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a b s t r a c t

Herein, functionalization of nylon fabric surfaces in terms of excellent coloration and

antibacterial properties were developed by in-situ synthesis of chitosan mediated silver

nanoparticles (AgNPs). No toxic chemicals were used to ensure eco-friendly conditions.

The variation of colors (nearly red, yellow, and blue) was achieved by only regulating

precursor concentration and utilization of ascorbic acid. Functionalized nylon fabrics were

then characterized by investigating surface morphology, elemental mapping, metal

composition, and chemical linkage among compositing components. Results exposed that

the particles are within the nano-range size, spherical in shapes, homogenously dispersed

over the surfaces, and firmly attached to the nylon fiber by molecular force or double

networking properties of chitosan. Color characteristics demonstrate a uniform shade due

to the localized surface plasmon resonance (LSPR) properties of AgNPs with brilliant

colorfastness and color strength (K/S). The antibacterial properties are found to be signif-

icant, with more than 88% bacterial reduction rate against both the gram-positive and

gram-negative bacteria even after 20 washing cycles. Overall, this nylon functionalization
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protocol without using traditional chemicals like crosslinkers, binders, or coating agents

provides the desired permanent efficiency and safe product.

© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The recent research on nanomaterials synthesis and their

application for textiles treatment has become a significant

interest both from academic and industrial perspectives [1].

The loading of nanomaterials on textile materials means

loading new features that can endorse multifunctional prop-

erties on them [2,3]. Likewise, the application of silver nano-

particles (AgNPs) on the textile surface can lead to the

manufacturing of high-quality products with divergent ap-

plications as antibacterial material, self-cleaning, coloration,

flame retardancy, hydrophobicity conductive coverage, elec-

tronic sensors, photonic, optoelectronic, catalysts and so on

[4e7]. In addition, the colorful appearance (which is the pri-

mary demand of consumers) of textiles can also be enhanced

by the same treatment protocol since novel nanomaterials

demonstrate localized surface plasmon resonances (LSPR)

[8,9]. In contrast, conventional dyeing processes require

massive amounts of chemical ingredients and dyestuffs

[10,11]. Generally, traditional dyestuffs contained toxic chro-

mophore (e.g., azo groups), which are severely harmful to the

environment and water sources [12e15]. In this regard, bio-

synthesized nanomaterials-based coloration could be a suit-

able replacement to manufacture sustainable and

functionalized textiles together [16,17]. Synthetic fibers have

some significant benefits over natural fibers, i.e., higher

strength, better productivity, lower prices, etc. along with

some demerits like lower hydrophobicity and dye adhesions

[18e22]. Nylon is a synthetic polymer that has significant

importance for both the fabric and fibers and after all on

textiles as well. Besides, nylon is consumed worldwide for

various products such as military uniforms, bags, clothing,

and so on. Nanosilver functionalized nylon fabric could be

used as a prominent clothing material for army peoples for

having protection against bacterial attacks [23].

However, agglomeration is the primary problem for syn-

thesizing metal nanoparticles [24,25]; therefore, a supporting

template (i.e., stabilizing and reducing agents) is often

required [26e29]. Polysaccharides/carbohydrates [30e32] and

phytochemicals of different leaves extract [33,34] are a good

example in this case. Chitosan is one of the prominent rep-

resentatives of polysaccharides, generally obtained from

chitin, a homopolymer of b-(1e4) linked N-acetyl-D-glucos-

amine [35]. This natural polymer can serve as a good template

for the synthesis of nanoparticles [36,37]. Consequently, a

variety of nanoparticles, including palladium [38], gold [39],

silver [36,37], platinum [40], copper [41], etc. were prepared

recently. Even, chitosan reduced and stabilized AgNPs were

also produced for the coloration and functionalization of

textile materials such as cotton [42], linen [43], wool [44],

polyester [45], viscose [46], aramid [47], etc. Definitely,
chitosan reduced and stabilized AgNPs has not been applied

yet for the multi-functionalization of nylon fibers. Therefore,

the nano-based treatment of nylon fabric has drawn sub-

stantial consideration for improving their typical properties.

Although nylon treatment using AgNPs were carried out

recently via sonochemical coating [48], ultrasound-assisted

coating [49], layer-by-layer deposition [50], surface immobili-

zation [51], and so on but the ultimate protocol and objects

were different. Even either they are subjected to complicated

processes or toxic chemicals restrict their wider application

[52].

Therefore, in this work, a natural reducing and stabilizing

agent was used for a one-step in-situ synthesis of AgNPs on

nylon fabric for colorization and antibacterialization. The

formation and deposition of nanosilver on the nylon surfaces

were confirmed by scanning electron microscope (SEM),

energy-dispersive X-ray (EDX), and elemental mapping. The

chemical linkage among compositing components in the

resultant product was confirmed by Fourier transfer infrared

spectroscopy (FTIR) analysis. Particles were quantitively

measured using an X-ray fluorescence (XRF) spectrometer,

and cytotoxicity was evaluated by recalculating the amount of

AgNPs after standard washes.
2. Materials and methods

2.1. Materials

Chitosan (molecular weight, Mw � 1500 and particle size: 120

mesh), ascorbic acid (C6H6O8, 99% purity), and silver nitrate

(AgNO3, 99.98% purity) were procured from Sinopharm

Chemical Reagent Co., Ltd., Shanghai, China. A plain weave

nylon fabric (91 GSM, 70 ends/in., 70 picks/in., and a linear

yarn density of 150 denier) was purchased from Suzhou

Textile Co., Ltd., Suzhou, China. All of the chemicals and

materials were used without any further treatment.

2.2. In-situ bio-synthesis of AgNPs on nylon

Prior to the treatment, nylon fabrics were washed through a

continuous flow of distilled water at room temperature. Dur-

ing the in-situ synthesis of AgNPs on nylon, about 0.65 g of

chitosan was primarily mixed in three individual beakers of

100 mL solutions. Approximately 3.4, 1.5, and 3.5 g of AgNO3

were then transferred to beakers for red, yellow, and blue

samples, respectively. A certain portion of ascorbic acid

(0.65 g) was added to the third beaker for blue-colored nano-

colloids. After that, solutions were magnetically stirred at

room temperature for 30 min. Then, three pieces of nylon

fabrics (10.0 g of each) were individually immersed into the as-

prepared solutions by maintaining a materials-to-liquor ratio
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Scheme 1 e Possible interaction during the formation and fixation of AgNPs on the nylon fabric.
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of 1:20 and stirred for another 30 min to ensure better ab-

sorption. Three distinct colors (nearly yellow, red, and blue) on

both the solution and fabrics were achieved by raising the

temperature to 100 �C for 45 min. All colored samples were

then washed and rinsed with tap water for three times to

remove any unfixed nano-ingredients from the surface of the

materials. Finally, samples were dried in a household tumble

dryer at 25 �C temperature for 10 min. All colored fabrics were

labeled as R-nylon, Y-nylon, and B-nylon, respectively, for red,

yellow, and blue color. The untreated fabrics were also

washed and dried in the same protocol to prepare a control

sample (C-nylon) for comparison. All samples were stored at

standard atmosphere (25 �C temperature and 65% relative

humidity) for 24 h before subsequent characterization.

2.3. Characterization and measurement

The surfacemorphologies of both treated and untreated nylon

fabrics were carried out by a scanning electron microscope

(SEM, Se3400N, Hitachi Ltd., Tokyo, Japan) after the gold

coating (E�1045 Ion Sputter, Hitachi Ltd., Tokyo, Japan) at a

voltage of 20 kV. The microscope was also equipped with an

Oxford Instruments liquid nitrogen (N2) cooled energy-
dispersive X-ray analysis (EDX) detector. An INCA Microanal-

ysis Suite software was used for analyzing the EDX spectra

and elemental mapping. The presence of nanoparticles was

detected by X-ray fluorescence (XRF, NitonTM XL2, Thermo

Scientific™, USA) analyzer. The interaction between the fiber

and particle was determined by a Fourier transform infrared

(FTIR) spectrophotometer (Bruker Optics, Ettlingen, Germany)

within thewavelength range 4000e500 cm�1. The colorimetric

values (color difference, color strength and colorfastness) and

antibacterial performance (against Escherichia coli and Staphy-

lococcus aureus) were measured according to our previous

report [8].
3. Results and discussions

3.1. In-situ synthesis of AgNPs on nylon

Initially, the reaction system was visually observed to detect

whether any color changes occur in the nanocolloid. While

the system was heated, a colorful appearance of fabrics and

solutions was noticed, indicating the formation of AgNPs. The

appearance of color specifies the generation of AgNPs on the

https://doi.org/10.1016/j.jmrt.2020.11.056
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Fig. 1 e FTIR spectra of control and nano-silver treated

samples: (a) C-nylon, (b) R-nylon, (c) Y-nylon, and (d) B-

nylon.
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nylon surface, and this is because of the excitation of surface

plasmon vibrations [34]. It has been recognized that the noble

metal showed localized surface plasmon resonance (LSPR) by

the collective oscillation of conduction electrons in resonance

with the wavelength of irradiated light [37]. The diversity of

colors was achieved by controlling the precursor’s (AgNO3)

concentration and applying ascorbic acid since they aremajor
Fig. 2 e Surface morphology of control and nanosilver treated sa

their corresponding higher magnification images at the bottom
parameters to control the shape and size of synthesized par-

ticles. Chitosan, on the other hand, could serve here to reduce

silver cation (Agþ) to neutral ion (Ag0), as well as to stabilize

the produced particles by creating a thin layer of cladding over

their surface. However, the particle formation mechanism on

the nylon surface can be assumed as (a) when the fabrics were

immersed into the ionic solution of silver, they have been

absorbed by the nylon surface (nylon‒Agþ) (Eq. (1)). (b) chito-
san (CS) aqueous solution was therefore dispersed over the

silver-cation absorbed nylon surface to form a ternary com-

plex [nylon‒Ag(CS)]þ (Eq. (2)). (c) Finally, this complex further

reacted with the OH ions to form nanosilver particles (Eq. (3)).

A similar reduction mechanism was also observed for other

textile fiber [44]. In addition, there are two different fixation-

routes of synthesized particles found for nylon surface treat-

ment. (a) Primarily larger-size particles are entangled inside

the fiber/fibril network of the nylon yarn textures. They are

then tightly attached to the fiber surface via molecular force

developed by the particle’s chitosan thin layer. (b) On the

other hand, osmotic pressure forces comparatively small

particles to penetrate into the fiber porous system (if any) and

then entrapped by the chitosan’s double network formation

capability [47]. However, in both cases, the fixation is achieved

through the interaction of Agþ ions with amino (-NH2) and

hydroxyl (-OH) groups of nylon and chitosan terminals,

respectively (Scheme 1).

nylon þ Ag⁺ (aq) / nyloneAg⁺ (1)

nyloneAg⁺ (aq) þ CS (aq) / [nyloneAg (CS)]⁺ (aq) (2)
mples: (a) C-nylon, (b) R-nylon, (c) Y-nylon, (d) B-nylon, and

.
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Fig. 3 e EDX liner scanning of control and nanosilver treated samples: (a) C-nylon, (b) R-nylon, (c) Y-nylon, and (d) B-nylon.
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2 [nyloneAg (CS)]⁺ þ 2 OH� / 2 [nyloneAg(CS)]Y þ H2O þ
1/2 O2 (3)

3.2. Characterization of AgNPs treated nylon

As a proof concept for the interaction of Agþ ions with nylon

and chitosan terminals, Fourier transform infrared spectros-

copy (FT-IR) spectra of both treated and control samples were

recorded (Fig. 1). The significant peaks of C-nylon (Fig. 1a)

display at around 3302 cm�1 (amine stretching vibration),

2931 cm�1 (CH2 stretching vibration), 1640 cm�1 (amide

carbonyl stretching vibration), and 1530 cm�1 (NeH bending

vibration) wavenumber [53]. This corresponds to the poly-

amide fiber in the nylon fabric, which is a linear polymer

structure formed by linking an amide bond (eCONHe) and

many methylenes [53]. However, in-situ AgNPs treatment of

nylon fabrics causes these peaks dramatically shifted to 3283,

2921, 1631, and 1534 cm�1, respectively (Fig. 1bed). It can also

be observed that the peak intensity for eNH2 and eCONH

groups increased significantly for the nanosilver treated fab-

rics, and this is possibly due to the domination of amine group
around chitosan structure. The overall findings indicate that

the AgNPs deposition on the fabrics are result of chemical

linkages of Agþ to the nylon and chitosan terminals.

The surface morphologies of control and treated samples

were observed (Fig. 2). The changes in surface morphology of

the nylon caused by the formation and deposition of AgNPs

were noticeable. The control nylon showed a smooth and

uniform surface (Fig. 2a), whereas the treated fiber demon-

strates a rough surface caused by the deposition of AgNPs. It is

also observed that the particles are homogeneously distrib-

uted over the surface with variable shape (but mostly in

spherical) and size, causes the visual color. Comparatively, R-

nylon and B-nylon samples showed a significant deposition of

particles (Fig. 2bed). This is due to the use of a higher amount

of precursor during treatment, logically forming a higher

number of particles. In addition, the treatment neither dam-

ages the structure of particles (which in turn shows the bright

color) nor the structure of fibers. Overall, the observation en-

sures that the AgNPs are successfully assembled and visible

onto the nylon surface.

Ag elemental signal presence in nano-metallic form rather

than Ag compounds was studied by EDX linear scanning

(Fig. 3). Evidently, there was no signal detected for Ag in the

control samples (Fig. 3a). In contrast, all treated samples

showed a distinct presence of the Ag peak at 2.96 keV,

https://doi.org/10.1016/j.jmrt.2020.11.056
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Fig. 4 e SEM-deployed EDX elemental mapping images of control and nanosilver treated samples.
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indicating that the Ag has been accurately recognized and

exists in the nylon surface (Fig. 3bed). Hight and exacerbation

of the Ag signals were in accordance with the amount of

AgNPs content, and the finding is consistent with SEM

observation. Moreover, the prominent color difference in the

EDX elemental mapping further confirms the existence of

AgNPs with homogeneous distribution (Fig. 4). Other bands

due to carbon (C), oxygen (O), nitrogen (N) atoms, etc. are also

observed both in the EDX line diagram and elemental map-

ping image. They can be attributed to the chitosan-

polysaccharides coating of the AgNPs and nylon molecular

structure [33]. In addition, XRF spectrometry was further used

to analyses the elemental existence before and after the
treatment (Table 1a). The results revealed that about 445, 388,

and 474 ppm particles are deposited on the R-nylon, Y-nylon,

and B-nylon, respectively. Overall, it could be concluded that

the in-situ synthesis of AgNPs caused a significant amount of

particle deposition on the surface of the fibers.

The term “human safety” comes in the front line while

talking about silver due to its traditional toxicity. Hence, it is

significant to measure the quantity of Ag content in the

treated fabrics and the amount of Ag released after the stan-

dard washing procedure. Therefore, the Ag content in the

treated fabrics was calculated after 20 washing cycles using

the same XRF instrument. It was found that approximately

251, 202, and 285 ppm Ag remained in the R-nylon, Y-nylon,

https://doi.org/10.1016/j.jmrt.2020.11.056
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Table 1 e XRF measurements, color difference, fastness and color strength values.

Samples (a) XRF measurements DE (b) Color difference, fastness and color strength

AgNO3/CS/AA Ag content (ppm) K/S CFW CFL CFR (wet) CFR (dry)

R-nylon 3.4/0.6/- 445 ± 11 26.5 1.266 4e5 5 3 3e4

Y-nylon 1.5/0.6/- 388 ± 10 18.4 1.321 4 5e6 3 4e5

B-nylon 3.5/0.6/0.65 474 ± 18 29.9 1.293 4 5 2e3 4

CSe chitosan; AAe ascorbic acid; DEe color difference, K/Se color strength; CFWe colorfastness to wash; CFLe colorfastness to light; and CFR

e colorfastness to rubbing.
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and B-nylon, respectively. It indicates, approximately 195 ppm

Ag goes away by 20 cycles of washing, which is calculated to

be 9.75 ppm per wash. However, the AgNPs are released to the

liquid media in a concentration lower than 10 ppm, far below

the toxicity limit for humans [54]. In addition, as-prepared

particles are well coated by a thin layer of nontoxic chitosan

cladding. Accordingly, it can be recommended that the cur-

rent approach for nylon treatment via in-situ synthesis of

AgNPs is safe in terms of human toxicity.

3.3. Color strength and fastness

The LSPR properties of AgNPs led to brilliant and fascinating

multiple colored nylon fabrics through in-situ treatment

without introducing traditional dyes [45]. The photographs of

the nylon fabrics before and after chitosan assisted in-situ

synthesis of AgNPs are shown in Fig. 5. It can be observed that

the white/grey nylon fabrics changed to nearly red, yellow, or

blue color (depending on the concentration of precursor and

use of ascorbic acid) due to the AgNPs deposition on the nylon

surface. Therefore, the color difference (DE) was quantita-

tivelymeasured using the CIE L*a*b* coordinates and found to

be 26.5, 18.4, and 29.9 for R-nylon, Y-nylon, and B-nylon,

respectively (Table 1b). Similarly, color strength (K/S) values

were alsomeasured and observed that the K/S value increased

from theoretical zero value (for C-nylon) to 1.266, 1.321, and

1.293 for R-nylon, Y-nylon, and B-nylon, respectively. Gener-

ally, a textile product has gone through essential storage from

the production house to consumer end-use. Therefore, the

storage ability of the treated fabric was evaluated by re-testing

the K/S value after one year of storage at standard atmo-

sphere. The K/S values were found to 1.201, 1.222, and 1.218

for R-nylon, Y-nylon, and B-nylon, respectively, which are
Fig. 5 e Visual appearance of control and nanosilver treated sam
very close to the values obtained for freshly prepared samples.

It indicates that the atmospheric environment does not in-

fluence the color properties and bonding of AgNPs to the fabric

surface in terms of one-year storage.

The term ‘coloration’ is not limited by merely imparting

color on the substance, and obviously, they should be with-

standing under certain conditions. Therefore, the color with-

standing of the treated fabrics were assessed in terms of

colorfastness to light (CFL), wash (CFW), and rubbing (CFR).

The results are numerically expressed in Table 1 and shown

good to excellent fastness ratings for all tread samples. For

example, the CFL rating within the range of 5e6 indicating

‘excellent’ color stability against light. It means the treated

fabrics cannot take part in anymajor photo-degradation upon

exposure to sunlight. Similarly, CFW ratings equal to or higher

than 4, indicating ‘good’ color stability in the laundry wash.

Moreover, CFR rating (both in wet and dry conditions) ranging

from 2 to 5, meaning ‘fair’ to ‘excellent’ color stability under

rubbing condition. According to the Chinese National Stan-

dards for Textiles, the overall results are acceptable and meet

commercial requirements [45]. It is worth noting, as-studied

fastness ratings ranged from good to excellent for all the

treated samples are attributed to chemically stable and du-

rable interactions between chitosan-coated AgNPs and sur-

face functional groups of nylon. Therefore, the current

coloration process via in-situ synthesis of AgNPs offers a

simple but effective nylon-dyeing technique without using

traditional dyes and auxiliaries like binders, crosslinkers, or

coating agent. While acquiring the desired efficiency in the

conventional dyeing and finishing of synthetic fibers, AgNPs-

functionalization imparts the brilliant colors and withstand

the color under primary wearable conditions.
ples: (a) C-nylon, (b) R-nylon, (c) Y-nylon, and (d) B-nylon.
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3.4. Antibacterial functions

The antibacterial action of AgNPs modified nylon fabrics was

evaluated by the disk diffusion test method and found to be a

substantial indication of antibacterial effects. The inhabita-

tion zone (mm) created around the tested fabric on the agar-

plate was measured for antibacterial analysis (Fig. 6a1ea2).

Here, Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli)

were used as gram-positive and gram-negative bacteria. It is

quite clear, the in-situ deposition of AgNPs into nylon fabrics

have remarkably enhanced antibacterial functions against

both pathogen bacteria and created around 25 mm trans-

parent inhabitation zone for all samples. The quantitative
Fig. 6 e Antibacterial performance of nanosilver treated fabrics:

(b1, b2) for E. coli (a1, b1) and S. aureus (a2, b2). (c) Schematic repr
data in terms of bacterial reduction (%) are also calculated (Fig.

6b1eb2) and foundmore than 97% reduction for all the treated

nylon fabrics. In addition, enhancement of antibacterial

function in the fabrics should have sufficient laundering

durability since they are subjected to repeated wash in the

practical use as textile. Therefore, the AgNPs deposited nylon

fabrics were washed through a certain number of laundering

cycles, and their antibacterial performances were studied.

Both zones of inhabitation and bacterial reduction rates of the

treated nylon samples were recorded after 5, 10, 15, and 20

washing cycles. It was observed that the treated nylon to each

5-washing cycle leads to values slightly decreased in both the

inhabitation zone and bacterial reduction rate. Interestingly,
zone of inhabitation (a1, a2), and rate of bacterial reduction

esentation for antibacterial mechanism.

https://doi.org/10.1016/j.jmrt.2020.11.056
https://doi.org/10.1016/j.jmrt.2020.11.056


j o u r n a l o f m a t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 0 ; 9 ( 6 ) : 1 6 1 3 5e1 6 1 4 5 16143
the inhabitation zone was remaining over 20 mm with a

bacterial reduction rate of more than 88% for both E. coli and S.

aureus even after 20 washing cycles.

The antibacterial action of silver ions onmicroorganisms is

not unknown yet [55]. Two possible mechanisms can be

worked behind the antibacterial activity of AgNPs treated

nylon fabric. (1) During the formation of AgNPs, the oxidation

of neutral silver ion (Ag0) to cation (Agþ) happened to a great

extent because of their high sensitivity to oxygen or water

molecules. Accordingly, the extreme affinity of those cations

to sulfur (S) or phosphorous (P) is considered to be a primary

way of antibacterial effect. Mostly, both inner and outer sides

of bacterial cell membranes consist of abundant S-containing

protein, where AgNPs/Ag þ can efficiently react to affect the

bacterial cell functionality. Later on, they can react with P-

moieties in DNA, resulting in the stopping of DNA replication,

leading to the hindering of enzyme functions [56]. (2) The

Ag þ derived by AgNPs can also catalyze the generation of

oxygen radicals (H2O þ 1/2 O2 / H2O2 / H2O þ O�) that

oxidize the bacteria’s molecular structure. It is worth noting;

such a mechanism does not require any direct interaction

between the antibacterial agent (Agþ) and pathogen because

the generated reactive oxygen species (ROS) disperses from

the fabric to the neighboring atmosphere. Silver ions (Agþ) can
lead to bacterial cell death due to the denaturation of protein

through their interaction with the nucleophilic amino acid of

proteins and attach to sulfhydryl, amino, imidazole, phos-

phate and carboxyl groups of membrane or enzyme proteins

[56]. Accordingly, a schematic illustration for the antibacterial

mechanism of the AgNPs treated nylon is shown in Fig. 6c.

However, the growth of AgNPs onto nylon fabrics provides

excellent colored properties as well as an antibacterial func-

tion against both gram-positive and gram-negative bacteria.

The excellent laundering durability in terms of colorfastness

to wash and bacterial reduction (%) is attributed to the strong

bonding between AgNPs and nylon surfaces through in-situ

synthesis. These collective outcomes confirmed that the

straightforward deposition of AgNPs is effectively applicable

for colored nylon fabrics production with bacterial protective

properties. The conventional chemical reduction technique is

associated with environmental and human toxicity. Our toxic

reagentless approach is eco-friendly, safer in terms of human

toxicity while used as wearable cloth, and industrially

feasible.
4. Conclusions

A facile and straightforward technique is applied here to

produce colorful and antibacterial nylon fabrics via in-situ

synthesis of silver nanoparticles. The surface plasmon prop-

erty of nanosilver imparted nylon with multiple colors, which

can be controlled by adjusting the precursor content and

ascorbic acid on nylon. The surface characterization showed

that the AgNPs are mostly spherical, and their homogeneous

distribution influenced the ultimate morphology of nylon fi-

bers. The successful deposition of particles was achieved

through the molecular force developed by chitosan’s thin

layer over the particles and its double network formation

capability via chemical linkage. Quantitative measurements
using XRF for the presence/release of AgNPs by each cycle of

washes and their comparison with available standards

revealed that the approach is safe in terms of human toxicity.

Due to the traditional features of metallic silver, treated nylon

demonstrate a high level of antibacterial properties even after

20-cycles of standard washing (up to 88% reduction) against

both gram-positive and negative strains. The colored nylon

fabrics caused by nanosilver deposition possessed good

colorfastness (to light, wash, and rubbing) and color strength.

It can facilitate the practical implementation of in-situ color-

ation involving noble metal nanoparticles and overcome the

limitations of traditional dyeing technology.
Declaration of Competing Interest

The authors declare that they have no known competing

financial interests or personal relationships that could have

appeared to influence the work reported in this paper.

.Acknowledgments

This work was jointly supported by the Chinese Government

CSC Scholarship Program (CSC Number: 2015050050 and

2014RHS008) and State Key Laboratory of New Textile Mate-

rials and Advanced Processing Technologies, Wuhan Textile

University, Wuhan 430200, People’s Republic of China. Au-

thors are also thankful to Prof. Tibor Alp�ar, Prof. Andr�as Bidl�o,

Dr. AdriennHorv�ath, andDr. Mikl�os Bak (University of Sopron,

Sopron, Hungary) for their kind cooperation throughout the

project.
r e f e r e n c e s

[1] Rivero PJ, Urrutia A, Goicoechea J, Arregui FJ. Nanomaterials
for functional textiles and fibers. Nanoscale research letters
2015;10:501. https://doi.org/10.1186/s11671-015-1195-6.

[2] Mahmud S, Pervez MN, Hasan KF, Taher MA, Liu H-H. In situ
synthesis of green AgNPs on ramie fabric with functional and
catalytic properties. Emerg Mater Res 2019;8:623e33. https://
doi.org/10.1680/jemmr.19.00012.

[3] Tian Y, Shu Y, Zhang X, Mahmud S, Zhu J, Su S. Electrospun
PVDF-Ag@ AgCl porous fiber membrane: stable antifoul and
antibacterial surface. Surface Innovations 2020. https://
doi.org/10.1680/jsuin.20.00050.

[4] Hebeish A, El-Naggar M, Fouda MM, Ramadan M, Al-
Deyab SS, El-Rafie M. Highly effective antibacterial textiles
containing green synthesized silver nanoparticles.
Carbohydr Polym 2011;86:936e40.

[5] Asif A, Hasan MZ. Application of nanotechnology in modern
textiles: a review. Int J Current Eng Technol 2018;8:227e31.
https://doi.org/10.14741/ijcet/v.8.2.5.

[6] Rafique M, Sadaf I, Rafique MS, Tahir MB. A review on green
synthesis of silver nanoparticles and their applications.
Artificial Cells, Nanomed Biotechnol 2017;45:1272e91.
https://doi.org/10.1080/21691401.2016.1241792.

[7] He Z, Mahmud S, Yang Y, Zhu L, Zhao Y, Zeng Q, et al.
Polyvinylidene fluoride membrane functionalized with zero
valent iron for highly efficient degradation of organic

https://doi.org/10.1186/s11671-015-1195-6
https://doi.org/10.1680/jemmr.19.00012
https://doi.org/10.1680/jemmr.19.00012
https://doi.org/10.1680/jsuin.20.00050
https://doi.org/10.1680/jsuin.20.00050
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref4
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref4
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref4
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref4
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref4
https://doi.org/10.14741/ijcet/v.8.2.5
https://doi.org/10.1080/21691401.2016.1241792
https://doi.org/10.1016/j.jmrt.2020.11.056
https://doi.org/10.1016/j.jmrt.2020.11.056


j o u r n a l o f ma t e r i a l s r e s e a r c h and t e c h no l o g y 2 0 2 0 ; 9 ( 6 ) : 1 6 1 3 5e1 6 1 4 516144
contaminants. Separ Purif Technol 2020;250:117266. https://
doi.org/10.1016/j.seppur.2020.117266.

[8] Mahmud S, Pervez N, Taher MA, Mohiuddin K, Liu H-H.
Multifunctional organic cotton fabric based on silver
nanoparticles green synthesized from sodium alginate.
Textil Res J 2020;90:1224e36. https://doi.org/10.1177/
0040517519887532.

[9] Mahmud S, Sultana M, Pervez M, Habib M, Liu H-H. Surface
functionalization of “Rajshahi Silk” using green silver
nanoparticles. Fibers 2017;5:35. https://doi.org/10.3390/
fib5030035.

[10] Habib MA, Pervez MN, Mahmud S, Khan M, Rasel M, Heng Q.
Macadamia integrifolia: a new source of natural dyes for
textile colouration. Asian J Chem 2017;29. https://doi.org/
10.14233/ajchem.2017.20560.

[11] Islam MM, Mahmud S. Study on different types of dyeing
faults, causes and remedies of knit fabrics. Int J Eng Technol
2015;15:6e15.

[12] Rehman R, Mahmud S, Habib MA, Islam A. A revolution of
silk dyeing with FL based cotton-reactive dyes. Int J Textil Sci
2015;4:42e52. https://doi.org/10.5923/j.textile.20150402.03.

[13] Rehman R, Islam A, Habib MA, Mahmud S, Huiyu J. Effective
method development on wool dyeing by using fl based
cotton-reactive dyes. Int J Sci Eng Res 2015;6:505e11.

[14] Gottlieb A, Shaw C, Smith A, Wheatley A, Forsythe S. The
toxicity of textile reactive azo dyes after hydrolysis and
decolourisation. J Biotechnol 2003;101:49e56. https://doi.org/
10.1016/S0168-1656(02)00302-4.

[15] Zhong Y, Mahmud S, He Z, Yang Y, Zhang Z, Guo F, et al.
Graphene oxide modified membrane for highly efficient
wastewater treatment by dynamic combination of
nanofiltration and catalysis. J Hazard Mater 2020;397:122774.
https://doi.org/10.1016/j.jhazmat.2020.122774.

[16] Kausar A, Naeem K, Hussain T, Bhatti HN, Jubeen F, Nazir A,
et al. Preparation and characterization of chitosan/clay
composite for direct Rose FRN dye removal from aqueous
media: comparison of linear and non-linear regression
methods. J Mater Res Technol 2019;8:1161e74.

[17] Raman CD, Kanmani S. Textile dye degradation using nano
zero valent iron: a review. J Environ Manag 2016;177:341e55.

[18] Park JH, Rutledge GC. 50th anniversary perspective:
Advanced polymer fibers: high performance and ultrafine.
Macromolecules 2017;50:5627e42.

[19] Miao M, Xin JH. Engineering of high-performance textiles.
Woodhead Publishing; 2017.

[20] Mahmud S, Pervez N, Sultana MZ, Habib A, Hui-Hong L. Wool
functionalization by using green synthesized silver
nanoparticles. Orient J Chem 2017;33:2198. https://doi.org/
10.13005/ojc/330507.

[21] Hasan K. Study on the changes of gsm (gm/m 2) of grey
knitted fabric from pretreatment to finishing. Int J Textil Sci
2015;4:119e36.

[22] Hasan K, Horv�ath PG, Alp�ar T. Potential natural fiber
polymeric nanobiocomposites: a review. Polymers
2020;12:1072. https://doi.org/10.3390/polym12051072.

[23] McCain WC, Leach GJ. Repellents used in fabric: the
experience of the US military. Insect Repellents: Principles,
Methods, Uses 2007:103e10.

[24] Mahmud S, Pervez M, Habib M, Sultana M, Liu H. UV
protection and antibacterial treatment of wool using green
silver nanoparticles. Asian J Chem 2018;30:116e22. https://
doi.org/10.14233/ajchem.2018.20924.

[25] Thangaraj V, Mahmud S, Li W, Yang F, Liu H. Greenly
synthesised silver-alginate nanocomposites for degrading
dyes and bacteria. IET Nanobiotechnol 2017;12:47e51.
https://doi.org/10.1049/iet-nbt.2017.0074.
[26] Cheng T-H, Yang Z-Y, Tang R-C, Zhai A-D. Functionalization
of silk by silver nanoparticles synthesized using the aqueous
extract from tea stem waste. Journal of Materials Research
and Technology 2020;9:4538e49. https://doi.org/10.1016/
j.jmrt.2020.02.081.

[27] Eya’ane Meva F, Ntoumba AA, Belle Ebanda Kedi P,
Tchoumbi E, Schmitz A, Schmolke L, et al. Silver and
palladium nanoparticles produced using a plant extract as
reducing agent, stabilized with an ionic liquid: sizing by X-
ray powder diffraction and dynamic light scattering. J Mater
Res Technolo 2019;8:1991e2000. https://doi.org/10.1016/
j.jmrt.2018.12.017.

[28] Hoyos-Palacio LM, Cuesta Castro DP, Ortiz-Trujillo IC, Botero
Palacio LE, Galeano Upegui BJ, Escobar Mora NJ, et al.
Compounds of carbon nanotubes decorated with silver
nanoparticles via in-situ by chemical vapor deposition (CVD).
J Mater Res Technolo 2019;8:5893e8. https://doi.org/10.1016/
j.jmrt.2019.09.062.

[29] Royji Albeladi SS, Malik MA, Al-thabaiti SA. Facile
biofabrication of silver nanoparticles using Salvia officinalis
leaf extract and its catalytic activity towards Congo red dye
degradation. J Mater Res Technolo 2020;9:10031e44. https://
doi.org/10.1016/j.jmrt.2020.06.074.

[30] Xiong Y, Huang L, Mahmud S, Yang F, Liu H. Bio-synthesized
palladium nanoparticles using alginate for catalytic
degradation of azo-dyes. Chin J Chem Eng 2020;28:1334e43.
https://doi.org/10.1016/j.cjche.2020.02.014.

[31] Chen J, Wei D, Liu Y, Xiong Y, Peng J, Mahmud S, et al. Gold/
Konjac glucomannan bionanocomposites for catalytic
degradation of mono-azo and di-azo dyes. Inorg Chem
Commun 2020. https://doi.org/10.1016/j.inoche.2020.108156.

[32] Chen J, Liu Y, Xiong Y, Wei D, Peng J, Mahmud S, et al. Konjac
glucomannan reduced-stabilized silver nanoparticles for
mono-azo and di-azo contained wastewater treatment. Inorg
Chim Acta 2021;515:120058. https://doi.org/10.1016/
j.ica.2020.120058.

[33] Liu Y, Huang L, Mahmud S, Liu H. Gold nanoparticles
biosynthesized using Ginkgo biloba leaf aqueous extract for
the decolorization of azo-dyes and fluorescent detection of
Cr (VI). J Cluster Sci 2020;31:549e60. https://doi.org/10.1007/
s10876-019-01673-x.

[34] Huang L, Sun Y, Mahmud S, Liu H. Biological and
environmental applications of silver nanoparticles
synthesized using the aqueous extract of Ginkgo biloba leaf. J
Inorg Organomet Polym Mater 2019;30:1653e68. https://
doi.org/10.1007/s10904-019-01313-x.

[35] Zargar V, Asghari M, Dashti A. A review on chitin and
chitosan polymers: structure, chemistry, solubility,
derivatives, and applications. Chem Bio Eng Reviews
2015;2:204e26. https://doi.org/10.1002/cben.201400025.

[36] Kalaivani R, Maruthupandy M, Muneeswaran T, Hameedha
Beevi A, Anand M, Ramakritinan CM, et al. Synthesis of
chitosan mediated silver nanoparticles (Ag NPs) for potential
antimicrobial applications. Frontiers Laboratory Med
2018;2:30e5. https://doi.org/10.1016/j.flm.2018.04.002.

[37] Priya K, Vijayakumar M, Janani B. Chitosan-mediated
synthesis of biogenic silver nanoparticles (AgNPs),
nanoparticle characterisation and in vitro assessment of
anticancer activity in human hepatocellular carcinoma
HepG2 cells. Int J Biol Macromol 2020;149:844e52. https://
doi.org/10.1016/j.ijbiomac.2020.02.007.

[38] Phan TTV, Hoang G, Nguyen TP, Kim HH, Mondal S,
Manivasagan P, et al. Chitosan as a stabilizer and size-
control agent for synthesis of porous flower-shaped
palladium nanoparticles and their applications on photo-
based therapies. Carbohydr Polym 2019;205:340e52. https://
doi.org/10.1016/j.carbpol.2018.10.062.

https://doi.org/10.1016/j.seppur.2020.117266
https://doi.org/10.1016/j.seppur.2020.117266
https://doi.org/10.1177/0040517519887532
https://doi.org/10.1177/0040517519887532
https://doi.org/10.3390/fib5030035
https://doi.org/10.3390/fib5030035
https://doi.org/10.14233/ajchem.2017.20560
https://doi.org/10.14233/ajchem.2017.20560
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref11
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref11
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref11
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref11
https://doi.org/10.5923/j.textile.20150402.03
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref13
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref13
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref13
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref13
https://doi.org/10.1016/S0168-1656(02)00302-4
https://doi.org/10.1016/S0168-1656(02)00302-4
https://doi.org/10.1016/j.jhazmat.2020.122774
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref16
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref16
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref16
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref16
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref16
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref16
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref17
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref17
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref17
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref18
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref18
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref18
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref18
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref19
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref19
https://doi.org/10.13005/ojc/330507
https://doi.org/10.13005/ojc/330507
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref21
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref21
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref21
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref21
https://doi.org/10.3390/polym12051072
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref23
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref23
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref23
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref23
https://doi.org/10.14233/ajchem.2018.20924
https://doi.org/10.14233/ajchem.2018.20924
https://doi.org/10.1049/iet-nbt.2017.0074
https://doi.org/10.1016/j.jmrt.2020.02.081
https://doi.org/10.1016/j.jmrt.2020.02.081
https://doi.org/10.1016/j.jmrt.2018.12.017
https://doi.org/10.1016/j.jmrt.2018.12.017
https://doi.org/10.1016/j.jmrt.2019.09.062
https://doi.org/10.1016/j.jmrt.2019.09.062
https://doi.org/10.1016/j.jmrt.2020.06.074
https://doi.org/10.1016/j.jmrt.2020.06.074
https://doi.org/10.1016/j.cjche.2020.02.014
https://doi.org/10.1016/j.inoche.2020.108156
https://doi.org/10.1016/j.ica.2020.120058
https://doi.org/10.1016/j.ica.2020.120058
https://doi.org/10.1007/s10876-019-01673-x
https://doi.org/10.1007/s10876-019-01673-x
https://doi.org/10.1007/s10904-019-01313-x
https://doi.org/10.1007/s10904-019-01313-x
https://doi.org/10.1002/cben.201400025
https://doi.org/10.1016/j.flm.2018.04.002
https://doi.org/10.1016/j.ijbiomac.2020.02.007
https://doi.org/10.1016/j.ijbiomac.2020.02.007
https://doi.org/10.1016/j.carbpol.2018.10.062
https://doi.org/10.1016/j.carbpol.2018.10.062
https://doi.org/10.1016/j.jmrt.2020.11.056
https://doi.org/10.1016/j.jmrt.2020.11.056


j o u r n a l o f m a t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 0 ; 9 ( 6 ) : 1 6 1 3 5e1 6 1 4 5 16145
[39] Phan TTV, Ahn S-H, Oh J. Chitosan-mediated facile green
synthesis of size-controllable gold nanostars for effective
photothermal therapy and photoacoustic imaging. Eur
Polym J 2019;118:492e501. https://doi.org/10.1016/
j.eurpolymj.2019.06.023.

[40] Deng H-H, Lin X-L, Liu Y-H, Li K-L, Zhuang Q-Q, Peng H-P,
et al. Chitosan-stabilized platinum nanoparticles as effective
oxidase mimics for colorimetric detection of acid
phosphatase. Nanoscale 2017;9:10292e300. https://doi.org/
10.1039/C7NR03399K.

[41] Usman MS, Ibrahim NA, Shameli K, Zainuddin N,
Yunus WMZW. Copper nanoparticles mediated by chitosan:
synthesis and characterization via chemical methods.
Molecules 2012;17:14928e36. https://doi.org/10.3390/
molecules171214928.

[42] Butola B, Kumar A. Green chemistry based in-situ synthesis
of silver nanoparticles for multifunctional finishing of
chitosan polysaccharide modified cellulosic textile substrate.
Int J Biol Macromol 2019;152:1135e45. https://doi.org/
10.1016/j.ijbiomac.2019.10.202.

[43] Butola B, Verma D. Facile synthesis of chitosan-silver
nanoparticles onto linen for antibacterial activity and free-
radical scavenging textiles. Int J Biol Macromol
2019;133:1134e41. https://doi.org/10.1016/
j.ijbiomac.2019.04.186.

[44] Hasan KF, Wang H, Mahmud S, Taher MA, Genyang C. Wool
functionalization through AgNPs: coloration, antibacterial,
and wastewater treatment. Surface Innovations 2020.
https://doi.org/10.1680/jsuin.20.00031.

[45] Hasan K, Pervez M, Talukder M, Sultana M, Mahmud S,
Meraz M, et al. A novel coloration of polyester fabric through
green silver nanoparticles (G-AgNPs@ PET). Nanomaterials
2019;9:569. https://doi.org/10.3390/nano9040569.

[46] Raza ZA, Bilal U, Noreen U, Munim SA, Riaz S, Abdullah MU,
et al. Chitosan mediated formation and impregnation of
silver nanoparticles on viscose fabric in single bath for
antibacterial performance. Fibers Polym 2019;20:1360e7.
https://doi.org/10.1007/s12221-019-1018-y.

[47] Hasan KMF, Wang H, Mahmud S, Genyang C. Coloration of
aramid fabric via in-situ biosynthesis of silver nanoparticles
with enhanced antibacterial effect. Inorg Chem Commun
2020;119:108115. https://doi.org/10.1016/
j.inoche.2020.108115.

[48] Perelshtein I, Applerot G, Perkas N, Guibert G, Mikhailov S,
Gedanken A. Sonochemical coating of silver nanoparticles
on textile fabrics (nylon, polyester and cotton) and their
antibacterial activity. Nanotechnology 2008;19:245705.

[49] Perkas N, Amirian G, Dubinsky S, Gazit S, Gedanken A.
Ultrasound-assisted coating of nylon 6, 6 with silver
nanoparticles and its antibacterial activity. J Appl Polym Sci
2007;104:1423e30. https://doi.org/10.1002/app.24728.

[50] Dubas ST, Kumlangdudsana P, Potiyaraj P. Layer-by-layer
deposition of antimicrobial silver nanoparticles on textile
fibers. Colloid Surface Physicochem Eng Aspect
2006;289:105e9. https://doi.org/10.1016/
j.colsurfa.2006.04.012.

[51] Montazer M, Shamei A, Alimohammadi F. Stabilized
nanosilver loaded nylon knitted fabric using BTCA without
yellowing. Prog Org Coating 2012;74:270e6. https://doi.org/
10.1016/j.porgcoat.2012.01.003.

[52] Montazer M, Komeily Nia Z. Conductive nylon fabric through
in situ synthesis of nano-silver: preparation and
characterization. Mater Sci Eng C 2015;56:341e7. https://
doi.org/10.1016/j.msec.2015.06.044.

[53] Zhang R, Zhang B, Dou W, Wu Y, Luo L. Preparation of nano-
Fe 3 O 4/nylon composite fabric with magnetic properties by
post finishing method. Fibers Polym 2019;20:1396e403.
https://doi.org/10.1007/s12221-019-1242-5.

[54] Su�arez M, Esteban-Tejeda L, Malpartida F, Fern�andez A,
Moya J. Biocide activity of diatom-silver nanocomposite.
Mater Lett 2010;64:2122e5. https://doi.org/10.1016/
j.matlet.2010.06.061.

[55] Xiong Z, Li T, Liu F, Lin H, Zhong Y, Meng Qa, et al. Chinese
knot inspired Ag nanowire membrane for robust separation
in water remediation. Advanced Materials Interfaces
2018;5:1800183. https://doi.org/10.1002/admi.201800183.

[56] Dur�an N, Dur�an M, De Jesus MB, Seabra AB, F�avaro WJ,
Nakazato G. Silver nanoparticles: a new view on mechanistic
aspects on antimicrobial activity. Nanomed Nanotechnol
Biol Med 2016;12:789e99. https://doi.org/10.1016/
j.nano.2015.11.016.

https://doi.org/10.1016/j.eurpolymj.2019.06.023
https://doi.org/10.1016/j.eurpolymj.2019.06.023
https://doi.org/10.1039/C7NR03399K
https://doi.org/10.1039/C7NR03399K
https://doi.org/10.3390/molecules171214928
https://doi.org/10.3390/molecules171214928
https://doi.org/10.1016/j.ijbiomac.2019.10.202
https://doi.org/10.1016/j.ijbiomac.2019.10.202
https://doi.org/10.1016/j.ijbiomac.2019.04.186
https://doi.org/10.1016/j.ijbiomac.2019.04.186
https://doi.org/10.1680/jsuin.20.00031
https://doi.org/10.3390/nano9040569
https://doi.org/10.1007/s12221-019-1018-y
https://doi.org/10.1016/j.inoche.2020.108115
https://doi.org/10.1016/j.inoche.2020.108115
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref48
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref48
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref48
http://refhub.elsevier.com/S2238-7854(20)32022-6/sref48
https://doi.org/10.1002/app.24728
https://doi.org/10.1016/j.colsurfa.2006.04.012
https://doi.org/10.1016/j.colsurfa.2006.04.012
https://doi.org/10.1016/j.porgcoat.2012.01.003
https://doi.org/10.1016/j.porgcoat.2012.01.003
https://doi.org/10.1016/j.msec.2015.06.044
https://doi.org/10.1016/j.msec.2015.06.044
https://doi.org/10.1007/s12221-019-1242-5
https://doi.org/10.1016/j.matlet.2010.06.061
https://doi.org/10.1016/j.matlet.2010.06.061
https://doi.org/10.1002/admi.201800183
https://doi.org/10.1016/j.nano.2015.11.016
https://doi.org/10.1016/j.nano.2015.11.016
https://doi.org/10.1016/j.jmrt.2020.11.056
https://doi.org/10.1016/j.jmrt.2020.11.056

	Colorful and antibacterial nylon fabric via in-situ biosynthesis of chitosan mediated nanosilver
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. In-situ bio-synthesis of AgNPs on nylon
	2.3. Characterization and measurement

	3. Results and discussions
	3.1. In-situ synthesis of AgNPs on nylon
	3.2. Characterization of AgNPs treated nylon
	3.3. Color strength and fastness
	3.4. Antibacterial functions

	4. Conclusions
	Declaration of Competing Interest
	.Acknowledgments
	References


