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ABSTRACT 
 

Nanoparticles of TiO2 and ZnO were chemically synthesized by different routes and were 
characterized using Fourier transform infrared (FT-IR), Transmission electron microscopy 
(TEM), X ray diffraction (XRD) and Scanning electron microscopy (SEM). These particles 
were applied to cotton fabric using 1-10 wt% acrylic binder and cured. The photocatalytic 
activity of the finished fabric was investigated and a comparison was drawn between the 
synthesized and commercially available TiO2 (Degussa P25) sample. Experiments were 
carried out by exposing the coffee stained samples to solar light. The self-cleaning leading 
to stain discolouration was quantified from the residual concentration of stain to assess the 
photoactivity of TiO2 and ZnO nanoparticles. An attempt was also made to study the effect 
of concentration of nanoparticles (0.5-1.0 wt% on weight of fabric (owf) and acrylic binder 
concentration (1, 2, 10 wt% owf) on the self cleaning action. TiO2 particles with smaller 
particle size of <10 nm was able to show significantly better activity than the commercial 
sample. At the same time, finish with nano ZnO though showed a bit lower activity; the self 
cleaning effect was significant and similar to the commercial TiO2.  
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1. Introduction 

 
In recent years, nano titanium dioxide has 
received significant attention due to its high 
photocatalytic properties (Fujishima et al., 2000; 
Tryba et al., 2003).  High photocatalytic activity 
is associated with high crystallinity and high 
surface area (Sopyan et al., 1996; Torimoto et al., 
1996; Yu et al., 2004) since they respectively 
prevent the electron–hole recombination and the 
increase of reactant quantity onto the 
photocatalyst surface. A high surface area also 
favours the production of active oxygen species.  
High photocatalytic property of titanium dioxide 
nanoparticles/coatings has been widely used in 
water and air purification (Carp et al., 2004; 
Fujishima et al., 1972; Kaneko & Okura, 2002; 
Oppenlaender, 2003), sterilization/disinfection 
(Rincon & Pulgarin, 2003) and for super 
hydrophilic effect (Wang et al., 1997). Recently 
its application of textile has become an important 
area of research.  

ZnO is a wide band gap semiconductor with large 
excitation binding energy (60meV) particles (Gui 
et al., 2006). It is also expected to have a large 
range of applications at room temperature for 
photo-catalyzed reactions like TiO2. However, its 
investigation for self-cleaning activity in textile is 
limited.  
 
The photocatalytic activity of TiO2 nanoparticle 
coatings depends strongly on the phase, the 
crystallite size, the porosity of the coatings and 
the size of the particles formed during 
nanoparticles synthesis. Therefore the synthesis of 
uniform and stable nanoparticles is of significant 
importance in the manufacturing process of high 
activity products. Since various methods reported 
in the literature tend to give particles of different 
sizes, their application to textile may result in 
different levels of self cleaning activity. In the 
present study, nanoparticles of ZnO and TiO2 
were synthesized using different routes and their 
performance as ZnO, TiO2 and ZnO/ TiO2 system 
with commercially available TiO2 nanoparticles 
was compared on cotton substrates. 
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2.  Experimental 
 
2.1  Materials 
 
Zinc acetate (AR grade), zinc chloride (AR grade) 
procured from SD fine chemicals, India and 
titanium isopropoxide (AR grade) procured from 
Sigma-Aldrich Chemical Company were used as 
precursors for zinc oxide and titanium dioxide 
nanoparticles respectively. Lissapol-N nonionic 
was used as surfactant for the dispersion of 
nanoparticles in acrylic binder (Texacryl Binder 
SLN). Degussa P-25 TiO2 powder was procured 
from Degussa Co., Ltd., Dusseldorf, Germany and 
was used for comparison.  
 
2.2  Synthesis of TiO2 Nanoparticles 
 
The TiO2 gel containing anatase particles was 
prepared (Zhang et al., 2005) as follows: 30 wt 
%H2O2 solution was added to the 10 ml of the 1 
mol/l ethanol solution of titanium tetra-
isopropoxide Ti(O-iPr)4 (TIP). The ratio H2O2: 
TIP was kept as 12:1. At this point, a brown clear 
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 
heated at 75ºC for 12 hours in a closed vessel and 
TiO2  nanoparticles were isolated. 
 
2.3  Synthesis of Zinc oxide nanoparticles 
 
ZnO nanoparticles were prepared (Bozzi et al., 
2005) using two different precursors. 

a) Zinc acetate precursor 
 
Zinc acetate was dissolved in 120 ml of H2O2 
(3%, v/v aqueous solution), and the pH of 
solution value was adjusted to 10.0 with dilute 
ammonia. The resultant solution was refluxed at 
100°C for 12 hours. The ZnO2 nanocrystals 
formed at this stage were cooled to room 
temperature and subjected to repeated washing 
and centrifuging (20 minutes at 1100 rpm) cycles. 
The product was dried at 80°C and ZnO 
nanoparticles were produced by subjecting the 
above as-formed precursor to thermal treatment in 
air at 180°C for 12 hours. The yield of ZnO was 
around 36%. 
 
b) Zinc chloride precursor 
 
ZnCl2 and PEG corresponding to a molar ratio of 
4:1 were mixed in methanol, and the 
stoichiometric amount of NaOH was then added 
to the above complex without stirring. The 
mixture was allowed to digest for 24 hours and 
the white precipitate was filtered and washed with 
methanol. This Zn(OH)2 was dried at 60°C for 5 
hours, cooled to room temperature and calcined at 
about 350°C  for 6 hours. The yield of ZnO was 
around 25%. 
 
The sample codes for different nanoparticles are 
detailed in Table 1. 

 
Table 1.  Sample codes for nanoparticles 

 
Nanoparticles Sample code Precursor used/source  

TiO2(TIP) Titanium tetra-isopropoxide TiO2 
TiO2(D25) Commercial  
ZnO(ZnAc) Zinc Acetate ZnO 
ZnO(ZnCl2) Zinc Chloride 

 
 
2.4 Characterization of Nanoparticles 
 
The nano particles were characterized as given 
below:  
 
X-Ray Diffraction  
 
X ray diffraction spectra were recorded using dry 
powder samples on X Pert PRO, PANalytical, 
Holland. The measurements were carried out at a 

scanning rate of 8° /min in 2θ range of 20–80°, 
using a Cu Ka radiation, λ= 1.5406 Å. The peak 
width at half maximum in the XRD peaks was 
used to determine the crystal diameter as per 
Deby-Scherrer formula: 
 
D=K λ / (βcosθ),  
 
Where K = 0.9 is the Scherrer constant, λ = 
0.15406 nm is the x-ray wave length,  
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β is the peak width of half maximum and θ is 
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 Nanoparticles on Textile 
Substrate 

 
A bleached 100% cotton fabric (plain weave; 
113gm-2; EPI x PPI, 110 x 82) was used for the 
application of nanoparticles. Nanoparticles were 
applied on cotton using the ‘pad-dry-cure’ 
method. Appropriate quantity of nanoparticles (X 
grams) was sonicated for 30 minutes with (99.5- 
X-Y) g water, 0.5% Lissapol-N (surfactant) and Y 
g acrylic binder. The mixture was then stirred at 
4000 rpm for 1 hour.  The cotton fabric was 
immersed in the suspension solution containing 
nanoparticles for 2 minutes and then passed 
through a padding mangle to remove the excess 
solution. A 100% wet pick-up was maintained for 
all samples. After padding, the fabric was dried 
for 4 minutes at 80°C and then cured for 3 
minutes at 140°C. 
 
In order to study the effect of concentration of 
nanoparticles and acrylic binder on the 
photocatalytic activity, the coatings were prepared 
using varying concentration (0.5-1.0 wt% on the 
weight of fabric (owf)) of nanoparticles and 
acrylic binder (1, 2, 10 wt% owf).  
 
2.6 Evaluation of Self Cleaning Action 
 
The measured quantity of 6% coffee solution was 
introduced onto the cotton fabric and was allowed 
to spread. One half of each stain on the fabric was 
exposed to sunlight for 12-48 hours 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. The self 
cleaning action was quantified by comparing the 
K/S values of the exposed and the unexposed 
portion of the same stain. The values were 
measured using Gretag Macbeth, Color Eye 
7000A Spectrophotometer.  

The K/S value of the unexposed part of the stain 
was taken as 100 and the relative decrease in 
the K/S value of the exposed part was 
calculated using the following relation: 

((K/S) unexposed- (K/S) exposed ) *100 / (K/S) 
unexposed  

The durability of finish was assessed by 
subjecting the nanoparticle coated textile to five 
wash cycles using ISO test method 3 (using 5 gpl 
Lissapol N, at 60oC for 30 minutes) and the self 
cleaning activity of the coating was assessed after 
every wash cycle. 
 
3.   Results and Discussion 
 
The synthesized TiO2, commercial TiO2 and ZnO 
nanoparticles were characterized. 
 
3.1  TEM 
 
In order to investigate the size of the 
nanoparticles, the dispersion of the nanoparticles 
was sonicated at 30ºC for 2 hours and the 
morphology of the dispersed samples was 
observed in TEM. As shown in Fig. 1 and Fig. 2, 
the particle size of both TiO2(TIP) and 
ZnO(ZnAc) was found to range between 5-8 nm 
and there is a strong tendency for them to exist in 
physically agglomerated form. It indicates that the 
synthesized particles can be dispersed to make 
nano dispersion for the application on textiles. 
However, the use of ZnCl2 precursor resulted in 
larger particles of ZnO (26 -70 nm) in comparison 
with zinc acetate precursor (Fig. 3). TiO2(D25) 
has an average particle size of 25 nm. 
 
3.2  XRD 
 
The XRD patterns of TiO2 particles obtained 
using titanium tetra-isopropoxide precursor 
(TiO2(TIP)) and commercial sample (TiO2(D25)) 
are given in Figure 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 nanoparticles in anatase form. 
However, the crystal size of TiO2(D25) appears to 
be much larger than that of the synthesized 
TiO2(TIP) nanoparticles because the XRD peaks 
in the former sample are much sharper. 
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(A) (B) 

Fig. 1.  TEM of TiO2 nanoparticles synthesized using TIP 
 

                    
(A)                                                         (B) 

Fig. 2. TEM of ZnO nanoparticles  (A) ZnO( ZnAc); (B) ZnO(ZnCl2) 

 

 

 

 

 

 

 

 

 

Fig. 3.  X-ray diffraction of TiO2 nanoparticles (A) TiO2(TIP) (B) TiO2(D25) 

TiO2(TIP) 

TiO2(D25) 

2θ 
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The XRD patterns of ZnO particles synthesized 
using zinc acetate and ZnCl2 precursor are 
shown in Figure 4. From the figure, it is 
observed that the crystalline peaks of 
ZnO(ZnAc) are relatively broad compared to 
those obtained for ZnO(ZnCl2), indicating that 

the crystal sizes in former type are much 
smaller. This is in accordance with the earlier 
observation in TEM images, where ZnO(ZnAc) 
particles were of much smaller size compared to 
ZnO(ZnCl2) particles. 

 

Fig. 4.  X-ray powder diffraction pattern of ZnO(ZnAc) and ZnO(ZnCl2) 

According to “Debye-Scherrer formula”, the 
XRD peaks correspond to the diameters of TiO2 
and ZnO crystallites as indicated in Table 2. 
Since the crystallite sizes of TiO2(TIP) and 
ZnO(ZnAc) are similar to their particle sizes 
observed in the TEM images, the prepared 

nanoparticles appear to be closer to single 
crystal morphology. However, both TiO2(D25) 
and ZnO(ZnCl2) have crystal size significantly 
smaller than their particle size indicating 
polycrystalline morphology of the 
nanoparticles.  

 
Table 2.  Particle size of nanoparticles by XRD 

 
Sample code Average Particle 

Size 
(nm) 

Full width at half 
maximum FWHM  

[β] 

2θ D 
(nm) 

TiO2(D25) 25 (average) 0.945 25.26 8.5 

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

ZnO(ZnAc)  5-8 (range) 1.1021 36.3 7.5 

ZnO(ZnCl2) 26-70 (range) 0.9446 31.8 8.7 

 
 
 
 
 
 
 

 
 
 
 
 
 

2θ 

 

ZnO(ZnCl2) 

ZnO(ZnAc) 
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3.3  SEM  
 
The surface morphology of the nanoparticles 
coated cotton fabrics was investigated using SEM. 
The SEM images of the different fabric samples 
coated using 1% nanoparticles in 1% binder 
solution are shown in Fig. 5. It is clear from Fig. 5 

B that the nanoparticles prepared using titanium 
tetra-isopropoxide precursor TiO2(TIP) show 
finer particles which are more uniformly 
distributed over the fiber surface than the 
commercial sample TiO (D25) ( Fig. 5 A). Similar 
images were obtained for ZnO coated textile 
substrates. 

 

             
                                                   A                                                                     B 
 

Fig. 5.  SEM of nanoparticles (A) 1% TiO2(D25), (B) 1% TiO2(TIP), coated using 1% binder 
 
3.4 Evaluation of Self Cleaning Action on 

Textiles 
 
Coated samples were prepared using 
nanoparticles TiO2(D25), TiO2(TIP) and ZnO 
(ZnAc). Nanoparticles (0.5%, 1%) were dispersed 
in aqueous acrylic binder (with 10 %, 2%, 1% wt 
owf acrylic binder). The control sample was 
prepared by coating blank formulation (only 
coated with binder).  
 
The self cleaning activity was assessed to study 
the 
 

• Effect of method of preparation and 
hence the characteristics of nanoparticles 

• Effect of concentration of nanoparticles 
and binder in the coating 

• Effect of time of exposure, and 
• Durability of finish 

 
As explained earlier, the coffee stained samples 
were mounted on a black paper and half portion 
of the stained sample was exposed to sunlight and 
the other half was kept covered.  
 
The K/S value of the exposed and the unexposed 
part of the samples was measured after 0, 12, 24, 
and 48 hours. The comparison of the K/S values 
of different test samples are given in Figures 6-9. 
For comparison, the self–cleaning action of a 

control sample prepared under identical 
conditions using all other ingredients (except 
nanoparticles) was also studied.   
The % decrease in the K/S value in comparison 
with the unexposed sample was calculated to 
quantify the self-cleaning activity. It can be 
observed from the figures that the rate of 
degradation of stain was faster in the first 12 
hours of exposure (almost 30-50% of change was 
observed in 12 hours). As the presence of acrylic 
binder in the coating can alter the handle of the 
coated fabrics and may cause the agglomeration 
of particles, lower concentration of binder (2 % 
and 1%) was also investigated. Interestingly, the 
rate of stain reduction was found to increase with 
the decrease in binder concentration from 10 % 
owf to 2 % owf (Figures 6 and 7). However, with 
the increase in the concentration of nanoparticles, 
the discoloration rate (cleaning rate) was found to 
increase only marginally. This may be the result 
of the poor dispersion or agglomeration of 
nanoparticles both at higher particle and binder 
concentration. Even at higher concentration of 
nanoparticles (i.e. 1% owf), as Figures 7 to 9 
show, the samples coated with lower 
concentration of binder show significantly better 
self cleaning activity. In the nanoparticle coated 
tested samples, no visual deterioration in 
properties was observed up to 48 hours of 
exposure.  
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As expected, the textile substrate coated with ZnO 
nanoparticles (alone) also showed photocatalytic 
activity. However, the photocatalytic activity of 

ZnO nanoparticle coated samples was found to be 
slightly lower than that of TiO2(D25).  
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Fig. 6.  Decrease in the K/S value of the exposed samples coated with 0.5 % nanoparticles with 10 % binder 
 
 
 

 
 
 
Fig. 7.  Decrease in the K/S value of the exposed samples coated with 0.5 % nanoparticles with 2 % binder 
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Fig. 8.  Decrease in the K/S value of the exposed samples coated with 1.0 % nanoparticles with 2 % binder 
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Fig. 9.  Decrease in the K/S value of the exposed samples coated with 1.0 % nanoparticles with 1 % binder 

 
The self-cleaning property of TiO2 and ZnO 
coated cotton textile is based on the highly 
oxidative intermediates generated at the cotton 
surface. The mechanism of photocatalysis 
reaction in the presence of these particles is well 
established and is reported by many researchers 
(Kaneko et al., 2002). The effect of particle size 
on the self-cleaning activity of nanoparticles was 

very much evident in our experiments. The self 
cleaning performance of nano TiO2(TIP) in the 
presence of different concentrations of binder (10 
% and 2 % binder) was clearly superior to the 
commercial TiO2(D25) samples under the same 
conditions. TiO2 (TIP), which has a particle size < 
10 nm and monocrystalline morphology, was 
found to have higher self cleaning activity 
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compared to TiO2(D25), which has a much larger 
particle size of 25 nm and polycrystalline 
morphology. The effect of nanoparticles size was 
also evident in ZnO nanoparticles. ZnO (ZnAc) 
nanoparticles, having very small particle size of 
<10 nm, were also found to have significant self 
cleaning activity whereas ZnO(ZnCl2), which 
have a much larger particle size, did not show 
significant photocatalytic activity.  
 
3.5 Evaluation of the Durability of 

Nanoparticles on the Cotton Textile  
 
In order to evaluate the durability of the nano 
TiO2 finish on cotton, the coated fabric samples 
(one set with 1% TiO2 nano particles with 1 % 
binder) were subject to five standard laboratory 
wash cycles and the self cleaning effect was 
evaluated after every wash (for an exposure of 12 
hours in sunlight). The self cleaning activity was 
observed to be nearly the same, indicating that the 
durability of the particles was reasonably good for 
the five laboratory washes.  
 
4.  Conclusions 
 
Nanocrystalline particles of TiO2 and ZnO were 
produced using various chemical methods. The 
TEM images and XRD analysis demonstrated that 
small particles could be prepared in a dispersed 
form with a particle size of 5-8 nm using TIP and 
ZnAc routes. Interestingly, these particles also 
appeared to be close to monocrystalline 
morphology. The nanoparticles could be easily 
applied on cotton fabric using a low percentage of 
acrylic binder (1- 10% owf). Even at 0.5 % 
loading, the TiO2 nanoparticles coated cotton 
textile demonstrated significant self cleaning 
activity with 12-48 hours of exposure. The self 
cleaning effect was observed to be faster in the 
first 12 hours and leveled off by 48 hours. The 
self cleaning activity could be improved only 
marginally when higher amount of nanoparticles 
was used. Also, the use of lower amount of binder 
(upto 1% owf) in nano finishes was found to give 
significantly better self-cleaning activity than the 
use of 10% and 2% binder. This implies that 
possibly the nanoparticles are agglomerating with 
increasing binder and nanoparticles concentration.  
 
The size and morphology of the nanoparticles 
appeared to have significant effect on the self-
cleaning activity. The smaller particles of TiO2 
with <10 nm size with monocrystalline 

morphology gave superior cleaning action under 
similar conditions compared to commercial nano 
TiO2 with 25 nm particle size and polycrystalline 
morphology. The small sized ZnO2 nanoparticles 
with monocrystalline morphology could show self 
cleaning activity similar to commercial TiO2. 
 
Nanofinish with 0.5 wt% nanoparticles and 1 wt% 
binder (owf) was found to provide optimum 
performance with respect to self cleaning activity 
and wash durability.  
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