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Abstract
Textile fabrics with functional properties have a huge interest in many applications, including protective clothing, packag-
ing materials, and healthcare, etc. This study aims to modify textile fabric’s surface and investigate the potentiality of Ag 
nanoparticles for the preparation of value-added and improved functional textiles. It demonstrates the mussel-inspired in-situ 
deposition of Ag nanoparticles on cotton fabric pre-modified by dopamine molecules. Surface characterization of nano-Ag 
deposited fabric is done by SEM (Scanning Electron Microscopy) and EDS (Energy Dispersive Spectroscopy) by which the 
well deposition of Ag nanoparticles is confirmed. The crystalline size of the Ag nanoparticles has been determined by SEM 
and X-ray diffraction spectroscopy. As functional properties, antimicrobial activity, UV protection, and crease resistance are 
investigated. The results reveal that the nano-Ag deposition introduces the excellent antibacterial property to cotton fabric 
against S. aureus (gram-positive) and E. coli (gram-negative). The fabric shows good UV protection power and significant 
crease resistance. The fabric has also been dyed with reactive dyestuff, and improved dyeing performance is found. Impor-
tantly, no significant changes in mechanical properties of the textile cotton fabric are found by surface modification and 
deposition of Ag nanoparticles.
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Abbreviations
SEM	� Scanning electron microscopy
EDS	� Energy dispersive spectroscopy
XRD	� X-ray dispersive spectroscopy
FTIR	� Fourier transform infrared spectroscopy
WI	� Whiteness Index
K/S	� Color strength
UV	� Ultraviolet 
AATCC​	� The American Association of Textile Chemists 

and Colorists

1  Introduction

The use of nanoscience and nanotechnology is state of the 
art in the recent era. Nanotechnology is a versatile and grow-
ing field that deals with nanoscale materials [1]. Since the 
properties and characteristics of nanoparticles are active at 
the nanostructure level, they are essential components of 
nanotechnology [2]. Nanoparticle formation alters the chem-
ical and physical properties of bulk materials, and its higher 
reactivity is due to its high surface area to volume ratio [3] 
and molecular level activities.

The textile industry is benefited by using the attrib-
utes of nanoparticles in different ways. For textile product 
advancement, the enormous contribution of the nanopar-
ticle is appreciably noticeable [4]. Incidentally, the role of 
nanotechnology in textile has been fascinatingly outlined by 
Vigneshwaran [5]. The author stated the surface modifica-
tion of textile using nanotechnology, and imparting desirable 
quality like antimicrobial activity, UV absorption/blocking, 
self-decontamination, etc., on-base fabric by using metallic 
nanoparticles. The textile sector has been developed enor-
mously by using different types of nanoparticles in various 
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ways. The notable instances are developing textile charac-
teristics, modifying the physical, chemical, and biological 
properties of textile, engineered, synthesized, and altered 
the conventional materials and processes to create future 
generation of materials, devices, systems, and structures [6]. 
One of the significant ways to achieve the described property 
is through efficient and relevant nanoparticle deposition on 
the textile surface. Some nanoparticles have felicitated their 
contribution to growing functional textiles wonderfully. Sil-
ver nanoparticles are traditional and superior for their huge 
benefits as antimicrobial and antiviral perspective [7–9]. In 
addition, the silver nanoparticle is widely used and continu-
ously drawing remarkable attention in research and com-
mercial fields due to its intense action towards a broad range 
of microorganisms, lower toxicity, chemical stability, good 
conductivity, antibacterial activity, high selectivity, durabil-
ity, and biocompatibility [10–12].

Besides, silver nanoparticles have been commonly used 
in pharmaceutical and biomedical applications such as anti-
microbe, anti-parasite, and anticancer [13, 14]. Silver nano-
particles from a natural source like the plant, fruit, seed, 
and leaf extract also provide some promising properties, 
particularly antimicrobial activity [15, 16]. However, tex-
tile researchers have also reported the outstanding achieve-
ment of antimicrobial textiles using silver nanoparticles 
[17–19]. Direct coating or in-situ immobilizations are the 
two main ways of nanoparticle deposition on fabrics sur-
face. The direct coating might have discontinuity problems, 
less durable, aggregation of additives, and low effectivity 
[20]. Conversely, in-situ deposition overcomes those prob-
lems and even ensures intensive affixation, reduces wastage 
of particles, and improved durability. Our previous work 
asserted that nanoparticles form directly within the textile 
surface while using the in-situ process. This method is ben-
eficial since the nanoparticle receives the textile material 
as a deposition medium almost immediately after creation. 
So, nanoparticle wastages are lower, and durability is higher 
for this method. Furthermore, since the particle distribution 
is uniform, this approach does not require a stabilizer [21].

However, the silver nanoparticle has not sufficient attrac-
tion, deposition, and affixation power towards fabric, so an 
additional adhesive or fixing agent is required to immobi-
lize the particle into the fabric. So the adhesive is primar-
ily used in the direct coating by pad dry and cure method. 
The improper selection of adhesive material may lead to the 
problem of durability and effectivity of nano-treated fabric. 
Instead of using adhesive coating material, a good option 
is fiber surface modification to enhance the attraction and 
improve the fixation of nanoparticles. Different ways are 
available to modify the textile surface for better performance 
of nanoparticle deposition. Fiber modification in the case 
of in-situ nano deposition offers a significant opportunity 
for instant fixation [22, 23]. In this research, the fabric is 

modified chemically by using dopamine hydrochloride. It 
is an agent that mimics mussel adhesion explored by the 
researcher by introducing the compound found in mussels 
responsible for their universal adhesive property. In lit-
erature, Dopamine is expressed as an excellent substance 
capable of being self-polymerized and makes a film on the 
material surface, and creates covalent or non-covalent bonds 
with organic or inorganic materials [24]. Further, the ability 
of Dopamine’s catechol groups to make noble metallic salts 
into metallic nanoparticles [25] and immobilize the nano-
particles onto the substrate without aggregation and leaching 
has forwarded it as a ubiquitous surface modification agent 
[26]. It has substantial adhesive property to improve surface 
performance, and firmly affix the nanometal on the textile 
surface.

Cotton is the most popular natural fiber in the world. Its 
use is higher than that of the other natural fibers because 
of its comfortability, biodegradability, dyeability, and other 
important characteristics. Nevertheless, the fibers are more 
prone to bacterial growth and have tendency to crease for-
mation. Therefore, nanoparticle treatment can overcome the 
problem and make the cotton more attractive and functional 
in use. Hamad and Khashan [27] depicted the functionality 
of silver in textile by cotton fabric. Thus, the present study 
focuses on the deposition of silver nanoparticles on cotton 
fabric to make it a more valuable textile to satisfy the mod-
ern market.

Here, the nano-Ag is deposited on dopamine modified 
cotton fabric to obtain multifunctional property. Silver nano 
formation and deposition have been made to get benefit from 
the self-polymerization and reduction power of dopamine 
hydrochloride. Lui et al.  [28] made silver plating on cotton 
fiber by dopamine modification, analyzed the surface resis-
tivity, and found a high electric conductive cotton surface. 
Dopamine is also used to form sericin-based composite film 
to incorporate the silver in nano form [29]. The man-made 
fibers are also modified by using Dopamine. Kuang et al. 
used polydopamine to develop hydrophilic and antistatic 
surfaces through surface functionalization [30]. Li et al. 
functionalized aramid fiber with Dopamine to improve sur-
face properties and develop UV resistance [31]. Further, it 
is also found to be used in polyester and silk fiber for in-situ 
deposition of Ag nanoparticles [32, 33]. Dopamine modi-
fication for in-situ immobilization of Ag-nanoparticle on 
cellulosic paper was studied recently by one of our authors 
[26]. Those works are the inspiration and encouragement of 
the present study. Furthermore, there is very little research 
on in-situ nano-Ag deposition on dopamine-modified cot-
ton fabrics, where the functional, mechanical, and dyeing 
properties are studied. Here a convenient and easy way is 
followed to make a dopamine solution and fabric modifi-
cation. Also, the dyeing efficiency study will speed up the 
pre-modification of Dopamine in dyed fabric and expose its 
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other characteristics. Therefore, the current study will reveal 
all mentioned functional properties and the investigation into 
mechanical performances and finally bring one step ahead 
to invent advanced value-added textiles.

2 � Experimental Section

2.1 � Materials

A scoured and bleached 100% cotton fabric of plain weave 
structure is used in this investigation. The woven fabric con-
sists of 80 ends per inch (EPI), 75 picks per inch (PPI), and 
168 GSM (gram per square meter). The chemicals: dopa-
mine hydrochloride, silver nitrate, hydroxymethyl ami-
nomethane, and HCl are purchased as the analytical grade 
from Sigma Aldrich, Germany. Two dyestuffs are used for 
dyeing, namely 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.

2.2 � Mussel‑Inspired Deposition of Nano‑Ag

Mussel-inspired deposition of silver nanoparticles on the cellu-
lose fabric with the aid of dopamine hydrochloride is shown in 
Fig. 1. The figure demonstrates the dopamine-cellulose forma-
tion with a chemical structure that refers to the pre-functional-
ization of cotton fabric. Firstly, the buffer solution is prepared 
by hydroxyethyl ammonium base. A 10 mM (millimole) of 
dopamine solution is dissolved in the tris buffer. The pH of 
the solution is maintained at 8.5 with diluted hydrochloric 
acid. The immersion and continuous stirring for 24 h make a 
coated fabric named dopamine-cellulose of blackish shade, as 
shown in Fig. 2b. For a better understanding of color differen-
tiation, the photographic image of untreated fabric is shown 
in Fig. 2a. Subsequently, the dopamine functionalized cotton 
is kept for eight hours in silver nitrate salt. Due to the redox 
activity and adhesive property of the dopamine molecules, 
Ag nanoparticles are formed from AgNO3 and eventually 
glued to the fabric surface. One of the present authors [26] 
described this mechanism in detail where Ag nanoparticles 
were allowed to deposit on the cellulose-based materials.The 

Fig. 1   The schematic diagram 
for the mussel-inspired deposi-
tion of Ag nanoparticles (Ag0)

Fig. 2   Photographic image of 
a untreated, b Dopamine modi-
fied, and c Nano-Ag deposited 
cotton fabric (D.NanoAg)
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Ag nanoparticles are tethered strongly to the fabric because 
the particles are strongly coordinated by the catechol func-
tional groups of dopamine molecules, which are covalently 
bonded to the cellulosic surface. Finally, the fabric is placed in 
a vacuum oven for twelve hours at 400C. Figure 2c shows the 
nano-Ag deposited, while Fig. 2a shows the untreated fabric.
The color difference of untreated, dopamine-modified, and 
nano-Ag deposited fabric (D.NanoAg) 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 makes 
the fabric darker than the untreated fabric. The color strength 
(K/S) and reflectance value (R%) specify that the treated fabric 
is blackish in the shade.

2.3 � Measurement and Analysis

2.3.1 � Characterizations

The surface morphology of nano-Ag deposited fabric is exam-
ined using high-resolution scanning electron microscopy. SEM 
analysis involves bombarding the surface of a sample with an 
intensely focused scanning electron beam generating a large 
number of secondary electrons whose strength is influenced 
by surface topography. SEM analysis requires sampling, which 
is also a focus of other researchers’ work [26]. Rajkumar et al. 
[34] prepared their glass samples by giving a thin layer of 
gold film using the sputtering technique. Herein the thoroughly 
washed and fully air-dried samples are glued on a conducting 
carbon strip. The sample-loaded strip is then mounted to a 
chamber for a very thin layer of platinum to ensure conduc-
tivity of the surface. The sputtering unit (Jeol JFC-1600 auto 
fine coater, Japan) makes a 75 nm thin platinum layer on our 
nonconductive cotton fabric in a vacuum environment at about 
45 s. The sample is then examined by the Field Emission Scan-
ning Electron Microscope (model no: JEOL JSM-6700F, serial 
no: SM1761001050105), which operates 5 kV accelerating 
voltage and is equipped with an energy dispersive X-ray force. 
The same instrument is used to measure EDS (energy disper-
sive spectroscopy) to get the compositional map of the sample 
[35]. XRD (x-ray diffraction) analysis is performed using an 
X-Ray Diffractometer from Phillips, Expert Pro, Holland. This 
approach is used to determine whether a substance is crys-
talline or amorphous at the atomic level [16, 36]. The XRD 
study is performed using a Cu K radiation (λ = 1.5406 Å), 
X-ray source with a diffraction angle of 2θ = 20º–80º. The 
standard XRD database (JCPDS database) is used for phase 

identification, as used by the other researchers [37, 38]. Fou-
rier transform infrared spectroscopy (FTIR) is used to monitor 
chemical changes and cotton fabric bonding with nano-silver. 
ATR/FTIR spectrometer characterizes untreated and nano-
treated fabrics (Model: Frontier, PerkinElmer, USA). The 
scanning range is 1000–450 cm−1 [39]. For XRD and FTIR 
data computation, Igor Pro software is used.

2.3.2 � Functional Property Analysis

The antimicrobial properties are determined following stand-
ard test methods ASTM E2149-01, and results are expressed 
by bacterial reduction percentage (R%). The quantitative 
antimicrobial test method is developed to evaluate the resist-
ance of non-leaching antimicrobial treated specimens to the 
growth of microbes under dynamic contact conditions [40]. 
Antimicrobial activity is examined against Staphylococcus 
aureus (gram-positive) and Escherichia coli (gram-negative) 
bacteria. Each culture is suspended in a small amount of 
nutrient broth, spread on the nutrient agar plate, and incu-
bated at 37 ºC for 24 h. Two single colonies are picked off 
with an inoculating loop from the agar plate, suspended in 
a 5 mL nutrient broth, and incubated for 18 h at 100 rpm 
and 37 ºC. A final concentration of 1.45 × 105–6.44 × 105 
colony-forming units per milliliter (CFU/mL) is prepared by 
appropriately diluting each culture with a sterile buffer solu-
tion (0.3 mM phosphate buffer, pH 7.2), which is used as a 
diluent in all experiments. These dilute culture solutions are 
used for the antimicrobial test. The number of viable species 
in suspension is estimated, and the percentage reduction is 
measured based on recoveries from the suitable untreated 
sample. This approach is intended for those surfaces with 
a 50–100% reduction capacity for the required contact time 
[41]. The following equation (Eq. 1) is used to calculate the 
bacterial reduction percentage.

No = the number of colonies in untreated and Nt = number 
of colonies after 1-h of introducing samples. This calculation 
above is repeated for 24-h of contact time again to see the 
prolonged action of the nano-Ag deposited fabric against two 
bacteria. For evaluating the durability of nano-Ag treated 
cotton fabric toward repeated laundering, the treated sample 
is submerged in a washing solution containing non-ionic 

(1)

The bacterial reduction percentage (R%) =
No − Nt

No

× 100

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

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

Untreated 92.25 ± 0.03 − 0.47 ± 0.02 3.80 ± 0.01 – 0.67 84.38
Dopamine-cotton 58.83 ± 0.04 4.32 ± 0.04 13.49 ± 0.33 35.14 2.21 40.03
D.NanoAg 49.53 ± 0.02 5.58 ± 0.04 13.48 ± 0.24 43.98 3.62 29.09
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detergent (2 g/L). The samples were stirred for 15 min at 
50 °C. Then, it is rinsed with tap water and air-dried. This 
procedure is repeated 5, 10, 15, and 20 times. Later, the anti-
microbial property of the washed sample is determined [42].

PerkinElmer UV visible machine from the USA is used to 
measure UV protection of the treated and untreated fabric. 
The results are expressed by the transmittance percentage 
of incident solar light of wavelength 220–700 nm [42]. 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: 320–400 nm, 
(ii) UV-B of 280–320 nm, and (iii) UV-C of 200–280 nm.

Fabric crease resistance is measured by the recovery 
angle of fabric after creasing. The more angle of recovery 
indicates more crease resistance. It is a quantitative measure-
ment of the easy-care property of the fabric. In the current 
research, the crease recovery angle of untreated and treated 
fabric is measured by the AATCC standard test method [43].

2.3.3 � Dyeing Performance Analysis

The samples are dyed with red and blue reactive dyes (1% 
shade) to investigate the dyeing performances described 
by Simu et al. [17]. The color strength, dye exhaustion, 
fixation, and colorfastness have been calculated and evalu-
ated to reflect dyeing performances. Those performances 
are 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]. Equa-
tion 3 determines the percentage of dye exhaustion, while 
Eq. 4 determines the rate of fixation. Standard ISO105CO3 
assesses colorfastness for washing, ISO105X12 for rubbing, 
and ISO105B02 is for light.

where, K is the absorbance coefficient, S is the scattering 
coefficient, and R is the reflectance.

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

2.3.4 � Mechanical Property Analysis

For analysis of the mechanical property, tensile strength, 
elongation, tearing strength, bending length, frictional coef-
ficient are considered. The tensile strength test is measured 
by method ISO13934-1:2013, and tearing strength is meas-
ured by ISO13937-2:2000. Titan universal strength tester 

(2)K∕S (Color strength) =
[

{(1 − R)2∕ 2R}
]

(3)Exhaustion % =
(

Co − Cs

)

∕Co × 100

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

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, 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 ± 5 °C and 65 ± 2% relative humidity for 
12 h in a conditioned laboratory before every test.

3 � Results and Discussion

3.1 � Characterization of Fabric

The surface morphology of untreated and Ag depos-
ited fabric is characterized by SEM analysis, shown in 
Fig. 3a–e. The figure shows the enormous deposition of 
nano-Ag on Dopamine modified fabric. Figure 3a shows 
the untreated fabric where no Ag nanoparticle exists. It 
can be noted that this method offers more deposition of 
Ag nanoparticles than that of other in-situ deposition 
methods of our previous work [22, 39]. The SEM image 
demonstrates the effective immobilization of Ag nanopar-
ticles into the cotton fabric surface. It can be mentioned 
that dopamine modification is a better choice than alkali 
modification [22] for nano-Ag deposition as it can deposit 
more nano-Ag. Hence the treated fabric surface shows a 
uniform coverage of nano-Ag as shown in Fig. 3b, which 
is the image of 5000 magnification and size around 90 nm 
found from a size measuring software as shown in Fig. 3c. 
Figure 3d represents the higher magnification of fabric 
surface where the smaller nanoparticle (33–43 nm) is 
explored by size measuring software shown in Fig. 3e. 
So the synthesized nanoparticle is in size ranges from 
(33–90 nm). The EDS curve shows the elemental mass 
composition of fabrics. As in Fig. 3f, the untreated fabric 
shows carbon (C) and oxygen (O), i.e., the fundamental 
element of cellulose. Metallic silver nanoparticles exhibit 
an absorption peak at approximately 3 keV due to surface 
plasmon resonance [44]. Our EDS study of the nano-Ag 
deposited fabric also reflects a peak at 3 keV (Fig. 3g), 
indicating the Ag nanoparticle’s presence. Ag immobilized 
fabric yields 2.1% Ag nanoparticles with carbon, oxygen, 
nitrogen, and chlorine, as shown in Table 2. Dopamine 
hydrochloride (C8H12ClNO2) is the source of nitrogen and 
chlorine particles. Another important characterization is 
XRD, as shown in Fig. 4. The peaks of the XRD pattern 
indicate the evidentiary formation of Ag nanoparticles. We 
found the peak 2θ values at 38.8°, 44.4°, 64.9°, 78.07° that 
can be recognized by the reflection of (111), (200), (220), 
(311) planes of the face-centered at cubic silver according 
to standard XRD file of Ag nanoparticle (JCPDS file no. 
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04-0783). A similar peak of silver nanoparticles is found 
by other researchers [45, 46]. Chen et al. [47] found the 
peak of Ag nanoparticle at 2θ = 38°, 44°, 64.3°, and 77.3° 

on their one-pot synthesis of Ag nanoparticles. The oth-
ers peak found in the current work at 2θ = 45.5°, 50.98° 
and 72.49° are responsible for cellulosic structure; similar 

Fig. 3   SEM image of a untreated, b nano-Ag deposited fabric ×5000, c nano-Ag deposited fabric with size d nano-Ag deposited fabric ×20,000, 
e nano-Ag deposited fabric with size; EDS image of f untreated, and g nano-Ag deposited fabric
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peaks of cotton fabric were also observed in our previous 
study [22]. Analyzing the corresponding peaks of Ag and 
using Bragg’s equation (Eq. 4), the size of nano-Ag has 
found around 60 nm.

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

FTIR analysis is shown in Fig. 5. The peaks of untreated 
fabric are found at around a wavenumber of 3424 cm−1 due 
to the O–H bond. The peak 2913 cm−1 is for C-H stretching. 
The peaks 2170, 1647, 1445, 1375 cm−1 are respectively 
for O–H, C=C, C–O, and C=O stretching. The above peaks 
are the main characteristic peaks of a cellulose structure 
of cotton fabric [48]. According to the IR table, the peaks 
(3500–3200)  cm−1 corresponding to O–H stretching are 
present in both cellulose and Dopamine. All other peaks 
obtained for nano-Ag immobilized fabric (D.nanoAg) are 
also similar to untreated fabric. Since cellulose’s broad –OH 
absorption suppresses both –NH (amide) and catechol –OH 
of the dopamine moiety, no major changes are observed after 
dopamine adjustment. Further, silver does not respond well 
to infrared radiation, but residual stabilizers and particu-
lar synthesis reagents might respond [49]. FTIR analysis 
revealed no major changes on cotton fiber surfaces, indi-
cating that no new functional groups were formed during 
the fabrication process with nano-Ag deposition into cotton 
surfaces[50].

(5)Particle size = (0.9 × �)∕ (d cos �)

3.2 � Functional Property Analysis

3.2.1 � Antibacterial Activity

The antimicrobial activity expressed by bacterial growth 
reduction percentages obtained for both 1 and 24 h of bacte-
rial contact time is shown in Fig. 6a–h. The figure represents 
the number of bacteria existing in untreated and nano-Ag 
immobilized fabric. After an hour, it is discovered that a 
significant amount of bacteria is reduced due to the action 
of Ag deposited fabric. Compared to the untreated fabric in 
Fig. 6a, c, the bacterial growth on the disk plate of nano-Ag 
treated fabric is lower, as shown in Fig. 6b, d. The bacterial 
reduction percentage for untreated and treated fabric for both 
bacteria is quantitatively demonstrated in Table 3. The table 
shows that the nano-Ag deposited fabric has good antimicro-
bial activity, around 86% for S. aureus and 93% for E. coli.

Moreover, for 24-h contact, no bacterial growth is found 
on the disk, as shown in Fig. 6f, h. Excellent antibacterial 
activity (R% = 100) against S. aureus and E. coli also retains 
~ 98% after 20 washes (Table 3). It seems to give complete 
protection to the cotton fabric from microorganisms, and 
in that respect, it can be considered as the noble outcome 
of this work. Silver nanoparticles incorporated by poly-
dopamine modification on polyester and silk fabric show 
appreciable antimicrobial activity measures by the zone of 
inhibition method [33, 51]. Polydopamine surface coating 
along with Ag nanoparticle on other material also showed 
excellent antimicrobial activity [23]. Our present effort is 
consistent with other reports of the antimicrobial activity 
of silver nanoparticles. Thus the treated fabric could be a 
good choice for medical textile and other applications to 
ensure complete antibacterial protection with excellent wash 
durability.

3.2.2 � UV Blocking Property (Ultraviolet Protection)

The obtained results of the transmittance value of untreated 
and treated fabrics are placed in Fig.  7. The average 

Table 2   Elemental mass composition of untreated and nano-Ag 
deposited fabric

Sample Elemental composition (mass %)

C O N Cl Ag

Untreated 51.37 48.63 0 0 0
D. NanoAg 48.34 6.01 43.37 0.18 2.1

Fig. 4   XRD pattern of nano-Ag deposited fabric

Fig. 5   FTIR analysis of untreated and nano-Ag deposited fabric
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transmittance for different wavelengths is also shown in 
Table 4. The figure and table show that the nano depos-
ited fabric imparts excellent UV protection ability of the 
fabric as the sample D.NanoAg shows12% transmittance in 
the UV-A region and 11–12% in the UV-B region. The less 
transmittance percentage means more blockage of UV rays 
and higher UV protection. It indicates that due to silver nan-
oparticle deposition, the fabric blocks around 90% UV rays.

Thus the treated fabric produced by nano-Ag deposition 
can protect the user from harmful UV rays and reduce the 
sub burns and other skin diseases. It can be pointed out that 
silver nanoparticles itself have no UV protection power 
based on literature review. The reason for UV blockage 
might be the blackish color of the nano-Ag immobilized 
fabric. It can be observed from images in Fig. 2c that the 
dopamine pre-functionalization and further nano deposition 

make the fabric more blackish. Rajaboopathi and Thambi-
duraial [52] showed the UV transmittance of cotton fabric 
coated with colloidal seaweed extract functionalized silver 
nanoparticles. They found a 20% UV transmission by coated 
fabric, i.e., 80% UV protection and 40% protection for 
uncoated fabric. It resembles to ultraviolet protection factor 

Fig. 6   Bacterial growth disk image for 1-h contact of a untreated 
and b Nano-Ag deposited fabric against S.  aureus; c untreated and 
d Nano-Ag deposited against E. coli; for 24-h contact of e untreated 

and f Nano-Ag deposited fabric against S. aureus; g untreated and h 
Nano-Ag deposited against E. coli 

Table 3   Bacterial reduction percentage of untreated and treated fabric

Sample Bacterial reduction R% 
after 1-h contact time

Bacterial reduction R% 
after the 24-h contact 
time

S. aureus E. coli S. aureus E. coli

Untreated – – – –
D. NanoAg
 Unwashed 86.20 93.63 100.00 100.00
 5 Wash 85.06 94.10 99.02 99.34
 10 Wash 82.00 93.00 98.32 98.16
 15 wash 81.14 92.15 98.11 98.02
 20 wash 81.00 92.11 98.00 98.00

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

Table 4   Average UV Transmittance percentage of different wave-
length

Sample Transmittance (%)

UV-A (320–400) 
nm

UV-B (280–320) 
nm

UV-C 
(200–280) 
nm

Untreated 88 90–89 90
D. NanoAg 12 10–11 10
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(UPF) ~ 6.7 and moderate UV protection. Mahmud et al. 
[53] reported high UV protection of silk fabric by obtaining 
80% UV blockage. It is well known that black has a higher 
propensity to absorb solar light and cannot relay the entire 
incident light. High UV absorption due to the dark brown 
color of the nano-Ag coated fabric could explain the high 
UV blocking [54]. The present treated fabric shows around 
90% UV block equivalent to UPF ~ 10. It indicates moderate 
to good protection [55]. Therefore, the UV protection power 
of the dopamine-modified nano-Ag deposited cotton fabric 
is much appreciable.

3.2.3 � Crease Resistance

The crease resistance of untreated and the nano-Ag depos-
ited fabrics (D.NanoAg) are determined by crease recovery 
angle in degrees, as shown in Fig. 8. The figure 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 
confirm that the nano deposition in this way imparts an addi-
tional 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 cel-
lulose structure [56]. When the cotton fiber is modified with 
dopamine hydrochloride, some of its free hydroxyl groups 

participate in chemical bonding. Besides, the nano-Ag also 
enters into the fiber interior and lessens the fabric-free area 
or amorphousness. The fabric does not get enough space for 
re-bonding, and the free –OH group participates in bonding. 
In that case, the fabric will be more prone to come back to 
its original position after distortion by the action of external 
forces, and consequently, the crease resistance improves.

3.3 � Dyeing Performance

The dyeing performance of the treated and untreated fabric 
is expressed in terms of color strength, dye exhaustion, fixa-
tion, and colorfastness measurement. Here two reactive dye-
stuffs of red and blue are used for dyeing, and the obtained 
results of the mentioned points are presented in Tables 5 and 
6. The tables represent that the overall dyeing performance 
of treated fabric increases due to nano-Ag deposition. In the 
performance study, the Ag modification brings around 12% 
improvement of color strength, 3% dye exhaustion, and 2.4% 
of dye fixation for red dyestuff. The blue color also shows 
an improvement of color strength, dye exhaustion, and dye 
fixation. The overall colorfastness of treated fabric is also 
satisfactory for both red and blue dyestuff. The improvement 
of dyeing performance is due to the mordanting power of 
Ag nanoparticles that ensures to grip more dyestuffs on the 
fabric surface. Our previous work also revealed the improve-
ment of color performance of cotton fabric where Ag nano 
was deposited by in-situ method on alkali pre-modified fab-
ric [39]. Since color performance increases, this treatment 
also positively influences the dyeing performance of the cot-
ton fabric. 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.

3.4 � Mechanical Properties

The important mechanical properties of nano-Ag immobi-
lized fabric compared with untreated fabric are shown in 
Table 7. Minimal changes are found in tensile strength, tear-
ing strength, and elongation for nano-Ag treated fabric. The 
bending length is slightly higher because the metallic nano-
particle goes to the fiber interior and imparts stiffness. The 
frictional resistance is quite similar for treated and untreated 
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Fig. 8   Crease resistance of untreated and Nano Ag deposited fabric

Table 5   Color strength, dye 
exhaustion, and dye fixation 
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
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fabric. However, the analysis of the mechanical properties of 
nano-Ag deposited cotton fabric by the in-situ method is less 
dealt with by previous researchers [57]. Even mechanical 
properties of Dopamine pre-modified and nano-Ag immo-
bilized fabric are also found unclear. So we can only equate 
this method to a few available in-situ nano-Ag deposition 
systems. Rehan et al. [57] revealed an ~ 18% reduction in the 
mechanical strength of cellulose fabric after in-situ nano-Ag 
deposition via UV radiation.

Additionally, our previous work of in-situ immobilized Ag 
reported much reduction of strength (~ 14%), where the fabric 
was pre-functionalized by alkali (NaOH) [22]. In that case, 
the alkaline modification harmed the main cellulose struc-
ture. Due to the cellulosic polymer degradation, a decrease in 
strength was found. Nevertheless, this work deals with dopa-
mine pre-functionalized nano-Ag deposited cotton. Yet, the 
results appear to be superior to those obtained using other in-
situ deposition techniques. Therefore, dopamine functionali-
zation has no detrimental impact on cellulose structure since 
the current study finds a negligible reduction of mechanical 
strength (Tensile strength, warp—0.3%, weft—1.19%).

4 � Conclusions

The current study investigates the functional, mechanical, 
and dyeing properties of nano-Ag deposited fabric that has 
been pre-functionalized with dopamine hydrochloride. The 
SEM images confirm the formation and deposition of nano-
particles. The elemental mass composition of the untreated 

and nano-Ag treated fabric is investigated using EDS. The 
particle size and crystalline form of silver nanoparticles are 
determined using XRD. The findings show 100% bacterial 
reduction for both S. aureus and E. coli bacteria after a 24-h 
contact period in unwashed condition. The wash durability 
of this bacterial reduction power is also found excellent as 
the fabric retains ~ 98% reduction after 20 washes. A single 
hour of bacterial contact also shows promising results as 
~ 86% reduction against S. aureus and ~ 93% against E. coli. 
The UV protection of Ag-deposited fabric is also very appre-
ciable, with 90% blockage. Moreover, nano-Ag deposition 
by the current process improves crease-resistance and dyeing 
efficiency over the untreated fabric. Insignificant changes 
of the mechanical properties of nano-Ag deposited fabric 
are found in the present investigation. However, this change 
can be considered minor compared with other appreciable 
functional properties. The present findings will be beneficial 
to the advancement of innovative textile products.
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Table 6   Colorfastness of 
untreated and treated fabric 
for two dyestuffs assessed by 
grayscale

Greyscale rating (5 = Excellent, 1 = Poor)

Dyestuff Sample Colorfastness to wash Colorfast-
ness to 
rubbing

Colorfastness to 
perspiration

Color 
fastness to 
light

Shade 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

Table 7   Mechanical properties of untreated and nano-Ag deposited fabric with standard variation from the mean

Sample Fabric strength maximum  
force (N)

Elongation (%) Tearing strength maximum  
force (N)

Bending length (cm) Frictional 
resistant

Warp Weft Warp Weft Warp Weft Static Kinetic

Untreated 730.52 ± 9.24 572.60 ± 6.03 21.10 ± 3.20 14.75 ± 3.11 9.11 ± 2.54 4.3 ± 1.23 1.8 ± 0.6 0.35 0.32
D.NanoAg 728.26 ± 8.20 561.31 ± 5.34 21.0 ± 4.23 13.5 ± 2.12 8.56 ± 1.67 4.0 ± 1.58 2.1 ± 1.0 0.33 0.30
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