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Abstract 

 

This study aims to synthesis the self-cleaning fibers. The nano-titanium dioxide (TiO2) were blend with the 

polypropylene (grade 561R) at 1wt%, 3wt%, 5wt%, 10wt%, 15wt% and 20wt%. The TiO2-fibers were 

obtained from single screw extruder. The mechanical, thermal, rheology and self-cleaning properties were 

also investigated. The results showed that the tensile strength of the nTiO2-PP fibers decreased with 

increasing of the amount of TiO2. The presents of the TiO2 in the PP fibers significantly showed the 

improving of the self-cleaning properties under sunlight and 20 watt of UV radiation. The TiO2-PP fibers in 

presents of TiO2 20wt% showed the best results of self-cleaning under 5 hours of the sunlight which the 

similar results were found under 5 hours of 20 watts of UV radiation. 
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1. INTRODUCTION  

 

Many attention has been focused on the new materials that can demonstrate photocatalytic behavior under 

the proper illumination conditions for applications in textile technological fields.[1, 2] For this reason, 

titanium dioxide (TiO2) has attracted great attention as a semiconductor photocatalyst due to its widely used 

materials, low cost, good stability, and ease of preparation.[3] One of an interesting application of TiO2 is 

self-cleaning ability.[4, 5] 

TiO2 self-cleaning coatings are finding increasing applications in many fields, which now emerged in 

commercial products ranging from kitchen and bathroom ceramic tiles, and fabrics, to indoor air filters, 

window glass sections, furniture, painting and auto industry.[6-10] The mechanism of TiO2 self cleaning 

ability is mainly based on TiO2 photocatalysis, where photo-induced electron-holes catalyze reaction on the 
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surface.[11-13] The thicknesses of the coatings are generally around 200 nm, which are deposited using 

various techniques such as sputtering,[14] electrophoretic deposition,[15] thermal oxidation,[16] chemical 

vapor deposition,[17] and wet coating[18].  

Polypropylene (PP) is one of the most widely used synthetic fibers in textile industry, which is cheaper and 

stronger than the other synthetic fibers. Beside, PP can be use in various applications, for example, film, 

package, cover stock, cable, napkin, and so on. Particularly, it is used for carpet, automotive interior trim, 

etc.[19, 20]  

In the last few decades, there has been increased interest in development of permanent self-cleaning on 

textile materials with a life cycle of 25–50 washings or more is an objective sought by the textile industry in 

the framework of new products classified as technical textiles.[6, 21] However, to date, no research has 

presented the PP-TiO2 fibers nanocomposite. Therefore, in this research we designed an inorganic 

nanocomposite fibers which have self cleaning effect. For this purpose, we have prepared nanocomposite 

fibers using PP and nano TiO2 with varying the concentration of TiO2 nanoparticles. 

 

2. EXPERIMENT 
 

2.1  Materials 

The polypropylene grade 561R was purchased from HMC polymer Company Limited. The TiO2 CAS# 

13463-67 was supplied by Chemipan Thai Co., Ltd. All other chemicals were used as supplied by the 

companies. 

 

2.2  Preparation of TiO2 /PP composite  

The PP pellets were dried at 80°C overnight prior to compounding. The 1000g of PP pellets was mixed with 

1wt%, 3wt%, 5wt%, 10wt%, 15wt% and 20wt% of TiO2. The glycerol 4 drop was added into the mixture. 

The TiO2 was blended with PP using ThermoHake PolyDrive (Single Screw Extruder). The extruder barrel-

temperatures zones were set 160°C 170°C 1850°C 200°C and 210°C, respectively. The screw speed was 40 

rpm. The obtained TiO2/PP composites were passed through 5mm die and cut into pellet size. 

  

2.3  Preparation of TiO2/PP composite fibers by melt spinning technique 

The TiO2/PP composite pellets were mixed using ThermoHakePolyDrive. The barrel-temperatures zones 

were operated 160°C 170°C 1850°C 200°C and 210°C, respectively. The screw speed was 40 rpm. The 

melting composite exit from the spinneret was draw into the fiber shape. The obtained TiO2/PP composites 

were passed through 5mm die and cut into pellet size. 

 

2.4  Characterizations  

 

2.4.1  Melt Flow Index 

In order to investigate the Melt Flow Index of TiO2-PP composite fibers, Melt Flow Index machine model 

XRL-400 was used to characterize the samples. The 6 gm of the samples were place in the machine and the 

temperature was set at 230 °C.  

 

2.4.2  Scanning electron microscope (SEM) 

The SEM images were recorded by using JeolJSM-6510. The samples were coated with Pt. 
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2.4.3  Tensile strength or tenacity test 

The tensile test of the fibers composite were performed on Instron 5560 universal testing machine. The 

speed of the cross head was 30mm/mm.  

 

2.4.4  Differential scanning calorimeter (DSC)  

Differential scanning calorimetry thermogram were measured on Netzsch DSC200. The samples were 

performed from -60°C to 200°C. The heating rate and cooling rate is 10°C/min. 

 

2.4.5 Self cleaning Test 

In order to investigate the self-cleaning characteristics of TiO2-PP composite fibers, colorant stains were 

created on samples. Coffee stains were used as colorant organic stains. Aqueous solution of coffee stains was 

preparation by mixing 3 spoon of freeze-dried coffee in 50 mL of deionized water. The TiO2/PP composites 

fibers were dipped into the solution for 5mins and then dried in ambient temperature and left in the oven at 

60°C for 8 hrs. Stained samples were irradiated using a UV-A 20W lamp (Sylvania, Belgium), with 365 nm 

wave length radiation and light intensity of 0.2–0.4 l W cm)
 2
 for 5 hrs and under sunlight for 5 hrs. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Fibers forming 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. a) PP-10%TiO2b)PP-15% TiO2c)PP-20% TiO2and d)PP-5% TiO2Chip. 

 

The TiO2/PP fibers composite containing 1% wt-20%wt of TiO2 were produced using ThermoHake 

PolyDrive. The TiO2/PP polymer compounds were obtained. The results of the extrusion instabilities of the 

compound were investigated. It was found that TiO2/PP compound containing 1% wt-10%wt of TiO2 

demonstrated the smooth skin, as seen in Figure 1a. However, the sharkskin were found when increased the 

loading amount of TiO2 more than 10%, as shown in Figure 1(b-c). The compounds were cut into pellet size, 

as presented in Figure 1d. The fibers were form by melt spinning extruder, as shown in Figure 2. It was 

a b 

c d 
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found that the TiO2/PP fibers composite containing 1% wt-10%wt of TiO2 wereable to form the smooth fiber. 

On the other hand, the compound containing more than 10%wt of TiO2 demonstrated the unsmooth fibers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. a) PP-1% TiO2Fiber, b)PP-3% TiO2Fiber, c)PP-10% TiO2Fiber  

and d)PP-20% TiO2Fiber. 
 

3.2 Characterization of TiO2 -PP composite fibers. 

3.2.1 Melt Flow Index 

The melt flow indexes of TiO2/PP composites were investigated. The results show that the melt flow 

indexes of the TiO2/PP composite were similar with all of the samples, as seen in the Figure 3. The 

nanoTiO2 did not affect the melt flow index of the composite due to the size of the particle very small. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Melt flow index of PP fibers and PP+TiO2 fibers composite from 1%wt-20% of TiO2. 

a b 

c d 
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3.2.2 Scanning electron microscope 

 The images of the cross section and the surface of the TiO2/PP composite fibers were investigated using 

Scanning Electron microscope. The surfaces of the composite fibers were observed. It was noticed that not 

only the surface of the composite fibers containing 3%wt of TiO2 were well dispersed (Figure 4) but also the 

cross-section of the composite fibers containing 1%wt-5%wt TiO2 were well dispersed in the fibers, as seen 

in Figure 5(b-d). However, the SEM images of TiO2/PP containing 3%wt of TiO2s tarted to show a few 

agglomeration of TiO2, as illustrated in Figure 5c. Thus, the agglomeration of TiO2 could be occur when 

increased the amount of TiO2.  

 

 

 

 

 

 

 

 

 

 

Figure 4. SEM images at the surface of the TiO2/PP composite fibers containing 3%wt of 

TiO2 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Cross-section SEM images of the a) PP fibersb) TiO2/PP fiber compositewith 

1%wtof TiO2 c) TiO2/PP fiber composite with 3% TiO2and d) TiO2/PP fiber composite  

with 5% wt of TiO2 
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3.2.3 Tensile Strength or Tenacity of the fibers 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  Tenacity of the PP fiber and TiO2/PP composite fibers containing 1%wt, 3%wt  

and 5%wt 

 

The tenacity of the TiO2/PP fibers composite containing 1%wt, 3%wt and 5%wt of TiO2 were performed 

on the Instron 5560 universal testing machine. The results of the tenacity test were shown in Figure 6. The 

tenacity tests of the PP fibers were 1.29 gf/den. The tenacity of the fiber composite containing 1wt% and 3wt% 

of TiO2 decreased 45% and 49%, respectively. Moreover, the TiO2/PP containing 5%wt of TiO2 were lowest 

at 0.21gf/den. On the other hand, the tenacity of the TiO2/PP fibers composite containing 10%wt-30%wt of 

TiO2 could not pass the test due to the fibers vey brittle. It was confirmed that tenacity of the fiber decreased 

when increased the TiO2 in the fibers. 

 

3.2.4 Differential Scanning Calorimetry (DSC) 

The melting point, crystallinity temperature and % crystallinity of the TiO2/PP fibers composite were 

explored using Differential Scanning Calorimetry. There were no significant difference of themelting 

temperature when increase the amount of TiO2 from 1wt% to 30wt% as shown in Table 1.The crystallinity 

temperature were slightly increased when raised the loading amount of TiO2 in the fibers composite. 

However, the %crystallinity of the fibers composite dramatically decreased when increased 1%wt of TiO2. 

After increasing the amount of the TiO2 from 1%wt to 30wt%, the % crystalinity were slightly fluctuated. It 

was concluded that the TiO2 could be affected the % crystalinity. 

 

Table 1. Thermal properties of the melting point, crystallinity temperature and % 

crystallinity of the TiO2/PP fibers composite containing 1%wt-30%wt of TiO2 

 

Tm Tc %Crystallinity 

PP 167.8 114.7 40.5 

PP-1%TiO2 168.0 115.0 6.6 

PP-3%TiO2 169.2 116.1 8.3 

PP-5%TiO2 168.5 116.0 7.0 

PP-10%TiO2 165.8 119.5 4.5 

PP-15%TiO2 166.5 122.0 6.8 

PP-20%TiO2 166.5 122.0 7.3 
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3.2.5 Self cleaning Test 

 The self-cleaning properties of the TiO2/PP fibers composite stained with coffee were investigated under 

sunlight and 20watt UV radiation. The result shown that the coffee stained on the composite fibers were 

decreased the stain color when increased loading amount of TiO2 from 1%wt to 30%wt. The coffee stain on 

TiO2/PP fiber containing 20%wt of TiO2were relatively removed under sunlight and 20watt UV radiation. 

 

 
Coffee 

Sunlight UV 20 watt 

PP 

 

 

PP-1%TiO2   

PP-3%TiO2   

PP-5%TiO2   

PP-10%TiO2   

PP-15%TiO2   

PP-20%TiO2   

 

Figure 7. The photography of the self-cleaning test of the PP fibers and TiO2/PP fibers 

composite containing 1%wt-20wt% of TiO2 stained with coffee under sun light  

and 20 watt UV radiation. 

 

4. CONCLUSION 

 

The aim of this study was to study the self-cleaning properties of PP-TiO2 fibers. Variation of the TiO2 

content in the PP fibers composite resulted in self-cleaning properties of the fibers. With increase in the 

amount of TiO2 in PP fibers composite, the self-cleaning properties of the PP fibers composite gradually 

increase. The Melt Flow Index of the TiO2-PP fibers composite also provides proof of well blending. SEM 

micrographs show the fracture surface of the TiO2 fibers composite at different ratio. The tensile properties 



32                                                                             International Journal of Advanced Culture Technology Vol.3 No.2 25-33 (2015) 
 

of the TiO2-PP fibers results provide further evident to proof that this fibers composite able to make a textile 

products.  
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