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 A new durable antibacterial cotton fabric was successfully prepared by free-radical graft 
copolymerization of acrylic acid (AA) and itaconic acid (IA) onto a cotton fabric in an aqueous 
medium. Ammonium persulfate (APS) was used as the initiator in the presence of a crosslinker, 
methylene bisacrylamide (MBA). The nanocomposite hydrogel was obtained from in situ 
formation of silver nanoparticles from reduction of silver cations by sodium borohydride. A 
proposed mechanism for nanocomposite formation was suggested and the effect of ratio of IA 
to AA on water absorbency discussed. FTIR, UV-Vis, X-ray, and scanning electron microscopy 
were employed to characterize the structure of the prepared superabsorbent. The antibacterial 
activity of the hydrogel was tested qualitatively and quantitatively. Results showed that the 
silver nanoparticle-loaded fabric has potent antibacterial activity to Escherichia coli Gram-
negative bacteria. 

© 2013 Growing Science Ltd.  All rights reserved. 
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1. Introduction     

Textile industry has made significant advances in developing antibacterial fibers and agents. Today, 
textile materials are used widely in various environments and antimicrobial treatment is rapidly 
becoming a prerequisite for textile goods used in hospitals, hotels, sports, and personal care 
industries1. Common problem in hospitals and healthcare institutions is microbial contamination of 
surfaces, including textile fabrics, which can lead to infections and consequently to cross-infections. 
Therefore, it is essential to reduce the transmission of harmful microorganisms and the spread of the 
secondary infections within a curative environment. Hospital acquired infections are prolonging the 
healing of patients and also representing the extra costs to the health service.  

Accordingly, it is extremely important that protective clothing and hospital linen meet the demands 
for antimicrobial protection2. In order to reduce of transmission of infectious agents by contaminated 
protective equipment like masks, an antimicrobial nanoparticle coating has been developed. These 
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chemical agents were pulverized into particles less than 100 nm in size so as to increase their surface 
area, and to improve their microbicidal action3, 4.  

Noble metal nanoparticles have been of great scientific interest due to their unique properties at the 
nanoscale and wide range of applicability for optical, catalytic, electrical, magnetic and antimicrobial 
devices5. Silver or silver ions are known for their powerful antibacterial activities6, 7, which is 
generally believed to result from the reaction of this heavy metal with proteins. The chemical reaction 
of silver atoms with the OSH groups of enzymes inactivates the protein8. Silver has a broad 
antibacterial activity while exhibiting low toxicity towards mammalian cells9, 10. Usually, carboxylic 
acid groups can be used as a temporary anchoring agent for attaching silver cations to polymer 
hydrogels, and the silver is reduced to form nanoparticle with borohydride salts11.  

In this article, we report the results of our study using the graft co-polymerization to modify cotton 
fabric with the hydrogel–silver nanocomposite in order to impart the cotton with an antibacterial 
property. Silver nanoparticles add antibacterial properties to a variety of polymer hydrogels. This 
material can be washed several times without any loss of antibacterial activity and it increases the 
durability of fabric antibacterial activity. 

2. Results and Discussion 

2.1. Mechanism of fabric-g-poly(AA-co-IA) nanocomposite formation 

      The mechanism of grafting vinyl monomers onto cellulose using ammonium persulfate as 
oxidizing initiator is shown in Fig. 1. The sulfate anion-radicals produced from the thermal 
decomposition of APS abstract hydrogen from the hydroxyl groups of the polysaccharide substrate to 
form corresponding alkoxy radicals on the substrate. The alkoxy radicals in active centers on the 
substrate initiate the polymerization of AA and IA and lead to a graft copolymer12, 13. 
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Fig. 1. Proposed mechanistic pathway for synthesis of fabric-g-poly(AA-co-IA) 

 

       The macromolecular gel network will serve effectively as nanoreactors for silver nanoparticle 
preparation. Fig. 2 depicts a scheme for the formation of silver nanoparticles within the swollen co-
polymeric network. When a fully swollen hydrogel is put in the aqueous AgNO3 solution, there 
occurs an ion exchange between Ag+ ions present in the outer solution and H+ ions present within the 
gel phase. After equilibrium is attained, the hydrogel is transferred into KBH4 solution. This results in 
a reduction of Ag+ ions to silver nanoparticles within the swollen network. In this way, an almost 
uniformly distributed array of silver nanoparticles is obtained within the polymer network. The 
hydrogel turns slightly brown due to the presence of Ag nanoparticles. The most advanced features of 
this methodology are that the formed silver nanoparticles provided excellent stability over a longer 
period of time inside the hydrogel networks through the carboxylate groups of co polymeric chains14. 
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Fig. 2. Formation of silver nanoparticles 

2.2. Effect of Ratio of IA to AA on Water Absorbency  

        In the poly(AA-co-IA) hydrogel, the water absorbency can be adjusted by changing the weight 
ratio of IA to AA with the weight of initial total monomers fixed. Fig. 3 presents that the equilibrium 
water absorbency of various samples increased as the mol ratio of IA to AA increased up to 0.08. The 
incorporation of IA into the polymer network with higher IA content would lead to an increase in 
electrostatic repulsive force between charge sites on carboxylate ions upon their dissociation and 
enhance a more extended configuration, which might cause a higher swelling ratio of the hydrogels in 
tap water. But with higher increase in the ratio of IA in monomer composition, the water absorbency 
decreased because the presence of IA in the monomer mixture made the hydrogel formation more 
difficult. It is known that increasing the amount of IA in copolymeric structure decreases the effective 
crosslinking densities of polymer networks15. 

 
Fig. 3. Effect of IA/AA mol ratio on swelling capacity 

2.3. Spectral characterization 

2.3.1. FTIR analysis 

A comparative depiction of FTIR spectra of cotton, poly (AA-co-IA)-grafted cotton, and Ag-
loaded grafted cotton fabric is shown in Fig. 4. A broad peak corresponding to the –OH hydroxyl 
group of cotton fabric is observed in the 3200-3600 cm-1 range and a peak of the –CO carbonyl group 
is observed at 1651cm-1. Asymmetric C-H stretching is obtained in the 2000–2500 cm-1 range, 
whereas the symmetric peak is obtained in the 2600–2800 cm-1 range. A broad peak at 3400–3600 
cm-1 in the spectrum of the grafted sample is due to the presence of both carboxylic groups of IA and 
AA. However, this broad peak almost disappears in the spectrum of Ag loaded fabric. In addition, the 
peak at 3282 cm-1, corresponding to carboxyl groups’ functionalities in a grafted sample, is shifted to 
3340 cm-1 in the spectrum of Ag-loaded fabric. This also indicates the binding of an Ag with oxygen 
in carboxyl groups16. 
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Fig. 4. FTIR spectra of cotton (A), cotton-g-poly(AA-co-IA) (B), and cotton-g-poly(AA-co-IA)/Ag 

nanoparticle (C)   

2.3.2. UV–visible analysis 

       Further, to confirm the formation of silver nanoparticles in the hydrogel, we carried out UV–
visible absorption studies. In Fig. 5, a strong characteristic absorption peak around 410 nm is noted 
for the silver nanoparticles16. However, the plain poly(AA-co-IA) hydrogel did not show any such 
peak. 

 
Fig. 5. UV-vis spectra of cotton, cotton-g-poly(AA-co-IA), and cotton-g-poly(AA-co-IA)/Ag nanoparticle   
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2.3.3. SEM analysis  
 

       The scanning electron micrographs of cotton fabric and grafted cotton fabric are shown in Fig. 6. 
It can be seen that grafted cotton fabric has thin layer of poly(AA-co-IA) on surface. This 
phenomenon might be attributed to the hydrogen bonds between cotton fabric and grafted chains. 
 
2.3.4. XRD Analysis 
 
       Structural information of silver nanoparticles was also obtained by X-ray diffraction (Fig. 7). The 
peak exhibited at 37.8o is assigned to reflection through (111) plane of the face centered cubic (fcc) of 
silver nanoparticles, respectively. However, cotton-g-poly(AA-co-IA) did not show any such peak. 
Therefore, it is very clear that hydrogel nanocomposite consists of silver nanoparticles. 
 

 
 

 

 

(A)                                                                     (B) 

Fig. 6. SEM photograph of the cotton fabric (A) and the grafted cotton fabric (B) with various 
magnifications 
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Fig. 7. XRD of cotton-g-poly(AA-co-IA) (A) and cotton-g-poly(AA-co-IA)/Ag nanoparticle 

 

2.4. Antibacterial activity of hydrogel nanocomposite 

2.4.1. Disk diffusion method 

       Antibacterial activity of fabric samples was determined in terms of inhibition zone formed on 
agar medium (Fig. 7). The control samples were normal cotton, which did not show any antibacterial 
activity (bacterial growth was seen on surface as indicated by the presence of colonies). The Ag-
loaded cotton fabric placed on the bacteria-inoculated surfaces killed all the bacteria under and 
around them. We observed distinct zones of inhibition (clear areas with no bacterial growth) around 
the cotton samples for both E. coli. High bacterial growth as indicated by bacterial growth lawn (large 
indistinguishable collection of colonies) was observed everywhere. The observed zone of inhibition is 
a result of the leaching of active biocidal species Ag+ ion from the embedded Ag particles present in 
the fabric17. The presence of the inhibition zone clearly indicates that the mechanism of the biocidal 
action of the fabric is due to the leached Ag+ ion. 
 

 
Fig. 7. Antibacterial activity of cotton (A), cotton-g-poly(AA-co-IA) (B), cotton-g-poly(AA-co-

IA)/Ag             nanoparticle (C) 
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2.4.2. Colony forming units method 
 
          Antibacterial activity of grafted and plan fabrics shows the antibacterial activity of E. coli for 
fabrics. The antibacterial activity was also determined by colony forming units (CFU) with time 
intervals (Table 1). The cotton fabric has no antibacterial effect, but grafted fabric exhibited at most 
78% reduction (R) for E. coli. The Ag-coated fabric showed 98% reduction for E. coli.  
 
Table 1.  The reduction percentage (R) of CFU with various time intervals 
Sample %R (30 min) %R (60 min) 
Control 0 0 
Cotton 3 3 
Cotton-g-Poly(AA-co-IA) 56 78 
Cotton-g-Poly(AA-co-IA)/Ag 86 97 
 

2.4.3. Mechanism of antimicrobial activity of silver nanoparticles 
 
       Several investigations have been carried out on the mechanism of bactericidal activity of silver 
nanoparticles. It is generally believed that heavy metals react with proteins by combining the –SH 
groups, which leads to the inactivation of the proteins. Recent research has demonstrated that the 
antimicrobial activities of silver nanoparticles depend on chemisorbed Ag+, formed on the surface of 
silver nanoparticles due to their extreme sensitivity to oxygen. However, the mechanism of the 
delivery of silver ions from silver nanoclusters to the bacteria needs further investigation. It was also 
proposed that silver ions released from silver nanoparticles can interact with phosphorous moieties in 
DNA, resulting in inactivation of DNA replication that leads to the inhibition of enzyme functions18. 

3. Conclusions  
 
       Cotton fabric was grafted with a poly (acrylic acid-co-itaconic acid) via ammonium persulfate 
induced graft co-polymerization in an aqueous medium. The grafted cotton fabric was loaded with Ag 
nanoparticles by entrapment of Ag+ ions into a grafted polymer network followed by borohydride 
reduction. The resulting dark brown color of the grafted fabric indicated the formation of Ag 
nanoparticles within the polymer network part of the grafted fabric. This preparation of Ag-coated 
fabric can be used as a protective clothing (surgical masks, caps, gowns, etc.) and hospital linen 
meeting the demands for antimicrobial protection. In addition, this process could be used for the 
fabrication of antibacterial clinical applications. 
 

 

Experimental 

Materials 

       Acrylic acid, itaconic acid, methylene bisacrylamide, ammonium persulfate and silver nitrate 
were obtained from Merck and sodium borohydride salts were obtained from Sigma-Aldrich 
company. Cotton fabric was obtained from a local textile mill. 
 
Preparation of the fabric 
      
       The fabric was soaked in a detergent solution for 60 min and followed by extensive washing with 
tap water until free from any detergent. The clean fabric was then washed with distilled water, 
squeezed, and allowed to dry in an air oven at 60 0C, and finally stored in a vacuum desiccator ready 
for use. 
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Preparation of poly (AA-co-IA)-grafted fabric 
        
       The poly (AA-co-IA)-grafted fabric was prepared by carrying out free radical aqueous 
copolymerization of AA and IA using MBA as the crosslinker and APS as the initiator. In brief, in 
order to prepare a sample, the appropriate amount of fabric was placed in a test tube. 1 mL AA, 0.3 g 
IA and         0.005 g crosslinker MBA were dissolved in water and the final volume was made 10 mL. 
Then, 0.1 g APS was dissolved and the whole reaction mixture was transferred in the test tube 
(internal diameter 1cm) and kept in a water bath at 60 0C for a period of 2 h. When the grafting time 
was over, the grafted fabric was washed thoroughly with distilled water, and then extracted with hot 
water for 5 h in order to dissolve any homopolymer which may have adhered to the surface of the 
fabric. The fabric was equilibrated in the ethanol for a period of 24 h to remove the water. The grafted 
samples were then allowed to dry in an air oven at 60 0C, until constant weight.  
 
Preparation of silver nanoparticle-loaded fabric 
 
       A dry preweighed piece of grafted fabric was equilibrated in distilled water for 24 h. Thereafter, 
the swollen fabric was put in an aqueous solution of Ag nitrate prepared by dissolving 20 mg of 
AgNO3 in 30 mL of double-distilled water for 24 h. Next the Ag ions present in the fabric were 
reduced to Ag nanoparticles by putting the fabric in 0.62 mM potassium borohydride solution at 30 
oC for 24 h. Finally the fabric was rinsed with distilled water and put in a dust free chamber at 50 oC 
until it gained constant weight. 
 
Characterization 
 
       The Fourier transformation infrared (FT-IR) spectra of plain and silver nanoparticle-loaded fabric 
samples were recorded on a FTIR spectrophotometer using KBr. Absorption measurements were 
carried out on a UV–visible spectrophotometer for fabric solution in the wavelength range 300–600 
nm. The dissolution process of fabric was carried out according to the literature 19. One g fabric was 
added into 25 g aqueous 7 wt% NaOH/12 wt% urea solution. Then, the solution was pre-cooled to 
−12 oC and stirred for 5 min. The nanocomposite structural and morphological variations were 
observed by using a scanning electron microscope (SEM).  
 

Microbial experimentation 

       The antibacterial activity of the fabric was tested qualitatively and quantitatively by the disk 
diffusion method10, 11, 20 and reduction of colony forming units (CFU)16, 21, 22 of Escherichia coli 
(Gram-negative bacterium). For disk diffusion method, a mixture of nutrient broth and nutrient agar 
in 1 L distilled water at pH 7.2 as well as the empty Petri plates were autoclaved. The agar medium 
was then cast into the Petri plates and cooled in laminar airflow. Approximately 105 colony-forming 
units of each bacterium were inoculated on plates, and then each fabric samples was planted onto the 
agar plates. All the plates were incubated at 37 0C for 24 h, following which the zone of inhibition 
was measured. For colony forming units method, the initial concentration of E. coli concentration is 6 
× 105 CFU mL−1. The fabric specimens were placed in a sterilized container and then 0.2 mL of the 
microorganism aqueous suspensions was dropped onto the surface of the specimens. The inoculated 
microorganisms in the fabric specimens were cultured at 37 0C for various times. After cultivation of 
microorganisms, to release test microorganisms from the fabric specimens, the fabric specimens were 
placed in 20 mL of neutralization solution and shaken vigorously. A microorganism suspension (0.1 
mL) was drawn and transferred to a nutrient agar plate and then it was cultured at 37 0C for 24 h. The 
reduction (R) percentage of CFU was calculated by the following: 

R (%) = C − A / C × 100, (1) 
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where, C and A are the bacterial colonies of the cotton fabric and the silver nanoparticle-loaded 
cotton fabrics respectively. 
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