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ABSTRACT
Eco-friendly synthesis of silver nanoparticles in situ onto synthetic fabrics [polyester (PET), polyamide6 (PA6) and polypropylene
(PP)] is carried out by reduction of silver nitrate salt into silver nanoparticles. The presence of nanosilver onto fabrics was confirmed
by Scanning electron microscope (SEM) and Energy dispersive X- ray spectroscopy (EDX) patterns. SEM images indicated the well
distribution of silver nanoparticles onto PET and PP fabrics surface and the formation of a nanolayer onto PA6fabric. The treated
fabrics acquired outstanding antibacterial and antifungal properties against Staphylococcus aureus, Klebsiella. pneumonia and
Candida albicans. Furthermore, surface electrical conductivity and color changes are measured for the treated fabrics. Nano Ag
coated PA6 fabric displayed electrical conductivity better than the untreated one.
Keywords: Silver nanoparticles, Synthetic fabrics, Green synthesis, SEM, EDX, Antibacterial activity, Electrical conductivity.

INTRODUCTION

N

anocomposites are used in many applications
such as medical textiles, cosmetics, agriculture,
optics, food packaging, semiconductor devices,
aerospace, construction and catalysis. Nanoparticles can
be incorporated into polymeric composites to improve
thermal, mechanical, electrical, catalytic and optical
properties.1New properties are imparted to textiles using
nanotechnology such as anti-bacteria, UV-protection,
anti-static, improvement of dye ability, flame retardency,
water repellency, soil resistance and wrinkle resistance.24
Preparation of silver nanoparticles (Ag NPs) by green
synthesis has many advantages compared to the
conventional method which involve chemical agents
5
having environmental toxicity.
The green synthesis of Ag nanoparticles consists of three
steps as follows: starting with selection of solvent
medium, a reducing agent and finally an eco-friendly
stabilizing agent for Ag NPs.6Green synthesis include
polysaccharide, Tollens, irradiation and biological
methods. Solutions of AgNO3 containing glucose and
starch in water protect Ag NPs, which were used for
medical applications. Tollens process involves the
reduction of [Ag(NH3)2+]complex forming nano Ag films,
hydrosols and colloid particles of different shapes and
particle sizes. Formation of Ag NPs by irradiation of Ag+
ions does not involve a reducing agent, which is an
important procedure. Bio-organisms in plant extracts
containing proteins, which act as both reducing and
capping agents, form stable and shape-controlled Ag NPs.
For example, the extract of unicellular green algae
Chlorella vulgaris was used to synthesize single-crystalline
Ag nanoplates at room temperature.5

Surface modification of natural and synthetic fabrics by
plasma and/or nano silver highly improved hydrophilicity,
antibacterial properties, dyeing and fastness properties. 710

Antibacterial properties were produced by coating fabrics
with silver nanoparticles via ultrasound radiation in a onestep reaction forming a uniform coating of silver
nanoparticles on fabrics surfaces with different functional
groups.11
Microorganisms play an important role in reduction of
metal ions. It was demonstrated that stable silver
nanoparticles can be generated by reduction of silver ions
extracellular using fungi of Fusarium oxysporum. These
fabrics
exhibited
antibacterial
activity
against
12
Staphylococcus aureus.
Green synthesis of silver nanoparticles using plant extract
is an interesting method. Natural products have
antibacterial, antioxidant and antitumor activity.1315
Parthenium hysterophorus was used for the removal of
heavy metals and dyes from the environment. So,
synthesis of silver nanoparticles from bio reduction of
Parthenium hysterophorus leaf extracts showed effective
antibacterial, and antioxidant activity.16
Antimicrobial polypropylene / nano Ag (PP/Ag) of
nonwoven dressings was manufactured by melt extrusion
and spinning technique.17-19Application of PP/Ag dressings
to wounds enhanced complete wound healing.20-23
Conductive nylon6 fabric was prepared using nano silver
through in situ, green and low cost method based on
Tollens' reagent (silver/ammonia complex [Ag(NH3)2]+).
The functional groups of polyamide chains reduced silver
complex without using any additional chemical reducing
agents.24, 25
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In the present investigation, an eco-friendly synthesis of
silver nanoparticles onto synthetic fabrics through in situ
reduction of silver nitrate salt into silver nanoparticles is
presented. Characterization of nano silver onto fabrics
was confirmed by SEM and EDX patterns. Antibacterial
and antifungal activity was determined by optical density
measurement. Furthermore, surface electrical properties
and color changes of treated fabrics were measured.
MATERIALS AND METHODS
Materials
Fabrics
Nonwoven polypropylene (PP, 70 g/m2, thickness 0.58
2
mm), woven polyester fabrics (PET, 155g/m , thickness
0.33 mm) and woven polyamide 6 (PA6, 103 g/m 2,
thickness 0.31 mm).
Chemicals
Silver nitrate and sodium hydroxide were purchased from
local market and have been used as received. Nonionic
wetting agent (Triton X-100) was obtained from Aldrich
Co.
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The treated fabric was introduced into 20 ml nutrient
broth and inoculated with the respective bacterial strains
followed by overnight (24 hrs) incubation at 37oC. Growth
of
the
bacterial
strains
was
determined
spectrophotometrically by measuring the optical density
at 660 nm (OD660) in presence of the treated fabric
against a blank of un-inoculated sterile medium. Similarly,
the fungal strains inoculated into potato dextrose broth
and incubated for 48 hours at 28oC in a shaker incubator
followed by measurement of optical density at 450 nm
(OD450) against a blank of un-inoculated sterile medium.
Before recording the OD of the respective media after
incubation, the culture tubes were shaken thoroughly in
order to bring microorganisms into suspension.
Optical density is directly proportional to the number of
microorganisms (bacteria or fungi) in the medium. The
percentage of reduction of the microorganisms was
expressed as follows.
R = (B - A)/B x100

(Eq.1)

Methods

R is the percentage of reduction of microbial population;
B is the absorbance of the media inoculated with
microbes and A is the absorbance of the media inoculated
with microbes and treated fabric.26

Scouring of fabrics

Surface electrical conductivity measurement

Woven PET and woven PA6 fabrics were washed with
2g/L nonionic detergent (Triton X-100), at 50oC for 1h,
liquor ratio 1:50 with continuous stirring. Nonwoven PP
fabric was extracted with acetone for 30 min to remove
lubricants.

Surface electrical conductivity measurement was
performed using Computerized LRC-bridge (Hioki model
3531 zHi Tester). The electrical conductivity (σ) for the
investigated treated and untreated PA6 fabrics were
studied at room temperature and frequency ranging from
(0.1 to 100 KHz). The PA6 fabrics used in the electrical
conductivity measurement were in disc form, having 10
mm in diameter and pressed using a pressure of 10 tons
at room temperature. Then, silver paste was coated to
form electrodes on both sides of the sintered ceramic
specimens in order to ensure good contact. The electric
measurements were carried out by inserting the sample
between two parallel plate conductors forming cell
capacitor. The electrical conductivity was calculated from
the relation:

Synthesis of silver nanoparticles from silver salt
Adjust 80 ml distilled water to pH 12 using sodium
hydroxide (0.1 M) then 1 g of fabric was added and
heated at 85oC with continuous shaking. 10 ml of silver
nitrate (0.058M and 0.015 M) was added drop wise and
the solution was continuously heated at 85oC for 2 hours
where silver nitrate was reduced to Ag nanoparticles and
adhered onto the fabric. Finally, the fabric was thoroughly
washed using 2 g/L nonionic detergent at 50oC for 20 min,
well rinsed in a sonicator and air dried.
Analysis methods
SEM and EDX
The fabric containing nano silver was well washed with
distilled water in a sonicator and then dried before SEM
and EDX determination. The fabric was tested on SEM
Quanta FEG 250 (FEI Co.) working at 20 KV. The fabric was
coated with Carbon double face and fixed with stubs of
Quanta holder and examined in low vacuum.
Antimicrobial activity test
The antibacterial and antifungal studies of treated fabrics
with Ag nanoparticles were accomplished in triplicates
using standard methods (AATCC TM100).

σ= 2πfd c tan δ/A (Eq. 2)
Where σ is the A.C. conductivity, f is the operating
frequency, d is the thickness of the sample, tanδ is the
loss tangent, c is the capacitance and A is the area of the
electrode.
Color measurements
The three coordinates (L*, a* and b*) of CIELAB color
system as a common method for color measurement of
textile were obtained using Ultra scan Pro Hunter Lab. L*
indicates the lightness and a* and b* show the redness–
greenness and yellowness–blueness values, respectively.
The color difference between two fabrics is determined
by ΔE using Eq. (3)27
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ΔE = [(ΔL*)2+(Δa*)2+(Δb*)2]0.5

(Eq. 3)

ΔE: the total difference between the untreated and
treated fabrics, L*: represent white-black axis, a*:
represent the red- green axis, b*: represent the yellowblue axis
RESULTS AND DISCUSSION
Eco friendly, low cost syntheses of silver nanoparticles
onto synthetic fabrics (PET, PP and PA6) were done to
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acquire new functionality to these fabrics such as
antimicrobial properties. Silver nanoparticles are formed
in situ within the polymeric chains of fabrics. The
polymeric chains reduced and stabilized Ag nanoparticles.
SEM and EDX
Figures 1-3 illustrated SEM images and EDX patterns of
the untreated and treated PET, PP and PA6 fabrics coated
with silver nanoparticles respectively.

Figure 1: SEM and EDX of PET fabric coated with Ag nanoparticles, AgNO3 concentration (1a: 0.058 M) and (1b: 0.015 M)

Figure 2: SEM and EDX of PP fabric coated with Ag nanoparticles, AgNO3 concentration (2a: 0.058 M) and (2b: 0.015 M)

Figure 3: SEM and EDX of PA6 fabric coated with Ag nanoparticles, AgNO3 concentration (3a: 0.058 M) and (3b: 0.015 M)
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SEM showed the homogeneous deposition of silver
nanoparticles onto the treated PET and PP fabrics and
the formation of a nanolayer onto PA6 fabric surface.
Also, EDX spectrum of the treated PET, PP and PA6
fabrics indicated the percentages of the elements based
on weight percentage and atomic percentage. It also
confirms the presence of Ag nanoparticles on the
treated fabric.
Antimicrobial activity test
Silver nanoparticles have high antimicrobial efficacy
against a wide range of bacteria, fungi, algae, etc. 5The
treated fabric of PP and PET containing 2% nano silver
and PA6 containing 21% nano silver were tested against
gram-positive bacteria (Staphylococcus aureus), gramnegative bacteria (Klebsiella pneumonia) and fungi
(Candida albicans). An efficient antimicrobial effect is
achieved on the treated fabrics due to the presence of
silver nanoparticles (Table 1). The treated PET fabric
showed the best bactericidal activity on the tested
bacteria and fungi.
Table 1: Antimicrobial activity of PP, PA6 and PET fabrics
loaded with silver nanoparticles
Percentage reduction of microbial count
(as compared to control growth)
Fabric
Staphylococcus
aureus
PP treated with
AgNO3

92%

Klebsiella
pneumonia
99%

Candida
albicans
95%

(0.058 M)
PA6treated
with AgNO3
(0.058 M)

95%

PET treated
with AgNO3
(0.058 M)

100%

100%

99%

100%

100%
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Table 2: Conductivity measurements for the treated and
untreated PA6 fabrics
-1

-1

Conductivity measurements (Ω cm )
Frequency (Hz)

Untreated PA6
fabric

PA6 treated with
AgNO3(0.058 M)

100

0.003

0.006985

1000

0.000314

0.000855

10000

0.000991

0.001911

100000

0.000989

0.003791

At low concentration of AgNO3 (0.015 M), a* and b*
values for the treated fabric are higher than the
untreated one. This means that a little shift of color
towards red yellowish area is happened. By increasing
the concentration of AgNO3 (0.058 M), Ag nanoparticles
deposition was increased onto the fabric and the hue of
color is shifted towards green yellowish area.
Also, for the polyester fabric, a little shift of color (L*, a*
and b*) occurred in the same manner as PA6 fabrics.
Table 3: The color difference for the untreated and
nano Ag treated PA6 and PET fabrics
Fabric

L*

a*

b*

ΔE

Untreated PA6

71.74

-0.82

-0.68

0

PA6 treated with
AgNO3(0.015 M)

27.77

4.55

11.77

46.20

PA6treated with
AgNO3(0.058 M)

25.59

-1.54

6.12

46.84

Untreated PET

81.37

-0.55

-1.31

0

PET treated with
AgNO3(0.015 M)

61.62

3.01

15.09

25.73

PET treated with
AgNO3(0.058 M)

50.27

2.06

14.16

34.59

CONCLUSION

Surface electrical conductivity measurement
PA6 fabric loaded with nano silver displayed enhanced
electrical conductivity compared with the untreated
fabric showed in Table 2. Fabric electrical conductivity
increased with increasing the operating frequency. The
conduction occurs when the distances between the
conductive particles are close enough; roughly less than
10 nm.24 These results approved the formation of a
continuous silver nanoparticles network producing a
nanolayer coated the fiber surface.
Color measurements
In case of PA6 fabric, from Table 3, L* value of the
treated PA6 fabric is lower than the untreated fabric.
Which means the color becomes darker.

Green synthesis of silver nanoparticles in situ onto
synthetic fabrics [polyester (PET), polyamide 6 (PA6)
and polypropylene (PP)] was carried out by reduction of
silver nitrate into silver nanoparticles. Characterization
and confirmation for the presence of nano silver onto
treated fabrics were performed by Scanning electron
microscope (SEM) and Energy dispersive X- ray
spectroscopy (EDX) patterns. SEM images indicated the
well distribution of silver nanoparticles onto PET and PP
fabrics surface. Moreover, the formation of a nanolayer
onto PA6 fabric was illustrated. The treated synthetic
fabrics exhibited excellent antibacterial and antifungal
activities against Staphylococcus aureus, K. pneumonia
and Candida albicans. PET treated fabric inhibited 100%
the growth of all tested micro-organisms. Surface
electrical conductivity and color changes were
measured for the treated fabrics. The electrical
conductivity for the treated PA6 fabric increased
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relative to the untreated fabric due to coating of fabric
with silver nanoparticles.
Acknowledgment: The authors gratefully acknowledge
the support of the project no 9163 (2014) which is
awarded by the Science and Technology Development
Fund(STDF) of the Academy of Scientific Research and
Technology (ASRT), Cairo, Egypt.
REFERENCES

ISSN 0976 – 044X

and evaluation of their antimicrobial activities, Carib.j.SciTech, 3,
2015, 832-838.
14. Khan ZUH, Khan A, Shah A, Wan P, Chen Y, Khan GM, Khan AU,
Tahir K, Muhammad N, Khan HU, Enhanced photo catalytic and
electro catalytic applications of green synthesized silver
nanoparticles, J MolLiq, 220, 2016, 248-257.
15. Khalilzadeh MA, Borzoo M, Green synthesis of silver nanoparticles
using onion extract and their application for the preparation of a
modified electrode for determination of ascorbic acid, J Food
Drug Anal, 24, 2016, 796-803.

1.

Kango S, KaliaS, Celli A, Njuguna J, Habibi Y,Kumar R, Surface
modification of inorganic nanoparticles for development of
organic–inorganic nanocomposites-A review, Prog. Polym. Sci.,
38, 2013, 1232-1261.

16. Kalaiselvi M, Subbaiya R, Selvam M, Synthesis and
characterization of silver nanoparticles from leaf extract of
Parthenium hysterophorus and its anti-bacterial and antioxidant
activity, Int.J.Curr.Microbiol.App.Sci, 2, 2013, 220-227.

2.

Wong YWH, Yuen CWM, Leung MYS, Ku SKA, Lam HLI, Selected
applications of nanotechnology in textiles, AUTEX Res J, 6, 2006,
1-8.

17. Gawish SM, Avci H, Ramadan AM, Mosleh S, Monticello R,
BreidtF, Kotek R, Properties of Antibacterial Polypropylene/
Nanometal Composite Fibers, J BiomatSci, 23, 2012, 43-61.

3.

Dastjerdi R, Montazer M,A review on the application of inorganic
nano-structured materials in the modification of textiles, Focus on
anti-microbial properties, Colloid Surface B, 79, 2010, 5-18.

4.

Abou El-Nour KMM, Eftaiha A, Al-Warthan A, Ammar RAA,
Synthesis and applications of silver nanoparticles, Arabian J.
Chem, 3, 2010, 135-140.

18. Pant B, Pant HR, Pandeya DR, Panthi G, Nam KT, Hong ST, Kim CS,
Kim HY, Characterization and antibacterial properties of Ag NPs
loaded nylon-6 nanocomposite prepared by one-step electro
spinning process, Colloids and Surfaces A, Physicochem. Eng.
Aspects, 395, 2012, 94-99.

5.

6.

7.

8.

9.

Sharma VK, Yngard RA, Lin Y,Silver nanoparticles, Green synthesis
and their antimicrobial activities, Adv Colloid Interfac, 145, 2009,
83-96.
Raveendran P, Fu J, Wallen SL, Completely “Green” Synthesis and
Stabilization of Metal Nanoparticles, J Am Chem Soc, 125, 2003,
13940-13941.
Ibrahim SF, Essa DM, Elnagar K, Abdel-Razik AM, Abdel-Rahman
AA-H, Evaluation of IR spectral analysis and dyeing parameters for
plasma and /or nano-silver treatments of polyester and nylon
fabrics, J Adv Chem, 4, 2013, 387-411.
Airoudj A, Ploux L, Roucoules V, Effect of plasma duty cycle on
silver nanoparticles loading of cotton fabrics for durable
antibacterial properties, J. Appl. Polym. Sci, 132, 41279, 2015, 1-9.
Gorenšek M, Gorjanc M, Bukošek V, Kovač J, Petrovid Z,Puač N,
Functionalization of polyester fabric by Ar/N2 plasma and silver,
Text Res J, 80, 2010, 1633–1642.

10. Ibrahim SF, Essa DM, Abdel-Razik AM, Elnagar K, Saudy MA,
Abdel-Rahman AA-H, Application of DC plasma discharge and /or
Nanosilver treatments to Poly (ethylene terephthalate) fabrics to
induce Hydrophilicity and antibacterial activity, Elixir Appl. Chem,
50, 2012, 10370-10377.
11. Perelshtein I, Applerot G, Perkas N, Guibert G, Mikhailov S,
Gedanken A, Sono chemical coating of silver nanoparticles on
textile fabrics (nylon, polyester and cotton) and their antibacterial
activity, Nanotechnology, 19, 245705, 2008, 1-6.
12. Durán N, Marcato PD, De Souza GIH, Alves OL, Esposito E,
Antibacterial effect of silver nanoparticles produced by fungal
process on textile fabrics and their effluent treatment, J. Biomed.
Nanotechnol, 3, 2007, 203-208.

19. Yeo SY, Lee HJ, Jeong SH, Preparation of nanocomposite fibers for
permanent antibacterial effect, J Mater Sci, 38, 2003, 2143-2147.
20. Gawish SM, Gamal El Din AA, Ahmed HH, Farrag A-RH, Abou-El
Kheir A, Effect of Newly Synthesized Polypropylene/Silver
Nonwoven Fabric Dressing on Incisional Wound Healing in Rats,
Maced J Med Sci, 2, 2014, 395-403.
21. Hebeish A, El-Rafie MH, EL-Sheikh MA, Seleem AA, El-Naggar ME,
Antimicrobial wound dressing and anti-inflammatory efficacy of
silver nanoparticles, Int J Biol Macromol, 65, 2014, 509-515.
22. Maneerung T, Tokura S, Rujiravanit R, Impregnation of silver
nanoparticles into bacterial cellulose for antimicrobial wound
dressing, Carbohydr. Polym, 72, 2008, 43-51.
23. Wu J, Zheng Y, Song W, Luan J, Wen X, Wu Z, Chen X, Wang Q,
Guo S, In situ synthesis of silver-nanoparticles/bacterial cellulose
composites for slow-released antimicrobial wound dressing,
Carbohydr. Polym, 102, 2014, 762-771.
24. Montazer M, Nia ZK, Conductive nylon fabric through in situ
synthesis of nano-silver, Preparation and characterization, Mat Sci
Eng C, 56, 2015, 341-347.
25. Montazer M, Shamei A, Alimohammadi F, Synthesis of nanosilver
on polyamide fabric using silver/ammonia complex, Mat Sci Eng C,
38, 2014, 170-176.
26. Baliarsingh S, Behera PC, Jena J, Das T, Das NB, UV reflectance
attributed direct correlation to colour strength and absorbance of
natural dyed yarn with respect to mordant use and their potential
antimicrobial efficacy, J Clean Prod, 102, 2015, 485-492.
27. Montazer M, Alimohammadi F, Shamei A, Rahimi MK, In situ
synthesis of nano silver on cotton using Tollens’ reagent,
Carbohydr. Polym, 87, 2012, 1706-1712.

13. Sudhakar PS, Krishna KBM, Sundar BS, Biosynthesis of silver
nanoparticles using whole plant extract of the Azadirachta indica

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net
© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

311

