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measured. The results were shown in figure 3.
As can see from this figure the treated fabrics
has good hydrophobic property even after sev-
eral washing.

Fig. 3. Water proofing property of treated samples a) without washing
b) after 3 times washing c) after 6 times washing

Conclusion:

In this study nano particles of TiO2 were suc-
cessfully synthesized by sol sol-gel method
and deposited on cotton-polyester fabrics.
The effect of the acid catalyst used in the sol
synthesis was studied. The sols were prepared
using oxidizing and non-oxidizing catalysts, ni-
tric acid and hydrochloric acid, respectively,
for the hydrolysis and condensation reactions
of the titanium dioxide precursor. To observe
the surface of treated samples, The FE-SEM
images were used. Water proofing properties
was studied by measure contact angle of wa-
ter on treated fabrics.
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concentration of TiO2 were used, 0.007and
0.002 g/L and to disperse nano particles, the
solution was mixed completely by ultrasonic.
The fabric samples (2 gr) dipped in this solu-
tion for 1 h then after the washing, stabilized
at 130°C in an oven with air circulate and fi-
nally dried at 40°C (sample 1).

At the second method, nano particles of TiO2
were synthesized by sol-gel method. The sol-
gel method is very famous in synthesize of
nano particles of TiO2 [8-9]. The sol was pre-
pared by hydrolysis and condensation of 4%
tetra ethyl ortotitanate (Yizheng City Tianyang
Chemical Plant, 97%) in aqueous acidic medi-
um containing 1% phosphoric acid(Lab-Scan,
99.8%). The mixtures were heated at 70°C un-
der vigorous stirring for 4 h. The fabric sam-
ples were dipped in the sol at room tempera-
ture for 1h and then stabilized at 130°C for 10
min in an oven and finally dried at 40°C (sam-
ple 2). Morphologic characterization of treated
samples were investigated by Field Emission
Scanning  Electron  Microscope(FE-SEM),
equipped with an Electron Dispersive X-ray
Spectroscopy system (EDS).

Results and discussion
FE-SEM images:

To observe the surface of treated samples,
The field emission scanning electron micro-
scope (FE-SEM) images were used. FE-SEM
images a sample surface by raster scanning
over it with a high-energy beam of electrons.
The electrons interact with the atoms com-
prising the sample to produce signals that
contain information about surface topography,
composition and other properties, such as
electrical conductivity. Figure 1 shows the FE-
SEM images of treated s samples.

Fi

g.

EDS analysis:

Energy Dispersive X-Ray Spectroscopy (EDS)
is a chemical microanalysis technique used in
conjunction with scanning electron microsco-
py (SEM). The EDS technique was used to
characterize the elemental composition of the
analyzed fibers. Figure 2 shows that TiO2 ex-
ists on thetreated samples and table 1 shows
the weight percentages (%W) and atomic per-
centages (%A) of various detected elements
on Samples. As can see from this table, %W
and % A on sample 2 is higher than another
sample.
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2. EDS pattern of sample 2 (with KMnO4 treatment and sol-gel method)

Table 1. Weight percentages (%W) and aloric percentages (%A) of various delecied elements
on Sample 1 (witheut KinO4 treatment), sample 2 (with KMa04 treatment) and sample 3

{with KMnOA4 treatment and sal-gel method)

Sample 1 Sample 2 Sample 3
Percentage | %W | %A |%W %A |wW %A
BT 008 0oz 012 003 157 045
c 5827 | 6506  |sem |61z | 5657 64.00
0 41.66 24.92 41.57 34.85 41.87 35.56

Waterproof property:

The waterproof feature often also helps pro-
tect fabrics from staining because liquid can-
not easily soak into the fabric fibers. In this
study, this property of treated fabrics was
evaluated by put a water drop on surface and
contact angle was measured. In order to study
the stability of the water proof property of
treated fabrics, the samples were washed sev-
eral times and then the contact angle was
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nano particles on Synthesis and depositio
_cotton-polyester fabrics

In this study anatase nano crystals were suc-
cessfully synthesized and deposited on cot-
ton-polyester fabrics using the sol-gel pro-
cess. The sols were prepared using nitric acid
as oxidizing catalyst and Stearic acid was
used as cross linking agent. To observe the
surface of treated samples, The FE-SEM imag-
es were used. Results shown that nano TiO2
particles formed and deposit on surface fab-
rics. The size distribution of particles were
between 70 and 120 nm. Water proofing prop-
erty was studied by measure contact angle of
water on treated fabrics. Furthermore, the sta-
bility of this property was examined by mea-
sure the contact angle after the several times
of treated samples washing. Results shown
that the treated samples had good hydropho-
bic property and this property was stable.

Key words: nano TiO2, cotton fabrics, hydro-
phobic property.

Introduction:

Recently, the surface fabric coating with nano
particles to development advanced fabrics
that including variety of desired property has
been a popular topic research [1-3]. These
property include self-cleaning, waterproofing,
antibacterial, UV protection, electronic con-
ductivity and ets. Photocatalytic self-cleaning
fibers do not only posses self cleaning proper-
ty, but also antimicrobial, deodorizing and UV
blocking functions [4]. Hydrophobic surfaces
have attracted great attention because of their
potential applications in many areas [1-9].
Tung and Daoud (2009) reported that the coat-
ing of keratin fabrics surface by anatase nano
TiO2 crystallites with the sol-gel method pro-
duces photocatalytic self cleaning keratin fab-
rics. They also studied the effect of the type of

acid catalyst on the photocatalytic properties
of treated samples. In another researches that
have been reported by Montazer and pakdel
(2010-2011), they produced self-cleaning wool
fabrics by using nano TiO2. They oxidized the
row fabrics with KMnO4 and then used citric
acid as cross-linking agent to coating the wool
fabrics with TiO2 [5,6]. Jaksik et al. (2018)
successfully deposited nano particles of Ti02
on the cotton surface with the simple sol-gel
method and then gold and silver nano parti-
cles were directly grown on the surface and
the photocatalytic activity of this nano parti-
cle/TiO2 coated fiber was confirmed. Their
study indicated that Ag/Au nano particles are
able to significantly improve the photocatalyt-
ic properties of the TiO2 coating [7].

Material and method:

In this study, the row colorless cotton-polyes-
ter fabrics were used. Primary, to remove the
impurities, fabrics were washed by non-ionic
detergent. Then, to decrease the sulfur and ni-
trogen contents, samples were treated with
KMnO4. In this stage, fabric samples dipped in
anaqueous acidic solution (1 gr KMn04, acid
sulfuric 4M, pH=5) for 30 min in ultrasonic
bath. After the washing, the oxidized fabrics
treated with solution of Na2S04-10H20 and
acid sulfuric 4M (pH=5) for 20 min, to remove
brown color that was created from Mn0O2 ions.
The samples were washed carefully and dried.
Dried oxidized samples were died by three col-
ors: brown, crimson and dark blue. Two meth-
ods were used to modified samples surfaces:
at first method, an anatase phase of Ti02
nano powder with 21 nm average particle size
was used. Citric acid monohydrate was used
as a cross-linking agent, 0.01 g/L and phos-
phoric acid used as a catalyst, 1 cc/L. Two
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