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Abstract: Chitosan nanoparticles were prepared as green antibacterial finishing material 

and enhance antimicrobial activity of cellulose-based fabrics such as cotton and viscose.  

Two new bifunctional dye Bis (monochlorotriazine) (MCT) and hetero bifunctional 

(SES/MCT) reactive dyes have been prepared in previous work. Dimedone moiety (5,5-

Dimethylcyclohexane-1,3-dione) and applied in cellulose-based fabrics with various 

chitosan nanoparticles concentrations imparting them antimicrobial activity. In this work 

the effect of chitosan nanoparticles on dye ability of cellulose-based fabrics were studied 

from evaluation of the colour strength expressed in K/S values of the dyed fabrics at 

different concentration of chitosan nanoparticles and the two synthesized used dyes. 

Results showed that chitosan nanoparticles treated cellulose-based fabrics have higher 

affinity towards dyeing than untreated cellulose-based fabrics. Also, the antimicrobial 

properties of  the treated fabrics were higher than that of untreated fabrics and give higher 

exhaustion without using any salts and alkalinity. So, chitosan nanoparticles exhibit 

cellulose based fabrics high antimicrobial and having dyeing affinity than untreated one. 

Also, treated dyed fabrics showed very good to excellent fastness properties. 

Keywords: chitosan nanoparticles; cotton; viscose; antimicrobial; dyeability; fungi; 

bacteria; Reactive dyes 

1. INTRODUCTION 

Cotton fabrics is a natural linear polymer with repeating units of cellobiose. It is very popular 

among other natural fabrics because of its properties e.g.  e.g.  it is soft, breathable and wear 

comfort [1-3]. On the other hand, it has low ultraviolet protective, hygroscopic 

nonconductive so that its applications are limited without modification [4-6]. Cotton fabrics 

contains three hydroxyl groups on its structure can form partial negative charge on their 

surface in aqueous medium [7,8].  

Most of dyes used for cotton fabrics has ionic nature and cause electrostatic repulsion with 

cotton negative charges [9-13]. This repulsion between dyes and fabrics reduces the dye 

exhaustion from dye bath into the fabrics and this can be overcome. Addition of salt can 
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neutralize these negative charges on the fabrics surface to overcome this repulsion and 

increase the dye exhaustion [14-17]. Addition of salts not allow all dyes penetrates inside the 

fabric surface which cause environment pollution from washing process that carry remaining 

dyes and salt into rivers and oceans [18-20]. 

Chitosan (CS) were widely used in textile industries to obtain intelligent fabrics and fibres 

because of its antimicrobial activity and dyeability enhancement [21].. Chitosan has many 

valuable characteristics such as biocompatibility, biodegradability and non-toxicity plus 

antioxidant activity [22-24]  

Several research works deals with treatment of natural fabrics with CS and natural dyes to 

impart them antimicrobial activity with enhancement of dye ability without toxicity 

producing new green aspect in this field.[25,26]. 

Chitosan and its derivative were applied in medical field such as wound dressing, wound 

healing and scaffold in tissue engineering [27].In addition, chitosan contains high reactive 

functional groups of amino and hydroxyl groups that increase its reactivity and derivation to 

give new derivatives have high solubility properties than chitosan itself [28] enlarging its 

biocompatibility. 

The treated cotton fabrics with chitosan nanoparticles showed higher depth of shade than 

untreated one because of more sites created for dyeing in the treated fabrics [29,30]. 

Enhancement of dyeing of cotton fabrics assisted with nanocomposite based on chitosan (CS), 

silver nanoparticles (Ag NPs) and clay. The Cs/Ag NPs and Cs/Ag NPs/clay nanocomposites 

were prepared using UV irradiation and then applied on fabrics via pad-dry-cure procedure 

[31-34].The chitosan nanoparticles were used to modify the dyeability of cotton and viscose 

fabrics and impart them antibacterial activity. [35].  

In present work cotton and viscose were treated with chitosan nanoparticles for enhancement 

antimicrobial and dye ability properties. The treated fabrics were dyed with two prepared 

reactive dyes. Measurements of colour strength, K/S and fastness properties were used to 

measure dyeing properties cellulose-based fabrics before and after treatment. Disc inhibition 

zone have been used to evaluated the antimicrobial activity. 

2. MATERIALS AND METHODS 

2.1. Materials 

Mill-scoured and bleached cotton fabric (130 g/m2; Misr El- Mahalla Co., Egypt), Viscose 

fabric was purchased from Abou ElOla Company, Egypt; 110 g/m
2
.). Chitosan (Alfa Aesar 

Company, MediumM. Wt., 1860 cps viscosity, DDA 79.0%), sodium tripolyphosphate (TPP). 

Sodium hydroxide (Modern Lab chemicals, Egypt). All other chemicals used are analytical 

grade and were used without further purification. Two bacterial strains S. aureus, ATCC 

6538; E. coli, ATCC 11229; Aspergillus Niger, ATCC 13497 and Candida, ATCC 10231.  

2.2. Methods 

2.2.1. Preparation of chitosan nanoparticles (CSNPs) 

Chitosan nanoparticles have been prepared based on reported method [36,37] 
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2.2.2. Finishing of Fabrics with chitosan nanoparticles 

Fabrics have been treated with CSNPs via pad-dry-cure method [30,38]. 

2.2.3. synthesis of dyes 

We prepared the two dyes  (Dye 1 and dye 2) according to our previous methods [39] 

 

Dye 2 

Scheme 1. Chemical structure of dye 1 and dye 2 

 

2.2.4. Dyeing procedures: 

Amount of synthesized reactive dyes1and 2 (scheme 1) applied was with different 

concentration (1.0, 2.0, 3.0 %) of owf in dyeing machine without salt or alkaline medium, the 

dying bath at liquor ratio 40︰1. Then rising the temperature at 80 
o
C for conventional dyeing 

method. Then, the cotton and viscose fabrics were dried in air. 

2.3 Measurements and Analysis 

  FT-IR spectra recorded at JASCO FT-IR-6100 spectrophotometer. 

  Transmission Electron Microscopy (TEM) recorded at JEOL-JEM-1200 

  Scanning Electron Microscopy (SEM) recorded at Philips-EDAX/DX4 

  Dye Exhaustion calculated from equation 1 
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;C1 and C2  are  dye concentrations in the dyebath before and after dyeing, respectively. 

 Color measurements were measured using Hunter lab (ultra-scan) as reported in our 

previous work [40,41].  

  Fastness Testing were measured via standard methods; washing fastness (ISO 105-

C02; 1989); light fastness (ISO-105-B02); Wash fastness (ISO 105-C02 (1989), and 

perspiration fastness (ISO-105-E04; 1989). 

 Antimicrobial activity were measured via disk inhibition method in reported method 

[12] 

2.5.1. Materials: 

3. RESULTS AND DISCUSSION 

3.1. Preparation of chitosan nanoparticles 

Ionotropic gelation method was used to prepared chitosan nanoparticles from reaction of 

chitosan and tripolyphosphate (TPP) under stirring and ultrasonication with power 53 Hz for 

45 min. [42-47].Chitosan nanoparticles has more applications than chitosan because it has 

more surface area and amino groups. Fig. 1 show TEM image of chitosan nanoparticles (a) 

and particle size distribution histogram (b) prepared from chitosan solution (0.2 wt.%), TPP 

solution (0.1wt.%), ultrasonication (45 min.) and at pH 5.5. The particle size majority ranged 

from 10-50 nm. Histogram represent 100 reading of TEM images (b) 

 

Fig. 1. TEM of CSNPs prepared by ionic gelation method from chitosan (0.2 wt.), TPP (0.1 

wt.%), 45 min. ultrasonication time at pH 5.5 (a) 
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3.2. Finishing of cotton and viscose fabrics with chitosan nanoparticles 

 Fig. 2 showed the FT-IR of untreated cotton viscose fabrics compared with the treated 

fabrics with CSNPs. In Fig. 3 (a) untreated cotton fabrics show characteristic bands peaks at 

3342, 2905 cm
-1 

for vibration stretching of -OH and -CH groups shifted at lower values due 

to presence of amino groups in CSNPs backbones. Band peaks at 1648 and 1655 cm
-1

 in 

CSNPs treated cotton due to C=O amide stretching in amorphous region CSNPs. So FT-IR 

spectra confirm the presence of CSNPs in treated fabrics [48]. Fig. 3 (b) for FT-IR of 

untreated and CSNPs treated viscose fabrics show more broad bands at 3400 cm
-1

 for treated 

fabrics for amino groups of CSNPs, also presence of two band peaks at 1539 and 1659 cm
-1

 

referred to C=O amide stretching in amorphous region CSNPs and confirm the presence of 

CSNPs within viscose treated fabrics [48]. 
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Fig. 2. FT-IR of untreated cotton fabrics & CSNPs treated cotton fabrics (a); untreated 

viscose fabrics and CSNPs treated viscose fabrics (b) 

 

3.3. Enhancement of dyeability of cellulose-based fabrics towards synthesized dyes 

A synthesized dye (1 and 2) was used for cellulose-based fabrics pre-treated with chitosan 

nanoparticles dyeing. Chitosan nanoparticles with (0.1-0.5 wt%) concentrations were used 

with liquor ratio 1:40 at 80 
0
C.  

The data revealed that the dyeability increases for cotton and viscose treated fabrics with 

chitosan than untreated and without salt and alkalinity as conventional method. Figure 3,4 

indicate the different concentration of dye1, 2 with cotton and viscose treated and non-treated 

fabrics respectively. The higher exhaustion values obtained for bis monochlorotriazine dye 2 

than monochlorotriazine sulphato ethyl sulphone (MCT/SES) dye1meansthat at the fixation 

stage the probability of dye-fibres the covalent reaction would increase, also dye 2 has 

planarity and higher molecular weight than dye 1 so, the exhaustion was increased  
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Fig. 3.  Exhaustion of treated and untreated cotton fabrics at different concentrations of dyes 

1 and 2 

0
10
20
30
40
50
60
70
80
90

100
110

1% 2% 3%

E 
%

concentration

Figure 2: exhausion of treated and untreated of viscose 
fabrics at diferent concenteation with dye 1, 2 

dye 1

dye 2

untreated

 

Fig. 4. Exhaustion of treated and untreated viscose fabrics at different concentrations of dyes 

1 and 2 

3.3.1. Colorimetric properties of dyes cellulosic fabrics 

Colorimetric properties were evaluated based on CIE*h(D65/10) system; L& represent 

lightness, a* represent redness (+ co-ordinates) and greenness (- co-ordinates); b* represent 

yellowness (+ co-ordinates) and blueness (- co-ordinates); C* chromaticity and h hue. Colour 

strength expressed in K/S values reflect the quantity of dye absorbed fabrics (cotton or viscose) 

by the two synthesized dyes (1&2). Table 1 showed that K/S values of CSNPs at (0.2 wt.%) 



                                          European Journal of Molecular & Clinical Medicine 
                                                                                 ISSN 2515-8260                 Volume 07, Issue 10, 2020             2385 

2385 

 

treated cotton and viscose and dyed with reactive dye (2) were higher than that for the same 

treated fabrics and dyed with dye (1.). 

Table 1. Colour data for chitosan nanoparticles treated cellulose-based fabrics (cotton and 

viscose) and dyed with two prepared reactive dyes (1 and 2) at 2% shade 

Fabric Dye K/S L* a* b* c* h* 

cotton 1 6.19 37.06 -2.23 -14.10 14.27 261.02 

2 7.61 34.60 -2.86 -13.98 14.27 258.42 

Viscose 1 5.19 39.06 -2.03 -15.10 13.27 269.02 

2 6.61 34.60 -2.66 -14.6 14.07 259.42 

 

Also, Table 2 showed the colour change of cotton and viscose fabrics with the two 

synthesized dyes (1 and 2); yellowness (b* value) of treated fabrics and dyes with dye 2 

higher than these values than dye 1 for cotton and viscose, whereas whiteness (L*) of dye 2 

data lower than that for dye 1. This because the reactivity of reaction of amino groups with 

hydroxyl groups in cellulose fabrics for dye 2 more accessible than that reactivity in dye 1.  

3.3.2. Colorimetric and Fastness properties 

Table 1. shows that pre-treated cellulose-based fabrics (cotton and viscose) have higher 

fastness properties (good and acceptable colour change). Also, It can be observed that there is 

no observed colour change; very good wash fastness (4-5) and very good rubbing fastness for 

web and dry states (4-5). In addition, Table 1., showed that dyed cellulose-based fabrics pre-

treated with chitosan nanoparticles have very good perspiration in acidic and alkaline 

medium with value 4-5 without any change in colour.  

Table 1: Fastness properties of pre-treated cellulose-based fabrics (cotton and viscose) with 

chitosan nanoparticles and dyed with two prepared reactive dyes (1 and 2) with 2 owf. % at 80 
o
C 

 

 

Fabrics 
Dye 

Rubbing 

fastness 

washing 

fastness 

fastness to perspiration  

light 

fastness 
alkaline acidic 

dry wet Alt SC SW Alt SC SW Alt SC SW 

Cotton 
1 4-5 4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 4-5 

2 4-5 4-5 4-5 
4-

5 
4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 6 

Viscose 
1 4-5 4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 4 

2 4-5 4-5 4-5 4- 4-5 4 4 4 4-5 4- 4-5 5 
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5 5 

Cotton  
Untreated 4-5 4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 4-5 

Viscose 
Untreated 4-5 4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 4-5 

4-

5 
4-5 4-5 

 

Fig. 5 shows change in cotton and viscose fabrics morphology through treatment with CSNPs 

followed by dyeing with two synthesized reactive dyes. Untreated cotton fabrics show 

smooth surface (Fig. 4a and 4e). the smooth surface contains remarkable nanoparticles form 

CSNPs inside and outside fiber surface (Fig. 4b and 4f). Dyeing with two reactive dyes 

appears as coated and granulated CSNPs of the cotton fabrics (Fig. 5c and 5d) and for viscose 

fabrics (Fig. 4g and 4h). Therefore, SEM imaging confirm the presence of CSNPs inside and 

outside cotton fabrics for both finished and finish dyed cotton fabrics in addition, coating 

process for dyed cotton samples. 

Fig.5. SEM images of untreated cotton fabrics (a), CSNPs treated one (b), treated and dyed 

cotton fabrics with dyes (1&2) (c and d); untreated viscose fabrics (e), CSNPs treated one (f), 

treated and dyed viscose fabrics with dyes (1&2) (g and h) 

3.2. Antimicrobial Activity: 

Figures 6-9 show the antimicrobial activity of cotton & viscose fabrics treated with CSNPs. 

Four bacterial and fungal strains have been used to evaluate the antimicrobial activity of pre-

treatment cellulose-based fabrics with chitosan nanoparticles and dyed with two prepared 

reactive dyes (1 and 2). Fig. 3-6 shows antimicrobial activity as function of chitosan 

nanoparticles concentration for both dyes. Results shows that antimicrobial activity increased 
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as the concentration of chitosan nanoparticles increased. Also, pre-treatment and dyed fabrics 

have excellent antibacterial and antifungal activity towards tested microbes. 

 

Fig. 6. Antimicrobial properties of dyed cotton fabrics with dye 1 with various amounts of 

pre-treated with chitosan nanoparticles 

 

Fig. 7. Antimicrobial properties of dyed cotton fabrics with dye 2 with various amounts of 

pre-treated with chitosan nanoparticles 
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Fig. 8. Antimicrobial properties of dyed viscose fabrics with dye 1 with various amounts of 

pre-treated with chitosan nanoparticles 

 

Fig. 9. Antimicrobial properties of dyed viscose f fabrics with dye 2 with various amounts of 

pre-treated with chitosan nanoparticles 

 

Mechanism of antimicrobial activity can be explained as follow: amino groups of chitosan 

nanoparticles can attach on bacterial surface to bind with its DNA and inhibit RNA synthesis 

causing microbe death [49-52]. Also the dye ability increased with increasing of CSNPs and 
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therefore amino groups number increased and made fabrics have high affinity towards the 

dye [53,54]. 

4. CONCLUSION 

Cellulose based fabrics (cotton and viscose) were pre-treatment with chitosan nanoparticle to 

enhance it dye ability and impart the antimicrobial activity. CSNPs characterized from TEM 

imaging and FT-IR spectroscopy. Chitosan nanoparticles can be used as powerful safe 

biopolymer for multifunctional finishing of cotton and viscose fabrics; the dyeability of 

treated fabrics has been increased and not depends on dye concentration. The dyed fabrics 

sowed higher antimicrobial activity towards bacteria & fungi. Dyed fabrics showed higher 

colour strength and fastness properties towards light, washing and perspiration. Also, treated 

fabrics were reduced the salt and alkalinity in conventional methods. The treated fabrics have 

higher K/S values than that for untreated fabrics. Overall chitosan nanoparticles can be 

considered as highly effective eco-friendly finishing agent compared with other conventional 

multifunctional treatment process of cotton and viscose fabrics. 
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