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Abstract
This study investigates the potentiality of Ag nanoparticles for the preparation of value-added and
improved functional textiles. It demonstrates the in-situ deposition of Ag nanoparticles on cotton fabric
pre-functionalized by dopamine hydrochloride. Surface characterization of nano-Ag deposited fabric is
done by SEM (scanning electron microscope) and EDS (energy dispersive spectroscopy) that con�rms the
shape and deposition of a higher amount of nano-Ag particles. The crystalline size and approximate
shape are determined by X-ray diffraction spectroscopy. The results reveal that the nano-Ag deposition
brings excellent performance on functional properties of cotton fabric. Antimicrobial activity is found as
82.60% reduction against S.aureus and 92% against E.coli measured by bacterial reduction rate (R%). The
fabric also shows good UV protection power and admirable crease resistance. The fabric has also been
dyed with reactive dyestuff and enhanced dyeing performance is found due to nano-Ag deposition.
However, nano deposition causes a slight change in some important mechanical properties.

1. Introduction
The textile industry is bene�ted by using the attributes of nanoparticles in different ways. For textile
product advancement, the contribution of the nanoparticle is undeniable [1]. The different types of
nanoparticle use in the textile sector in different ways got prospered. The notable instances are the
development of desire textile characteristics, modify the physical, chemical, and biological properties of
textile, engineered, synthesized, and altered the conventional materials and process to develop future
generation improved materials, devices, systems, and structures [2,3]. To achieve the mentioned property,
effective and relevant nanoparticle deposition on the textile surface is one of the main ways. Some
nanoparticles have felicitated for their groundbreaking contribution to growing functional textiles. Among
them, silver nanoparticles are traditional and superior for its huge bene�t as antimicrobial as well as
antiviral perspective [4,5]. Besides silver nanoparticle is drawing remarkable attention in research and
commercial �eld due to its strong action towards a broad range of microorganisms, lower toxicity to
human, high selectivity, durability, improved dye-ability, and biocompatibility [6,7]. Textile researchers have
reported the great achievement of antimicrobial textiles using silver nanoparticles [8–10]. Direct coating or
in-situ immobilizations are the two main ways of nanoparticle deposition on fabrics surface. Nevertheless,
the direct coating might have discontinuity problems, less durable, aggregation of additives, low affectivity
[11]. Conversely, in-situ deposition overcomes those problems and even ensures intensive a�xation,
reduces wastage of particles, and improved durability.

However, the silver nanoparticle has no abundant attraction, deposition, and a�xation power towards
fabric, so an additional adhesive or �xing agent is required to immobilize the particle into the fabric. So
auxiliaries are mostly used in the direct coating by pad dry and cure method. The improper selection of
adhesive material may lead to the durability and effectivity problem of nano-treated fabric. Instead of
using adhesive coating material, a good option is �ber surface modi�cation to enhance the attraction and
improve the �xation of nanoparticles. Different ways are available to modify the textile surface for better
performance of nanoparticle deposition. Fiber modi�cation in the case of in-situ nano deposition also
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offers a greater opportunity for instant �xation [12]. In this research, the fabric is modi�ed chemically by
using dopamine hydrochloride. In literature, it has been found that dopamine is an excellent substance
capable to be self-polymerized and makes a �lm on material surface and creates covalent or non-covalent
bonds with organic or inorganic materials [13,14]. As it has strong adhesive property improves surface
performance and �rmly a�xes the nanometal on the textile surface.

However, cotton is the most popular natural �ber in the world. Its consumption is higher than the other
natural �bers owing to its comfortability, biodegradability, dyeability, etc. Nevertheless, the �bers are more
prone to bacterial growth and tend to crease formation. Therefore, nanoparticle treatment can overcome
the problem and make the cotton more attractive and functional in use. Thus, the present study focuses on
the deposition of nanoparticles on cotton fabric to make it a more valuable and advance textile to keep the
modern market.

Here, the nano-Ag is deposited on dopamine modi�ed cotton fabric to obtain multifunctional property.
Silver nano formation and deposition have been made to get the bene�ts of self-polymerization and
reduction power of dopamine hydrochloride. Other researchers have explored its unique quality and
feature, and have gotten it as an exceptional material for surface modi�cation with the reduction power.
Lui et al. 2016 [15] make silver plating on cotton �ber by dopamine modi�cation and analyzed the surface
resistivity and found a high electric conductive cotton surface. Dopamine is also used in the formation of
sericin-based composite �lm to incorporate the silver in nano form[16]. The manmade �beris also modi�ed
by using dopamine. For instance Kuang, X.H et al. 2017 [17] used polydopamine to make surface
functionalization for developing hydrophilic and antistatic surfaces. Further, it is also found to be used in
polyester and silk �re for in-situ deposition of Ag nanoparticles [18,19] .Those works are the inspiration
and encouragement of the present study. Here a convenient and easy way is followed to make a dopamine
solution and fabric modi�cation. Since no study was found about the crease-resistance, UV protection
power, dyeing performance, mechanical properties of Ag nano deposited fabric on dopamine-modi�ed
cotton. The dyeing performance study will accelerate the use of dopamine pre-modi�cation for dyed cloth
and disclose its other performances. Therefore, current study will reveal all mentioned functional
properties along with the investigation on mechanical performances and �nally brings one-step ahead for
inventing advanced value-added textile.

2. Experimental Section
2.1 Materials

Scoured and bleached 100% cotton fabric of plain weave structure is used for this experiment. The woven
fabric consists of 80 ends per inch (EPI), 75 picks per inch (PPI), and 168 GSM (gram per square meter).
The chemicals: dopamine hydrochloride, silver nitrate, hydroxymethyl aminomethane, and HCl are
purchased as the analytical grade from Sigma Aldrich Germany. Two dyestuffs are used for dyeing,
Reactobond Red 2GX (CI: Red 194) and Reactobond Blue BRX (CI: Blue 221) are collected from Meghmani
Dyes and Intermediates Ltd., Ahmedabad, India. Deionized water is used throughout the experiment.
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2.2 In-situ deposition of nano-Ag

In-situ generation of silver nanoparticles on the cellulose fabric with the aid of dopamine hydrochloride is
shown in Fig.1. The �gure designates the dopamine-cellulose formation with a chemical structure that
refers to the pre-functionalization of cotton fabric. Firstly the buffer solution is prepared by hydroxyethyl
ammonium base. Afterward, a 10 mM of dopamine solution is dissolved in the tris buffer. The pH of the
solution is maintained at 8.5 with diluted hydrochloric acid. Later than 24 hours of immersion along with
stirring makes a coated fabric named dopamine-cellulose of blackish shade as shown in Fig.2 (b).
Subsequently, the dopamine functionalized cotton is kept for eight hours in silver nitrate salt. It can be
noted that dopamine is an agent that makes silver into nano form and �xes the nanoparticle into the fabric
surface directly using its adhesive property. So the prepared nanoparticle gets a media for instant
deposition. Finally, the fabric is placed in a vacuum oven for twelve hours. The nano-Ag deposited fabric is
shown in Fig.2(c). Untreated fabric is shown in Fig.2 (a). The color difference of untreated fabric,
dopamine-modi�ed cotton fabric and nano Ag deposited fabric (D.NanoAg) fabric are shown in Table 1.
The color coordinates L*, a*, and b* and color difference DE in Table 1 indicate that the Ag nanoparticles
deposition make the fabric darker than the untreated fabric. The color strength (K/S) and re�ectance value
specify that the treated fabric is blackish in color.

Table 1. CIE L*a*b* color difference and color strength value of untreated and treated fabric

Samples L* a* b* DE K/S R%

Untreated 92.25 -0.47 3.80 - 0.67 84.38

Dopamine-cotton 58.83 4.32 13.49 35.14 2.21 40.03

Dopa+.NanoAg 49.53 5.58 13.48 43.98 3.62 29.09

2.3 Measurement and Analysis

2.3.1 Characterization of the treated fabric

The surface morphology of nano-Ag deposited fabric is characterized by SEM: scanning electron
microscopy, EDS: energy dispersive spectroscopy (EDS), and XRD analysis. The JSM -6700F, Tokyo, Japan
is used for SEM and EDS analysis. X-Ray Diffractometer from Phillips, Expert Pro, of Holland is used for
XRD (x-ray diffraction) analysis.

2.3.2 Functional property analysis

Three important functional properties such as antimicrobial activity, UV (ultra-violet) protection, and crease
resistance are investigated. Standard test methods ASTM E2149 – 01 is used for antibacterial analysis
and expressed by bacterial reduction percentage. The following equation (Eq-1) is used to calculate the
reduction % of bacteria after nano-Ag deposition on the fabric surface.
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Where No = number of colonies in untreated and Nt = number of colonies after 1 hour of introducing
samples.

The UV protection of treated and untreated fabric has been measured by PerkinElmer UV visible machine
from the USA and expressed by transmittance percentage of incident solar light of wavelength 220-700nm
[20]. The transmittance curve of incident light has been analyzed by dividing the following three regions
namely A, B and C of the solar spectrum, i) UV-A of wavelength: 320-400nm, ii) UV-B of 280-320nm, and iii)
UV-C of 200-280nm.

Fabric crease resistance is generally measured by the recovery angle of fabric after creasing. The more
angle of recovery indicates more resistance. It is a quantitative measurement of the easy-care property of
the fabric. In the current research, the crease recovery angle of untreated and treated fabric is measured by
AATCC (The American Association of Textile Chemists and Colorists) standard test method [21].

2.3.3 Dyeing performance analysis

To investigate the dyeing performance, samples have been dyed by red and blue color of reactive dye (1%
shade) following the procedure used by Simu et al. [17]. To represent the dyeing performance, color
strength, dye exhaustion, �xation, and colorfastness has been measured and evaluated. That color
performance is determined by the spectrophotometer of the data color series-600+. The kubelka Munk
theory expressed by Eq-2 is followed to calculate color strength (K/S) [18]. Dye exhaustion percentage is
measured by Eq-3 and �xation% is determined by Eq-4. Colorfastness is assessed by standard ISO105CO3
for wash, ISO105X12 for rubbing, and ISO105B02 is for light.

K/S (Color strength) = [{(1-R) 2 / 2R}]      (2)

Where R is the re�ectance, K is the absorbance coe�cient and S is the scattering coe�cient.

Exhaustion %= (Co - Cs)/Co ×100     (3)

Co = initial concentration of dye in dye bath, Cs = concentration during the process

Fixation% = Exhaustion% - (washing + soaping + other) loss.     (4)

2.3.4 Mechanical property analysis

For analysis of the mechanical property, tensile strength, elongation, tearing strength, bending length,
frictional coe�cient, are considered to investigate. The tensile strength test is measured by method 13934-
1:2013, and tearing strength is measured byISO13937-2:2000. Titan universal strength tester of Jeams
Heals is used for strength measurement. Fabric stiffness expressed by bending length is determined by
ASTM D1388 using Shirley stiffness tester. Martindale abrasion and pilling tester of SDL International,
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England, determines abrasion resistances followed by ISO 12947 and pilling resistance followed by ISO
12945-2.

All experimental samples are conditioned in the standard atmosphere at 20±50C and 65 ± 2% relative
humidity for 12 hours in a conditioning lab before every test.

3. Results And Discussion
3.1 Characterization of fabric

The surface morphology of untreated and Ag deposited fabric is characterized by SEM analysis and
shown in Fig.3. The �gure shows an enormous deposition of nano-Ag on dopamine modi�ed fabric. Figure
3 (a) shows the untreated fabric where no Ag nanoparticle exists. It can be noted that this method shows
more deposition of Ag nanoparticles than that of other in-situ deposition methods of our previous work
[12,22]. By initial observation, SEM image proves the successful immobilization of Ag nanoparticles into
the cotton fabric surface. It designates that dopamine modi�cation is a better choice for nano-Ag
formation and deposition as it is capable to deposit more amount of nano-Ag. Hence the treated fabric
surface shows a uniform coverage of nano-Ag with size apparently 90nm found from a size measuring
software as in Fig. 3(b). The EDS curve shows the elemental mass composition of fabrics. The untreated
fabric as in Fig. 3(c) shows the presence of carbon and oxygen i.e. the basic element of cellulose. In
contrast, a particular point of Ag immobilized fabric gives 2.1% Ag nanoparticle along with carbon and
oxygen as shown in Table-2. Another important characterization is XDR, which is shown in Fig.4. This XRD
curve reveals the crystalline shape and average size of the obtained nanosilver. The peaks of the XRD
pattern indicate the obvious formation of Ag nanoparticle Analyzing its corresponding peaks and using the
Bragg's equation as Eq-4 the size of nano-Ag has found 60 nm The measurement is carried out at a
scanning rate of 8 degrees/min in 2θ range of 20̊–80̊.

 Particle Size = (0.9 x λ)/ (d cosθ) (4)

Where, λ = 1.54060 Å, 0.9 x λ = 1.38654, θ = 2θ/2, d = the full width at the half maximum intensity of the
peak.

The sharp peaks of the XRD pattern are obtained at 2θ = 38.8˚, 45.5˚, 50.98˚, 64.9˚, 56.52˚, 72.49˚, and
78.07˚which designates the obvious formation of crystalline silver nanoparticles. Literature study also
found similar peaks for Ag nanoparticles obtain by different synthesis processes [23,24].

Table 2. Elemental mass composition of untreated and nano-Ag deposited fabric
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sample Elemental composition (mass %)

C N O Cl Ag

Untreated 51.37 48.63 0 0 0

D. Nano Ag 48.34 6.01 43.37 0.18 2.1

3.2 Functional property analysis

3.2.1 Antibacterial activity

The antimicrobial activity expressed by bacterial growth reduction percentages obtained is shown in Fig.5
(a-d). The �gure represents the number of bacteria existing due to the action of untreated and nano-Ag
immobilized fabric. It is found that a considerable amount of bacteria is reduced due to the action of Ag
deposited fabric. So the bacterial growth of both gram-positive and gram-negative bacteria is lower on the
disk plate of Ag nano treated fabric as in Fig. 5(b,d) compared with the untreated fabric in Fig. 5(a,c).
Quantitatively, the bacterial reduction percentage for untreated and treated fabric for both bacteria is
shown in Table 3. The table indicates the excellent antimicrobial activity of nano-Ag deposited fabric that
is around 86% for S.aureus and 93% for E.coli. It can be pointed out that this process of Ag nano
deposition is more effective for the reduction of E.coli bacteria. The reason behind the admirable
antimicrobial activity could be the contribution of uniform and much depositions of nano-Ag on the fabric
surface with the modi�cation of dopamine.

Table 3. Bacterial reduction percentage of untreated and treated fabric against S.aureus and E.coli

Sample Staphylococcus aureus Escherichia coli

Surviving
cells
(CFU/ml)after
0 contact
time

Surviving
cells
(CFU/ml)
after 1
hour

Bacterial
reduction
(R%) after
1.0 hour

Surviving
cells
(CFU/ml)after
0 contact
time

Surviving
cells
(CFU/ml)after
1.0 hour
contact time

Bacterial
reduction
(R%) after
1.0 hour

Untreated -- -- -- -- -- --

D. Nano
Ag

1.45×105 2.00×104 86.20 6.44×105 4.1×105 93.63

3.2.2 UV blocking property (Ultraviolet protection)

The obtained results of the transmittance value of untreated and treated fabrics are placed in Fig.6. The
average transmittance for different wavelengths is also shown in Table 4. From the �gure and table, it is
found that the nano deposited fabric imparts excelent UV protection ability of the fabric as the sample
D.NanoAg shows 12% transmittance in UV-A region and 11-12% in the UV-B region. This is a lower
transmission than untreated fabric. The less transmittance percentage means more blockage of UV rays
and higher UV protection. It indicates that due to silver nanoparticle deposition the fabric will block around
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90% UV rays. Thus the treated fabric produced by nano-Ag deposition is able to protect the user from
harmful effects of UV rays and reduce the sub burns and other skin diseases. Yet the existence of
inherence UV protection power of silver nanoparticle is not found in the literature, the reason for UV
blockage might be the blackish color of the nano-Ag immobilized fabric. It can be observed from images in
Fig. 2(c) that the dopamine pre-functionalization and further nano deposition make the fabric more
blackish. It is known that the black color has an added tendency to absorb the solar light and not permitted
to transmit the whole incident light.

Table 4. Average UV Transmittance percentage of different wavelength

Sample Transmittance (%)

UV-A (320-400) nm UV-B (280-320) nm UV-C (200-280) nm  

Untreated 88 90-89 90

D.Nano Ag 12 10-11 10

3.2.3 Crease resistance

The crease resistance of untreated and the nano-Ag deposited fabrics (D.Nano Ag) are determined by
crease recovery angle in degrees as shown in Fig.7. The �gure demonstrates that the nano-Ag deposition
increases the crease resistance power of fabric at around 5%. The crease resistance is the expression of
the easy-care property of the fabric. It is also related to the serviceability of fabric. The obtained results
con�rm that the nano deposition in this way imparts an additional quality of improving crease resistance
of cotton fabric. The crease formation happens on the cotton fabric due to the re-bonding of the free
hydroxyl group present in the cellulose structure [25]. When the cotton �ber is modi�ed with dopamine
hydrochloride then some of its fee hydroxyl groups take part in chemical bonding. Besides, the nano-Ag
also deposits into the �ber interior and lessens the fabric free area or amorphousness. If the fabric does
not get enough space for re-bonding, and the free -OH group participates in bonding then fabric will be
more prone to come back to its original position after distortion by the action of external forces.
Consequently, the crease resistance will improve.

3.4 Dyeing performance

The dyeing performance of the treated and untreated fabric is expressed in terms of color strength, dye
exhaustion, �xation, and colorfastness measurement. Here two reactive dyestuff of red and blue is used
for dyeing and the obtained results of the mentioned points are presented in Table 5 and Table 6. The table
represents that the overall dyeing performance of treated fabric increases due to Ag deposition. In the
performance study, the Ag modi�cation brings around 12% improvement of color strength, around 3% dye
exhaustion, and 2.4 % of dye �xation for red dyestuff. The blue color also shows an improvement of color
strength, dye exhaustion, and dye �xation. The overall colorfastness of treated fabric is also satisfactory
for both red and blue dyestuff. The reason behind the improvement of dyeing performance is the
mordanting power of Ag nanoparticles that ensures to grip more dyestuffs on fabric surface that causing
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increased color depth. Our previous work also revealed the improvement of color performance of cotton
fabric where Ag nano was deposited by in-situ method on alkali pre-modi�ed fabric[22]. Since all color
performance increases, this treatment has also a positive in�uence on the dyeing performance of the
cotton fabric. From the analysis, it is found that Ag deposition can make the fabric antibacterial, UV
protective, crease-resistive, and high-performance dyed textiles. It can be noted that this treatment has no
adverse effect on shade stability. Eventually, the study indicates an optimistic impact of dopamine
polymer on the reactive dyed cotton fabric.

Table 5. Color strength, dye exhaustion, and dye �xation of untreated and nano-Ag deposited fabric
(D.Nano Ag)

Sample Reactive Red Reactive Blue

Color
strength(K/S)

Dye
exhaustion

(%)

Dye
Fixation
%

Color
strength(K/S)

Dye
exhaustion

Color
strength(K/S)

Untreated 10.09 79.65 78.22 2.78 78.15 77.54

D.NanoAg 11.28 81.79 80.10 5.25 81.33 80.12

Table 6. Colorfastness of untreated and treated fabric for two dyestuffs

Dyestuff Sample Colorfastness to wash Colorfastness
to rubbing

Colorfastness
to perspiration

Color

fastness
to lightShade

change
Staining Dry Wet Alkaline Acid

Cotton Viscose

Reactive
red

Untreated 4-5 4 4 3-4 3 4 4 4

D.NanoAg 4-5 4-5 4-5 3-4 3-4 4-5 4-5 4-5

Reactive
Blue

Untreated 4 4 4 3 3 4 4 4

D.NanoAg 4-5 4 4 3-4 3 4 4 4

3.5 Mechanical properties

The important mechanical properties of nano-Ag immobilized fabric compared with untreated fabric are
shown in Table 7. Little changes are found in tensile strength, tearing strength, and elongation for
dopamine-nano treated fabric. The bending length is found a bit higher because the metallic nanoparticle
goes to the �ber interior and imparts stiffness. The frictional resistance is quite similar for treated and
untreated fabric. Our Previous work of in-situ immobilized Ag reported much reduction of strength, where
the fabric was pre functionalized by alkali (NaOH) [12]. In that case, the caustic modi�cation harmed the
main cellulose structure. Due to the cellulosic polymer degradation, a decrease in strength was found.
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Nevertheless, this work deals with dopamine pre-functionalization of cotton and found competitively better
results than before. Therefore, dopamine functionalization has no bad impact on cellulose structure.
However, the mechanical property is one of the important criteria and determines the durability and
serviceability of textile goods. Besides, nano deposition in this way reduce the degradation of mechanical
properties compared with other in-situ deposition [26].

Table 7. Mechanical properties of untreated and nano-Ag deposited fabric

Sample Tensile strength
(N)

Elongation (%) Tearing
strength (N)

Bending
length (cm)

Frictional
resistant

Warp Weft Warp Weft Warp Weft Static Kinetic

Untreated 730.52 572.60 21.10 14.75 9.11 4.3 1.8 0.35 0.32

D.NanoAg 728.26 561.31 21.0 13.5 8.56 4.0 2.1 0.33 0.30

4. Conclusions
The current study reveals the effects of Ag nanoparticles on cotton fabric pre-functionalized by dopamine
hydrochloride regarding functional, mechanical, and dyeing properties. The formation and deposition of
nanoparticles are con�rmed by the SEM images. The EDS analysis explores the elemental mass
composition of untreated and nano-Ag treated fabric. XRD proves the particle size and crystalline shape of
silver nanoparticles. The results exhibit around 86% reduction of S.aureus bacteria and around 93% of
E.coli compare with untreated fabric. The UV protection of Ag deposited fabric is also good. Nano silver
deposition by the current process causes better crease resistance and improved dyeing performance than
untreated fabric. This method slightly alters the mechanical properties of nano-Ag deposited fabric. The
improvement of the physical and mechanical properties of nano-Ag deposited fabric by the in-situ method
might be the new research area of textile researchers. However, the Ag nanoparticles immobilization has
been produced a functional as well as valuable textile cotton fabric, having excellent antimicrobial activity,
good UV protection property, better dyeing performance, and crease resistance.
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Figures

Figure 1

The schematic diagram for the in-situ formation of Ag nanoparticles
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Figure 2

Photographic image of untreated, Dopamine modi�ed, and nano-Ag deposited cotton fabric (D.Nano Ag)

Figure 3

SEM images of (a) untreated, and (b) nano-Ag deposited fabric; EDS image of (c) untreated, and (d) Nano-
Ag deposited fabric
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Figure 4

XRD pattern of nano-Ag deposited fabric

Figure 5

Bacterial growth disk image of (a) untreated & (b) Nano Ag deposited fabric against S.aureus; (c)
untreated & (d) Nano Ag deposited against E.coli.
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Figure 6

UV transmittance curve of untreated and nano-Ag deposited fabric (Dopa+Nano Ag)
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Figure 7

UV transmittance curve of untreated and nano-Ag deposited fabric (Dopa+Nano Ag)


