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ABSTRACT: Silver nanoparticles (AgNPs) with diameter about 11.6  0.7 nm in chitosan solution were 

synthesized by -irradiation at the dose of 17.6 kGy, and then immobilized onto fabrics. The Ag-NPs contents 

onto cotton and peco fabrics were about 1700 and 140 mg/kg for the initial AgNPs concentrations of 1000 and 

100 ppm, respectively. The AgNPs colloidal solution was characterized by UV-Vis spectroscopy and TEM 

image. The AgNPs size has been estimated by using Debye-Scherrer formula from X ray diffraction pattern. 

The presence of AgNPs on fabrics was confirmed from scanning electron microscopy (SEM) images. The 

antibacterial activity of AgNPs cotton and peco fabrics after 60 washings against Staphylococcus aureus and 

Klebsiella pneumonia was found to be > 99.40%. Effects of AgNPs on multidrug-resistant pathogens from the 

clinical specimens were also tested. In addition, the AgNPs fabrics were innoxious to the skin (k=0) by skin-

irritation testing to animal (rabbit). 

 

1. INTRODUCTION  

The synthesis and functionalization of silver nanoparticles (AgNPs) have been extensively 

investigated in past decades due to their highly antimicrobial activity and potential applications. A 

number of reports are available on the synthesis of metal nanoparticles in solution by different 

methods [1, 2, 3]. Bogle et al. (2006) described the synthesis of dispersed nanoparticulate silver 

using gamma-irradiation [4]. Chen et al. (2007) also synthesized silver nanoparticles by γ-ray 

irradiation in acetic aqueous solution containing chitosan [5]. The advantage of radiolytic method is 

possibility to obtain a homogeneous distribution of synthesized AgNPs in stabilizer as well as to 

control particle size. The broad-spectrum of antimicrobial properties of AgNPs encourage its use in 

biomedicine, water and air purification, food production, cosmetics, numerous household products 

[6, 7]. Because of their effective antimicrobial properties and low toxicity toward mammalian cells, 

AgNPs have become one of the most commonly used nanomaterials in consumer products [8]. 

Kokura et al. (2010) proved that silver nanoparticles were able to be used for preservation of 

cosmetics against mixed bacteria and mixed fungi [9]. AgNPs can be immobilized on the fibers, 

bringing new properties to the final textile product, especially for antibacterial effect. The 
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antibacterial fabrics can be used to make bandage, gauze, bed sheets, surgical clothes,… [10, 11]. 

The AgNPs interact with the bacterial membrane and are able to penetrate inside the cell. The 

mechanisms of interaction involved AgNPs attached to bacterial cell membranes increase 

permeability and disturb respiration. The AgNPs may catalyze reactions with oxygen leading to 

reactive oxygen species (ROS) production which can cause DNA damage, protein and cell 

membrane breakdown. The catalytic silver can destroy bacteria’s disulfide bonds to counteract the 

synthesis of bacterial cell. AgNPs are oxidized generating silver ions that can disrupt ATP 

production (adenosine triphosphate) to inhibit the adsorption of phosphate of protein [12].  

In this study, we immobilized AgNPs which were prepared by -rays of AgNO3/chitosan 

solution onto cotton and peco fabrics. The durability of AgNPs adhered to fabrics and antibacterial 

effects as well as skin irritation test were investigated after repeated washings.  

2. EXPERIMENTAL 

2.1. Materials 

- Cotton (100%) and peco (65% polyester and 35% cotton) fabrics weighing 120 and 115 

g/m
2 

respectively were provided by VICOTEX Company (Vietnam). 

- All other chemicals, including silver nitrate (AgNO3), (S) - lactic acid (90%), sodium 

hydroxide (NaOH) were of reagent grade. 

- Chitosan with a deacetylation degree about 80% (Mw = 1.06  10
5
 Da) was prepared by 

deacetylation of chitin in 50% sodium hydroxide at 100
o
C for 1 h.   

2.2. Methods 

2.2.1. Preparation of silver nanoparticles by -irradiation  

Chitosan was dissolved in lactic acid 1% (v/v), then neutralized by NaOH 2mM to obtain 

mixture with pH~ 5.5. Next, AgNO3 10mM was added slowly into chitosan solution and irradiated 

by 
60

Co -rays in the dose range from 3 to 25 kGy. 

UV-Vis spectra were recorded on a Jasco V-630 spectrophotometer for the colloidal AgNPs 

from10 mM AgNO3 in 1.0 % chitosan solution irradiated by -rays. The crystalline size of AgNPs 

which were collected by ultra-centrifugal instrument at the rate of 4000 rpm, were estimated by 

using Debye-Scherrer formula: 

D = K λ/ β cosθ                                                           (1) 

where K = 0.89, λ is the wave length of X-ray (1.5405 Å), β is the full width at half 

maximum (FWHM), θ is the diffraction angle (Bragg) and D is the particle diameter size [13]. 

 The morphology of AgNPs was analyzed with a transmission electron microscope 

(TEM),  JEOL, JEM-1400, at an accelerated voltage of 100 kV.   

 2.2.2. Immobilization of silver nanoparticles onto textile fabrics 

All sample fabrics were immersed in a colloidal solution bath for 2-3 min and squeezed to 

100% wet pick-up by a rotation axis at a constant pressure. Then the AgNPs -fabrics were dried and 

cured at 120
o
C for 2-3 min before rolling AgNPs-fabrics product.  

 2.2.3. Antibacterial efficacy and skin irritation test of product 

Antibacterial properties of resultant fabrics were verified according to AATCC Test Method 

100-2004 against Staphylococcus aureus and Klebsiella pneumonia. The other bacteria which were 

isolated from the infected fabrics by sheeting on sick-beds such as Staphylococcus aureus, 

Klebsiella pneumoniae, Acinetobacter spp, Escherichia coli, Enterobacter spp, Proteus, 

Pseudomonas aeruginosa, Provindencia spp, Streptococcus pneumoniae and Staphylococcus 
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epidermidis were also observed. Skin irritation test was carried out by Institute of Drug Testing 

following ISO-10993-10 (2002) [14].  

3. RESULTS AND DISCUSSION  

3.1. Characterization of AgNPs colloidal solution 

During γ-irradiation of the AgNO3 solution, the hydrated electron (eaq
-
) and radical of H

  
that were 

generated
 
by water radiolysis can reduce Ag

+  
to Ag as shown in Eqs. (1), (2) and (3) [15]. 

Continuous reduction of the Ag
+
 solution causes the aggregation of clusters into AgNPs. In this 

study, chitosan was used as stabilizer of AgNPs because chitosan can form chelate compounds 

mainly with silver ions in the form of cations. Besides, the 

OH groups in radiolytic solution can 

react with chitosan to abstract hydrogen and form macromolecule free radicals as Eq. 4. These 

radicals can reduce the cluster of Ag
+
 ions forming the cluster of AgNPs (Eq.5). The binding of 

silver clusters by chitosan is achieved through the Ag-O bond [16]. The reactions can be proposed 

as follows: 

                                 H2O (γ –rays)     →    

OH  +  e

-
aq  +   

•
H   +   H2O2   +  H2  +  ...                (2)   

                                                                          Ag
+
     +    e

-
aq     →    Ag

0                       
(3)

                                                                                        

Ag
+
     +    H

  
 →   Ag

0
  +   H

+
                (4) 

             [C6H11O4N]n  (Chitosan)   +  

OH   →  [C6H11O4N]n-1[C6H10O4N]


    +    H2O                 (5)               

Ag 
+
 +  [C6H11O4N]n-1[C6H10O4N]


        → Ag

0
 - [C6H11O4N]n-1[C6H9O4N]

    
+ H

+ 
                (6) 

                  nAg
0
  Ag2   … Agn                   (7)                                                      

The UV-Vis absorbance spectra of AgNPs depict peak maxima in the range from 410-415 nm with 

respective increase in optical density (OD) in gamma dose from 3.2 to 17.6 kGy (Fig.1). These 

results demonstrate a proportional yield increase of AgNPs with gamma-irradiation dose below 17.6 

kGy. Above 17.6 kGy (22.0 and 25.5 kGy), the optical density changed insignificantly. Therefore, 

the dose of 17.6 kGy is optimal for conversion of the 10 mM AgNO3 to AgNPs in 1% chitosan 

solution at ambient temperature.  

 

Figure 1: UV-vis spectra of colloidial AgNPs from 10 mM AgNO3 solution corresponding                                   

to doses of: a) 3.2 kGy, b) 7.0 kGy, c)10.2 kGy, d) 13.6 kGy, e) 17.6 kGy, f) 22 kGy, g) 25.5 kGy. 
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            Figure 2: TEM image of AgNPs and histogram of particle size distribution at the dose of 17.6 kGy. 

 

 

 

 

 

 

 

 

Figure 3: Diffraction angle and the value FWHM at 2θ = 38.25
o 

Figure 2 shows TEM image and histogram of particle size distribution of silver 

nanoparticles stabilized by chitosan which was prepared by γ-irradiation at the doses of 17.6 kGy at 

starting concentration 10mM AgNO3. It can be seen that AgNPs with spherical morphology are 

well dispersed without aggregation. The crystalline size of AgNPs was calculated from the full 

width at half-maximum (FWHM) of diffraction peaks (111) in the XRD patterns as formula (1) to 

be 11.6 nm. 

3.2. Preparation of AgNPs/cotton and AgNPs/peco fabrics 

 

 

 

 

 

 

 

 

 

 

Figure 4: SEM images of original cotton fabrics  1,300 (a); AgNPs/ cotton fabrics  1300 (b),                            

AgNPs/ peco fabrics  1,300 (c), AgNPs/ cotton fabrics  5500 (d). 
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The presence of silver nanoparticles onto fabrics can be seen by SEM images (Fig. 4). The 

images in Fig. 4a show the smooth structure of the original cotton fabrics before coating with silver 

nanoparticles. After deposition of AgNPs onto cotton and peco fabrics, the nanoparticles that were 

dispersed on the surface of the AgNPs/fabrics demonstrated the immobilization of silver 

nanoparticles on the fabrics (Fig. 4b, 4c). The homogeneous deposition is observed in a higher 

magnification image (Fig. 4d) 

The concentrations of AgNPs colloidal solution were applied on fabrics from 100 to 1000 

ppm for preparation of AgNPs/cotton and peco fabrics. The effect of AgNPs concentration on the 

content of the AgNPs on fabrics was also investigated. In Fig. 5, the content of AgNPs increased as 

using the initial AgNPs concentrations from 100 to 1000 ppm. The AgNPs content deposited on 

fabrics to be about 1700 and 140 mg/kg for AgNPs concentrations of 1000 and 100 ppm, 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Relationship between concentration of AgNPs and AgNPs content on fabrics. 

The durability of antibacterial substance as AgNPs linked with fabrics is also an important 

factor for using. AgNPs fabrics were laundered 60 times to observe the durability of AgNPs on the 

fabrics. The AgNPs may be immobilized on fabrics by the bonds of the atomic silver with alcoholic 

groups in cellulose structure of fabrics and chitosan capped AgNPs. According to the result in Table 

1, the AgNPs content on fabrics decreased after the first washing cycle for both concentrations but 

changed insignificantly for next washings. The layer-by-layer links of the stabilizer molecules 

coating outside were formed from electrostatics force, so that they were broken easily by physical 

impact or detergent. However, the bond from the reactive center of cellulose to AgNPs capping by 

chitosan may be durable.  

Table 1: The AgNPs content on fabrics after washing cycles. 

Washing cycles 
AgNPs/cotton AgNPs/peco 

1000 ppm 100 ppm 1000 ppm 100 ppm 

0 1737   86 141  10 1779  90 143  6 

1 1058  54 109  6 771  40 103   6 
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5 994  50 113  6 718  36 107  6 

10 969  49 98  5 653  33 100  6 

20 788  40 119  8 643  33 88  5 

30 795  40 115  6 527  27 87  5 

40 529 27 107  5 435  22 90  5 

50 499  25 91  5 331  18 91  5 

60 301  15 108  6 233  12 94  5 

3.3. Antibacterial effect and skin irritation test   

Table 2: Bacterial reduction of AgNPs/cotton and AgNPs/peco fabrics in vitro. 

AgNPs/cotton AgNPs/peco 

 

Washing cycles  

   

Bacterial reduction (%) Bacterial  reduction (%) 

Staphylococcus 

aureus (+) 

        Klebsiella 

pneumonia (-) 

Staphylococcus 

aureus (+) 

Klebsiella 

pneumonia (-) 

0 

1 

5 

10 

20 

30 

40 

50 

60 

> 99.90 

> 99.90 

99.65 

99.77 

99.81 

99.82 

99.83 

99.85 

99.88 

> 99.90 

> 99.90 

98.93 

99.43 

99.49 

99.56 

99.62 

99.73 

99.78 

> 99.90 

> 99.90 

99.20 

99.79 

99.81 

99.81 

99.95 

99.96 

99.97 

> 99.90 

> 99.90 

99.38 

99.72 

99.75 

99.75 

99.84 

98.62 

99.88 

Results in Table 2 also demonstrated that antibacterial activity was influenced by the content 

of AgNPs on the fabrics. After 60 washings, an amount of AgNPs was remained on the fabrics 

about 100 mg/kg (Table 1) which inhibited the growth of S.aureus and K. pneumonia to be about 

99.90% (Table 2). Gupta et al. (2008) also reported that the AgNPs content is a key factor in 

controlling the antibacterial activity [11]. In addition, the AgNPs diameter is also an important role 

for antibacterial effect. Lee & Jeong (2005) proved that the AgNPs size about 2-3 nm has a better 

antibacterial effect than 30 nm one [17]. In this study, the AgNPs diameter about 11.6 nm was also 

effective for antibacterial activity.   

Tests in antibacterial activities against bacterial strains which were isolated from the 

infected AgNPs fabrics by coating on the sick-beds were also observed. The AgNPs fabrics 

inhibited the growth of the clinical strains such as: Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter spp, Escherichia coli, Enterobacter spp, Proteus, Pseudomonas aeruginosa, 

Provindencia spp, Streptococcus pneumoniaea and Staphylococcus epidermidis remarkably. The 

results were expressed by the reduction of total bacteria to be about 95-99% for AgNPs/peco and 

80-93% for AgNPs/cotton fabrics after 60 washings at the initial AgNPs concentrations of 100 and 

150 ppm.   
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Table 3: Bacterial reduction of AgNPs/cotton and AgNPs/peco fabrics in vivo. 

Samples Washing cycles  Bacterial reduction (%) 

    Bacteria: Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter spp, Escherichia coli, 

Enterobacter spp, Proteus spp, Pseudomonas 

aeruginosa, Provindencia spp, Streptococcus 

pneumoniae,  Staphylococcus epidermidis. 

AgNPs/cotton (1) 150 

ppm 

1 

5 

10 

20 

40 

60 

97.14 

95.72 

100 

85.79 

92.65 

93.11 

AgNPs/cotton (2) 100 

ppm 

 

1 

5 

10 

20 

40 

60 

98.11 

98.54 

99.92 

80.23 

88.41 

78.89 

AgNPs/peco (3) 150 

ppm 

1 

5 

10 

20 

40 

60 

96.59 

97.50 

98.41 

95.56 

92.46 

99.49 

AgNPs/peco (4) 100 

ppm 

1 

5 

10 

20 

40 

60 

96.61 

96.88 

91.45 

85.48 

96.27 

95.11 

The fabrics imbedded AgNPs were washed from 1, 5, 10, 20, 30, 40 and 60 cycles then were 

applied on the rabbit skin. The noxiousness on skin was determined from observing the skin 

situation after contact times for 12, 24, 48 and 72 hours at 25
o
C. The erythema and oedema on the 

rabbit skin were recorded at the numerical grades to be 0 during coating AgNPs fabrics. These 

results confirmed that AgNPs/cotton fabrics are innoxious to skin with coefficient of k = 0 (Table 

4). Lee & Jeong (2005) also reported that the AgNPs of 2-3 nm in diameter have the numerical 

grading to be 0 for erythema and oedema. They also included AgNPs with 2-3 nm size was skin-

innoxious [17].   
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 Table 4: Numerical grades for testing skin irritation of AgNPs/fabrics on the rabbit skin. 

 

Samples 

Washing

s(times) 

     Numercial 

grades 

 

Remark 

Erythema Oedema                               

AgNPs/cotton, AgNPs/peco 0 0 0 Skin-innoxious (k = 0) 

 1 0 0 Skin-innoxious (k = 0) 

 5 0 0 Skin-innoxious (k = 0) 

 10 0 0 Skin-innoxious (k = 0) 

 20 0 0 Skin-innoxious (k = 0) 

 30 0 0 Skin-innoxious (k = 0) 

 40 

60 

0 

0 

0 

0 

Skin-innoxious(k = 0) 

Skin-innoxious (k = 0) 

 

 

 

 

 

 

 

 

 

 

 

                

Figure 6: The antibacterial zone diameter of AgNPs/peco for S. aureus. 

4. CONCLUSIONS 

The AgNPs were prepared effectively by gamma irradiation at the dose of 17.6 kGy for the 

10 mM AgNO3 in 1.0 % chitosan solution at ambient temperature. The AgNPs were confirmed by 

UV-vis spectra and TEM images. The average diameter of AgNPs was determined by XRD pattern 

to be about 11.6 nm. The presence of AgNPs on the fabrics was depicted by SEM images. The 

AgNPs content remained on fabrics after 60 washings to be from 200 to 300 mg/kg and 100 mg/kg 

for initial AgNPs concentrations of 1000 and 100 ppm respectively. Antibacterial efficacy of the 

AgNPs fabrics after washing 1, 5, 10, 20, 30, 40, 50 and 60 cycles was about 99.90 % for S. aureus 

and K. pneumonia. Bacterial reduction of AgNPs fabrics in vivo for clinical strains including 

antibiotic- resistant bacteria were determined to be about 95-99% and 80-93% for AgNPs/peco and 

AgNPs/cotton respectively. The AgNPs - fabrics washing from 1 to 60 cycles were innoxious to 

skin (k = 0). These results demonstrate that the AgNPs fabrics are promising approach for 

preparation of safe and efficacious antibacterial fabrics.   
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