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Surface activation of cotton fiber by seeding silver
nanoparticles and in situ synthesizing ZnO
nanoparticles

Hossein Barani

The paper describes the study of photocatalytic oxidation and antibacterial properties of cotton
fabric treated with zinc oxide/silver (ZnO/Ag) nanocomposites. The ZnO nanoparticles were
synthesized by an in situ approach on the surface of activated cotton fibers with seeded Ag
nanoparticles. The effect of Ag nanoparticles seeding and synthesis temperature on the
morphological, thermal, photocatalytic and antibacterial properties of ZnO/Ag nanocomposites
treated cotton fibers were characterized using scanning electron microscopy, energy dispersive
X-ray spectroscopy, X-ray diffractometer, thermo gravimetric analysis, Attenuated Total
Reflection-Fourier Transform Infrared spectrometer. Synthesizing ZnO nanoparticles on the
surface of un-activated cotton fibers lead to the formation of agglomerated nanoparticles while
the Ag nanoparticles seeded cotton fibers prevented forming the same. The results indicated
the presence of ZnO/Ag nanocomposites on the coated cotton fabrics, and all loaded samples

presented an inhibition zone against S. aureus and E. coli bacteria.

Introduction

Cotton fibers are very popular and people widely use them in daily
life due to its softness, affinity to the skin, sweat absorbing
properties, etc. However, cotton fibers can be easily damaged by
microbial attack and ultraviolet radiation. The microbial attack of the
fibers leads to an enhanced discoloration, decomposition and
mechanical strength loss with time ' There are several methods to
modify the surface of cotton to overcome the above-mentioned
problems. Moreover, the use of nanotechnology in the textile
industry has increased rapidly as a result of its unique properties
which can produce multifunctional fibers with variable functions and
applications such as antimicrobial, UV protection, self-cleaning, etc.
Several nanoparticles with various sizes and structures have been
fabricated and fixed on fibers to produce multifunctional textile
products >.

Zinc oxide (ZnO) is a semiconductor with a large binding energy
and wide-band gap ®. ZnO nanoparticles are a well-known coating
material used to improve the functionality of textile products. They
are used for a wide range of applications due to their unique
photocatalytic, electrical, optical and antibacterial properties™. Two
different approaches have been proposed to immobilize these
nanoparticles on the surface of textile fibers. The first type of
approach is coating the surface of fibers with pre-synthesized
nanoparticles. This approach consists of two steps: first, the
synthesis of nanoparticles and second, the immobilization on the
surface of fibers'®. The second type of approach is to directly
synthesis nanoparticles on the surface of fibers, which is known as
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an in situ method and this is without the pre-synthesis step* '™ ', In

this method, metal ions are attached onto fibers via electrostatic
adsorption or ion exchange, and this is followed by a reduction step
to produce nanoparticles. The facile in situ synthesis approach could
provide strong binding between nanoparticles and the fibers'”.
Hybrid semiconductor nanocomposite materials are attractive
candidates for advanced nanoparticles due to synergies between
different components '* and these can display novel physical and
chemical properties '°. Metal-semiconductor nanoparticles have
been extensively studied due to their excellent catalytic activity. Ag—
ZnO heterogeneous nanostructures were synthesized with a seed-
mediated method '®. The well-defined faceted nanoparticles are
prepared as seeds and mixed with a metal salt precursor in the
presence of suitable surfactants. The seeds act as efficient catalysts,
which then occur selectively at their surface. More recently, Ag—
ZnO hybrid nanoparticles are synthesized with a hexagonal pyramid-
like structure by a seed-mediated method. The growth mechanism is
attributed to a good lattice and symmetry match between ZnO and
Ag in the corresponding planes . In addition, it is reported that the
antibacterial properties of Ag-ZnO nanohybrid on Gram-positive and
Gram-negative bacteria are better compared to the individual
components (ZnO and Ag)'®.

The aim of this work was to use in situ approach to synthesize
ZnO/Ag nanocomposites on the surface of cotton fibers. The surface
of cotton fibers were, firstly, activated with Ag nanoparticles
(AgNPs) as seeds, then the ZnO nanoparticles was synthesized on
these activated cotton fibers. The morphological property of cotton
fabrics was observed by scanning electron microscopy (SEM) which

J. Name., 2013, 00, 1-3 | 1



New Journal of Chemistry

was equipped with Energy Dispersive X-ray spectroscopy (EDS).
The chemical property of coated cotton fabric was analyzed with
Attenuated  Total  Reflection-Fourier =~ Transform  Infrared
spectrometer (ATR-FTIR). Thermal characteristics and antibacterial
properties of coated samples were also evaluated.

Experimental

Chemical agents

All chemical agents were used in this study were of analytical
grade. Distilled water was used throughout the work. Zinc
acetate dihydrate ((CH3COO),Zn, 2H,0), sodium hydroxide
(NaOH, 99.9%), tin chloride (SnCl,), hydrochloric acid (HCI),
silver nitrate (AgNQOj, extra pure), ammonia (NH;, 25%),
sodium hypophosphite (NaPO,H,), and citric acid (C¢HgO-)
was purchased from Merck Co (Germany).

A plain-woven cotton fabric (100%) with a mass per unit area
of 240 g m was used in this study. All cotton samples were
scoured with a Triton X 100 (1 g L™"), nonionic surfactant that
has a hydrophilic polyethylene oxide chain (C,sH,50)30OH, for
30 min at 60°C (L:G = 40:1), then rinsed with tap water and
immersed in a acetone solution for 15 min. These samples were
then dried at room temperature.

Activation of cotton surface by seeding silver nanoparticles

The surface of cotton fibers was activated by deposition of
silver nanoparticles on their surface by in situ synthesizing
method. For the sensation step, a scoured cotton sample was
immersed into the sensation solution (L: G of 50:1) which was
composed of SnCl, solution (Wt%, 2%), and HC1 (Wt%, 1%) at
25 C for 30 minutes. At the activation step, the sample was
introduced into a solution of AgNO; (L: G of 50:1) which
contained Ag ions (Wt%, 0.5%), and NH3 (Wt%, 0.25%) at 25
C for 30 minutes. Silver ions were converted to the silver
nanoparticles in the presence of tin chloride which acted as a
reducing agent. Seeding silver nanoparticles on the surface of
cotton fibers result in activation of cotton surface.

Synthesizing ZnO nanoparticles

The cotton fibers act as a template for the growth ZnO
nanoparticles. The cotton sample was introduced into a solution
(L: G of 50:1) containing (CH;COO),Zn, 2 H,O (0.09 M),
NaPO,H, (0.015 M), CcHgO5 (0.065 M) and treated at 25°C for
30 min at this solution. The treatment was followed for 30 min
at the proposed temperatures at Tablel. After that, this sample
was introduced into the NaOH solution with twice the molar
concentration at the same temperature of previous step for 45
min and then rinsed with distilled water.

Characterization

The surface morphologies of all cotton fabrics were observed
by scanning electron microscopy (SEM) (Philips XL 30).
Cotton fabrics were coated with gold in a sputter coating unit
for Sminutes before SEM observation. For the analysis,
qualitative and quantitative elemental composition of samples,
Energy Dispersive X-ray spectroscopy (EDS) was used.

2| J. Name., 2012, 00, 1-3

Thermo gravimetric analysis (TGA) of all cotton fabrics was
performed with a Perkin-Elmer 7 thermal analyzer. For this
purpose, a weighed fabric sample (roughly 7 mg) was heated
from 25°C to 650°C with heating rate of 10 °C min™ in the
presence of nitrogen gas.

Table 1 Description of sample code and their preparation conditions

Sample code Description
Activated-AgNPs Activated sample by seeding silver
nanoparticles
ZnO-coated In situ synthesme@ ZnO nanoparticles on
un-activated sample
In situ synthesized ZnO nanoparticles on
Ag-ZnO-T70 the activated sample at 70°C
Ag-ZnO-T25 In situ synthesized ZnO nanoparticles on

the activated sample at 25°C

In order to explore chemical interactions at the surface of
coated cotton fabrics Attenuated Total Reflection-Fourier
Transform Infrared spectrometer (ATR-FTIR, Perkin Elmer
Spectrum 100 series) was used. The spectra were recorded at a
resolution of 1cm™ and the scanning range was 6504000 cm™'
and an average of 20 scans was recorded.

The structure of synthesized nanoparticles was analyzed with
X-ray diffraction (XRD) measurements and performed on
INEL EQuinox 3000 X-ray diffractometer over the range of 20
=10° to 90°.

The antibacterial efficiency of treated cotton fabrics was carried
out according to AATCC test method 147-2004. The test was
done with Staphylococcus aureus ATCC 6538 (Gram-positive)
and Escherichia coli ATCC 8739 (Gram-negative bacterium).
The antibacterial efficiency was calculated according to
equation (1):

W=— (1

Where W is the inhibition zone width in mm, and T is the total
diameter of test specimen and clear zone, and D is the diameter
of the test specimen.

Photo degradation property of the samples was determined by
staining the fabrics with a drop (Approximately 0.05 ml) of
0.5,Wt% Methylene Blue. The stained samples were exposed to
Light (MH-BT, 400W E40) irradiation for 12 h. The color
difference of stained sample after irradiated time was calculated
according to equation (2):

AE = /(La —Lp)? + (aa —ap)? + (ba — bp)? 2

Where the L, a, and b are the color-coordinates of the sample a,
and b indices to present after and before irradiation.

Results and discussion

The ZnO nanoparticles were grown on the surface of activated
and un-activated cotton fiber at different temperature. The
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cotton fibers act as a template for the growth of ZnO

nanoparticles and were activated with seeding silver
on their surface. The SEM images of treated
cotton fibers with nanoparticles are presented in Fig. 1. The
surface morphology of cotton fibers loaded with nanoparticles
was changed. The presence of nanoparticles is clearly seen. The
cotton fibers were activated with AgNPs resulted in formation
AgNPs seeds on the surface of cotton fibers (Fig. 1a). Loading
ZnO nanoparticles into the un-activated cotton fibers lead to the
formation of agglomerated nanoparticles on the surface of
cotton fiber (Fig. 1b). Activation with AgNPs prevented the
formation of agglomerated ZnO nanoparticles on the surface of
cotton fibers. Deposition of ZnO nanoparticles at 70 C on the
cotton fabrics resulted in the surface being covered with a dense
layer of ZnO nanoparticles, but the deposited surface of cotton
fibers appeared rougher'®. The reaction temperature increased
the deposition rate of ZnO nanoparticles on the surface of
cotton fabric. Increase in temperature of ZnO synthesizing step
resulted formation of partially agglomerated nanoparticles on
the surface compared to the sample synthesized at lower
temperature (Fig. 1c, and 1d).

nanoparticles

The EDS spectra of cotton fabrics loaded with nanoparticles is
shown in Fig. 2. The characteristic peaks of Ag nanoparticles
appeared around 2.91, 3.41, 22.12, and 24.95 keV (Fig. 2a).
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Fig. 1 SEM images of loaded cotton fibers a) Activated-AgNPs, b) ZnO-
coated, ¢) Ag-ZnO-T70, d) Ag-ZnO-T25
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Fig. 2 EDS spectra of loaded cotton fibers a) Activated-AgNPs, b) ZnO-coated, c) Ag-ZnO-T70, d) Ag-ZnO-T25
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Peaks appeared at about 0.98, 8.6, and 9.6 keV and these
correspond to that of Zn (Fig. 2b). This confirms the presence
of ZnO/Ag nanoparticles on the activated cotton fabrics. In
addition, these results also indicated that the Ag-ZnO-T70
sample has the highest amount of Zn (Fig. 2c). However, Ag
activation and subsequent loading with ZnO nanoparticles at
25°C did not lead to a higher amount of ZnO nanoparticles on
the surface of cotton fabric (Fig. 2.d). Therefore it was deduced
that the Ag activation step and temperature of ZnO synthesis
influence the loading efficiency.

The results of thermal characteristic study of cotton fabrics are
presented in Table 2. The decomposition and thermal stability
of cotton fabrics have been evaluated by thermo gravimetric
analysis. These tests were done in inert condition. Fig. 3 shows
the TGA curves of pristine and loaded cotton fabrics. The
thermal degradation of all samples proceeds by a one stage
reaction process between 200 and 500 °C. The reaction is
characterized by T; that is the lowest temperature at which the
onset of a mass change can be detected. Anticipation in the
degradation process of all loaded cotton fabrics can be seen (see
inset of Fig. 3) and reduced T; of loaded samples to a lower
temperature compare to the pristine samples (Table 2). There is
a mass loss at the first stage of TG curves (see inset Fig. 3)
which is due to the moisture evaporation of cotton fabrics.
Loading cotton fabrics with nanoparticles leads to increase in
the moisture content of cotton fabric. The activated cotton
fabric with AgNPs (Activated-AgNPs) presented the highest
moisture content (7%).

Table 2 The thermal properties, moisture content, and residual weight of
cotton fabrics

e Moisture Residual weight at
Sample TiCO  ontent% 650 °C (%)
Pristine 307.05 4.87 9.10
Activated-AgNPs  293.18 7.07 13.13
ZnO-coated 235.13 6.98 22.31
Ag-ZnO-T70 241.13 5.22 25.90
Ag-ZnO-T25 281.47 6.02 14.24
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Fig. 3 TGA curves of pristine and coated cotton fabric with AgNPs and
ZnO/Ag nanocomposites
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There is a significant increase in the residual weight of loaded
cotton fabrics with nanoparticles compared to the pristine
cotton sample. The residual weight of Ag-ZnO-T70 and ZnO-
coated samples at 650 °C is about 25.9, and 22.31%
respectively and this is due to the fact that the Ag activation
step resulted in higher loading of ZnO nanoparticles into the
cotton fabric. The Ag-ZnO-T25 sample presents a residual
weight of 14.24% that is lower compared to ZnO content of
Ag-ZnO-T70 sample. Therefore, the loading temperature of
ZnO has a significant effect on the loading content of ZnO into
the cotton fabric.

The ATR-FTIR spectra of pristine cotton fabric and loaded
with ZnO nanoparticles in 600-4000 cm™ region are presented
in Fig. 4. The spectra of cotton fabrics were normalized against
the 1317 cm™ band, which is associated with the C-H bending
vibration mode of cellulose molecules®’. The absorption bands
in the 900-1300 cm™ and 1300-1500 cm 'region are associated
to C-O and C-H vibration, which are the characteristic peaks of
cellulose fiber and observed in all spectra of cotton fabrics”'

The loaded cotton fabric with ZnO nanoparticles presented a
new absorption band around at 1568 cm™' (see inset Fig. 4)
which represent the carboxylate carbonyl of the free carboxylic
of citric acid”. A broad absorption band was centred in 3330
and 2895 cm™' which are associated to hydrogen bonded O—H
stretching in cellulose molecules™. Loaded cotton fabric with
ZnO nanoparticles led to reduce the intensity of these bands
which confirm replacement of the O—H groups of the cellulose

by the ZnO nanoparticles24 (Fig. 4).

Absorbance

0.0

1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm-l)

Fig. 4 ATR-FTIR spectra of: a) pristine cotton fabric, b) cotton fabric
loaded with ZnO nanoparticles (Ag-ZnO-T70)

The X-ray diffraction spectra of cotton fabrics are presented in
Fig. 5. Cotton fibers as same as a semi crystalline polymer
structure presented some large and wide reflections due to its
internal structure and can be assigned according to the literature
252 The characteristic peaks of cellulose structure were
appeared in all untreated and loaded samples with nanoparticles
near to the 20 angles of 14.8°, 16.8°, 22.2°, and 34.1°, which
are associated to (101), (101), (002), and (040). Moreover, the
cotton fabric loaded with nanoparticles present some different
characteristic peaks (see inset Fig. 5) at the wide angle X-ray
diffraction spectra near to 20 angles of 31.8°, 34.4°, 36.2°, and
56.6° and are associated to (100), (002), (101), (102), (110),
and (103) due to presence of ZnO nanoparticles. Another new
peak, due to presence of Ag nanoparticles, appeared at the 260
angles of 38.7° and this is related to (111) plane of the face-
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centered cubic structure of the AgNPsB. The Ag-ZnO-T70
sample shows higher intensity for these new peaks compared to
Ag-ZnO-T25 sample and this is due to the higher nanoparticles
content. Due to the position of these new peaks, it can be
concluded that the synthesized ZnO particles have a hexagonal
wurtzite crystal structure27 The hexagonal plates of ZnO
nanoparticles have (001) polar planes and (110) non-polar
planes and later planes are parallel and perpendicular to the ¢
axis respectively. The polar planes have a higher photocatalytic
activity than the non-polar planeszg. The ratio intensity of (002)
and (110) of Ag-ZnO-T25 and Ag-ZnO-T70 samples is 2.99
and 2.49 respectively. Therefore, in the Ag-ZnO-T25 sample,
the proportion of the (002) polar plane is higher compared to
the (110) non-polar plane of the hexagonal plates.

002

Zn(110)

Ag-ZnO-T70

101
101

Untreated Cotton

|

10 20 30 40 50 60 70 80 9%
2theta (degree)

Fig. 5 Wide-angle X-ray diffraction pattern of cotton fabrics loaded with
ZnO nanoparticles

The loading of nanoparticles into the cotton fibers act as a
barrier and control the rate of bacterial proliferation. ZnO
nanoparticles loaded are of great interest in regard to their
antimicrobial activitys. ZnO nanoparticles generate reactive
oxygen species which lead to bacterial cell membrane
destruction and thereby result in a decrease in the bacterial
populationzg. The mean value of the inhibition zone of all
cotton fabrics is reported in Table 3. There was no inhibition
zone around the untreated cotton fabric against the two types of
test bacteria. The antibacterial activity of cotton fabrics loaded
with ZnO nanoparticles is obvious from the clear zone of the
inhibition zone around the sample where no bacterial growth is
observed. The width of the inhibition zone is larger against S.
aureus than the E. coli. The Ag-ZnO-T70 and Ag-ZnO-T25
have the highest and lowest width of the inhibition zone
respectively and these are related to the ZnO content of these
samples. In addition, ZnO-coated sample presented a lower
antibacterial property compared to the Ag-ZnO-T70 sample due
to the structure of ZnO synthesized nanoparticles and their
content in the Ag-ZnO-T70 sample. It can be concluded that
stabilized and uniform structure of ZnO nanoparticles present
better antibacterial properties.

This journal is © The Royal Society of Chemistry 2012
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The photocatalytic oxidation properties of ZnONPs-loaded
samples after 12h irradiation as means of color differences (AE)
of stained fabric are presented in Table 4. The color-coordinate
difference is calculated taking the colour values before and after
irradiation of stained cotton fabrics. Metal oxides present the
photo-oxidizing and photocatalytic properties due to the donor
states of defect locations such as oxygen vacancies as well as
The ZnO
nanoparticles present the photocatalytic activity in comparison
to TiO, under the visible-light illumination. The photocatalytic
activity of ZnO nanoparticles depends on their morphology®!,
the ratio intensity of polar to nonpolar planes, and polar planes
have a higher photocatalytic activityzg. The Ag-ZnO-T25
sample with the highest ratio intensity of polar to nonpolar
planes shows the highest photocatalytic oxidation activity and

the interstitial atoms of zinc and oxygen30.

higher photo degradation.

Table 3 Mean width value of the inhibition zone around of cotton fabrics

Bacterial strain S. aureus E. coli
Sample Inhibition zone (mm)
Untreated cotton fabric 0 0
ZnO-coated 3.25 1
Ag-ZnO-T25 1 0.25
Ag-ZnO-T70 5.5 1.25

Table 4 Color differences of unloaded and loaded cotton fabrics with

nanoparticles
Sample AE
Untreated cotton fabric 5.19
Activated-AgNPs 9.26
ZnO-coated 29.52
Ag-ZnO-T25 35.24
Ag-ZnO-T70 22.32
Conclusion

The Ag nanoparticles seeded cotton fibers resulted in prevent
an agglomeration of ZnO nanoparticles, while the synthesis of
ZnO nanoparticles on the un-activated cotton fibers led to the
formation of agglomerated nanoparticles. In addition,
increasing the temperature during the synthesis of ZnO allows
the formation of partially agglomerated nanoparticles. The EDS
and TGA results indicated that the Ag nanoparticles seeding
and temperature of reaction deposition influence on the ZnO
content and Ag-ZnO-T70 sample has the highest amount of Zn.
Loading cotton fabric with nanoparticles led to an increase in
the moisture content of cotton fabric and activated cotton fabric
with AgNPs (Activated-AgNPs) showed highest moisture
content (7%). A clear inhibition zone appeared around the
cotton fabric loaded with ZnO nanoparticles. The width of the
inhibition zone in samples treated with ZnO nanoparticles is
larger against S. aureus than the E. coli. The Ag-ZnO-T70 and
Ag-ZnO-T25 have the highest and lowest width of the
inhibition zones. This is related to the ZnO content of these
samples.
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