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Abstract Developing a scalable and cost-effective
coating process is critical to manufacturing cotton-
based hydrophobic antimicrobial fabric for various
commercial applications. This paper describes a scal-
able, cost-effective coating process that is compatible
with the existing industrial finishing processes of
fabrics. In this process, the fabric is continuously
dipped in water-based silver salt and the reducing
agent solution to impart silver particles on the fiber
surface to produce different coated samples. The
process is tuned to minimize process cost and material
cost and maximize the antimicrobial effectiveness and
durability of the fabric. This paper also introduces an
easy protective coating technique with silicone binder
of the antimicrobial fabric that improves the durability
and hydrophobicity of the antimicrobial fabric without
sacrificing the comfort properties of textile fabrics. In
the presence of silicone binder, the samples show
significant antibacterial effectiveness against two
microorganisms, gram-positive Staphylococcus aureus
and gram-negative Escherichia coli bacteria. Qualita-
tive assessment is carried out to evaluate the antimi-
crobial properties of the silicone encapsulated silver
particles-coated fabrics. Moreover, among the silver-
coated fabrics of different cycles, silver nanoparticles
(AgNPs) are deposited in the 1 cycle of silver-coated
fabric and the average particle size deposited onto the
fiber surface is 65.52 ± 2.71 nm. After silicone encap-
sulation, among all encapsulated samples, 1 cycle of
silver-coated silicone encapsulated sample shows the
best result in terms of antimicrobial efficacy where

silicone encapsulated 1 cycle silver-coated sample
shows around the zone of inhibition 0.53 and
0.25 mm and encapsulated 2 cycles silver-coated sam-
ple shows the zone of inhibition 0.14 and 0.06 mm for
S. aureus and E. coli, respectively. Coated fabrics with
and without silicone encapsulation are characterized
by scanning electron microscopy and energy-dispersive
X-ray spectroscopy.
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Introduction

Growing demand for comfortable, clean and hygienic
textile goods has given rise to an urgent need for the
production of antimicrobial textile goods. As new
technologies emerge, the increasing needs of end-users
in terms of health and hygiene can be fulfilled without
compromising human health, safety and environmental
issues.

The need for antimicrobial fabric in the healthcare
industry is becoming a must day by day. It has been
observed that microorganisms have long survival times
in various protective disposable hygiene fabrics used
for medical applications, such as splash aprons, masks,
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head and shoe covers, hospital surgical drapes and
gowns, gloves, surgical packs, scrub suits and lab
coats.1–3 Using disposable products with antimicrobial
properties can provide good protection against trans-
mission of diseases for both the patients and the
healthcare personnel.

Additionally, there are some special medical textile
applications such as ostomy bags4 and devices for urine
drainage containers,5 in which the functioning and
construction is dependent on antimicrobial properties.
So, antimicrobial textiles can also provide a scope for
being used in these special applications as bacterial
barriers.

Antimicrobial textile also has the potential to be
used in leather products, which will act as antimicrobial
material to inhibit the growth of the microorganisms
inside the product. It is known that leather, fur and
leather articles can be easily contaminated with various
bacterial and fungal species.6,7 These microorganisms
can damage the material or be pathogenic to the
wearer.

Therefore, many antibacterial agents have been
applied to fabricate antibacterial textiles, such as
quaternary ammonium compounds,8 chitosan,9 tri-
closan,10 nanoparticles of noble metals and metal
oxides11–16 and bioactive plant-based products,17 in
which silver nanoparticles (AgNPs) have been widely
used due to their broad spectrum of antibacterial
activity and low toxicity toward mammalian cells.18–20

Several processes have been carried out so far to
produce NPs of silver, but these processes require
multiple complex steps, other auxiliaries and complex
reagents.21–24 But, in this work, we have introduced an
in situ and scalable functional coating process where
AgNPs are directly deposited on the fabric surface by
dipping and drying methods in reducing agent and
metallic salt solutions, respectively.25 Thus, this func-
tional coating process of 100% cotton fabric is an
inexpensive and less chemical consuming process that
imparts antimicrobial properties easily. Most impor-
tantly, this method can be executed on a large-scale
through continuous bath process that is available in the
textile manufacturing system.

We can grow silver nanoparticles by using sodium
borohydride26 and trisodium citrate,27 tricalcium phos-
phate28 as a reducing agent of silver salt, but these
chemicals areunsafe andhazardous.Ascorbic acidworks
both as a reducing and protecting agent, whichmakes the
nanoparticle-growing process economical, nontoxic and
environmentally friendly.29 So, ascorbic acid has been
used to grow AgNPs on the surface of the fabric.

However, fibers containing silver nanoparticles in
the core-part (inside the fiber) had no consequential
antibacterial activity.30 Conversely, fibers that have
silver nanoparticles in the sheath-part showed excel-
lent antibacterial effects. In our work, silver particles
are deposited onto the surface of the fiber that elevates
the antimicrobial activity of the fabric.

On the other hand, as AgNPs cannot be chemically
bonded with natural fibers without complex surface

modification processes, that can cause unsatisfied
laundering durability of AgNPs treated antibacterial
textiles. In addition, the release of AgNPs in great
numbers into the natural environment that can affect
the health of various organisms.31,32 Hence, some
binders can be applied to fix AgNPs on the fibers to
provide the durability of antibacterial properties.33

Thereafter, we have chosen silicone as a binder to
bring durability of AgNPs on the fabric and hydropho-
bicity in the fabric.34

As commonly obtained in literature, the high affinity
of silver toward sulfur or phosphorus is the major
integrand of this phenomenon. The bacterial cell
membrane has an abundance of sulfur-containing
proteins. The AgNPs can react with these proteins
inside or outside the cell membrane, which successively
deteriorates the workability of the bacterial cell.35 The
silver ions (particularly Ag+) released from AgNPs
react with phosphorus moieties in DNA which results
in the inactivation of DNA replication. Otherwise, the
ions can also interact with sulfur-containing proteins,
leading to the inhibition of enzyme functions.36

Because of these properties, the incorporation of
AgNPs into various matrices such as textiles and
wound dressing materials is possible.37–48

Hence, compared to different complicated surface
modification and synthetic procedures, this paper has
introduced an eco-friendly, low cost and simple appli-
cation strategy for antibacterial property improvement
of fabric from AgNPs by functional coating which
brings the key novelty of this research. Hydrophobicity
with and without silicone encapsulated silver-coated
fabrics are analyzed using the sessile drop method.49

Further, the morphology of the treated fabrics is
analyzed by scanning electron microscopy (SEM).
Finally, this article will investigate the effectiveness
of the antimicrobial activity of the only silver-coated
fabrics (control samples) and silicone encapsulated
silver-coated fabrics. To evaluate antimicrobial activ-
ities qualitative assessment (AATCC 147) will be
followed. The test results will evaluate the perfor-
mance standard of silver on the various products such
as 100% cotton fabric, which will add value to the
substrate as well as to silver itself as a reliable
antimicrobial agent that can be used for various
antimicrobial applications.

Experimental process

Materials

To conduct this experiment, 100% cotton knitted
fabric (basis weight in gram per sq. meter is 194) with
(1 9 1) interlock structure is used. All the materials
used in this experiment are cleaned with acetone first
and finally with distilled water. The usable chemicals in
this experiment like L-ascorbic acid, AgNO3, and
acetone were purchased from Merck KGaA, Germany,
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and used without further purification. L-ascorbic acid
(99%, Mw = 176.12) and AgNO3 (‡ 99%, Mw =
169.87) are used for the synthesis of silver nanopar-
ticles. Orgasil 103-OCI 80% acetic cure silicone sealant
(density 0.98 ± 0.02 g/cm3) is used to protect the
deposited metallic particles onto the fabric surface.
Only distilled water is used as the solvent to prepare
the L-ascorbic acid and AgNO3 solutions. Two differ-
ent types of bacteria are used in the study: the gram-
positive bacteria Staphylococcus aureus (ATCC 6538)
and gram-negative bacteria Escherichia coli (ATCC
10229). Other materials used are pipette, camera,
dryer, hand gloves and tray.

Functional coating procedure

In this experiment, 2 w/v % (2 g solute in 100 mL
water) of L-ascorbic acid, and silver nitrate (AgNO3)
solutions are prepared in individual beakers. Then, a

(6 9 6 inch) pre-cleaned and mercerized cotton fabric
is immersed into a solution of L-ascorbic acid for about
5 min as shown in Fig. 1. Following that, the sample is
dried for 5 min at 80�C. Then, it is immersed into the
AgNO3 solution for 5 min. After completing immer-
sion, it is again dried for 5 min at 80�C. One cycle
includes one-time sample immersion in the ascorbic
acid solution and one-time sample immersion in the
silver nitrate solution following the drying process.
This process can be repeated several times to produce
multiple-cycle samples.

The following reaction explains how the ascorbic
acid reduces the silver salts and forms elemental silver.

2AgNO3 þ C6H8O6
Ascorbic acid

¼ C6H6O6
Dehydroascorbic acid

þ 2Ag
Elemental silver

þ 2HNO3

After that the dried sample is then encapsulated in a
silicone (Si) binder solution for 5 min and just for one-
time. The solution is prepared by thoroughly mixing

Raw cotton fabric

Sample immersed in
L-Ascorbic acid for 5 min

Dry at 80°C
For 5 min

Dry at 80°C
For 10 min

Dry at 80°C
For 5 min

Dried fabric Sample immersed in

Sample immersed

Si coated Ag
incorporated fabric

(Antimicrobial fabric)

in Silicone solution
(Si : Acetone (1:7))

Ag incorporated fabricAgNO3 for 5 min

Fig. 1: Coating process of silver nanoparticles into the fabric sample

Table 1: No. of samples which will be considered for further experiments

No. of samples

Raw cotton fabric 1 cycle Ag coated fabric Si encapsulated 1 cycle Ag coated fabric
2 cycle Ag coated fabric Si encapsulated 2 cycle Ag coated fabric
3 cycle Ag coated fabric Si encapsulated 3 cycle Ag coated fabric
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silicone (Si) gel in acetone solvent in a ratio of 1:7. The
encapsulated samples are dried for 10 min at 80�C.

Table 1 indicates the number of samples will be
taken under consideration for further investigation.

Weight-gain%

The weight of the cotton fabric before and after
coating (for a single cycle or, for multiple cycles) is
measured, and the weight-gain% of the samples is
calculated. The weight-gain% of the fabric samples is
measured by using the following formula:

Weight gain%¼Coated fabric wt:�Uncoated fabric wt:

Uncoated fabric wt:
� 100

ð1Þ

Hydrophobicity test

To determine the hydrophobicity of the only silver
coated fabric and the silicone encapsulated silver-
coated fabric, the sessile drop method is used. It is a
widely employed method for analyzing the contact
angle which is the direct measurement of the tangent
angle at a three-phase equilibrium interfacial point.

Figure 2 represents the experimental setup for
contact angle measurement and the representative
image of the measured contact angle. The setup
includes pipette, camera, light source, base plate,
computer and the sample.

Scanning electron microscopy (SEM)
and energy-dispersive X-ray spectroscopy (EDS)
analysis

The surface morphology of the coated fabrics is studied
using HR SEM (high-resolution scanning electron
microscopy). The surface morphology of only silver-
coated (1 and 3 cycle) fabric and silver-coated (1 and 3
cycle) silicone encapsulated fabric is studied by means
of HR SEM to overview the surface morphology and
the state of the particles depositions on the fabric
surface and how the silicone binder protects the
deposited silver particles on the surface of the fabric.
Platinum is sputtered onto the fabric samples, as a
conducting material to analyze the samples. The
developed silver nanoparticles (AgNPs) size is also
analyzed in only the silver-coated (1 and 3 cycle) fabric
samples. Furthermore, EDS (energy-dispersive X-ray
spectroscopy) is also taken for the elemental analysis
and chemical characterization of the experimented
samples.

Antimicrobial effectiveness assessment

The AATCC 147 is a qualitative antimicrobial assess-
ment method for textiles. To testify the antimicrobial
efficacy of the control sample (only silver-coated
fabrics) and silver-coated (1, 2 and 3 cycles) silicone
encapsulated fabric samples, this method is used. In
order to perform the AATCC 147 method, an inocu-
lum is prepared as follows: 1.0 ± 0.1 ml of a 24 h
culture in nutrient broth (NB) is transferred into
9.0 ± 0.1 ml of sterile distilled water. With an inocu-
lating loop, parallel streaks of the diluted inoculum are
made over a standard Petri dish with nutrient agar
(NA), without refilling the loop. Each sample under
experiment (6 mm 9 2 mm) is placed transversely

Contact angle is
analyzed using
Photoshop tools

Camera

Pipette

Light

Stage

Surf
ac

e

an
d d

rop

Fig. 2: The representation of the sessile drop technique
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across inoculum streaks. The textile samples are placed
over the streaks, ensuring intimate contact with the
agar surface. The Petri dishes are incubated for 24 h at
37 ± 2�C (AATCC 147 2004). After that, the inter-
ruption of bacterial growth is observed and streaks of
interrupted growth underneath and along the side of
the test material indicate the antibacterial effectiveness
of the fabric.

For this, the inoculated plates are examined for the
interruption of growth along the streaks of inoculum
beneath the fabric and for a clear zone of inhibition
beyond the fabric edge. The average width of the zone
of inhibition around the test specimen was calculated
in mm using the formula:

Zone of inhibition mmð Þ ¼ T � I

2
ð2Þ

where T is the width of the zone of inhibition and I
is the width of the specimen.

Result and discussion

Figure 3 shows the weight-gain% of the silver dip-
coated (1 cycle, 2 cycles and 3 cycles) developed
samples both before and after silicone encapsulation.
Before treating the sample in the reducing agent and
the silver nitrate solutions, the sample (6 9 6 in.)
weight is calculated and after 1 cycle percolation of
the sample into the reducing agent and silver nitrate
bath, respectively, the sample weight is again mea-
sured. Therefore, after 1 cycle of dip-coating, the
weight-gain% of the sample is 11.72%. After complet-
ing 1 cycle of silver particles coating, 0.6 gm weight is
increased for the 36 in.2 fabric area. So, the concen-
tration of NPs deposited onto the fabric surface is
approximately 0.02 g/in.2. Repeating the same process
2 times, the weight-gain% of the silver-coated (2
cycles) fabric is raised at 19.56%. Similarly, the same
process is performed 3 times, where the weight-gain%
of the silver-coated (3 cycles) fabric is increased
28.30%. The reason behind the increasing percentage

of the weight-gain of 1 cycle, 2 cycles and 3 cycles silver
coated fabric from its original weight is that as the
number of cycles increases, more AgNPs are deposited
onto the surface of the fabrics.

Moreover, after the encapsulation of the samples
with the silicone binder, the weight-gain% of the 1
cycle, 2 cycles and 3 cycles silver-coated samples
becomes 22.07%, 29.26% and 37.51%, respectively,
from its original weight. An extra-thin silicone film is
formed onto the surface of the samples after silicone
encapsulation that raises the weight percentage of the
samples.

Surface topography of the samples and morphology
of the silver particles

To observe the distribution of the silver particles on
the fiber surface and to analyze the composition of the
coated samples is exigent. The following figures de-
scribe the SEM images and EDS of the coated fabrics
developed in this work.

Figures 4a and 4b shows the SEM micrographs of
the only silver-coated (1 cycle) fabric. It is seen from
the figure that there is a uniform distribution of AgNPs
throughout the fibers in the silver-coated (1 cycle)
fabric. Figure 4c indicates the size and diameter range
of the silver particles that are coated into the fibers.
Ten particles are marked in the figure, where the
average diameter of the particles is 65.53 ± 2.71 nm.
From the result, it is evident that the coated silver
particles (1 cycle) onto the fiber surface are in the
nanometer range. Moreover, EDS is used to determine
which chemical elements are present in the sample and
to estimate their relative abundance. Figure 4d repre-
sents the EDS of the silver-coated (1 cycle) fabric.
From the EDS analysis, it is seen that there are 52.88%
AgNPs present in the sample in terms of mass and in
terms of the number of atoms present, the percentage
is 16.55%. As platinum is sputtered onto the fabric
sample as a conducting material to analyze the sample,
14.23% platinum is present in the fabric in terms of
mass (atomic percentage 2.46%).

The magnified images in Figs. 5a–5c, represent the
silicone encapsulated 1 cycle silver-coated fabric. It is
clear from the figures that there is a uniform additional
layer of encapsulated silicone onto silver particles
throughout the fibers in the fabric. This protective
layer of silicone binder reduces the porosity of the
fabric surface and makes the sample hydrophobic.
Figure 5d shows the EDS of the silicone encapsulated
1 cycle silver-coated sample. The EDS analysis shows
that silver and silicone are present in the sample in
mass percentages of 88.40% and 0.08%, respectively,
whereas the percentages in terms of atomic composi-
tion are 50.05% and 0.17%, respectively. From Figs. 5
a–5c, it is evident that a thin layer of silicone binder
encapsulates the silver nanoparticles in the fabric. But,
Fig. 5d indicates that the nanoparticles are still
exposed to some extent after silicone encapsulation.

40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

11.72%

1 2 3

22.07%
19.56%

29.26% 28.30%

37.51%

W
ei

gh
t-g

ai
n%

5.00%
0.00%

Weight-gain% of only silver incorporated fabric

Weight-gain% of the silicone encapsulated silver incorporated fabric

No. of silver coating cycles

Fig. 3: Graphical representation of the weight-gain% of the
samples
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Figures 6a and 6b represent the SEM views of the
only silver-coated (3 cycles) fabric. It is evident from
the figures that silver particles are clustering around
the fibers in the fabric compared with the SEM image
of the only silver-coated (1 cycle) fabric (Figs. 4a, 4b).
This magnified image also shows that silver particles
developed in the reduction process agglomerates on
the fiber surface in the fabric. Figure 6c indicates the
size and diameter range of the silver particles that are
deposited into the fibers. Here, ten marked particle
sizes are measured, where the average diameter of the
particles is 1.43 ± 0.32 lm. It is clear from the result:
the coated silver particles (3 cycles) onto the fiber
surface are in the micrometer range. Further, the EDS
of the silver-coated (3 cycle) sample is shown in
Fig. 6d. The EDS analysis represents that there are
57.97% silver (Ag) particles present in the sample in
terms of mass and the atomic percentage is 17.32%.
However, it is noticeable that the silver particle size
differs with the number of cycles of dip-coating. When

the sample is coated for 1 cycle, the silver is deposited
onto the fiber surface in the form of nanoparticles,
whereas if the number of dip-coating increases the size
of the silver particles deposited onto the fabric surface
also increases as more NPs get aggregated. For this
reason, the size of the silver particles deposited onto
the fabric shows in the micrometer scale when the
fabric is treated with 3 cycles of dip-coating.

Surface wetting behavior

Hydrophobicity is the aversion of water molecules to
the surface. It occurs due to the unbalanced secondary
force of interaction when the drop comes in contact
with the material. This force or interaction can be
analyzed by measuring the contact angle as the
obtained value is associated with the surface energy
of the materials. The contact angle is defined as the
angle made by the intersection of the liquid/solid
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interface and the liquid/air interface. It can be alter-
nately described as the angle between the solid
sample’s surface and the tangent of the droplet’s ovate
shape at the edge of the droplet. To conduct this
experiment, silver particles coated fabrics (with and
without silicone encapsulation) are used. Figures 7a
and 7b shows the contact angle of the without silicone
encapsulated and with encapsulated fabrics. The con-
tact angle values for without silicone encapsulated and
with encapsulated fabrics are 106� and 126�, respec-
tively.

If water molecules are dropped onto the raw cotton
fabric, they get absorbed by the fabric surface. When-
ever the AgNPs are coated onto the raw cotton fabric
surface, they tend to avert the water molecules from
getting absorbed into the fabric surface as silver
particles are deposited onto the surface. For that
reason, the only silver-coated fabric shows the aversion
of the water droplet with its surface and shows the

contact angle value of 106� (Fig. 7a). On the other
hand, while this NPs-coated specimen is encapsulated
with the silicone binder, a thin layer is formed onto the
surface of the fabric which can repulse the water
droplets as silicone, being a rubbery material, creates
flexible networks among the AgNPs, coating the cotton
fibers. As a result, the silicone encapsulated silver-
coated fabric sample shows much repulsion of the
water droplet from its surface and, from Fig. 7b, it is
seen that the contact angle value is 126�.

It is generally accepted that if the value of the
contact angle is less than 90�, the surface is considered
hydrophilic and if the water contact angle is larger than
90�, the surface is to be hydrophobic.50 So, it can be
stated that both the silver-coated fabrics (with and
without silicone encapsulation) are hydrophobic in
nature as both of the samples show contact angle
values higher than 90�.
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Antimicrobial effectiveness

The antibacterial effects of control samples (only
silver-coated (1, 2 and 3 cycle)) and silver-coated (1,
2 and 3 cycle) silicone encapsulated fabrics are assessed
qualitatively against both of our test microorganisms,
as mentioned earlier. After incubation, a streak of
interrupted growth underneath and along the side of
the test material indicates the antibacterial effective-
ness of the fabric. The inoculated plates were examined
for the interruption of growth along the streaks of
inoculum beneath the fabric and for a clear zone of
inhibition beyond the fabric edge. The bacterial inhi-
bition was measured as per the formula mentioned
previously in equation (2).

From Figs. 8a–8d, it has been observed that the 1
cycle Ag coated Si encapsulated fabric sample shows
interrupted growth underneath and alongside the
fabric for both microorganisms. It is also seen from
the figures that the bacterial inhibition of S. aureus is
slightly more than E. coli in the single cycle silver-
coated fabric and the silicone encapsulated fabric,
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where the achievement for attaining maximum bacte-
rial growth inhibition is (0.531) mm and (0.25) mm,
respectively.

The silicone encapsulated 2 cycles silver-coated
fabric does not show a higher zone of inhibition value
like the 1 cycle silver-coated silicone encapsulated
fabric. But the encapsulated 2 cycle silver-coated fabric
shows clear interruption of the growth of bacteria
underneath the fabric and attaining a small growth of
inhibition for both S. aureus and E. coli is 0.137 mm
and 0.061 mm, respectively (Figs. 9a–9d).

On the other side, from Figs. 10a–10d, it is seen that
silicone encapsulated 3 cycles silver-coated fabric does
not show any zone of inhibition for both pathogens.
But it is clearly evident from the figures that the fabric
interrupts the growth of bacteria along the streaks of
inoculum beneath the fabric. This fabric shows com-
paratively lower antibacterial efficacy for both patho-
gens than both the silver-coated (1 cycle and 2 cycles)
silicone encapsulated fabrics.

Moreover, Figs. 11a and 11b represent bacteria
growth of inhibition (mm) against both microorgan-
isms with respect to the number of silver-coating cycles
for both the control samples and the silicone encapsu-
lated silver-coated samples. Figures 11a and 11b show
the antimicrobial performance of both the coated
samples and the raw cotton sample against the
microorganisms S. aureus and E. coli, respectively. In
the case of both the figures, it is evident that the raw
cotton fabric sample and the 3 cycles silver coated
(both with and without silicone encapsulation) sample
do not show any zone of inhibition (0 mm) for both
pathogens. Additionally, for both the pathogens S. au-
reus and E. coli, the values of the zone of inhibition
have reduced from 1 cycle sample to 2 cycles sample

Fig. 8: Assessment of silver-coated (1 cycle) silicone
encapsulated fabric for (a) E. coli, (b) E. coli (reverse
view), (c) S. aureus, (d) S. aureus (reverse view)

Fig. 9: Assessment of silver-coated (2 cycle) silicone
encapsulated fabric for (a) E. coli, (b) E. coli (reverse
view), (c) S. aureus, (d) S. aureus (reverse view)

Fig. 10: Assessment of silver-coated (3 cycles) silicone
encapsulated fabric for (a) E. coli, (b) E. coli (reverse view),
(c) S. aureus, (d) S. aureus (reverse view)
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(both with silicone and without silicone encapsulated
samples).

From Fig. 11a, it is seen that in the case of S.aureus,
the inhibition zone value reduced from 0.509 to
0.098 mm for only silver-coated samples and from
0.531 to 0.137 mm for silicone encapsulated silver-
coated fabric samples. Similarly, from Fig. 11b for
E.coli, the inhibition zone value reduced from 0.24 to
0.057 mm for only silver-coated samples and from
0.25 mm to 0.061 mm for silicone encapsulated silver-
coated fabric samples.

It also has been observed from Fig. 11 that the
bacterial inhibition of S. aureus shows more growth of
inhibition than E. coli in the case of all different cycles
of silver coating to the cotton fabric. Therefore, it can
be demonstrated that before silicone encapsulation
(control samples) and after silicone encapsulation, all
the silver-coated fabrics show antimicrobial efficacy
and silicone encapsulated samples show quite similar
bacteria resistivity to the control samples.

From EDS analysis, it is observed that the silver
particles are still exposed to the surface of the fabric
after silicone encapsulation, which can directly come in
contact with bacteria organisms. But an interesting fact
is noticeable from the antibacterial efficacy results that
the 1 cycle silver-coated fabric shows higher antibac-
terial activity, whereas the 3 cycles silver-coated fabric
shows the least antibacterial effectivity among the
samples. Moreover, from Figs. 4c and 6c, it is evident
that the average size of deposited silver particles in the
1 cycle dip-coated sample is in the nano range

(65.53 ± 2.71 nm), whereas, in the 3 cycles dip-coated
sample, the size reaches the micro range
(1.43 ± 0.32 lm) as a result of the aggregation of
NPs. These results indicate that silver particles of lower
size have higher antibacterial effectiveness than that of
aggregated NPs. The smaller-sized nanoparticles liber-
ate more silver ions because of the high surface to
volume ratio and thus, proved the smaller particles
show more effectiveness for killing the bacteria as
compared to larger ones.51,52 Therefore, the smaller
AgNPs showed better inhibitory action as a signifi-
cantly large surface area is in contact with the bacterial
effluent owing to the larger surface to volume ratio as
compared to larger AgNPs. Thus, smaller particles
released more silver ions than those of the larger
particles to kill more bacteria.53,54 A single cycle of
silver coating consumes less chemicals and deposits
particles of the lowest size (nm) on the fabric surface,
showing the highest antimicrobial effectiveness among
all developed samples.

Conclusion

This study is concerned with the development of a low
cost, less chemical consuming and scalable coating
process to produce cotton-based antimicrobial knit
fabrics by means of dip-coating with the reducing agent
and silver salt, respectively, for the application of
leather products and disposable antimicrobial textiles.

Our developed samples are encapsulated with a
silicone binder, where the silicone encapsulation acts as
a protective thin layer, making the fabric hydrophobic,
which is ensured by measuring the contact angle of the
samples. The antibacterial effectiveness of the silicone
encapsulated samples are examined using AATCC 147
testing method which performs the qualitative antibac-
terial assessment on textile fabrics that signifies the
silicone encapsulated silver-coated (1 cycle) sample as
an effective antimicrobial fabric. SEM analysis of the
fabric samples provides us with information about the
topography of their surfaces.

To date, a great deal of effort has been made to
develop antimicrobial fabrics, but most of them are
quite complicated and costly. This study offers an
easier, simpler and less costly method which aims to
contribute toward developing commercially viable
cotton-based antimicrobial fabrics. This study can
further be extended to general apparel applications
after verifying the washing durability of the developed
antimicrobial fabric.
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