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Abstract. 
The PI/UV system ((4-trimethyl ammonium methyl) benzophenone chloride/UV) was used to synthesize carboxymethyl starch- (CMS-) stabilized silver nanoparticles (AgNPs). AgNPs so prepared had round shape morphology with size of 1–7 nm. The prepared AgNPs were utilized to impart antibacterial finishing for cotton fabrics. The PI/UV system was further utilized to fix AgNPs onto cotton fabrics by photocrosslinking of AgNPs-CMS composite onto cotton fabrics to impart durable antibacterial properties. Effect of irradiation time and incorporating N, N-methylene diacrylamide (MDA) in different concentrations on antibacterial performance before and after repeated washing cycles was studied. S. aureus and E. coli were used to evaluate the antibacterial performance of finished fabrics. The antibacterial performance was directly proportional to the irradiation time and concentration of MDA but inversely proportional to the number of washing cycles. The inhibition zone of S. aureus and E. coli is the same although they are different in the cell wall structure and mode of action due to the nanosize structure formed.
 

1. Introduction
Metal nanoparticles can be prepared and stabilized by physical and chemical methods; the chemical approach, such as chemical reduction, electrochemical techniques, and photochemical reduction, is most widely used [1, 2]. In the global efforts to reduce generated hazardous waste, “green” synthesis of AgNPs is progressively integrating with modern developments in science and industry. This “green” synthesis is geared to guide in minimizing the use of unsafe reactants and maximizing the efficiency of synthesis process. AgNPs were green synthesized using different techniques [3–13]. Direct photoreduction and photosensitization are powerful approaches for the in situ synthesis in polymer matrixes [14–22]. The heart of the photochemical approach is the generation of M0 in such conditions that their precipitation is thwarted. Ag0 can be formed through direct photoreduction of a silver source or reduction of silver ions using photochemically generated intermediates, such as radicals. The key step of the process is the reaction of silver cations with photogenerated transient species that are able to reduce them to silver metal atoms. Two classes of photoinduced reactions were used to produce these primary radicals. The first is based on the reaction of an electron rich molecule (ether, thiol, amine, …) with the highly oxidant triplet state of a sensitizer excited upon absorption of the actinic photons. The second involves the direct hemolytic photocleavage of a sigma bond [23].
It is well known that silver exhibits effective antibacterial properties with low toxicity for humans and animals compared with other heavy metals [24, 25]. Silver and silver compounds are effective for both Gram −ve and Gram +ve bacteria, whereas the efficacy of conventional antibiotics varies with the species of bacteria [25]. Silver is a safer antibacterial agent compared with some possible organic antibacterial ones that have been avoided because of the risk of their harmful effects on the human body. Silver has been described as being “oligodynamic” because of its ability to exert a bactericidal effect on products containing silver, principally due to its antimicrobial activities and low toxicity to human cells [26–29]. Its therapeutic property has been proven against a broad range of microorganisms, over 650 disease-causing organisms in the body, even at low concentrations [30–32]. AgNPs are a nontoxic and nontolerant disinfectant [33]. Using AgNPs leads to increasing the number of particles per unit area and thus antibacterial effects can be maximized [34].


Textile products have been widely used in medicine, hygiene, and health [35]. Hygienic and health textiles have been used in large quantities in places such as hospitals and theaters, where contact with the skin of the users occurs repeatedly and frequently. It is desirable, for the reason of health, that these textile materials should have higher antibacterial activity. Selection of an antimicrobial agent depends on several criteria, such as the mechanism of antimicrobial activity, its effectiveness for bacteria and fungi, toxicity, application method, washing fastness, and cost.
Cotton may act as a nutrient and become a suitable medium for bacterial growth [36, 37]. Therefore, cotton fibers are treated with numerous chemicals to get better antimicrobial textiles [38–41]. Among the various antimicrobial agents, AgNPs show strong inhibitory and antibacterial effects [37, 42]. Application of AgNPs on cotton due to its outstanding features has developed in recent years [5, 10, 37, 43–58].
Normally, there is no attraction between inorganic particles and polymeric materials such as textiles [30]. The difference between surface energy of the two aforementioned organic and inorganic materials causes a kind of repellency in their interfaces [59]. This problem is intensified by using NPs because of their high specific surfaces. Consequently, surface modification of textiles with NPs is not permanent, especially against washing.
Most presented methods for stabilizing inorganic nanostructured materials on the textile surfaces need several steps of preparation, functionalization, final treatment, drying, curing, and so on. These steps are expensive and very time consuming for high-scale manufacturing production. Using different binders such as acrylic binder [60] and Printofix Binder MTB EG liquid [49] for fixation of metal NPs on cotton fabrics was applied. The use of crosslinking agents such as polysiloxane [61] and 1,2,3,4-butanetetracarboxylic acid [44] to stabilize AgNPs on cotton fabric has been also studied. In situ synthesis of AgNPs on cotton fabric using Tollens’ reagent [43] and within chitosan-attached cotton fabric [46] was also used. These techniques enable considerable improvements in the performance and durability of finished cotton fabrics.
With the development of water soluble efficient photosensitizers for polymerization reactions, attention has been given to grafting reactions in largely aqueous media, involving hydrophilic substrates. El-Sheikh [62–64] used a water soluble photosensitizer 4-(trimethyl ammoniummethyl) benzophenone chloride/UV system to initiate graft copolymerization of acrylic acid or acrylamide onto native starch and CMS with an effective graft yield. Recently, El-Sheikh [22] used 4-(trimethyl ammoniummethyl) benzophenone chloride/UV system, for the first time, to synthesize AgNPs. El-Sheikh et al. [65] further utilized the same system to perform durable antibacterial finishing to wool and acrylic fabrics via photocuring of the AgNPs treated fabric.
In this work, AgNPs-CMS prepared according to a reported method [22] was used to impart antibacterial finishing to cotton fabrics via pad-dry-photocure process in presence and in absence of MDA. MDA was photopolymerized onto AgNPs-CMS-cotton fabric composite using PI/UV system to crosslink AgNPs-CMS film onto the surface of cotton fabrics. This process aims at fixing AgNPs on the surface of cotton fabrics, consequently increases the durability of the AgNPs finished cotton fabrics. The photosynthesis of AgNPs, the photopolymerization of MDA, and the photocuring of the AgNPs-CMS-cotton fabric composite are all performed at mild temperature without using any solvents or hazardous chemicals. The whole process could be described as a “green, safe, and easy” process. Effect of irradiation time and incorporating MDA in different concentrations on antibacterial performance before and after repeated washing cycles was studied. The synthesized AgNPs were assessed by measuring the absorbance, the size, the shape, and the particle size distribution histogram of the colloidal solution. The durability of the cotton fabrics finished against bacterial activity was tested by performing the antibacterial activity of the AgNPs treated cotton fabrics towards Gram +ve and Gram −ve bacteria before and after repeated washing cycles (1, 3, 5, 7, 10, 15, and 20 cycles).
2. Experimental
2.1. Materials

           A 100% scoured and bleached cotton fabric was supplied by Misr El-Beida Dyers, Egypt. The fabric was not subjected to any type of finishing treatments. The fabric was washed with a solution containing 5 g/L sodium carbonate and 5 g/L nonionic detergent at boil for 3 hours. It was then rinsed with hot and cold water and left to dry in air at room temperature.
Native maize starch (St.) was kindly supplied by the Egyptian Company for Starch and Glucose Manufacture, Cairo, Egypt.
4-(Trimethyl ammoniummethyl) benzophenone chloride was supplied by “The Associated Octel Ltd., Widnes, Great Britain,” and used without further purification.
Egyptol, a nonionic detergent, was provided by The Egyptian Company for Starch, Yeast and Detergents, Alexandria, Egypt.
Monochloroacetic acid, sodium hydroxide, sodium carbonate, silver nitrate, MDA, hydrochloric acid, acetic acid, ethanol, and isopropanol were laboratory grade chemicals.
2.2. Instrumentation
The irradiation reaction vessel consists of a quick fit water-cooled 125 W medium-pressure Hg lamp assembly as a UV irradiation source immersed in a quick fit 150 mL cylindrical tube. The total dose of the UV irradiation was controlled by controlling the time of exposure, that is, the reaction time. The reaction temperature was controlled using a thermostatic water bath.
2.3. Method
2.3.1. Carboxymethylation
Water soluble carboxymethyl starch with DS = 0.2 was prepared according to a reported method [66]. In this method, 100 g of maize starch was placed in a sealable bottle and mixed together with a known volume of isopropanol. An aqueous solution of sodium hydroxide (0.5 mole/mole St.) was added dropwise to the starch-isopropanol mixture under stirring until the whole amount of sodium hydroxide was added. The sodium salt solution of monochloroacetic acid (0.2 mole/mole St.), prepared by the reaction of monochloroacetic acid with the equivalent amount of sodium carbonate, was added dropwise to the starch-isopropanol-sodium hydroxide mixture under continuous stirring until complete addition of the sodium monochloroacetate solution. Stirring was then stopped and the bottle was closed and kept at 30°C for 24 hours. After carboxymethylation, the CMS samples were washed with ethanol : water solution (80 : 20) while excess alkali was neutralized using acetic acid. After washing, the CMS samples were filtered and oven dried at 70°C.
2.3.2. Preparation of AgNPs
AgNPs (particle size 1–7 nm) were prepared by photoreduction of silver nitrate using 4-(trimethyl ammoniummethyl) benzophenone chloride/UV system according to a reported method [22]. The optimum conditions of the photosynthesis of AgNPs obtained from this method were applied on a larger scale to prepare AgNPs “stock colloidal solution” sample sufficient for finishing different textile fabrics to impart them antibacterial properties. According to the method in [22], a known weight of CMS (10 g/L) was stirred in a known volume of distilled water (material : liquor ratio 1 : 20) in a beaker using a mechanical stirrer. After complete dissolution of CMS, an aqueous solution of 4-(trimethyl ammoniummethyl) benzophenone chloride (1 g/L) was added to the CMS solution followed by adding silver nitrate solution (1 g/L) under continuous stirring until complete mixing of the whole contents. The pH was finally adjusted to 7. Doing so, the beaker contents were poured in the irradiation tube and transferred to a thermostatic water bath with a magnetic stirrer. The UV lamp is now immersed in the solution to just above the bottom of the tube to allow the magnet to move and to allow the whole solution to be exposed to the UV irradiation. The temperature was then allowed to rise gradually until the required temperature (40°C) is reached. Finally, the UV lamp is switched on and the whole contents were kept at the synthesis temperature for 60 min under continuous stirring. After synthesis, the yellowish brown colloidal solution is kept in a sealable bottle at room temperature (25°C).
2.3.3. Antibacterial Finishing
Finishing procedure was applied to cotton fabrics using a pad-dry-photocure technique. The cotton fabrics were treated with the obtained colloidal AgNPs solution at room temperature. The finishing bath contains the synthesized AgNPs alone or AgNPs and MDA. Fabrics were padded in the treating solutions, squeezed to wet pickup of about 100%, dried at 100°C for 5 min, and photocured at room temperature. The dimensions of the cotton fabric were about 30 cm × 17 cm, suitable for the area of exposure to the UV lamp.
2.3.4. Photocuring of AgNPs Finished Cotton Fabrics
AgNPs finished cotton fabrics in absence and in presence of different concentrations (5, 10, and 15 g/L) of crosslinking agent (MDA) were photocured at room temperature (25°C) using the water-cooled 125W medium-pressure Hg lamp assembly as a UV irradiation source for different irradiation durations (15, 30, and 60 min). The finished samples were washed in an aqueous solution of fabric : liquor 1 : 10 containing 2 g/L Egyptol at 50°C for 10 min to remove the unreacted MBA and the unfixed AgNPs. Finally the samples were washed with cold water and dried at ambient condition.
2.4. Characterizations and Analyses
The DS of the carboxymethylated starch samples was determined via determination of the carboxyl content according to a reported method [67].
The UV-vis spectra of AgNPs and 4-(trimethyl ammoniummethyl) benzophenone chloride were recorded using UV-2401, UV-vis Spectrophotometer, Shimadzu, Japan, at wavelength range from 190 to 550 nm. λmax at 256 nm is characteristic to 4-(trimethyl ammoniummethyl) benzophenone chloride whereas λmax at 390–420 is characteristic to AgNPs. Synthesis of AgNPs is expressed as absorbance of the colloidal solution of the samples under test. The absorbance, the broadening, and the wavelength of the band measure the intensity of the colloidal solution, that is, the conversion of silver ions to AgNPs. Very concentrated AgNPs samples did not show one smooth band (either sharp or broad) but showed a number of crowded sharp bands. This behavior leads to false readings. So, concentrated samples which showed this behavior were diluted “
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Transmission electron microscope was used to characterize AgNPs. Thus, the shape and size of the synthesized silver nanoparticles were characterized by means of a JEOLJEM-1200 transmission electron microscope. The samples were prepared by placing a drop of the colloidal solution on a 400-mesh copper grid coated by an amorphous carbon film and evaporating the solvent in air at room temperature. The average diameter of the silver nanoparticles was determined from the diameter of nanoparticles found in several chosen areas in enlarged microphotographs. The particle size was measured from the TEM image using the software “Revolution v1.6.0b195,” a simple electron microscope tool for acquiring images, maps, and spectra using the Spectral Engine, 1999–2002 4pi analysis, Inc.
Durability of the treated cotton fabrics against bacterial activity was obtained by performing the antibacterial activity of the AgNPs untreated and AgNPs treated cotton fabrics before and after repeated washing cycles (1, 3, 5, 7, 10, 15, and 20 cycles). Each washing cycle was performed by washing the finished samples in an aqueous solution of fabric : liquor ratio 1 : 10 containing 2 g/L Egyptol at 50°C for 10 min then washing the samples with cold water and drying at ambient condition.
2.5. Evaluation of Antibacterial Activity
2.5.1. Materials
Two bacterial strains from the Faculty of Women for Art, Science and Education, Ain Shams University, Cairo, Egypt, were employed. These include Staphylococcus aureus (S. aureus) as Gram +ve bacteria and Escherichia coli (E. coli) as Gram −ve bacteria and they were selected as test cells because they are the most frequent bacteria in the wound infection to represent Gram +ve and Gram −ve bacteria, respectively. Fresh inoculants for antibacterial assessment were prepared on nutrient broth at 37°C for 24 hours.
2.5.2. Test Method
The antibacterial spectrum of the samples was determined against the test bacteria by disk diffusion method on an agar plate [68]. Five discs were obtained at different locations of the finished fabric. The final value of the inhibition zone was the mean of the inhibition zone values of the discs under test.
Although the time-kill kinetics gives a good overview on how fast an antimicrobial drug can kill certain bacteria and prevent their regrowth and although these parameters are important for the assessment of the efficacy of bactericidal drugs, this test is not performed for the current research work for the following reasons. The time-kill kinetics is performed along 24 hours and the susceptibility of disk diffusion test of antibacterial is measured each two hrs but the reading is not reported in these testes before 18 hrs. The detection reading time is 24 hrs as shown in the disk diffusion method. So, the detection time is at 24 hrs as shown in standard method [69, 70]. In the current work, disk diffusion test standard method was used. The inhibition at 24 hrs gives the same result as the time-kill kinetics. The aim of this research work is to show the effects of concentration of AgNPs on the finished fabrics and the effect of photocuring time on the durability of finished fabrics rather than the effect of the time of killing of the fabrics. The fabrics here act as an antibacterial agent rather than an antibiotic. That is why there was no need to perform the time-kill kinetics. It is, then, sufficient to measure the inhibition zone after 24 hrs.
3. Results and Discussions
3.1. Photosynthesis of AgNPs
Figure 1 Shows the UV-vis spectrum (a), TEM micrograph (b), and particle size distribution histogram (c) of the photosynthesized AgNPs when CMS with DS = 0.2; [CMS], 10 g/L; [PI], 1 g/L; [AgNO3], 1 g/L; temperature, 40°C; time, 60 min; M : L ratio, 1 : 20; and pH, 7 were used. A proposed mechanism of the photosynthesis of AgNPs using 4-(trimethyl ammoniummethyl) benzophenone chloride/UV system, silver nitrate, and CMS was reported [22]. Figure 1(a) shows an intensive band with ideal bell shapes and high absorbance values at 406 nm. This indicates the formation of AgNPs [3, 4, 9, 71] and reflects the efficiency of the current system in synthesizing AgNPs at the synthesis conditions. The sharp band at 256 nm is representing the PI. The appearance of this band means that PI is not totally consumed in the photoinitiation process or it is regenerated from its radical according to its “life cycle” [22]. Figures 1(b) and 1(c) show the TEM micrograph and the particle size distribution histogram of the synthesized AgNPs, respectively. As clear from the figures, AgNPs have round shape morphology with mean particle sizes between 1 and 7 nm. Highest count% was found for AgNPs with particle size of 1 nm.
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(c)
Figure 1: UV-vis spectrum, TEM micrograph, and particle size distribution histogram of the photosynthesized AgNPs. DS = 0.2; [CMS], 10 g/L; [PI], 1 g/L; [AgNO3], 1 g/L; temperature, 40°C; time, 60 min; M : L ratio, 1 : 20; pH, 7.


3.2. Effect of Irradiation Time on the Durability of the Antibacterial Finishing
Durability of AgNPs finished cotton fabrics is one of the problems facing the producers of these finished fabrics. Here is a trial for making easier, faster, and less expensive method for fixing AgNPs on the surface of cotton fabrics.
Table 1 shows the effect of subjecting the AgNPs finished cotton fabrics to UV irradiation for different irradiation durations (15, 30, and 60 min) before and after repeated washing cycles (1, 3, 5, 7, 10, 15, and 20 cycles) on the durability of the antibacterial finished cotton fabric, in other meaning on the extent of fixation of AgNPs to the cellulosic fabrics.
Table 1: Effect of irradiation time on the inhibition zone (mm) of S. aureus and E. coli. Synthesis conditions: DS = 0.2; 
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, 1 g/L; temperature, 40°C; time, 60 min; M : L ratio, 1 : 20; pH, 7. Finishing conditions: pad-dry-photocure, AgNPs colloidal solution only. Curing conditions: drying for 5 min at 100°C; UV curing for 15, 30, and 60 min. Washing conditions: Egyptol, 2 g/L; fabric : liquor ratio, 1 : 10; temperature, 50°C for 10 min.
	

	Irradiation time (min)	
                  Number of washing cycles	Inhibition zone (mm)
	S. aureus 	E. coli 
	

	0	0	13	12
	15	0	17	15
	30	0	22	21
	60	0	22	22
	0	1	8	8
	15	1	12	13
	30	1	15	14.5
	60	1	15	14
	0	3	5	0
	15	3	0	0
	30	3	7	5
	60	3	7	6
	0	5	0	0
	15	5	0	0
	30	5	1.5	2
	60	5	1.5	2
	0	7	0	0
	15	7	0	0
	30	7	0	0
	60	7	0	0
	0	10	0	0
	15	10	0	0
	30	10	0	0
	60	10	0	0
	0	15	0	0
	15	15	0	0
	30	15	0	0
	60	15	0	0
	0	20	0	0
	15	20	0	0
	30	20	0	0
	60	20	0	0
	



Table 1 depicts the effect of the irradiation time (min) on the inhibition zone (mm) for the samples along with up to 20 washing cycles. Figure 2 shows the disc diffusion test for AgNPs finished cotton fabric sample. The sample (disc of 17 mm in diameter) is seen at the center of the figure; the clear ring around the sample is the area where the microorganisms are dead, and the remaining area is the zone where the microorganisms are growing (bactericidal effect). From the figure, zero inhibition zone indicates killing of the microorganisms that existed on the sample but did not affect those outside the sample (bacteriostatic effect). It can be deduced from Table 1 that the antibacterial performance of cotton fabrics finished with AgNPs improves with increasing the irradiation time from 0 to 60 min. The least inhibition zones were found for the samples that were not irradiated by UV source while the highest antibacterial performance was obtained for the highest irradiation with UV source (60 min). Table 1 also indicates that antibacterial performance of cotton fabrics finished with AgNPs decreased by washing and the lowest one at the 7th washing cycle that found zero inhibition zone but still has “bacteriostatic effect” up to the 20th washing cycle, that is, the antibacterial performance, is directly proportional to the irradiation time but inversely proportional to the number of washing cycles. The inhibition zone for Gram (+ve) bacteria and Gram (−ve) is the same although they are different in the cell wall structure and mode of action due to the nanosize structure formed.








Figure 2: Inhibition zone of AgNPs finished cotton fabric.


The enhancement in the antibacterial performance as a result of the increase in the irradiation time is mainly due to the favorable effect of irradiation time of the PI/UV system on the generation of PI∙ radicals which initiate the photocrosslinking between cellulose (cotton fabric) and AgNPs-CMS composite. The PI remaining from the photosynthesis process, as clear from the band at 256 nm in Figure 1(a), was sufficient and capable of such a photocrosslinking process. In earlier work, Kumar and Singh [72] successfully obtained composite films prepared from aqueous dispersions of starch with microcrystalline cellulose using glycerol as plasticizer and irradiated under ultraviolet (UV) light using sodium benzoate as photosensitizer. In our work, photocrosslinking was achieved between cotton fabrics (sheet) and AgNPs-CMS composite (film) using 4-(trimethyl ammoniummethyl) benzophenone chloride under UV irradiation. The durability of the AgNPs finished cotton fabrics confirms the crosslinks between cotton fabric and AgNPs-CMS composite.
3.3. Effect of MDA Concentration on the Durability of the Antibacterial Finishing
Looking for better durability, MDA, crosslinking agent, was incorporated to the finishing bath in different concentrations (5, 10, and 15 g/L) in order to evaluate its crosslinking effect on the durability of the antibacterial finished cotton fabrics. AgNPs finished cotton fabrics were subjected to UV irradiation for 60 min and tested for durability before and after repeated washing cycles (1, 3, 5, 7, 10, 15, and 20 cycles).
Table 2 shows the effect of the MDA concentration on the durability of the antibacterial finishing up to 20 washing cycles. It can be deduced from Table 2 that the antibacterial performance of cotton fabrics finished with AgNPs increases by increasing the MDA concentration from 0 to 15 g/L. The least inhibition zones were found for the samples with zero MDA concentration while the highest antibacterial performance was obtained for the highest MDA concentration (15 g/L). Table 1 also indicates that antibacterial performance of cotton fabrics finished with silver nanoparticles decreased by washing and the lowest one after the 10th washing cycle that found zero inhibition zone but still has “bacteriostatic effect” up to 20th time washing, that is, the antibacterial performance, is directly proportional to the concentration of MDA but inversely proportional to the number of washing cycles. The enhancement in the antibacterial performance as a result of the increase in the MDA concentration is expected. It is logic that increasing MDA, which is photopolymerized to poly-MDA under the effect of PI/UV system, increases the number of crosslinks responsible for the fixation of AgNPs-CMS composite onto the cotton fabrics. The more the concentration of MDA is the more the crosslinks obtained. It is important to remember that there is a considerable amount of PI remaining from the photosynthesis process, as clear from the band at 256 nm in Figure 1(a), which is sufficient and capable of photopolymerization and photocrosslinking processes.
Table 2: Effect of MDA concentration on the inhibition zone (mm) of S. aureus and E. coli.  Synthesis conditions: DS = 0.2; 
	
		
			

				[
			

		
	
CMS
	
		
			

				]
			

		
	
, 10 g/L; [PI], 1 g/L; 
	
		
			

				[
			

		
	
AgNO3
	
		
			

				]
			

		
	
, 1 g/L; temperature, 40°C; time, 60 min; M : L ratio, 1 : 20; pH, 7. Finishing conditions: pad-dry-photocure,  AgNPs colloidal solution, and 
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, 5, 10, and 15 g/L. Curing conditions: drying for 5 min at 100°C; UV curing for 60 min. Washing conditions: Egyptol, 2 g/L; fabric : liquor ratio, 1 : 10; temperature, 50°C for 10 min.
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 (g/L)	
                  Number of washing cycles	Inhibition zone (mm)
	S. aureus 	E. coli 
	

	0	0	21	20
	5	0	21	21
	10	0	23	23
	15	0	24	23
	0	1	20	20
	5	1	20	18
	10	1	22	19
	15	1	24	22
	0	3	14	14
	5	3	7	8
	10	3	14	13
	15	3	15	14
	0	5	0	0
	5	5	0	0
	10	5	4	3
	15	5	4	2
	0	7	0.5	0
	5	7	0	0
	10	7	1.0	0.5
	15	7	4.0	3.0
	0	10	0	0
	5	10	0	0
	10	10	0	0
	15	10	0	0
	0	15	0	0
	5	15	0	0
	10	15	0	0
	15	15	0	0
	0	20	0	0
	5	20	0	0
	10	20	0	0
	15	20	0	0
	



By comparing results obtained from Table 1 and Table 2 one can find that either in presence or in absence of MDA the antibacterial performance of the finished fabrics showed “bacteriostatic effect” up to the 20th washing cycle. However, in presence of MDA, under identical conditions, the inhibition zones of the finished fabrics are, in general, higher than those of the finished fabrics in absence of MDA regardless of the number of washing cycles. At MDA with concentration of 10 and 15 g/L the antibacterial performance of the finished fabrics showed inhibition zones of 1 mm, 4 mm, 0.5 mm, and 3 mm for S. aureus and E. coli, respectively, compared with zero inhibition zone in absence of MDA up to 7th washing cycle. After the 7th washing cycle, both in presence and in absence of MDA, the finished fabrics showed zero inhibition zones. These findings mean that incorporation of MDA enhances the antibacterial performance of the finished fabrics. This is certainly due to the generation of crosslinks from both PI radicals and poly-MDA at the same time.
4. Conclusions
4-(Trimethyl ammoniummethyl) benzophenone chloride (a water soluble photoinitiator), PI/UV system, carboxymethyl starch, (a water soluble ecofriendly polymer), and water (a solvent) were used to synthesis AgNPs using silver nitrate as a precursor. Thus, the chemicals and the process are totally green. The reduction of Ag+ to Ag0 was successfully achieved using CMS, PI, and AgNO3 concentrations of 10 g/L, 1 g/L, and 1 g/L, respectively, at 40°C for 60 min at pH; 7 using a M : L ratio of 1 : 20. AgNPs so obtained have round shape morphology. The sizes of synthesized AgNPs were found in the range of 1–7 nm and the highest counts% of these particles was for particles of 1 nm. Incorporation of MDA enhances the antibacterial performance of AgNPs finished fabrics. The antibacterial performance is directly proportional to the irradiation time and the concentration of MDA but inversely proportional to the number of washing cycles. The inhibition zone for Gram +ve bacteria and Gram −ve is the same although they are different in the cell wall structure and mode of action due to the nanosize structure formed.
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