
INTRODUCTION

It is well documented that due to providing a sufficient
energy source of nutrients natural fibers are considered to be
viable route for culturing different microorganism and among
all natural protein fibers wool has been demonstrated as a superior
material for winter and medical textiles due to its resilience and
comfort properties [1]. The additional sophisticated properties
of wool have been claim urgency since people's improving their
living standard and it is recommended that can be achieved
by acquiring multi-functional performances such as preference
of durable antibacterial activity and ultraviolet protection for
the sake of health considerations [2,3]. Traditionally, in case
of industrial application some antimicrobial agents have been
introduced including quaternary ammonium salts; metal salts
solutions and antibiotics but the existence of toxicity and less
effective profile is not allowed them to use in filters, textiles,
health foods and for the exclusions of pollution. Taking into
considerations about economic and ecological issues in the modern
coating industries and support to prevent harmful pathogens
and detrimental UV-radiations, employment of nanoparticles
could be an obvious choice [4]. Recently, scientific attention has
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been withdrawn to modify surface of cellulose and protein fibers
by incorporating metal and metal assisted nanoparticles (NPs)
due to perform some multifunctional attributes such as antibac-
terial, UV protection, antistatic and self-cleaning [5,6]. Among
the metallic nanoparticles, AgNP has nanosize between 1 nm
and 100 nm and consider one of the best candidates for several
applications including biosensing, microbial activities, drug
delivery, catalysis, electrochemical, conductivity, etc. [7,8], with
exponentially accretion production. Generally, a number of
physical and chemical methods are available in order to pre-
paring the metallic nanoparticles [9,10], which are not environ-
ment friendly. Ideally, green chemistry perspective synthesis
of nanoparticles associated with three main tones is the choice
of the solvent medium, environmentally benign reducing agent,
and source of non-toxic material for the stabilization of the
nanoparticles [11]. Some researchers have reported green
preparation of nanoparticles through natural polymers like
chitosan, soluble starch, polypeptide, heparin and hyaluronan
used as reducing and stabilizing agent [12].

Recently, the polysaccharide based materials has been
associated with the synthesis of green AgNPs through an eco-
friendly benign solvent i.e., water and polysaccharides as
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capping agents [13]. Based on this approach, we have produced
the green-chemistry type AgNP synthesis processes in this
research. The wool fiber is concentrated of keratin protein,
cuticle cell is the part of outermost region and surface of it (a
fatty layer of 18-methyl eicosanoic acid) mainly covalently
bounded with cuticle cell through thioester linkage and nature
of wool surface is hydrophobic because of this structural comp-
osition [14]. Moreover, this promising property of wool fiber
helps them to be an ideal for binding with metal ions and act
as a suitable platform to culture of metal nanoparticles with
polyfunctional ligands [15-18].

The present research aims to devise a sustainable route
for the green synthesized AgNPs by using Na-Alg as a reducing
and stabilizing agent coating on wool fabric with durable UV
protection and antibacterial property. As synthesized AgNPs
were applied on fabric by exhaustion method which comprises
of three steps i.e., initially wool sample was scoured well than
impregnated with freshly prepared AgNPs colloids under
optimized condition and finally rinsed out to remove unfix
nanoparticles.

EXPERIMENTAL

Wool fabrics were obtained from Jiangsu Shenzhou Woolen
Co., Ltd. China. Materials used to synthesize AgNPs were
AgNO3 (Shanghai Zhanyun Chemical Co., Ltd. Shanghai,
China), Na-Alg (Qingdao Yingfei Chemical Co., Ltd. Qingdao,
China) and NaOH (Sinopharm Chemical Reagent Co., Ltd.,
Suzhou, China). Non-ionic commercial detergents were used
to wash the wool sample. Deionized water was used throughout
the experiment.

Synthesis of AgNPs: The green synthesis of AgNPs was
accomplished using an indigenous protocol made in our labo-
ratory. In brief, 1 mL of Na-Alg (1 % w/v) solution was mixed
in 4 mL of silver nitrate (0.001 M) solution with addition of
NaOH solution (1 mL of 0.01 M) to maintain pH 11. This
solution was stirred for 1 min and heated in the water bath
(60 ºC) for 40 min. The transparent colourless solution was
converted to pale yellow and then into brownish-red colour
indicated the formation of AgNPs. At this end, the prepared
solution was evaluated by using UV-visible spectra to affirm
the production of AgNPs.

Wool functionalization: The wool fabrics were washed
in a bath containing 2 g L-1 non-ionic detergent with L:M =
50:1 (liquor to material ratio) at 50 ºC for 15 min. Then, those
were rinsed with distilled water and dried at 110 ºC for 5 min.
Silver nanoparticles were applied on wool surface by using exha-
ustion methods. The pH value of AgNPs solution was adjusted
to 4 with acetic acid and then the scoured wool fabric samples
were immersed in an aqueous solution containing AgNPs (liquor
ratio of 90:1) at 45 ºC for 2 h (hereafter referred as optimized
condition) with different concentrations of AgNPs. Afterward,
the treated wool samples were rinsed with running deionized
water.

The UV-visible spectra of wool fabrics with AgNPs were
recorded using a spectrophotometer (Shimadzu Corporation,
Kyoto, Japan). The morphologies of samples were examined
using a scanning electron microscope (SEM) (JEOL, Tokyo,
Japan) after gold coating. During SEM test, an EDS spectrum

was collected to analyze the chemical elements of the samples.
Transmission electron microscopy (TEM) (Hitachi H-7600,
Tokyo, Japan) was used to study the particle size distribution of
AgNPs. The crystal behaviour of samples was obtained using
an X-ray diffractometer (Bruker D8 ADVANCE, Karlsruhe,
Germany). FTIR measurements were performed with a Bruker
Tensor 27 (Bruker Corporation, Tensor 27, Karlsruhe, Germany)
in a normal transmission mode. Thermal behaviour of samples
was performed on a thermogravimetric analyzer (Mettler-Toledo
Corp., Switzerland) at a heating rate of 10 ºC/min under nitrogen
atmosphere. UV protective characteristics of original and silver
coated fabrics were determined in accordance with Australian/
New Zealand Standard AS/NZS 4399:1996 by using UV-visible
spectrophotometer. Antibacterial efficiency of green synthe-
sized AgNPs in wool fabrics was determined against Staphylo-

coccus aureus ATCC 6538 as a Gram-positive and Escherichia

coli ATCC 8739 as Gram-negative bacteria [18]. These bacteria
were cultured in nutrient agar medium (cooled to 47 ± 2 ºC)
was dispensed into each petri dish by pouring 15 ± 2 mL and used
as inocula, where circular wool fabrics were placed uniformly.
After incubation at 37 ºC for 12 h, the pictures of the agar
plates were captured and antimicrobial effects of the samples
were assessed based on the area of bacterial inhibition zones.
Wool fabrics were tested for the tensile properties by using
Instron 3365 universal testing machine (Instron Corporation,
Boston, MA, USA).  before and after AgNPs treatment. The
crease recovery angle of the samples was determined as per AATCC
Test method 66-2003 using a crease recovery tester (SASMIRA,
Mumbai, India). The stiffness in terms of bending length of
untreated and AgNPs treated sample was tested as per AATCC
Test method 115-2005 using profile stiffness tester (SASMIRA,
Mumbai, India).

RESULTS AND DISCUSSION

In the present work, AgNPs had been synthesized in a
'green' method using natural biopolymer Na-Alg with the aid
of certainly heating an aqueous combination of Na-Alg and
AgNO3. The preliminary affirmation of nanoparticles formation
turned into ascertained via recording the absorbance of colloidal
suspension using UV-visible spectrophotometry in the range
of 200-700 nm and colour change observation. The solution
colour turned into reddish brown indicated the reduction of
silver ions and appropriate the acknowledged synthesis of AgNPs
is apparent (Fig. 1A inset). The distinctive colours of AgNPs
are due to a phenomenon known as plasmon absorbance.
Incident light creates oscillations in conduction electrons on
the surface of nanoparticles and electromagnetic radiation is
enamored [19]. Fig. 1A shows the UV-vis spectra of pure silver
nitrate, Na-Alg and AgNPs. In Na-Alg, the band at 301 nm
exhibited by AgNO3 in aqueous solution disappeared indicating
the possible chelation of Ag+ by OH and COOH groups of
alginate. The Ag+ chelate produces Ag0 on heating. The intensity
and role of the shoulder of alginate spectrum at about 290 nm
turned barely shifted, confirming that there have been inter-
actions among the polymer and metallic precursor. The UV-
visible spectrum of AgNPs showed a characteristic peak at
400 nm [20]. For the synthesis of AgNPs, the typically accepted
mechanism shows a two-step process, i.e. atom formation
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follwed by the polymerization of atoms. In the first step, a
portion of metal ions in solution is reduced by reducing groups.
The reasons is due to fact that atoms produced act as nucleation
centers and catalyze the metal ions in bulk solution. Compared
with other water-soluble polymers, Na-Alg is an anionic
polymer with high charge density. The negatively charged
alginate allows the appeal of positively charged silver ions to
the polymeric chains, which have been then decreased by way
of present reducing corporations. The resulting surface negative
charge of alginate fragments containing carboxylic groups
stabilizes the nanoparticles against coalescing due to electro-
static repulsion and steric outcomes [21].

Fig. 1B shows pure Na-Alg spectra which represent the
two primary peaks at about 3435 cm-1 (stretching of OH groups)
and at 2025 cm-1 (CH stretching of CH2 groups). The CO asym-
metrical stretching at 1609 cm-1 along with a weaker symme-
trical stretching band at 1414 cm-1 [22] were empiric due to
salt nature of carboxylic acid groups at pure Na-Alg. An accele-
rated band at 1083 cm-1 is apery the stretching of C-O-C group;
the peaks at 601 cm-1 belong to C-O-C glycosidic linkage (ring
breathing) [23]. They are accompanying to its saccharide
structure [24]. In case of the AgNPs, the band of CO2

− is shifted
to 1613 cm-1 in addition the peaks of 3435 and 1414 cm-1 shift
to 3422 and 1384 cm-1 respectively due to ring stretching of
metal groups and indicating that Na-Alg was doped by NO3

−

because of stabilization of AgNPs. The comparison of FTIR
spectra between Na-Alg and Na-Alg/AgNPs showed only
minor changes in the position as well as the absorption bands.
Thereby, FT-IR spectrum confirms that AgNPs have been
capped with the aid of the lone pair electrons around the oxygen
atoms in organic compound in Na-Alg with van der Waals

interaction forces [25]. Fig. 1C presents SEM image of Na-Alg
loaded with AgNPs. It is manifested that AgNPs synthesized
by greenly can cautiously be admired as nanoparticles with
spherical nature. The agglomeration of AgNPs was due to
interactions of hydrogen bond and electrostatic interactions
between the bioorganic capping molecules apprenticed to the
AgNPs [26]. TEM image with  corresponding particle size
distribution (PSD) of as-prepared AgNPs is shown in Fig. 1D.
From the image, it could be seen that the AgNPs located are
round in form and nicely separated in aqueous medium which
are covered via layer. The layer can be the phytoconstituents
of Na-Alg. In addition, the aggregation is lower because of
less collision of AgNPs. From the scale distribution picture, it
could be ascribed that the maximum number of nanoparticles
are inside the length among 6 to 10 nm. The reductive properties
of Na-Alg are notably more desirable owing to base hydrolysis
with the formation of low molecular weight reducing fragments
and consequently, reflecting the twin function of Na-Alg as
stabilizing and reducing agent in alkaline medium [27]. The
additional support of reduction of Ag+ ions to elemental silver
was confirmed by EDS analysis (Fig. 1E). The optical absorp-
tion peak is observed at 3 keV, which is typical for the absorp-
tion of metallic silver nanocrystalline due to surface plasmon
resonance [28], which confirms the presence of nanocrystalline
elemental silver. Fig. 1F suggested the typical XRD pattern of
AgNPs prepared with several distinct diffraction peaks at
approximately 38.1º, 44.2º, 64.3º and 77.4º are assigned to
reflections from the (111), (200), (220) and (311) planes of
the silver crystal, respectively, which confirms the existence
of silver and further on the basis that they can be indexed as
face-centered-cubic (FCC) structure of silver. These peaks are
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due to crystalline and amorphous natural stages, accom-
panying crystallized AgNPs. In addition to the Bragg peaks
adumbrative of silver nanocrystals, added peaks were as well
observed, although they were not assigned to the spectrum
and may accept been due to amoebic compounds, responsible
for silver ion reduction and the stabilization of resultant nano-
particles [29].

Optimization of treatment conditions: Fig. 2a represents
the effect of pH on colour strength (K/S) values of wool treated
by 35 and 70 ppm AgNPs with respect to controlled conditions.
When the pH of AgNPs solution was 2, the solution was almost
colourless after treatment of wool fabrics and the assembling
trend of AgNPs was the same as that at pH 4. But still better
result observed when pH is 4 rather than pH 2 in terms of K/S
value. From Fig. 2a, it can be depicted that maximum colour
strength (K/S) value obtained at pH 4, a significant proportion
of internal amino groups are protonated, leading to a neutrali-
zation of this surface charge. However, the carboxylate anions
are not substantially protonated until the pH approaches high
acidic medium. This is the reason for the use of acid when
dyeing wool with highly hydrophilic leveling acid dyes and it
is clear from  Fig. 2a that the AgNPs behave in a similar manner
to those dyes [30]. However, AgNPs deposition did not occur
when the application medium was approximately neutral
condition like pH 7 as there is no significant change in K/S
value. Similar phenomenon has been observed when the solution
was in highly alkaline medium like pH 11. In addition, pH value
played a vital contribution in the AgNPs treatment process
because of the different surface characteristics of wool polymer.
So, it could be concluded that AgNPs on wool surface is
applicable may be due to the electrostatic interaction between

carboxylate groups of AgNPs and amino groups of wool
polymer. Optimization of treatment time can be an important
step in sustainable textile functionalization with respect to the
energy savings. Fig. 2b shows the progress of wool treatments
with different concentration of AgNPs at times ranging from
30 min to 4 h in terms of K/S value. The results revealed that
K/S value increases from 0.5 to 2 h time interval. This can be
attributed due to the changing pattern of wool materials and
the zeta potential of AgNPs. Because the wool surface having
positive charge and AgNPs surface having negative charge
resulting a strong attraction between them [31]. Therefore, up
to 2 h of exhaustion time, the rate of AgNPs uptake by wool
was very high; however, there was no significant change in
curve but asymptotic behaviour was observed beyond 2 h. The
application of AgNPs on wool fabrics can be controlled by
the temperature of application medium. Fig. 2c evident that
the rate of AgNPs uptake by wool samples were increased up
to 40 ºC and thus completed in 2 h. An interesting correlation
between temperature and time was also observed in this experi-
ment. When the temperature was increased to 85 ºC, the depo-
sition was finished in  1 h  at same concentration because of
higher kinetic energy of the system at higher temperature [32].

FT-IR: Fig. 3 shows the FT-IR spectra of untreated wool
and AgNPs treated wool fabrics. Wool is composed of a cuticle
and cortex, whereas the cortex makes up the main portion of
the wool. It is made up of more than 18 amino acids, which can
be alienated into four distinct groups: cationic, anionic, non-polar
and polar. The main functional groups include carboxyl, amino
and hydroxyl groups [33]. Overall, all wool fibers exhibited
similar absorption at 3260 cm-1 (N-H and O-H), 2881 cm-1

(-CH2), 1670 cm-1 (amide I), 1540 cm-1 (amide II) and 1270
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cm-1 (amide III). When spectra of untreated Fig. 6a and treated
Fig. 4b and 4c were compared, new peaks at 1260 and 1100
cm-1 were observed. The intensity of these peaks is stronger
than the peaks for the spectrum of untreated wool, which is
due to interaction between OH of Na-Alg and amide bond of
the wool. This suggests that AgNPs were successfully adsorbed
on wool and confirms the two new peaks in spectra are derived
from the interaction of wool polymer system and AgNPs [34].

Thermal stability: Thermal stability of control wool fabric
and AgNPs functionalized wool fabric were analyzed with TGA
(Fig. 4). The untreated wool fabric after the loss of regains
water (occurring from 30 to 160 ºC and is accompanied by a
decrease of 7% in wool fibers mass and is ascribed to the loss
of water), the initial thermocracking reaction begins at about
280 ºC and the weight became reduced. This is because of
destruction of disulphide linkages and the elimination of H2S,
followed by the thermal pyrolysis of chain linkages, peptide
bridges and some other lateral chains, which finally leads to
backbone degradation [35,36]. On the other hand, wool fabrics
treated with AgNPs were found to have a delayed thermo-
cracking reaction. So, AgNPs treating of wool fabrics lead to
increase its thermal stability, which is assured the consequence
of AgNPs in advanced treating effectiveness. This is because
Na-Alg and silver nanocomposite may act as cross linker or
filler of wool polymer system; therefore, heat has significant
effect on the treated fabrics. Thus it is concluded that the un-
treated wool have a higher weight loss, while the highest AgNPs
concentration offered the lowest weight loss.
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UV protection: The actual damage to human skin from
UV radiation is in the range of UV-A (320-400 nm). Recently,
metal nanoparticles and metal salts have been used as UV protec-
ting agent [37]. Therefore, the effect of green based silver nano-
particles on the optical properties of fabrics, the UV transmi-
ttance spectroscopy of untreated and treated fabrics was measured
at the wavelength range of 200-440 nm (Fig. 5).  The transmitt-
ance spectra demonstrated an obvious distinction among all
samples. Typically, the untreated wool fabric showed the highest
UV transmittance percentage compared to those treated, which

supports that wool fabric had no significant effect on UV prote-
ction properties. Once wool fabric was functionalized with 35
ppm AgNPs, the corresponding spectrum of wool-AgNPs
decreased to about 46 % in comparison with the raw wool
fabric. It was found that the incorporation of 70 ppm AgNPs
on fabric-treated clearly reduces UV transmittance to 84 %,
suggesting that AgNPs possess high protection from UV rays.
These results indicated the ability of AgNPs treated fabrics to
block UV rays. The high UV protection of AgNPs incorpo-
rated finished fabrics could be due to the large refractive index
of AgNPs resulting in very efficient UV scattering [38]. Previous
studies [39] have revealed that the AgNPs enhances the UV
protection property of fabric due to the plasmon structure of
AgNPs. Therefore, present results indicated that green based
AgNPs absorb the UV rays effectively.
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Antibacterial properties: To examine the bacterial inhibition
efficacy of AgNPs treated fabrics zone of inhibition assay i.e.,
qualitative analysis has been applied with agar diffusion test
method. Fabric samples were placed on bacteria-inoculated
agar plates and were visualized for antibacterial activity (Fig.
6). The performance of bacterial growth was observed on fabric
surface that treated with commercial antibacterial agent and
AgNPs agent. Table-1 presented the inhibitory effect of green
AgNPs with different diameters of clear zone of inhibition
around the fabric swatches.

TABLE-1 
ANTIBACTERIAL ACTIVITY OF WOOL  

FABRIC COATED WITH GREEN BASED AgNPs 

Bacterial reduction (%) Zone of inhibition (mm) 
Samples 

E. coli S. aureus E. coli S. aureus 
Commercial 94 ± 2.21 96 ± 4.21 27 ± 1.02 28 ± 0.54 
35 ppm AgNPs 89 ± 1.12 90 ± 2.12 22 ± 0.43 25 ± 0.68 
70 ppm AgNPs 91 ± 2.06 93 ± 5.06 23 ± 0.4 26 ± 0.48 

 
The inhibition zone test results (Fig. 6) clearly show that

commercial antibacterial agent display highest inhibition zones
for E. coli (27 ± 1.02) and S. aureus (28 ± 0.54). In contrast,
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Fig. 6. Antibacterial activity of the commercial (1) and AgNPs-treated wool
fabrics 35 ppm (2), 70 ppm (3) on E. coli (a) and S. aureus (b)

AgNPs treated showed inhibition zones around the specimen
and the diameter of each transparent zone was close to comm-
ercial sample. The difference in the zone of inhibition was
likely influenced by the concentrations of AgNPs during the
preparation of nanoparticles. As shown in Table-1, the amount
of silver ion was higher when the fabric was functionalized
using 70 ppm AgNPs which presented a better inhibitory effect
against both the microorganisms with a zone of inhibition upto
23 ± 0.4 mm in diameter for E. coli and 26 ± 0.48 mm in
diameter for S. aureus on the finished wool fabric, where using
35 ppm AgNPs zone of inhibition upto 22 ± 0.43 mm in
diameter for E. coli and 25 ± 0.68 mm in diameter for S. aureus

observed. This phenomenon was attributed to the mechanism
of biocidal action of fabric is due to the leached Ag+ ions [40].
In addition, AgNPs are extremely reactive with proteins because
it adversely affects cellular metabolism and strongly inhibits
the cell membrane when AgNPs come in contact with bacteria
and fungus. It also suppresses respiration, basal metabolism
of the electron transfer system and transport of substrate into
the microbial cell membrane and as a result it inhabited the
multiplication and expansion of those bacteria and fungi which
cause infection, odour, itchiness and sores.

The quantitative assessment of antibacterial activity of
functionalized wool fabric with synthesized green based AgNPs
was performed according to the percent reduction method
(AATCC 100). Silver nanoparticles have a significant influence
on bacterial reduction; in case of both concentrations of AgNPs
induced the inhibition rate to increase to above 90 %. When
the concentration of AgNPs increased, the antibacterial activity
against E. coli and S. aureus improved slowly and stably (Table-
1). The reason can be defined in terms of a definite degree of
sterilizing effect created by the fact of metallic ions as well as
metallic compounds. It is perhaps a segment of atmospheric
oxygen in water or air is adjusted into active oxygen due to
catalysis of metallic ion, thereby dissolving the organic subs-
tance to enhance a sterilizing action [41]. Therefore, AgNPs are
able to increase their contact with microbes because of their
extremely large relative surface area, results in enhancement of
antimicrobial activity. The antibacterial performance demons-
trated in above experiments is perfectly in agreement with the
broad spectrum of antimicrobial activity of AgNPs and it could
be a good competitor for conventional antibacterial agents.

Conclusion

In conclusion, an easy and efficient approach is reported
to obtain wool fabric with durable UV resistance and antibac-

terial activity by incorporating green based AgNPs finishing.
Two different concentrations were used for preparation of
AgNPs using green method. Intensive investigation into the
characterization of the treated fabrics along with thermal
properties of AgNPs treated wool was carried out. The treated
fabrics were showed excellent bacterial reduction with values
exceed 90 % and imparted an excellent UV protection, parti-
cularly 70 ppm AgNPs concentration on wool fabric performed
better in comparison with 35 ppm AgNPs. Finally, it was antici-
pated that the output of present research will be promising in
terms of environmental friendly functionalization on wool for
the advancement of its regular properties through well-synthe-
sized green AgNPs.
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