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Abstract 

Antibacterial and self-cleaning cotton fabric was prepared by coating TiO2 nanoparticles with cellulose on the 

surface of cotton fabric. TiO2 nanoparticles were dispersed in cellulose solution (10% cellulose in 60% 

sulphuric acid solution) by mechanical stirring in order to coat. Appeared white particles on the surface of fabric 

in Scanning Electron Microscope (SEM) pictures proves that TiO2 was coated successfully on the surface of 

cotton fabric. Significant degradation of wine stain was observed after 60 minutes of UV irradiation on TiO2-

cellulose coated cotton fabric. Maximum 98.2% reduction of S.aureus bacteria was observed on TiO2-cellulose 

coated cotton fabric whereas 81.6% reduction of Methicillin-resistant Staphylococcus aureus (MRSA) bacteria 

was observed.  
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1. INTRODUCTION 

Antibacterial and self-cleaning properties of textile are very interesting and demanding properties of cotton 

fabrics [1-4]. In this report, we describe the coating of cellulose and TiO2 on the cotton fabric and its 

characterization for antibacterial and self-cleaning properties. In recent years, researchers have been trying to 

make cotton fabric self-cleaning and antibacterial in different ways such as: antibacterial finishing of cotton by 

microencapsulation [3], by synthesizing Photo bactericidal porphyrin-cellulose nanocrystals [5], Treating cotton 

fabric by SBA-15-NH2/polysiloxane hybrid containing tetracycline [6], Plasma treatment and 

ZnO/Carboxymethyl chitosan composite finishing [7], self-cleaning by copper (II)porphyrin/TiO2 visible-light 

photocatalytic systém [8], coating with nano TiO2-acrylate copolymer [9], Nano TiO2 coating after treatment of 

cotton fabric with carboxylic acids such as oxalic, succinic, and adipic acids [10], functionalizing cotton fabric 

with p-BiOI/n-TiO2 heterojunction [11], bleaching and cationized cotton using nanoTiO2 [1] etc. Nano particles 

like TiO2, ZnO, CuO, Ag, SWCNTs, MWCNTs etc. show excellent antibacterial activity. TiO2 is the most 

environment-friendly among all other nano particles [12]. Titanium dioxide has the ability to oxidize various 

organic pollutants as well as to kill microbial cells [13]. 

TiO2 can be applied on different substrates such as activated carbon, stainless steel and glass[14]. TiO2 shows 

extraordinary photocatalytic activity since it has a high sensitivity to light [8]. Nano TiO2 has the ability to 

decompose dye pollutant such as Acid Orange [15], Methylene Blue[16], C.I. Acid Blue 9[17], Methyl Orange 

[18, 19], Ethyl violet dye[20], C.I. Reactive Red 2[21] and photocatalytic decomposition of some air pollutants 

[22]. Recently some researches have coated TiO2 on cotton fabric by in-situ suspension polymerization with 

nano TiO2-acrylate copolymer [9] and functionalizing cotton fabric with nano sized TiO2 [23]. However, they do 

not claim that fabric is stable against washing. Here we present new method to coat cotton fabric with TiO2 by 

roller padding, which will be stable against washing. 

2. MATERIALS AND METHODS 

2.1. Materials 

Viscose fiber was used as a source of cellulose for coating and it was provided by Tepna Nachod, Czech 

Republic. Cotton fabric was also obtained from Tepna Nachod, Czech Republic. TiO2 nanoparticles with 
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average size of 50nm was obtained from Sigma Aldrich. Sulfuric acid and sodium carbonate were purchased 

from Lach-ner, Czech Republic. 

2.2. Cellulose-TiO2 coating on cotton fabric 

Cellulose (Viscose fibers) was dissolved in 60% H2SO4 in order to prepare 10% cellulose solution at 20°C. 

TiO2-cellulose dispersions with different concentrations (1,3,5,10%) of TiO2 nanoparticles were prepared by 

mechanical stirring at 20°C and 150rpm for 5min. Dispersion of cellulose-TiO2 was coated by using roller 

padding on the surface of cotton fabric at 20°C quickly in 20 sec. After padding fabrics were washed with 

100gm/l aq.(aqueous) sodium carbonate solution and water until neutralization. The washed fabric was dried 

in an oven at 70°C for 25 min. 

2.3. Morphological observation 

Morphology of TiO2-cellulose coated cotton fabric was observed by SEM (Scanning Electron Microscope). 

Coated samples were cut and placed on SEM stubs by two sided tape and then morphology observed using 

TS5130 Vega-Tescan at voltage of 30 KV acceleration. 

2.4. Quantitative Evaluation of Anti-Bacterial Activity (AATCC-100)  

Two different kinds of bacteria Staphylococcus aureus (Gram positive CCM 226) and Methicillin-resistant 

Staphylococcus aureus (MRSA) (Gram positive CCM 4223) were used. Wet sample swatches of dimensions 

18X18mm were placed on a wet filter paper and placed in a petri dish and covered. A sterile container was 

placed under UV radiation for 15min thereafter 50µl of inoculums was placed on top of the swatch and allowed 

to wick through the sample stack.  

The inoculated swatches incubated for 24 hours at 37oC; thereafter a neutralizing broth composed of 50ml of 

saline was added and containers were shaken so as to release the inoculums from the test swatches and into 

the neutralizing broth. The bacterium present in this liquid was obtained as the percentage reduction. Anti-

bacterial activity of the fabric samples was quantitatively analyzed using the AATCC 100 method29.  

The percentage reduction of bacteria was calculated using the following formula: 

$Ê @ ·&
�ÁÁ

Ê
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Where R is the percentage reduction; A and B are the number of bacteria recovered from the inoculated treated 

and untreated fabrics. 

2.5. Photocatalytic self-cleaning 

Red wine stain was used to evaluate the self-cleaning ability of TiO2-cellulose coated samples fabrics in order 

to understand the effect of TiO2 on stain degradation; samples were irradiated with UV light as a function of 

time. For irradiation stain Philips TL 6W/05 CE UV tube (400-320nm) was used. Irradiated samples were 

scanned at 300dpi by scanner and afterwards images were analysed by using ‘Image J’ software [24].  

3. RESULTS AND DISCUSSIONS 

3.1. Morphology of coated fabric 

Morphological characterization ofTiO2-cellulose coated fabric was done by using scanning electron 

microscope. Only cellulose coated cotton fabric was characterized to prove TiO2 nanoparticles coated with 

cellulose. Figure 1a, b and c shows control, only cellulose coated, and TiO2-cellulose coated cotton fabric 

respectively. Figure 1c shows white particles on the surface of the cotton fabric and that confirms TiO2 particles 

were coated successfully. Figure 1b shows that cellulose is attached to the fabric surface. In our previous 
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study, 5 it was proved that coated cellulose stays with cotton fabric permanently. The coated cellulose does 

not get washed away unlike starch because it forms an interchain linkage with cotton cellulose during coating. 

Since solvent is strong the solvent molecules try to interact with the surface of the cotton fabric and during 

interaction coated cellulose forms hydrogen bonding with cotton cellulose. It is not easy to prove hydrogen 

bonding by spectroscopic method because both are same molecule and it has hydrogen bonding. 

  

Figure 1 SEM micrographs of (a) Control (b) Cellulose coated and (c) TiO2-cellulose coated cotton fabric 

3.2. Degradation of wine stain 

 

 

Figure 2 Wine stain degradation  

Red wine was used as a stain to understand the self-cleaning ability of TiO2-cellulose coated cotton fabric. 

Samples were irradiated under UV light for 60 min. The irradiated samples were scanned on the scanner and 

then evaluated by using imageJ software. ImageJ software measures the colour intensity and here white colour 

intensity was measured to see the self-cleaning ability.  

Figure 2 shows the scanned images of control, 1%, 3% and 5% TiO2 coated cotton fabric after 30 min 

irradiation under UV light. It is clear from Figure 2 that wine stain of TiO2-cellulose coated sample was 

degraded after irradiation under UV light whereas uncoated sample remained unaffected. Figure 3 shows the 

effect of TiO2 concentration on wine stain decolourization after exposing to UV light. It is apparent from the 

Figure 3 that wine colour degradation increases with increasing TiO2 concentration.  

Control 1% TiO2 3% TiO2 5% TiO2 
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Figure 3 Effect of TiO2 concentration on wine stain degradation 

3.3. Antibacterial activity 

Effect of TiO2 coating on the growth of bacteria Staphylococcus aureus and Methicillin-resistant 

Staphylococcus aureus (MRSA) were investigated. Table 1 shows the percentage reduction/multiplication of 

the test bacteria (S. aureus and MRSA) confirmed quantitatively utilizing the AATCC100 method. It’s observed 

that the coating of fabrics with TiO2-cellulose had a positive reduction of S. aureus bacteria and MRSA bacteria. 

The effectiveness of the anti-microbial activity increased with increase in the concentration of the TiO2 coating. 

Fabrics treated with 1% TiO2 had the lowest S. aureus bacterial reduction, however with an increase in the 

concentration of TiO2, there was a high jump from 6.3% to 96.7% reduction of S.aureus bacteria on 3% TiO2 

treated fabrics. These results prove that TiO2-cellulose coated cotton fabric shows excellent antimicrobial 

activity.   

Table 1 Antimicrobial analysis (AATCC 100) of the fabric samples 

Test Sample Bacterial Reduction/Multiplication 

Staphylococcus aureus Methicillin-resistant 
Staphylococcus aureus (MRSA) 

Control - - 

1% TiO2 6.3 13.3 

3% TiO2 96.7 65.0 

5% TiO2 97.7 68.3 

10% TiO2 98.2 81.6 

4. CONCLUSION 

TiO2-cellulose was coated successfully on cotton fabric by using roller padding for antibacterial and self-

cleaning properties. Surface morphology by SEM proved that TiO2 was coated successfully coated on the 

surface of cotton fabric along with cellulose. Cellulose plays a carrier role in this TiO2 coating. Samples coated 

TiO2 shows significant reduction 98.2% of Staphylococcus aureus and 81.6% Methicillin-resistant 

Staphylococcus aureus bacteria under UV light. Significant discoloration was observed for Cellulose-TiO2 

coated cotton fabric. Degradation of wine stain and reduction in bacteria were increased with increasing TiO2 

concentration. Therefore, we claim that Antibacterial and Self-cleaning cotton fabric could be achieved by 

coating Cellulose-TiO2. 
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