

vigorously stirred at 700 rpm for 18 h prior to 
coating.22 

(ii) In the second procedure, titanium- IV 
tetraisopropoxide Ti(O-iPr)4 (TIP), ethanol and acetic 
acid were maintained in a molar ratio of 1:100:0.05 
respectively. Ti(O-iPr)4 was hydrolyzed using glacial 
acetic acid at room temperature. To this solution, the 
required amount of ethanol was added drop by drop 
under vigorous stirring for 2 h and the stirring was 
continued until a clear solution of TiO2 nano-crystals 
was formed. The nano-sol prepared by this route was 
designated as ‘nano-sol TiO2 ethanol’. Before the 
application of nano-sol on fabric, the solution was 
again stirred for 10 min at high speed. During the sol-
gel synthesis of nano-TiO2, high ethanol ratio was 
kept to enhance the nucleophilic attack of water on 
Ti(O-iPr)4 and to suppress the fast condensation of 
Ti(O-iPr)4 species to yield TiO2 nano-crystals.23,.24 
 
2.3 Synthesis of TiO2 Nano-particles 

The TiO2 - gel containing anatase particles was 
prepared as follows: 

The 30 wt % H2O2 solution was added to the 10 
mL of 1 moL/L ethanol solution of titanium tetraiso-
propoxide Ti(O-iPr)4 (TIP). The ratio of H2O2 : TIP 
was kept as 12 : 1. At this point, a brown colour 
solution was obtained. The ethanol was added to the 
obtained solution, and the total volume of the solution 
was adjusted to 100 mL. The solution was then heated 
at 75ºC for 12 h in a closed vessel and TiO2 nano-
particles designated as ‘TiO2 (TIP)’ were isolated.25 
The TiO2 (P25) was as used as commercially obtained 
sample. 

 
2.4 Characterization of Nano-particles 

The nano particles were characterized using the 
following techniques: 

X-Ray Diffraction (XRD)— The XRD patterns were 
recorded using dry powder samples on PAN Aalytical 
X Pert PRO X-ray diffractometer using Cu Ka 
radiation (λ= 1.5406 Å ) as the X-ray source. The 
measurements were carried out at a scanning rate of 
8° /min in 2θ range of 20o–80° (θ being the angle of 
Braggs diffraction), using a Cu Ka radiation of 
wavelength λ= 1.5406 Å. The peak width at half 
maximum in the XRD has been used to determine the 
crystal diameter as per the following Deby-Scherrer 
formula: 
 

D = K λ / (β cos θ) … (1) 
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where K (= 0.9) is the Scherrer constant; λ (= 0.15406 
nm), the x-ray wave length; β, the peak width of half 
maximum; and θ, the Braggs diffraction angle. 

Transmission Electron Microscopy (TEM) — A 
small amount of powdered sample was re-dispersed in 
ethanol, sonicated, deposited on Cu grid and dried in 
air. The samples were viewed at high magnification 
using TEM CM112 Phillips, Holland. 

 
2.5 Coating of Nano-sol/Nano-particles on Textile Substrate 

The bleached 100% cotton fabric (plain weave; 
113gm-2; and EPI × PPI, 110 × 82) was used for the 
application of nano- sol/ nano- particles of TiO2. The 
following four different TiO2 formulations were tried 
to impregnate the textiles based on powders and 
colloids: 
 

(i) Nano-sol TiO2 water, prepared using TIP 
precursor with water, of particle size ~3-4nm. 

(ii) Nano-sol TiO2 ethanol, prepared using TIP 
precursor with ethanol, of particle size ~20-
40nm. 

(iii) TiO2 (TIP) dispersion [Lab prepared TiO2] with 
acrylic binder . 

(iv) TiO2(P25) dispersion [commercial TiO2] with 
acrylic binder . 

 

Coated samples were prepared using nano-particles 
TiO2 (P25) & TiO2 (TIP), and TiO2 nano-sol from two 
different routes. The control samples were prepared 
by treating the cotton fabric using the appropriate 
process, except the TiO2 coating/impregnation step. 
The TiO2 nano-particles (1%) were dispersed in 
aqueous acrylic binder. The control sample was also 
prepared by coating blank formulation (only coated 
with binder). Similarly, in the nano-sol coated cotton 
fabric, the TiO2 nano-particles are generated in-situ on 
the cotton substrate. The presence of large number of 
hydroxyl groups on cotton is expected to help in 
making the association with nano-particles. 
 
2.5.1 Coating with TiO2 Nano-sol 

Before coating of TiO2 nano-sol, fabric was dried at 
100 °C for 5 min to remove the moisture. For 
coating/impregnation, the fabric was immersed for 1 
min in aqueous nano-sol as prepared by Ti(O-iPr)4 
with nitric acid. The coated fabric was dried at room 
temperature, rinsed with 1g/L soda ash solution and 
water for neutralization of acid. The fabric was dried 
at 80 °C for 10 min and then cured at 100 °C for 30 
min in a preheated oven. Finally, hydrothermal 

treatment was given to the fabric at 97 °C for 1.5 h in 
autoclave to induce the formation of anatase. A 
control sample was prepared by treating the cotton 
fabric in the same way, except following the TiO2 
coating/impregnation step. 

A second sample was also obtained by dip-coating 
the cellulose fabric in the nano-sol, so prepared using 
acetic acid. These samples are found to have a 
comparable amount of TiO2 add-on. 

 
2.5.2 Coating with TiO2 Nano-particle 

Nano-particles were applied on cotton using ‘pad-
dry-cure’ method. The coatings were prepared using 
1.0 wt % of TiO2 nano-particles and 1.0 wt % of 
acrylic binder on the weight of solution(ows). In a 
typical experiment, 1 g of nano-particles were 
sonicated for 30 min with 97.5 g water, 0.5% Lisapol-
N (surfactant) and 1 g acrylic binder. The mixture was 
then stirred at 4000 rpm for 1 h. The cotton fabric was 
immersed in the suspension solution containing nano-
particles for 2 min and then passed through a padding 
mangle to remove the excess solution. A 100% wet 
pick-up was maintained for all the samples. After 
padding, the fabric was dried for 4 min at 80 °C and 
then cured for 3 min at 140 °C. 

 
2.6 Evaluation of Self- cleaning Action 

The self-cleaning activity was assessed w.r.t. 
following parameters: 
 

• Effect of method of preparation and hence the 
characteristics of nano-particles 

• Time of exposure 
• Durability of finish 
• Damage to textile 

 

The self-cleaning action /photoactivity of the TiO2 
coated cotton fabric was investigated by exposing the 
samples containing adsorbed coffee stain to visible 
irradiation. The measured quantity of 6% coffee 
solution was introduced on the cotton fabric and was 
allowed to spread. One half of each stain on the fabric 
was exposed to the sunlight for 12-48 h, while the 
other half was covered with a black paper to prevent 
its irradiation from sunlight. The exposed part of the 
stain was compared with that of the covered part for 
self-cleaning action. Gretag Macbeth, Color Eye 
7000Å spectrophotometer was used to follow the 
photodegradation of coffee stain. The self-cleaning 
action was quantified by comparing K/S values 
(absorption to scattering coefficient) of the exposed 
and unexposed portions of the same stain. 
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The K/S value of unexposed part of the stain was 
taken as 100 and relative decrease in K/S value of 
exposed part was calculated using the following 
relationship: 
% decrease in K/S of exposed part = 
 

 
( ) ( )

( )
unexposed exposed

unexposed

/ /
100

/

K S K S

K S

−
×  

 

where K is the absorption; and S, the scattering. 
The durability of finish was assessed by subjecting 

the nano-particles coated textile to five wash cycles, 
and the self- cleaning activity of the coating was 
assessed after every wash cycle. 

 
2.7 Anti-microbial Activity of Treated Fabrics 

The anti-microbial properties of the treated cotton 
fabric samples were evaluated by colony counting 
method according to ASTM E 2149-01. E. coli was 
used as a test organism. As per the standard method, a 
test sample of 1×1 inch2 was cut and put into a 50 mL 
conical flask containing 10 mL of the liquid culture to 
which 20 µL of microbial culture was inoculated. All 
the flasks were closed and incubated for 24 h at 37ºC 
and stirred at 200 rpm using a shaker incubator. The 
incubated test culture in a nutrient broth was diluted 
with a sterilized 9 mL of distilled water to give a final 
concentration of 106 after six dilutions. This solution 
was used as a working bacterial dilution. The 20 µL 
of the each dilution was plated in nutrient agar plate. 
All the inoculated plates (control and test samples) 
were incubated at 37 ºC for 24 h and the surviving 
cells were counted. The percentage reduction was 
calculated using the following equation: 
 

( )
% Reduction = 100

B A

B

−
×  

 

where A is the surviving cells (CFU/mL) for the flasks 
containing the treated samples; and B, the surviving 
cells (CFU/mL) for the flasks containing the control 
sample. 
 
3 Results and Discussion 

As discussed earlier, the synthesis of uniform and 
stable nano-particles of TiO2 is of significant 
importance in determining the photo-catalytic activity 
and, therefore, the self-cleaning action. 

In sol-gel synthesis technique, TiO2 nano-sol was 
formed in a single step by continuous stirring of 
mixture of TIP with H2O in acidic medium (HNO3) 

solution. This nano-sol can be applied on the cotton 
fabric, and on subsequent hydrothermal treatment the 
nano-TiO2 is generated in-situ. In this method, during 
the coating process, the highly acidic nature of nano-
sol (formed in nitric acid) may cause degradation of 
cellulose. Therefore, an alternate method using 
mixture of TIP and ethanol in acetic acid solution was 
also studied. This nano-sol was applied directly on the 
cotton fabric and the nano-TiO2 is generated in-situ 
during the hydrothermal treatment. The chemical 
reactions that occur during this synthesis are shown in 
Schemes 1 and 2. 
 

Ti(O-iPr)4 + H2O � Ti(OH)4 + 4PrOH  … (i) 
 

Ti(OH)4 � TiO2 + 2H2O  … (ii) 
 

Scheme 1— TiO2 nano-sol by TIP precursor with H2O and HNO3 

 
Ti(O-iPr)4 + 4EtOH� Ti(OEt)4 + 4PrOH  … (i) 
 

Ti(O-iPr)4 or Ti(OEt)4 + H2O � Ti(OH)4  
 + 4PrOH or 4EtOH  … (ii) 
 

Ti(OH)4 � TiO2 + 2H2O  … (iii) 
 

Scheme 2— TiO2 nano-sol by TIP precursor with ethanol and 
acetic acid 

 
The TiO2 nano-particles were characterized and 

compared with commercially available material TiO2 

(P25), which is a mixture of about 75% anatase and 
25% rutile form of TiO2. 

 
3.1 Characterization of TiO2 Nano-particles 

To investigate the size of nano-particles, the 
dispersion of the nano-particles was sonicated at 
30ºC for 2 h and the morphology of dispersed samples 
was observed by TEM. Figure 1 shows that the 
particle size of TiO2 (TIP) is in the range of 
5-8 nm and the nano-particles exhibit a strong 
tendency to exist in agglomerated form. 

As depicted in Fig. 2(a), the size of nano-sol TiO2 

water particles is very small (~3-4 nm). However, in 
the sample preparation step (during the drying of a 
drop of solution on the copper grid for TEM analysis), 
these particles get agglomerated. In the case of nano- 
sol TiO2 ethanol, the particles size is 20-40 nm with 
uniform distribution as shown in Fig. 2(b). The 
dispersion stability of nano- sol TiO2 water is found to 
be better than that of ethanol. The particles started to 
form agglomerate after 3-4 days compared to nano-sol 
formed by TIP/EtOH, that began to agglomerate after 
5-6 h at room temperature. 
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The XRD patterns of TiO2 particles obtained using 
Ti(O-iPr)4 precursor and commercial sample TiO2 

(P25) are shown in Fig. 3. As indexed in the figure, 
all the samples exhibit peaks similar to those reported 
for TiO2 in the literature, suggesting the formation of 
TiO2 nano-particles in anatase form. The XRD 
patterns of these samples give five distinctive TiO2 
peaks at 25.30, 38.22, 47.87, 54.06 and 62.43, 
corresponding to anatase crystal planes of (1 0 1),  
(1 0 3, 0 0 4 and 1 1 2), (2 0 0), (1 0 5 and 2 1 1) and 
(2 0 4) respectively. From Fig. 3, it is observed that 
the crystalline peaks are relatively broad compared to 
those normally obtained for bulk material, indicating 
that the crystal sizes are small. 

The Scherrer equation is used to determine the 
average crystal size of the TiO2 nano-particles. 
According to Debye-Scherrer formula [Eq. (1)], the 
XRD peaks correspond to diameters of TiO2 particles 
as given in Table 1. This indicates that the prepared 
nano-particles are closer to single crystal morphology. 
However, the crystal size of TiO2 (P25) appears to be 
much larger than those of the synthesized TiO2 (TIP) 
nano-particles because the XRD peaks in the former 
sample are much sharper. Also, TiO2(P25) has crystal 
size significantly smaller than their particle size 
indicating polycrystalline morphology of the nano-
particles. 

The particle size distributions have been 
determined using particle size analyzer and are shown 
in Fig. 4 for TiO2 (TIP) in water, nano-sol TiO2 water 
and nano-sol TiO2 ethanol. The Z-average values of 
the above samples are found to be 210, 43 and 490 
respectively. 

The surface morphology of the nano-particles and 
nano-sol coated cotton fabrics was investigated using 
SEM. The SEM images of the different fabric samples 
coated with 1% nano-particles in 1% binder solution 
are shown in Fig. 5. It is clear from Fig. 5 (b) that the 
nano-particles prepared using Ti(O-iPr)4 precursor 
TiO2(TIP) show finer particles which are more 
uniformly distributed over the fibre surface than the 
commercial sample TiO2 (P25) [Fig. 5 (a)]. Similarly, 
Fig. 6 shows the images of nano-sol coated fabric 
without the binder. 

 
 

Fig. 1— Size of (a) TiO2 nano-particles and (b) TiO2 (TIP) as 
observed by TEM 
 

 
 

Fig. 2— TEM images of (a) nano-sol TiO2 water and (b) nano-sol 
TiO2 ethanol 
 

 
 

Fig. 3— XRD patterns of nano-particles [(a) TiO2(TIP) and (b) 
TiO2(P25)] 
 
 

Table 1—Particle size of nano-particles by XRD 

Sample code Particle size FWHM 2θ D 
 nm [β] deg nm 

     

TiO2(P25) 25 (average) 0.945 25.26 8.5 

TiO2 (TIP) 5-8 (range) 1.2595 25.34 6.4 
     

FWHM— Full width at half maximum. D— diameter. 
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Fig. 5— SEM images of nano-particles coated fibre using 1% 
binder [(a) 1% TiO2 (P25), and (b) 1% TiO2 (TIP)] 

3.2 Self-cleaning Action and Anti-microbial Activity of 

Coated Cotton Fabric 

The K/S values of exposed and unexposed parts of 
the samples were measured after 0, 12, 24 and 48 h. 
The comparison of K/S values of different test 
samples are shown in Fig. 7. For comparison, the 
self–cleaning action of control samples coated under 
identical conditions using all other ingredients (except 
nano TiO2) has also been studied. 

The percentage decrease in K/S value in 
comparison to unexposed sample was calculated to 
quantify the self-cleaning activity. It can be observed 
from the Fig. 7 that the rate of degradation of stain is 
faster in first 12 h of exposure (almost 30-50% of 
change was observed in 12 h). It is suggested to use 
lower concentration of binder as the presence of 
acrylic binder is expected to affect the handle 
properties and favour agglomeration of nano particles. 
In our earlier study26, it has been observed that the 
rate of stain reduction increases with the decrease in 
binder concentration from 10 wt% to 1 wt%. 
However, with the increase in concentration of nano-
particles, the discolouration rate is found to increase 
marginally. This may be due to the poor dispersion or 
agglomeration of nano-particles at higher  
concentration. In the nano-particle coated samples, no 
visual deterioration in the properties of cotton fabric 
is observed up to 48 h of exposure. 

The self-cleaning property of TiO2-coated cotton 
textile is based on the highly oxidative intermediates 
generated at the cotton surface. The mechanism of 
photo-catalysis reaction in presence of these particles 

 
 

Fig. 4— Particle size distribution of (a) TiO2 (TIP) in water, (b) nano-sol TiO2 water, and
 
(c) nano-sol TiO2 ethanol 
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is well established and is reported by many 
researchers.4 The TiO2 (TIP), which has a particle size 
< 10 nm, was found to have higher self-cleaning 
activity. 

 

Table 2 — Percentage decrease in K/S values of coffee-stained 
cotton fabric (nano-sol TiO2) on exposure to sun light 

Sample % Decrease in K/S value with 
exposure time 

 12 h 24 h 48 h 
    
Nano-sol TiO2 water 64.1 73.0 76.5 
Nano-sol TiO2 ethanol 32.0 37.2 59.6 
Control  9.25 7.9 5.9 

 
Table 3— Anti-microbial activity of nano-sol TiO2 finished 

cotton 

Sample Average  CFU/mL %  
 colony  Reduction 
    

Cotton 130 6.2 × 109 0 
Nano-sol TiO2 water 4 0.2 ×109 96.92 

 
The samples coated with nano-sol in water medium 

show the best photo-catalytic activity. However, the 
complete degradation of stain is not observed during 
the study. As shown in Table 2 and Fig. 7(b), within 
the first 12 h of exposure, nearly 65 % decrease in K/S 
value is observed. 

In order to evaluate the durability of this finish on 
cotton, the coated fabric samples (one set with 1% 
nano- particles + 1 % binder and nano-sol coated 
samples) were subjected to 5 wash cycles and the self- 
cleaning effect was evaluated after every wash ( after 
an exposure of 12 h in sun light). No appreciable 
change in self-cleaning activity of nano-sol coated 
samples has been observed, indicating that the 
durability of the coating is reasonably good even in 
the absence of binder. 

The anti-microbial activity of one of the coated 
samples (nano-sol TiO2 water) was assessed. From 
Table 3, it is very clear that the anti-microbial 
reduction by nano-sol TiO2 water is more than 96%. 

 
4 Conclusions 

The TiO2 nano-particles and nano-sol have been 
produced and compared with commercial TiO2 (P25) 
sample. The results observed are as follows: 
 

4.1 The TEM images and XRD analysis demonstrate 
that the small particles could be prepared in a 
dispersed form with particle size of 5-8 nm using TIP. 
Interestingly, the laboratory synthesized particles also 
appear to have close monocrystalline morphology. 
4.2 The nano-particles could be easily applied on 
cotton fabric using a low percentage of acrylic binder 
(1 wt%). At 1 wt% loading, the TiO2 nano-particles 

 
 

Fig. 6—SEM images of nano-sol coated fabric without binder  
[(a) nano-sol TiO2 water and (b) nano-sol TiO2 ethanol] 
 

 
 

Fig 7— Decrease in K/S value of exposed samples coated with (a) 
1 % nano-particles +1 % binder and (b) nano-sol without binder 
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coated cotton textile demonstrates significant self-
cleaning activity with 12-48 h of exposure. The self- 
cleaning effect is found to be faster in the first 12 h 
and it levels off by 48 h. 
4.3 The size and morphology of the nano-particles 
appear to have significant effect on the self-cleaning 
activity. The smaller particles of TiO2 (<10 nm size) 
with monocrystalline morphology show superior 
cleaning action under similar conditions compared to 
commercial nano-TiO2(P25) with 25 nm particle size 
and polycrystalline morphology. 
4.4 The small particle size in-situ coating of TiO2 
derived using sol-gel technique (nano-sol TiO2 water) 
shows much better self- cleaning activity as compared 
to nano-particles with monocrystalline morphology 
and commercial TiO2 (P25). 

Industrial Importance: This nano-sol derived 
preparation/coating technique can be applied to 
fabrics to create both self-cleaning and anti-microbial 
protection properties. 
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