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Abstract Silver nanoparticles were synthesized by a
green method and coated on cotton fabric using dip
and ultrasonication processes. The synthesized silver
nanoparticles were characterized using ultraviolet vis-
ible spectra, X-ray diffractometry and transmission
electron microscopy. Through transmission electron
microscopy, the nanostructure was confirmed. The
prepared silver nanoparticles were about 86 nm in size
with a face-centered cubic crystalline nature. The
silver nanoparticles coated on cotton fabric were
characterized using a scanning electron microscope.
The scanning electron microscope images showed
uniform coating of silver nanoparticles on the surface
of fabrics. The antibacterial activities of the silver
nanoparticle-coated fabric were investigated against
the strain of Staphylococcus aureus culture, and it
exhibited good antibacterial activity. The tensile
strength of the cotton fabric increased considerably
when the silver nanoparticles were coated on it. The
ultrasonication process gave rise to the higher tensile
strength.

Keywords Fabric coating, Silver nanoparticles,
Dip coating, Ultrasonication coating, Nanocoating,
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Introduction

Currently, nanoparticles are used in numerous indus-
trial applications including textiles. The preparation of
nanomaterials and their immobilization on fabric are
active areas of academic and textile industry research.1

Surface modification or immobilization with nanopar-
ticles brings forth some advantageous properties such
as water resistance, self-cleaning,2 odor and moisture
elimination,2 bacterial resistance,3 and UV light pro-
tection4 to the fabric. When the conducting inorganic
nanomaterials are coated on fabric or even a sheet of
paper, they acquire new properties such as electrical
conductivity. These coated materials are cost-effective
and versatile materials for making various electronic
devices such as solar cells, sensors, electromagnetic
interference shielding, electronic sensors, microwave
absorption, heat generation, and microelectronics.5–8

Different types of materials and coating methods are
used to enhance the multifunctional properties of a
fabric. However, some of these modifications often
damage the primary as well as secondary properties of
the fabric. Gorle et al.9 prepared a silver-coated cotton
fabric with high electrical conductivity and silver
surface area. It was reported that the silver-coated
cotton fabric could be used for sulfide detection/mon-
itoring applications by investigating the electrochem-
ical contact between silver-coated cotton fabric and
glassy carbon substrate in aqueous phosphate buffer
media (with and without sulfide). The coloration
process also could be improved by using eco-friendly
materials. Gashti et al.10 used bentonite-type clay as a
nanoadsorbent and as a promising eco-friendly substi-
tute for mordants in the natural dyeing of wool with
madder. The results showed that the color strength of
the dyed samples improved with an increase in the
amount of clay. Various materials having multifunc-
tional properties are prepared to modify the fabric
surface. A ternary nanocomposite substance consisting

M. Balamurugan (&), S. Saravanan
Centre for Photonics and Nanotechnology, Department of
Science, Sona College of Technology, Salem, Tamilnadu
636 005, India
e-mail: chem.muruga@gmail.com

T. Soga
Department of Frontier Materials, Nagoya Institute of
Technology, Nagoya 466 8555, Japan

J. Coat. Technol. Res., 14 (3) 735–745, 2017

DOI 10.1007/s11998-016-9894-1

735

http://orcid.org/0000-0001-5323-1396
http://crossmark.crossref.org/dialog/?doi=10.1007/s11998-016-9894-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11998-016-9894-1&amp;domain=pdf


of clay-Ag-polypyrrole was prepared by chemical
reduction and photoreduction. This synthetic substance
could be used to impart/enhance the multifunctional
properties of fabric.11 Electromagnetic shielding was
imparted to a fabric by coating immobilized Fe-pillared
clay (Fe-PILC) nanoparticles using the pad-dry meth-
od under ultraviolet irradiation. Fe-PILC also en-
hanced the effective absorption capabilities of cotton
textiles.12 The thermal stability of the cotton fiber was
improved by embedding silica–kaolinite or nano-ZrO2

on the fabric surface using succinic acid as a crosslink-
ing agent and sodium hypophosphite as a catalyst.13,14

Wool fabric was crosslinked with nano-ZrO2 to attain
its self-cleaning capability. ZrO2 activated the pho-
todegradation process of methyl blue due to the
production of ÆOH radicals under UV irradiation.14 In
addition, wool stabilized with nanozirconia particles
decreased the average contact angles of water and
increased the electromagnetic reflectivity.15 A cationic
graphene sheet was fastened on cotton fabric using
layer-by-layer spray coating technique and
polyvinylphosphonic acid as an anionic thermal-resis-
tant substance. It improved the thermal stability and
hydrophobicity of cotton. Moreover, graphene and
polyvinylphosphonic acid protected the cotton from
solar ultraviolet rays and near-infrared reflectivity. The
electrical conductivity and electromagnetic shielding
properties were also improved.16 Gashti et al.17 im-
proved the electromagnetic shielding property and
thermal stability of wool by coating polypyrrole/silver
nanocomposites by a single-step UV-induced polymer-
ization process. The dyeability of cotton could be
increased by nanoclay pretreatment. The pretreatment
of nanoclay minerals increased the adsorption and
fixation of dyes (»5–15%) resulting in a lower load of
dyes in the effluent. On the other hand, an efficient and
reproducible dyeing process could be accomplished by
a lower consumption of dyes with less timing (»10–
20%) of dyeing process due to their high capacity for
dye adsorption.18 The breathability of the textile fibers
is one of the important factors for human comfort. It is
defined as the moisture transport from the skin to the
outer environment through textile. Breathability could
be improved by coating the wool fiber with colloidal
clay.19 Currently, without any toxicity to humans and
the environment, low cost, antimicrobial finishing is
one of the most popular finishes practiced in the textile
industry.3 Al-doped ZnO/Ag/AZO and Al-doped
ZnO/Cu/AZO multilayer-deposited (radio frequency
magnetron sputtering technology) polyester fabrics
have good hydrophobic properties, a high IR reflection
rate, and excellent UV protection with the highest air
permeability reduction.20,21 Moreover, Ag- and Al-
doped ZnO/Ag/AZO ceramic films deposited on cot-
ton fabrics provide excellent UV radiation protection
and infrared reflective properties, which make them
promising materials for solar control applications.22

The Ag-coated polyester fabrics also show ultraviolet
protection, water repellency, durability, and good hand
feel with highest reduction rate of air permeability.23

Among various materials, silver nanoparticles (Ag
NPs) are one of the most versatile materials for surface
modification.

The Ag NP is a well-known effective antibacterial
agent, which is commonly used in various commercial
products including in the textile industry to avoid
microbial contamination. Many researchers have rec-
ommended Ag NPs as superior disinfectants for steer
clear or to prevent microorganisms such as fungi,
viruses, and bacteria on fabric. Ag NP-coated fabric
strongly decreases the wound dressing. Ag NPs act as
powerful antimicrobial agents against nearly 650
strains of bacteria. They are more reactive with
proteins. When they come into contact with the
bacteria or fungi, they inhibit the cell growth and
multiplication, owing to the fact that Ag affects the
cellular metabolism. In addition, they suppress the
respiration system of microorganisms.24 There are
various physical and chemical methods involving
different chemicals available for the preparation of
Ag NPs. Nanoparticles, prepared using different
methods, show different physical–chemical proper-
ties.25–27 In the chemical synthesis method, toxic
chemicals are used and may create side effects in
humans and in the environment. Nowadays, various
methods such as screen printing, padding squeezing,28

spray, sonochemical,3 and dip coating have been used
for the surface modification of fabric with nanopar-
ticles. For enhancing the adsorption and stability of
nanoparticles on fabric, various binding chemicals
have been used in the coating process.29 It is
important that the synthesized NPs should be
stable in the colloidal form and also in the metallic
state. These parameters are taken into account for
coating purposes.28 The researchers focus their atten-
tion mainly on the preparation of stable Ag NPs and
controlling their size without using any toxic chemi-
cals. In the present study, green-synthesized nanopar-
ticles were used. This avoided the use of chemically
synthesized nanoparticles, and thus their side effects
were eliminated. In this green synthesis method, no
toxic chemicals were used30,31 and the Ag NPs were
obtained in colloidal form. In this study, Peltophorum
pterocarpum flower extract was used as a nontoxic
reducing and binding agent in the Ag NPs synthesis
protocol and the green-synthesized Ag NPs were
coated on cotton fabric without any binder, using
simple dip and ultrasonication methods.

Experimental

Materials

Silver nitrate (AgNO3) analytical grade was purchased
from Merck & Co. and used without further purifica-
tion. Cotton fabric of specifications ends/inch-54, picks/
inch-44, warp count-20 s Ne, weft count-20 s Ne, and
GSM-125 gm was purchased from local industry. The
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bacterial strains used and Muller-Hinton agar were
purchased from Hi-Media, India.

Synthesis of silver nanoparticles

The silver nanoparticles were prepared according to
the previous report.32,33 In the typical preparation of
plant extract, about 1 g of fresh P. pterocarpum flowers
was washed with de-ionized water to remove the
adhering soil and dust. The washed flowers were boiled
in 100 mL of de-ionized water at 80�C for 20 min and
then filtered to separate them from the broth. The
obtained extract was stored at 4�C to avoid any form of
contamination. To synthesize the silver nanoparticles,
20 mL of the prepared P. pterocarpum flower extract
was dripped into 100 mL of 0.01 M aqueous silver
nitrate (aq. AgNO3) solution with constant stirring at
room temperature to reduce the Ag+ into Ag0.

Coating of silver nanoparticles on fabric

The cotton fabric was made into 2 9 2 cm2 square
pieces and immersed in the prepared colloidal Ag NPs
solution and kept for 24 h at dark. In another study,
ultrasonication (Cyberlab, CB2020, and ultrasonic-
80 W/46 kHz) was performed for 30 min. The treated
cotton fabric was washed with ethanol followed by de-
ionized water several times to remove the extra and
unspent Ag NPs. The washed fabric was dried at 60�C
and then characterized.

Characterization

The tensile properties of Ag NP-coated fabric were
determined by the strip method (IS EN ISO 29073) on
a tensile strength testing machine, ZWICK 1445
(Zwick GmbH & Co., Germany). Fabric samples of
100 9 10 mm size were prepared for the tensile
strength test. Samples were tested at R.H. 65 ± 2%
and 21 ± 1�C. The rate of traverse was 10 mm/min.
The electrical conductivity of silver nanoparticles-
coated fabric was measured using an LCR Z
(TH2816A) meter from 50 Hz to 200 kHz at room
temperature.

Antibacterial activity of silver nanoparticles-
incorporated fabric

Antibacterial activity of silver nanoparticle-coated
cotton fabric was studied by disk diffusion method.4,32

A Gram-positive bacterium, Staphylococcus aureus (S.
aureus), was used as the testing organism. Pure cultures
were subcultured in Muller-Hinton broth for 24 h at
37�C. The subcultured organism was swabbed uni-
formly on a plate using sterile cotton swabs. The Ag
NP-coated and uncoated fabrics were gently placed on

bacteria-inoculated solidified agar gel plates. The plate
was incubated at 37�C for 24 h. The antibacterial
activity was ensured by observing whether a zone of
inhibition was produced around the samples or not. It
was recorded by digital photography.

Results and discussions

Silver nanoparticles were prepared using P. ptero-
carpum flower extract as the reducing and capping/
binding agent. After adding the P. pterocarpum plant
extract into aqueous AgNO3 solution, a visible color
change was observed as the colorless solution changed
to yellowish brown and then dark brown which
indicated the formation of Ag NPs. The color change
is the most commonly used indicator for the formation
of metal nanoparticles.34 The intensity of color
increased with time indicating adequate growth of
nanoparticles. The optical property of Ag NPs was
studied with the UV–Vis double-beam bio-spectropho-
tometer (ELICO-BL 198) in the wavelength range of
300–800 nm. Ultraviolet visible (UV–Vis) spec-
troscopy was used for primary characterization35 to
study the reduction in Ag ions from aqueous AgNO3

solution to Ag NPs and optical properties.36 The UV–
Vis spectra showed a sharp peak in the visible region
around 440 nm, as shown in Fig. 1. This was due to
surface plasmon excitation, and it confirmed the
formation of Ag NPs. Complete reduction in AgNO3

to Ag NPs was confirmed by the change in color from
colorless to colloidal brown.37 Moreover, the formation
of Ag NPs was confirmed using UV–Vis spec-
troscopy.23 The intensity of UV–Vis absorbance
increased with the formation of silver nanoparticles.23

After completion of silver nanoparticles formation, the
intensity remained constant. Figure 1 shows the UV–
Vis absorbance spectra of silver nanoparticles after
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Fig. 1: UV–Vis spectra of silver nanoparticles
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completion of silver nanoparticles formation. The
structural characterization of the Ag NPs was per-
formed using Powder X-ray diffractometry (SEIFERT,
XRD with Cu-Ka radiation, k = 1.540598 Å) analysis.

Figure 2 depicts the XRD pattern of prepared Ag
NPs. The XRD pattern shows the peaks at 2h angles of
around 38.8�, 39.9�, 46.0�, 52.7�, and 61.0� which
correspond to (111), (102), (420), (104), and (531) as
face-centered cubic crystal planes, respectively. The
Ag NPs were analyzed under a transmission electron
microscope (FEI, Tecnai F20) to know morphologies
and nanostructures. The TEM image (Fig. 3) shows
clearly the morphology of Ag NPs and their dispersion.
The plant molecules served as capping agents. A
capping agent is also called a stabilizing or productive
agent. The median diameter of Ag NPs as measured
from TEM images was about 86 nm.

Cotton fabric is a rough, porous substrate made by
micrometer-sized cellulose fibers aligned perpendicular
to each other. Figure 4 shows the optical microscope
image of a single cotton yarn. From the image, the
diameter of the single cotton yarn was deduced as
200 lm. The cotton fabric substrate was coated with
green-synthesized Ag NPs by immersion and ultrason-
ication. To incorporate the Ag NPs onto fabric, the
fabric was immersed into a well-stabilized colloidal Ag
NPs solution prepared from 0.01 M aqueous AgNO3

and 20 ml of P. pterocarpum flower extract at room
temperature. In the second study, after immersion of
fabric, the ultrasonication was carried out for 30 min.
After completing the treatment, the fabric was washed
several times with ethanol followed by de-ionized
water to remove the excess plant extract and unspent
nanoparticles. The Ag NPs were adsorbed on the
surface of the cotton fabric. The incorporation of Ag
NPs on the cotton fabric was ensured by assessing the
color change in the fabric and measuring the reflec-
tance spectra at wavelengths of 350–800 nm. The
uncoated (pristine) cotton fabric changed its color

from white to brown after treating it with green-
synthesized Ag NPs, which indicated the formation of
Ag NPs on the surface of the cotton fabric. Figure 5a
shows the uncoated cotton fabric. Figures 5b and 5c
show the Ag NPs-coated by dip and ultrasonication
process, respectively. The results showed a visible color
difference between uncoated and Ag NP-coated cotton
fabric as shown in Fig. 5. The thickness of coating was
controlled by shorter exposure times or nanoparticle
concentrations. The colorfulness of fiber could be
achieved by coating with anisotropic silver nanoparti-
cles. Different morphologies of silver nanoparticles
produced different colors to the fiber, because of
changes in the localized surface plasmon resonance of
the nanoparticles. In addition, mixing of different silver
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Fig. 2: X-ray diffractometry of silver nanoparticles

Fig. 3: TEM image of silver nanoparticles
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nanoparticles in different proportions extended the
range of colors. This could be achieved at room
temperature.38 One of the objectives of this study
was to investigate the interaction between the cotton
fabric surface and the metallic silver nanoparticles.
There are two possibilities available for adsorption of
nanoparticles, that is, the formation of chemical bonds
between the silver and alcoholic or functional group of
cotton and physical adsorption of Ag NPs on the fabric
surface.3

The incorporation of silver nanoparticles on cotton
fabric was confirmed by assessing the color change in
the fabric and measuring the UV–Vis spectra (Shi-
madzu 3101 PC) in the wavelength range of 350–
800 nm. Figure 6 shows the UV–Vis of the silver
nanoparticle-coated and uncoated cotton fabrics. Sur-
face plasmon resonance peak observed in the UV–Vis
spectrometric graph indicated the adhesion of silver
nanoparticles. The broad nature of the band of silver

nanoparticles-coated sample depicts the wider size
distribution due to aggregated particles as well as range
of particle sizes. Figure 6a shows the reflectance curves
of silver nanoparticle-coated and uncoated fabric.
From the spectra, it is gathered that the uncoated
specimen showed comparably higher reflectance values
ranging from 80 to 90%. For the silver nanoparticles-
coated sample, the reflectance value was decreased to
10–50%, due to the decrement of refractive index and
the surface roughness of the fabric. The cotton fabric
which was coated by the ultrasonication process
showed the least reflectance among other samples. It
transpired that a higher amount of silver nanoparticles
was incorporated by ultrasonication method. It is in
good agreement with other data. Figure 6b shows the
UV–Vis absorbance spectra of silver nanoparticle-
coated and uncoated fabrics. The intensity of absor-
bance was lower for uncoated fabric. A broad absorp-
tion peak was observed in the wavelength range of

Fig. 5: Digital photograph image of cotton fabric (a) before and (b) after coating with green-synthesized silver
nanoparticles
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400–550 nm for silver nanoparticles-coated fabrics,
proving the incorporation of silver nanoparticles in a
good manner. The absorbance intensity was higher for
ultrasonication-coated fabric than dip-coated fabric
confirming the presence of a higher amount of silver
nanoparticles.

Figure 7 shows the XRD patterns of the silver
nanoparticle-coated cotton fabric and pristine cotton
fabric. Figure 7a shows the diffraction peaks at 2h
values of 15.0�, 16.7�, 23.1�, and 34.1� corresponding to
the (110), (110), (200), and (004) planes of pristine
cotton, respectively.39 Compared to the pristine fabric,
three additional peaks appeared at 2h values of 38.2�,
45.1�, and 65.0� (Figs. 7b and 7c) for silver nanopar-
ticle-coated fabrics. It is attributed to the values of the
planes (111), (200), and (220) of silver nanoparticles,
respectively. This confirms that Ag NPs were deposited
on cotton fabric.

The surface morphology of the Ag NP-coated fabric
was investigated under scanning electron microscope
(SEM). Figure 8 shows the SEM micrograph images of
the uncoated and Ag NP-coated fabric. In the dip
coating, the fabric was immersed in colloidal silver
nanoparticles solution. The major challenge in the
nanodip coating is controlling the uniformity and
thickness of the coating. However, the uniform coating
was accomplished using green-synthesized colloidal
metallic silver nanoparticles. Figure 8a shows the
uncoated fabric with smooth surface and without any
contaminating particles on their surfaces. Figure 8b
shows the SEM images of Ag NP-coated fabric by dip
method. Figures 8c and 8d shows lower and higher
magnified SEM images of Ag NPs-coated fabric by
ultrasonication process. The images (Figs. 8b–8d) con-
firmed that a rough surface with a hierarchical struc-
ture was formed by deposition of Ag NPs on the
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surface of the cotton fabric. From the SEM images, it is
inferred that the amount of deposited Ag NPs on fabric
is significantly higher for ultrasonicated fabric. The
silver nanoparticles coated by the dip coating method
have large particles of around 800 nm on the surface as
shown in Fig. 8b. It may due to the aggregation of
nanoparticles. But, in the case of the ultrasonication
coating process, the silver nanoparticles uniformly
dispersed on the surface of cotton fabric. Moreover,
the sizes of deposited particles are smaller (100–
200 nm). This might be due to the ultrasonic treatment
helping to disperse the nanoparticles during the coat-
ing process. Ultrasonication did not aid in the forma-
tion of new bonds between the silver and the functional
groups of the cotton fabric. Ultrasonication of a liquid
caused two primary effects, namely, cavitation and
heating.3 It was gleaned that the coating was due to the
physical adsorption of the nanoparticles on the sub-
strate because of the ultrasonication. Besides, the
ultrasonication accelerated the adsorption of Ag NPs
on the cotton fabric’s surface and hence the Ag NPs

coating can be accomplished in a very short period by
the ultrasonication process rather than dip method.
The amount of silver content deposited on the cotton
fabric surface was quantified using an inductively
coupled plasma mass spectrometry (ICP-MS) instru-
ment. The silver content was determined as 1.53 and
1.67% for dip method and ultrasonication process,
respectively.

Figure 9 shows the tensile strength of the cotton
fabric before and after coating of Ag NPs. Warp
strength and elongation of fabrics are presented in
Table 1. The tensile strength of fabric increased after
the incorporation of silver nanoparticles. The uncoated
cotton fabric warp strength and elongation were
3.18 kg and 9.43%, respectively. The cotton fabric
which was coated by dip and ultrasonication process
showed warp strength and elongation were 3.57 kg and
9.61%, and 4.20 kg and 11.10%, respectively. The Ag
NP-coated fabric showed quite a high warp strength
and elongation compared to the uncoated fabric. The
incorporation of silver on cotton fabric was attributed

Fig. 8: SEM image of cotton fabric (a) before, (b) dip (c) and (d) ultrasonication coating with green-synthesized silver
nanoparticles
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to the electrostatic interaction.38 Tang et al.38 achieved
the assembly of silver nanoparticles on fibers by linking
of poly (diallyldimethylammonium chloride). This
could create an electrostatic interaction between silver
and the substrate. Sherazy et al.40 reported that the
formation of hydrogen bonding between coating mate-
rial and substrate leads to higher tensile strength. In
this present study, the organic molecule which is
surrounded by silver nanoparticles may generate a
hydrogen bond with the functional group of cotton.
This might be the reason for an increase in tensile
strength. In the coating of silver nanoparticles, higher

amounts of Ag NPs were incorporated in the ultrason-
ication process than in the dip method. Due to the
presence of higher amounts of Ag NPs, higher tensile
strength was imparted. The tensile strength of ultra-
sonicated fabric was higher than that of fabric coated
by dip method. The observed changes in the mechan-
ical properties of the fabric are in a range that is
acceptable for standard cotton fabrics. According to
these results, it is surmised that the coating of Ag NPs
on cotton fabric did not cause any significant damages.

Figure 10 shows the frequency dependence of
dielectric constant (a), dielectric loss (b), and AC

Elongation (%)

(a)
(b)

(c)

Elongation (%)

Elongation (%)

Lo
ad

 (k
g)

Lo
ad

 (k
g)

Lo
ad

 (k
g)

0.00
0.000

0.692

1.384

2.075

2.767

3.459 12

3

1

2

3

1
2

3

0.000

0.905

1.810

2.715

3.620

4.525

0.000

1.742

0.871

2.613

3.484

4.355

3.65 7.30 10.95 14.60

0.00 3.50 7.00 10.50 14.00

0.00 5.25 10.50 15.75
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Table 1: Warp strength and elongation of cotton fabric before and after incorporation of Ag NPs

Description Warp strength (kg) Warp elongation (%)

Min. Max. Avg. Min. Max. Avg.

Uncoated 2.65 3.45 3.18 7.59 10.60 9.43
Coated by dip 2.48 4.51 3.57 9.09 10.11 9.61
Coated by ultrasonication 4.00 4.34 4.20 9.63 12.08 11.10
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conductivity (c) of pristine cotton fabric and silver
nanoparticles-coated cotton fabric. From Fig. 8a, it can
be noted that the value of dielectric constant was
higher for silver nanoparticles-coated cotton fabric
compared with pristine cotton fabric. However, the
dielectric constant decreased with an increase in
frequency for all the fabrics. It may due to the space
charge polarization and charge carrier which is respon-
sible for different mechanisms of polarization. In
Fig. 8b, it is observed that the value of dielectric loss
is lower for silver nanoparticles-coated cotton fabric
compared with pristine cotton fabric and decreases
with increase in frequency for all the fabrics. Figure 8c
shows the AC electrical conductivity of pristine cotton
fabric and silver nanoparticles-coated cotton fabric at
room temperature. It can be noted that the AC
conductivity increased with an increase in frequency.
As frequency increased, hopping between charge
carriers increased which resulted in an increase in

AC conductivity of all samples. The AC conductivity
of dip coated was higher than pristine cotton fabric and
lower than the ultrasonication coated. Similarly, the
fabric coated by ultrasonication process had higher
conductivity than the pristine and dip-coated fabrics.
This might be due to the presence of higher amounts of
silver. Also, the conductivity was found to increases
about 2 9 108 S/cm and decreased resistivity for silver
nanoparticles-coated fabric. It was due to more charge
produced by silver nanoparticles.

The antibacterial properties of Ag NP-coated cotton
fabric were evaluated against Gram-positive S. aureus
bacteria strain using the disk diffusion technique.4,32

The uncoated fabric was used as a reference. Figure 11
shows the antimicrobial activity of pristine and silver
nanoparticles-coated fabric. The Ag NPs-incorporated
fabric showed an inhibition zone of considerable size
around the fabric (Fig. 11) for both dip and ultrason-
icated specimens. The zone of inhibition represents the
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antimicrobial activity of Ag NPs-coated fabric. The
formation of inhibition zone clearly indicates that the
Ag NPs-incorporated fabric possesses antimicrobial
action due to the action of Ag NPs on the organism’s
membrane. The uncoated reference fabric did not
show any antibacterial activity. However, since the
diffusion of silver ions from the nanosilver-deposited
fabric to the saline was very slow, only a small part of
the total amount of silver particles could participate in
antibacterial activity. The zone of inhibition was
broader for ultrasonicated fabric than the dip-coated
fabric. It may due to the presence of higher amounts of
Ag NPs in ultrasonicated fabric sample than the dip-
coated fabric. The higher diameter of inhibition zone
around the sample shows that the Ag NPs-coated
fabric has a better antibacterial effect against S. aureus.
By increasing the thickness of the coating, it is possible
to enhance the antimicrobial activity.

Conclusion

Silver nanoparticles were successfully synthesized
using P. pterocarpum flower extract. The synthesized
Ag NPs were coated on cotton fabric so as to enhance
the multifunctional properties of the fabric. The
deposition of Ag NPs on cotton fabric was accom-
plished through a dip method and ultrasonication
process. The ultrasonic treatment helped to disperse
the nanoparticles and allow for homogeneous deposi-
tion. Nanoparticles were firmly adsorbed on the
surface of the fabric. They were stable and could not

be washed away with water. Owing to physical and
chemical interaction, the nanoparticles were bound
uniformly on the fabric surface. The fabric coated with
Ag NPs exhibited good antibacterial activity against S.
aureus bacterial strain. The advantages of this process
are its ease to carry out and its efficiency. The coating
can be carried out using a solution immersion method.
The substances involved in this process are nontoxic,
low cost, and readily available. The fabrics thus coated
with Ag NPs can be used in several applications such as
wound dressing, bed lining, medicinal bandages, purifi-
cation of medical and food equipment, and domestic
cleaning.
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