
J. Egypt. Acad. Soc. Environ. Develop., 22 (1):33--46 (2021)              (D-Environmental Studies)                             

E.mail: easedjournal_egypt@yahoo.com                                                       ISSN 1110-8770 

www.jades.journals.ekb.eg                                                                        eISSN  2314-5471 (online) 

 

Efficient Synthesis of TiO2 nanoparticles and its application in natural fabrics printed 

with Turmeric dyes 

 

Menna A. O. Saad 

The Higher Institute for Applied Arts, the Fifth Settlement, Egypt. 

menna.osama@aai.edu.eg 

 

 

 

ABSTRACT 

            Special photocatalytic activity, extreme availability, non-toxicity, biocompatibility, 

and low cost make TiO2 nanoparticles mainly attractive for industrial of different high value-

added produces. The present work aims of harnessing nanotechnology as one of the most 

important frontier sciences to develop the printing of natural fibers using the most 

ecologically friendly dyes, namely turmeric  dye  to confirm the sustainability of the 

environment for upcoming generations, decrease pollution resultant from textile printing, 

overcome the harms of using synthetic colorants, synthetic thickeners, and synthetic fibers 

on environmental balance and human healthiness. 

Environmental natural dye (turmeric dye) and the natural thickener (tamarind 

thickener) are used to produce a natural printing paste with a proper viscosity for printing 

natural fabrics by the flat silk screen printing. In this work, three diverse methods of treating 

fabrics were used, which are pre-treatment, simultaneous treatment, and post-treatment with 

TiO2 nanoparticles at varying concentrations (0.5%, 1%, 1.5%, and 2% W.O.F). TiO2 

nanoparticles were prepared using sol-gel technique. The prepared nanoparticles were 

analyzed using Scanning electronic microscope(SEM), and transmission, electronic 

microscope(TEM), tensile strength and elongation, microbial protection, Color strength K/S 

values, fastness properties, and Ultraviolet protection factor (UPF were measured on fabric 

samples. 

Results presented that the K/S values of treated samples are higher than the original 

samples.  All treated fabrics have excessive fastness values for washing, perspiration, and 

rubbing. But all treated fabric printed with curcuma show low light fastness properties. Rise 

in the tensile strength of fabrics. The combination of these nanoparticles in the structure of 

the natural fabrics creates the ending product antimicrobial. The UPF values of all the treated 

printed fabric samples are upper than those of the blank ones. 

Development of the function and health properties and value of the resultant fabrics 

while keeping the ecological balance. By overcoming the lowly shadow and fastness 

properties of natural colorants by treating fabrics with green materials. Rise the durability of 

treated natural fabrics and the default service life. The printed fabrics obtained advance an 

antibacterial agent for Staphylococcus aureus, and Escherichia coli , and ultraviolet 

protective.   

 

Keywords: TiO2 Nanoparticles, UV Protective, Antibacterial Agent , Turmeric Dye, Green 

Treatment. 

 

INTRODUCTION  

          The main challenge facing the textile printing today is to adjust production methods, so 

they are more ecologically friendly at a viable price, by using safer colorants and thickeners. 

It is therefore imperative to use treatment strategies (Ortset et al., 2018), which aim to ensure 
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the sustainability of the environment for future generations (Jordão et al., 2018) through 

physical, chemical and biological techniques or a combination thereof (Setiadi et al., 2006). 

It has been observed that physical and chemical methods, although successful, have high 

electricity and operating input costs (Imran et al., 2015). Therefore, current work is directed 

towards the use of natural dyes, because it is is  biodegradable, non-toxic, easy to prepare, 

antibacterial, anti-mite, anti-allergic, anti-UV, obtained from cheap renewable resources, 

does not produce hazardous wastewater upon decomposition in the environment, therefore 

does not need to treat wastewater I (Samanta and Konar, 2011), and have no side effects on 

the human body (Kasiri. and Safapour, 2013). Therefore, the researcher used the natural 

printing paste that contains a natural dye, namely the turmeric dye  . 

Turmeric is a natural yellow coloring agent. It is a phytopolylphenol pigment isolated 

from the plant Curcuma longa, commonly known as curcuma( Saxena and Raja, 2014),  and 

a natural thickener, namely a tamarind thickener,  which have been prepared from tamarind 

gum. Tamarind gum made of glucose, xylose, and galactose in a 3: 2: 1 ratio isolated from 

the tamarind seeds (Goyal et al.,  2008). Without using mordant for printing natural fabrics. 

Due to the weakness of the color and the stability of natural colorant, it becomes necessary 

to need stabilizers that are done by environmentally friendly treatments such as biopolymers 

are used instead of chemical treatments to remove chemical pollutants and their residues 

resulting from chemical processes5. 

Recent advances in nanoscience and nanotechnology have an enormous impact on 

almost all industries and many sectors of daily life. Despite the tremendous progress already 

being made in this field, nanotechnology continues to pose many questions and challenges 

including its implementation on an industrial scale that would enable commercial 

manufacturing of nanomaterials and corresponding products, environmental concerns, safety 

and health, etc . 

Nanotechnology is the science and technology of designing, building, and creating a 

new structure at the nanoscale, with a size of 1 nanometer to 100 nanometers, with greater 

quality, new performance characteristics, as well as fewer defects compared to existing ones 

In bulk materials (Qian and Hinestroza, 2004). It can provide high durability for fabrics 

because nanoparticles have a large surface area to volume ratio and high surface energy, 

which leads to a better affinity for fabrics and leads to an increase in functional durability 

(Wong et al., 2006). When the particle size is reduced, the surface area of the material 

increases. As a result, a higher percentage of the atoms can react with another substance. 

Nanoparticles must be closely regulated so that their properties do not change (Ragheb et al., 

2017). 

Metal and metal oxide nanoparticlesTiO2 because of their semiconductor nature have 

been used extensively as photocatalysts under UV irradiation and are responsible for self-

cleaning by eradicating the organic compounds from polluted water and air. They are also 

effective for the bacterial colonization reduction. Redox reaction induced by generation of 

electron-hole pair upon exposure to UV light equal or more than bad gap energy of 

photocatalysts produces reactive oxygen species (ROS) like singlet oxygen (O2) (Kamat 

2002), superoxide ion (O2 •-), and hydroxyl radicals(•OH) which are responsible for organic 

degradation . 

In the current study TiO2nanoparticles were synthesis and application by three 

treatment method (pre, simultaneous, and post treatment) on natural fabrics (cotton, wool, 

silk) printed with  turmeric. Comparative studies have been conducted for K / S, overall 

stability properties, tensile strength, antimicrobial activity, etc. 
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MATERIALS AND METHODS 

Materials: 

Fabrics: Cotton100% fabric was supplied from Opera Textiles Co., Cairo, Egypt, wool 

100% fabrics were supplied from Elkammah Company, and silk100% fabrics were supplied 

from The Egyptian Natural Silk Company (Debag), Ismailia, Egypt. All fabrics washed with 

a solution containing 2g / liter non-ionic detergent (TERGITOLTM NP-9 Surfactant), at 60 

°C for cotton and 50° C for wool and silk fabrics for 30 minutes, then rinsed thoroughly with 

water and dried with air at room temperature. 

 

Dye: Natural dye substance turmeric that was purchased from local market Harraz natural 

market, Cairo, Egypt. The color matter curcumin is shown in Figure (1) 

 

H3CO

OH

O OH

OCH3

OH  

Fig. 1. Chemical structure of curcumin (Saxena and Raja, 2014) 

 

Thickeners: Natural Gum ST 80 is an anionic thickener from (ADGUMS private limited, 

an exporter of thickener for textile printing). The viscosity 8%, and pH was adjusted to 9-

11(Goyal et al., 2008). Its structure is shown in Figure (2) 
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Fig.2.Structure of tamarind seed polysaccharide [TSP] (Gupta et al., 2015) 

 

Other Chemicals: Urea, Diammonium hydrogen orthophosphate, and all chemicals used in 

this study were of laboratory grade, and were purchased from  El Gamhoria Company, 

Cairo, Egypt. 

 

Methods: 
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Fabrics treatment methods: Natural fabrics were treated in three different methods: 

pretreatment, concurrent treatment and post-treatment with different materials. 

 

Pretreatment method: Samples of natural wool fabrics were treated with different 

concentrations(0.5%, 1%, 1.5%, and 2% W.O.F). TiO2 nanoparticles, squeezed, and were 

dried at room temperature then  were printed with  the natural dyes mentioned above. 

 
Simultaneous treatment method (single stage): In this method of printing and treatment, 

the materials were made in one step by adding them to the printing paste. 

 

Post- treatment method: 

In this method, the specimens of natural fabric were first printed with natural dyes, and then 

the printed fabrics obtained were treated with TiO2 nanoparticles. 

 

 Treatment of the natural fabrics with TiO2 nanoparticles: 

Synthesis of TiO2 nanoparticles:      

Adding 3.5 ml of titanium tetrachloride (TiCl4) to 50 ml of deionized water in an ice 

bath and the process was carried out under a fume hood. Then add 35 ml of ethanol with 

vigorous stirring for 30 minutes at room temperature. After that adding drops of ammonium 

hydroxide to a solution of titanium tetrachloride (TiCl4), and obtaining ethanol and 

deionized water for its neutralization and precipitation. After stirring vigorously, the 

solution was made to settle for twelve hours. After that, the precipitate was centrifuged. The 

resulting precipitate was washed with deionized water until the chloride ion was removed 

and separated by centrifugation. The precipitate was dried at 200 ° C using an oven to 

remove part of the absorbed water for 4 hours, and thus amorphous TiO2 was obtained. 

Finally, the obtained amorphous TiO2 is calcinated at temperatures of 400 ° C for four hours 

to obtain TiO2 nanoparticles (Abd El-Thalouth and Mashaly, 2016). 

Preparation of Sol-Gel TiO2-nanoparticles can be represented as follows: 

≡Ti (OR) + H2O → ≡TiOH + ROH Hydrolys ≡ Tis                                  (1) 

≡TiOH+ ≡ TiOH → ≡ Ti-O- Ti ≡ + H2O Condensation and/or                  (2) 

≡TiOH+ ≡ Ti (OR) → ≡ Ti-O-Ti ≡ + ROH CondensaVon                         (3) 

Where R is an organic group, and,  

Ti-O-Ti is a colloidal oxide network in the sol form. 

TiO2 –nano sol network            heat          gel formation                         (4) 

 

Treatment method with TiO2 nanoparticles: 

The aforementioned fabrics were treated with TiO2 nanoparticles by exhaustion 

method with 4 different percentages of TiO2 nanoparticles (0.5% - 2%W.O.F) at 80 °C for 

20 minutes in the presence of a wetting agent in the beaker. The liquor ratio of the bath was 

120. After 20 minutes. The treated fabrics were fixed at 140 °C for 10 minutes. Finally, the 

treated fabrics were washed at 60 °C for 20 minutes, followed by drying (Abd El-Thalouth 

and Mashaly, 2016). 

 

 Dye Extraction: 

The colorant was extracted by adding 100g turmeric to 1,000 ml. H2O. Water was 

boiled for 30 minutes.The solution was cooled and filtered.  

 Preparation of the printing pastes: 

The printing paste was prepared according to the following:  

Natural dye (turmeric)              100.0 g 

Thickener (Tamarind)                 67.8 g 
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Di-ammonium phosphate           12.5 g 

Urea                                           40.0 g 

Then complete with 100 ml water                                             

 

Printing technique: 

The three fabrics cotton, wool and silk, were printed by flat screen printing, then the 

printed fabrics were steamed to 120°C for 20 min. After fixation, all printed samples were 

washed to remove excess material from the surface of the fabric and to provide stability to 

the printed material. 

 

Washing process: It was done as follows: 

1- Samples were rinsed in cold water, then washed with warm water. 

2- Samples were soaped with a solution containing 2 g/l (TERGITOLTM NP-9 Surfactant) 

(non-ionic detergent) for 15 min at 50◦C for wool and silk fabrics and 15 min at 60◦C 

for cotton fabric. 

3- Samples were washed using hot and cold water. 

4-  The washed samples were allowed to dry at room temperature. 

Finally, fabrics were evaluated to measure color strength (K/S), and all fastness properties, 

antimicrobial properties and tensile strength.  

 

Measurements: 

Morphological study of TiO2 nanoparticles : 

a- Scanning electron microscope (SEM):  

SEM (JSMT-20, JEOL-Japan) was used to scan the surface morphology of printed 

fabrics treated with silver nanoparticles.  

 

b-Transmission Electron   microscope (TEM): 

TEM (JTEM-1230, JEOL Japan) was used to analyze the size, morphology, 

crystalline structure, and chemical composition of a wide range of nanometers.  

Measurement of tensile strength and elongation:  

Tensile strength and elongation tests were carried out on a Tinius Olsen machine 

(H5KT/130-500) in the context of the ASTM D5035 (Strip Method). 

Determination of antibacterial activity of colonyforming unit: 

Antibacterial activities of fabrics treated with TiO2 nanoparticles at a concentration 

of (0.5% - 2%W.O.F)  were investigated using the colony-forming technique (CFU) for 

Staphylococcus aureus, and Escherichia coli. The number of viable bacterial colonies on the 

agar plate for both treated and untreated products was counted and the results of bacterial 

reduction(Lellis et al., 2019)  were reported as per the equation.   R (%) = B-A / B x 100 

Where A corresponds to CFU/ml of the treated sample after 16 hours of incubation and B 

corresponds to CFU/ml of the non-treated sample after the same incubation period  (Abdel-

Wareth et al., 2019). 

Measurements of color strength (K/S):  

The color strength (K/S) of the specimens was evaluated by the light reflectance 

technique using the Shimadzu UV/Visible spectrophotometer (De Santis et al., 2017). K/S in 

which K and S correspond to the absorption and diffusion coefficients, respectively 

Measurements of Fastness properties:  

The printed specimens were subjected to friction, washing, perspiration and light 

according to ISO standard methods, ISO 105-X12 (1987), ISO 105-co4 (1989), ISO105-EO4 

(1989), ISO 105-BO2 (1988). 
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UV-protecting properties of printed tissues treated with TiO2 nanoparticles: 

The trial was conducted in accordance with AATCC TM 183-2010. 

 

RESULTS AND DISCUSSION 

Morphological study of TiO2 nanoparticles: 

Scanning electron microscopy (SEM) analysis for sample treatment 

The SEM images of untreated fabrics are shown in Figure  (3a & c). Images of 

fabrics treated with TiO2 nanoparticles at the concentration 2% W.O.F are shown n Figure (3 

b & d). 

 

 
(b ) Treated cotton fabric 

 
(a ) Untreated cotton fabric 

 
(d) Treated wool fabric 

 
(C) Untreated wool fabric 

 
  (f)Treated silk fabric           

 
   (e) Untreated silk fabric 

Fig.3. SEM images of untreated and treated fabrics with TiO2 nanoparticles 
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Images of  SEM for treated fabrics  showed that TiO2 nanoparticles have been 

distributed on the surface of the fiber and that the smoothness of the surface has improved. 

TiO2 nanoparticles binds well to fibers and not only adheres to the surface, but also 

penetrates textile deficiencies. 

 

Transmitting electron microscopy (TEM) for silver nanoparticles 

TEM  analysis of TiO2 nanoparticles revealed that the size of the nanoparticles 

ranged between 9to 94nm (Fig. 4). 
 

 
Fig.4. TEM images showing TiO2 nanoparticles 

Tensile strength and elongation measurement  

The tensile strength test is one of the major sustainability tests of the fabric. The test 

was carried out on all fabrics treated with TiO2 nanoparticles at concentration 2% W.O.F and 

compared with untreated tissues. Table (1) gives a summary of the results of the tensile 

strength and elongation tests for untreated and treated tissues. The result shows that the 

tensile strength and elongation of treated wool fabrics with TiO2 nanoparticles are higher 

than that of untreated fabrics due to the presence of a high degree of cross-sulfide on wool 

fabrics (87) as mentioned previously. Also the treated cotton fabrics with TiO2 nanoparticles 

showed a significant decrease compared to the untreated fabrics. Silk fabrics treated with 

TiO2 nanoparticles show the same tensile strength as untreated fabrics, and the elongation of 

all treated fabrics   showed a decrease with TiO2 nanoparticles can be attributed to those 

spaces between fibers after treating decreases. 

 

Table 1. Tensile strength and Elongation of  natural fabrics treated with 2% 

W.O.F.TiO2 nanoparticles 

 

Types of fabrics Materials used 

Tensile strength @ break Kg Elongation  @ break % 

Blank Treated Blank Treated 

Cotton 43 42 15 10 

Wool  62 80 35 40 

Silk  88 88 28 25 

 

Determination of antibacterial activity by colony-forming unit  

The antibacterial activities of treated fabrics at 2% W.O.F of TiO2 nanoparticles 

were studied using a colony-forming technique (CFU) against Staphylococcus aureus, and 

Escherichia coli  (Fig. 5). The results revealed that  TiO2 nanoparticles  have exllent 

antibacterial activity with all fabrics,  because  nano-TiO2 has a photo catalytic effect and 

when exposed to light, photons with energy equal to or greater than the bonding gap of 

titanium dioxide excite the electrons up to the conduction band. The excited electrons within 

the crystal structure interact with the oxygen atoms in the air, producing free oxygen. These 
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oxygen atoms are powerful oxidizing agents, which can break down the cell wall of 

microorganisms through an oxidation-reduction reaction(Samal et al., 2010). 

 

Table 2. Antibacterial activity of natural fabrics treated byTiO2 nanoparticles 

Treatment 
material 

Type of 
fabrics 

Sample 
Test 

Gram+  vebacteria  Gram– 
vebacteria 

 

Staphylococcus 
aureus 

Escherichia coli 

 

 

 

TiO2 

Nanoparticles  

cotton control 0 0 

treated  100 97.59 

wool control 0 0 

treated  100 96.39 

silk control 0 0 

treated  99.48 100 

 

 

Fig.4.Antibacterial activity of natural fabrics by TiO2 nanoparticles 

Effect of biotreatment on Color strength (K/S value) of fabrics: 

The results of the effects of TiO2 nanoparticles pretreatment,  simultaneous and post 

treatment process on K/S samples of cotton, wool, and silk printed with turmeric dye were 

given in Tables (3, 4 & 5) respectively. 
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Table 3. Effect of pretreatment of natural fabrics treated byTiO2 nanoparticleswith 

turmeric dye 

NO Types of fabrics Materials used 

TiO2Nano particles 

Conc.% K/S 

1 Cotton 100% Without 2.38 

0.5% 2.47 

1% 2.24 

1.5% 3.72 

2% 3.87 

2 Wool 100% Without 2.52 

0.5% 4.89 

1% 5.22 

1.5% 3.16 

2% 2.79 

3 Silk 100% Without 2.75 

0.5% 2.76 

1% 2.76 

1.5% 3.12 

2% 2.98 

 

 

 

Table 4. Effect of simultaneous treatment of natural fabrics treated byTiO2 

nanoparticles with turmeric dye 

NO Types of fabrics Materials used 

TiO2 Nano particles 

Conc.% K/S 

1 Cotton 100% Without 2.38 

0.5% 3.06 

1% 2.89 

1.5% 2.47 

2% 2.98 

2 Wool 100% Without 2.52 

0.5% 2.66 

1% 2.16 

1.5% 2.14 

2% 1.91 

3 Silk 100% Without 2.75 

0.5% 3.61 

1% 3.03 

1.5% 3.35 

2% 3.32 
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Table 5. Effect of post treatment of natural fabrics treated byTiO2 nanoparticles with 

turmeric dye 

NO Types of fabrics Materials used 

TiO2 Nano particles 

Conc.% K/S 

1 Cotton 100% Without 2.38 

0.5% 2.09 

1% 2.73 

1.5% 2.01 

2% 2.18 

2 Wool 100% Without 2.52 

0.5% 2.49 

1% 2.38 

1.5% 2.33 

2% 1.82 

3 Silk 100% Without 2.75 

0.5% 2.43 

1% 1.81 

1.5% 2.18 

2% 1.98 

 

The highest K / S were achieved when pretreated wool fabrics with TiO2 NPs  at a 

concentration of TiO2 NPs(1 % W.O.F) it achieves 5.22 values compared with 2.52 of the 

untreated sample, While increasing the concentration more or less than that has no 

noticeable effect. It is also clear from the data that the color strength of pretreated cotton, 

wool, and silk fibers have high value of color strength which demonstrates that pre-

treatment is effective in increasing the absorption of curcuma dye, as the positive polymers 

transfer a positive charge to the surface of the fibers, providing active sites for anionic 

moieties such as phenolic compounds in the turmeric dye.  TiO2 NPs can easily achieve an 

improvement in the cellulosic surface by introducing a + charged surface, which in one 

sense creates a similar condition to protein fabrics that ended with an increase in the 

printability of these fabrics (Xin et al., 2004) 

Titania OH + Cell.OH        heat           Nano-TiO2- Loaded cotton fabric  

Titania OH + H2N.CHR.COOH     heat     Nano-TiO2- Loaded protein fabric 

 

Effect of biotreatment on Color fastness of fabrics: 

The printed samples treated with TiO2 nanoparticles by turmeric dyes for all 

treatment method which acquire the highest K/S were chosen and subjected to overall color 

fastness measurements.  

 

Color Fastness to Washing 

Table (6) shows the various fastness categories (washing, rubbing, alkali 

perspiration, acid perspiration, and light fastness) of treated printing fabrics using TiO2 

nanoparticles with turmeric natural dye. The results showed that the printed cotton fabrics 

show increase in wash fastness with TiO2 nano particles. The printed wool and silk fabrics 

show good wash fastness where the color change was found from 3-4 to 4-5 and from 3-4 to 

4for TiO2 nanoparticles 
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Color Fastness to Perspiration 

The colorfastness to Perspiration of printed samples treated with TiO2 nanoparticles 

showed more stability of acidic perspiration than alkaline in discoloration of printed fabrics 

that’s due to Curcuma is stable at an acidic pH but unstable at an alkaline pH and in the 

presence of light, and under these conditions the main hydrolysis product of curcuma is via 

6- (40-Hydroxy-30-methoxyphenyl) -2,4-dioxo-s-hex, in While the minor degradation 

products are vanillin, ferulic acid, and feruloyl methane (Zhu, 2009). Also showed excellent 

stability against staining on cotton, and wool fabrics (Table 6). 

 

Color Fastness to Rubbing  

The results  in Table (6) indicated high color fastness of rubbing for all printed 

fabrics treated with TiO2 nano particles. This shows that the majority of the dye molecules 

are well anchored to the fibers and that the remaining surface dye molecules are minimal. 

The result may also be that the dye molecules formed bonds between the molecules with the 

treated material and fabrics as mentioned before.  

 

Color Light fastness. 
The light fastness of the samples printed with turmeric and treated with TiO2 nano 

particles in (Table 6) showed poor light stability, That’s due to curcuma is unstable the 

presence of light where it is degraded to ferulic acid and feruloyl methane (Mondal and 
Soumen, 2012 ), with regard to photocatalytic dye degradation, the dye removal and 

degradation are attributed to both the dye's interaction with the positive active sites and 

ROS, the TiO2 NPs are cationic in nature and the curcuma dyes are anionic in nature that 

facilitate NPs and the dye reaction. On contact, the ROS generated causes the degradation of 

the organic dye (Majid  and Samaneh, 2012). 

 

Table 6.Effect of TiO2 Nano particles on color fastness values of natural fabrics 

printed with curcuma dye 
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without 0 4 4-

5 

4 4 4 4-5 4 4 4 4-5 3 1 

Pretreatment 2% 4 4 3-4 5 5 5 4 4 4 4 3-4 2 

Simultaneous 

Treatment 

0.5% 4 4 4 5 5 5 4 4 4 4-5 4 1 

Post treatment 1% 4 4 4-5 4 4 4-5 4-5 4 5 5 4-5 1 

W
o
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l 1
0

0
%

 

without 0 3-4 4 3-4 4 4 4 5 5 5 3-4 2-3 1 

Pretreatment 1% 4 4-

5 

3-4 5 5 5 4-5 4-5 4-5 4 3 1 

simultaneous 

treatment 

0.5% 4 4-

5 

3-4 5 5 5 5 5 5 5 4 1 

post treatment 0.5% 4 4 3-4 5 5 5 4-5 4-5 4-5 5 4 2 

S
ilk

 1
0
0

%
 

without 0 4 4 3-4 4 4 4 4 4 4-5 4 3 1 

Pretreatment 1.5% 4 4 4 4 3-4 4-5 3-4 3-4 4-5 3-4 4 1 

simultaneous 

treatment 

0.5% 3 3-

4 

3 4 4 4-5 4-5 4-5 4-5 3-4 4 1 

post treatment 0.5% 4 4 3-4 4 5 4 4 4-5 4 5 4-5 1 
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Measurement of UPF  Printed Fabrics: 

It is clear from the data that printed cotton showed poor UV protection degree after 

treatment with TiO2 NPs.  Treated printed wool with TiO2 NPs showed slightly decrease 

protection by AS/NZ S43991996 and Test Method 1832010 respectively. This could be due 

to blocking of interstices of fabric. Treated silk showed decrease in UV protection by AS/NZ 

S43991996 and Test Method 1832010 by TiO2  nano particles. 

 

Table 7.Effect of TiO2 Nano particles on UPF of natural fabrics printed with curcuma 

dye 

Treatment 

material 

Type of 

fabric 

Sample test UPF 

AS/NZ 

S43991996 

Test Method 

1832010 

 

TiO2 

Nano particles 

 

Cotton 

100% 

control 4.0 4.0 

Pretreated 2% 4.4 4.4 

Wool 

100% 

control 124.9 119.1 

Pretreated 1% 117.1 112.1 

Silk 

100% 

control 5.7 5.7 

Simultaneous 

treated 0.5% 

5.6 5.6 

 

Conclusion 

The K/S value of the treated printed fabrics with TiO2 NPs give higher results with 

curcuma  dyes.  All treated fabrics have high fastness values for washing, perspiration, and 

rubbing. All treated fabric printed with curcuma show low light fastness properties. Treated 

printed cotton fabrics showed a significant decrease in UV protection with TiO2 NPs. Also, 

Treated wool fabrics are more tensile strength and elongation than cotton and silk fabrics 

with TiO2 NPS.The turmeric dye  was suitable as an antibacterial agent for E. coli and S. 

aureus microorganisms. 
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المستخلص 

حبًٔ اوغُذد  رغُّبث تزؼً إٌّخفضت واٌتىٍفت ، اٌحُىٌ واٌتىافك ، اٌغُّت وػذَ ، اٌضىئٍ اٌتحفُضٌ إٌشبط

 اعتخذاَ  إًٌ هزٖ اٌذساعت هذفث. اٌؼبٌُت اٌّضبفت اٌمُّت راث اٌّختٍفت ٌٍصٕبػبث أعبعٍ بشىً رزابت إٌبٔىَت اٌتُتبُٔىَ

 اٌبُئت ٌتحمُك اعتذاِت اٌىشوُ صبغت ببعتخذاَ اٌطبُؼُت الأٌُبف طببػت فً إٌبٔىَت حبًٔ اوغُذ اٌتُتبُٔىَ رغُّبث تمُٕت

 الاصطٕبػُت اٌٍّىٔبث اعتخذاَ أضشاس ػًٍ اٌتغٍب ، إٌّغىربث طببػت ػٓ إٌبتذ اٌتٍىث وتمًٍُ ، اٌمبدِت ٌلأرُبي

الإٔغبْ اًٌ ربٔب اٌتىٍفت إٌّخفضت ٌهزٖ  وصحت اٌبُئٍ اٌتىاصْ ػًٍ الاصطٕبػُت والأٌُبف الاصطٕبػُت واٌّىخفبث

 طببػت ِؼزىْ لإٔتبد( اٌهٕذٌ اٌتّش ِخخٓ )اٌطبُؼٍ واٌّىخف( اٌىشوُ صبغت )اٌبُئُت اٌطبُؼُت اٌصبغت  تغتخذَ.اٌتمُٕت

 اٌبحج هزا تُ فٍ. اٌّغطحت اٌحشَشَت اٌشبشت طببػت طشَك ػٓ اٌطبُؼُت الألّشت ٌطببػت ِٕبعبت ٌضورت ِغ طبُؼٍ

 بزضَئبث اٌلاحمت واٌّؼبٌزت اٌّتضإِت واٌّؼبٌزت اٌّغبمت اٌّؼبٌزت وهٍ ، الألّشت ٌّؼبٌزت ِتٕىػت طشق حلاث اعتخذاَ

 إٌبٔىَت حبًٔ اوغُذ اٌتُتبُٔىَ تُ اعتخذاَ رغُّبث .اٌحُىٌ واٌتىافك ، اٌغُّت وػذَ ، اٌضىئٍ اٌتحفُضٌ إٌشبط

 تمُٕت       ببعتخذاَ إٌبٔىَت اٌزضَئبث تحضُش تُ(. اٌخبِت وصْ  ِٓ٪2 و ،٪ 1.5 ،٪ 1 ،٪ 0.5 )ِتفبوتت بتشوُضاث

sol-gel .ُالإٌىتشؤٍ اٌّبعح اٌّزهش ببعتخذاَ اٌّحضشة إٌبٔىَت اٌزغُّبث تحًٍُ وت( SEM )، الإٌىتشؤٍ واٌّزهش 

(TEM )، اٌٍىْ لىة ولُُ ، اٌبىتُشَت  واٌحّبَت ، والاعتطبٌت اٌشذ و لُبط لىة K / S ، وػبًِ ، اٌخببث وخصبئص 

 .  اٌبٕفغزُت فىق الأشؼت ِٓ اٌحّبَت

 اٌّؼبٌزت الألّشت رُّغ الأصٍُت ، واْ اٌؼُٕبث ِٓ أػًٍ اٌّؼبٌزت ٌٍؼُٕبث لىة اٌٍىْ  لُُ أْ إٌتبئذ أظهشث

ُّطبىػت الألّشت رُّغ والاحتىبن ٌىٓ واٌتؼشق ٌٍغغًُ ِفشطت حببث لُُ تحتىي ػًٍ  حببث خصبئص تظُهش ببٌىشوُ اٌ

 اٌطبُؼُت الألّشت بُٕت فٍ إٌبٔىَت اٌزغُّبث هزٖ بُٓ اٌزّغ وّب إْ. ٌلألّشت اٌشذ ِمبوِت فٍ ٌٍضىء واستفبع ِٕخفضت

 تٍه ِٓ أػًٍ اٌّؼبٌزت اٌّطبىػت الألّشت ػُٕبث ٌزُّغ UPF ولذ ورذ اْ لُُ. ٌٍبىتُشَب ِضبدًا ٔهبئُبً ِٕتزًب َخٍك

 ولُّت اٌصحُت واٌخصبئص  ولذ خٍص اٌبحج اًٌ هزٖ اٌتمُٕت إٌبٔىَت لذ  أدث اًٌ تحغُٓ  اٌخصبئص اٌىظُفُت.اٌفبسغت

 ِؼبٌزت خلاي وِٓ إٌّخفضت اٌخببث خصبئص ػًٍ اٌتغٍب خلاي ِٓ اٌبُئٍ  اٌتىاصْ ػًٍ اٌحفبظ ِغ إٌبتزت الألّشت

 وّب اْ الألّشت. الافتشاضٍ اٌخبِت وػّش اٌّؼبٌزت اٌطبُؼُت الألّشت ِتبٔت وّب أدث اًٌ صَبدة. خضشاء بّىاد الألّشت

ِغ اِىبُٔت  اٌمىٌىُٔت والإششَىُت اٌزهبُت اٌؼٕمىدَت اٌّىىساث ٌبىتُشَب ِضبدًا ػبِلًا  تمذَ ػٍُهب اٌحصىي تُ اٌتٍ اٌّطبىػت

 . اٌبٕفغزُت فىق الأشؼت ِٓ اٌحّبَت

 


