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Abstract 
 

Nanocomposite fiber of titanium dioxide and polybutylene terephthalate (PBT) were prepared by spunbond process. The effect of 
nanotitanium dioxide (TiO2) contents on the morphology, thermal properties, mechanical properties and photocatalytic 
degradation of organic dyes were also investigated. The PBT/TiO2 nanocomposite fibers were obtained from single screw 
extruder and then nonwoven form was produced from Hills: Lab Scale spunbond at various contents of TiO2 (1wt%, 3wt%, 5wt% 
and 10wt%). The results of the nonwoven from X-ray diffraction (XRD) showed that TiO2 were good compatibility with PBT 
composite fibers. Scanning electron microscopy (SEM) confirmed the formation of good compatibility of TiO2 in nonwoven. The 
photocatalytic characteristic of the nonwoven fibers was studied throughout self-cleaning properties by using methylene blue and 
methyl orange. It was found that the presence of contents of TiO2 in the PBT nonwoven showed significantly the improvement of 
the self-cleaning properties under UV-A radiation. 
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1. Introduction 
 

The interest in nanocomposite materials from the fact that uniform nanoscale particles of a wide range of 
polymers can be prepared, often allowing for an increase in outstanding properties which is important for industrial  
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applications. The use of organic-inorganic nanocomposite can provide high-performance novel materials that find 
applications in many fields such as foods, medicals and textile [1, 2]. 

It is well known that nonwoven with better surface modification and the functionalization of the materials is 
considered to use in a range of many applications such as filtration, membrane separation, protective clothing, 
wound dressings, precession wipes, scaffolds for tissue engineering and etc. [3-5]. The typical processes for 
nonwoven production are melt blowing and spun bonding which are most common commercially used processes by 
polymer spinning. The modification of the nonwoven by organic-inorganic nanocomposite is an interesting research 
subject because of the important potential applications in photocatalytic properties of the materials. The presence of 
metal oxides such as ZnO and TiO2 nanoparticles in polymer nonwoven greatly promotes the photocatalytic 
degradation of the composite. Furthermore, if the particles are well dispersed in the polymer matrix, the efficiency of 
the photodegradation can be significantly increased [3]. 

TiO2 is one of the most extensively studied oxides because of its remarkable optical and electrical properties. It is 
used mostly as a pigment in paints, sunscreens, ointments, toothpaste and semiconductor photocatalysts. This oxide 
in nano-crystallized state has special properties, but these properties are negligible in amorphous state of this oxide. 
In addition, TiO2 is considered as photocatalytic materials in solar cell and textile industries with demand affected by 
gross domestic product in various regions of the world [5, 6]. One of an interesting application of TiO2 is self- 
cleaning ability throughout photocatalytic behavior by degradation of the stain or organic dye [7, 8]. The mechanism 
of the degradation TiO2 on the stain or organic dye are as follow; when photocatalyst absorbs ultraviolet radiation, it 
will produce pairs of electrons and holes. A hole (h+) and an electron (e-) occur respectively at VB (valence band) 
and CB (conduction band) by the irradiation of light, then hydroxy radical (OH•) and a super oxide anion (O -) occur 
after reacting with water and oxygen in the atmosphere. These OH• radicals are considered as the oxidizing agents 
that degrade the target pollutants such as stain or organic dye [8]. Crystals of titanium dioxide can exist in one of the 
three crystalline forms: rutile, anatase or brookite which rutile is more stable than the other two forms. To face that 
the photocatalytic properties of rutile is lower than the other two forms [9]. Poly(butylene terephthalate) (PBT) is a 
semi-crystalline polymer with good mechanical properties, thermal stability and excellent processability. It has been 
widely used in automotive, electric, consumer applications and textile industry. Besides, PBT is very often modified 
with other polymers and particulate fillers [10]. To our knowledge, there is no such information available in the 
literature for the optimization of the operation parameters of rutile on photocatalytic properties and PBT/TiO2 
nonwoven. Therefore, in this research we designed a nonwoven composite fiber of titanium dioxide and 
polybutylene terephthalate (PBT) which had special end used effect. For this purpose, we prepared nonwoven fibers 
using PBT and nano TiO2 with varying the concentration of TiO2 nanoparticles. HI-LUBETM and LicowaxTM OP 
were used to improve its dispersibility in polymer matrix. 

 
2. Experimental 

 
2.1. Materials 

 
Poly(butylene terephthalate) (PBT) B4500UN pellets was supplied from BASF corporation. TiO2 nanoparticles 

(nano-TiO2) commercial grade with average diameter about 170nm, CAS# 13463-67, was supplied by Tronox. 
LicowaxTM OP powder (LOP) was supplied from Clariant. HI-LUBETM was purchased by Sinwon chemical Co.,  
Ltd. All samples were used as received. 

 
2.2. Preparation of TiO2/PBT compound 

 
The PBT were dried in the oven at 80°C for 12 hours before used. The dry PBT pellets were mixed with 1wt% - 

10wt% of TiO2 containing HI-LUBE (E) 0.35wt% and LOP (L) 0.15wt%, as shown in Table 1. The PBT and TiO2 
were blended using a twin screw extruder. The screw speed was 80 rpm. The barrel-temperature zones were set at 
190°C-260°C. The TiO2/PBT compound were obtained and cut into pellet size. 
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2.3. Preparation of TiO2/PBT nonwoven fibers by melt spinning technique 
 

The TiO2/PBT composite pellets with 1wt%-10wt% of TiO2 were melted through the spinneret form the fibers 
shape by using Hake PolyDrive single screw extruder from Thermo Fisher Scientific Inc, USA. The spinneret has 24 
holes. The barrel-temperatures were operated at 190°C-260°C. The screw speed was set at 4 rpm. The nonwoven 
was produced from Hills: Lab Scale spunbond from Hills Inc., USA. 

 
Table 1. Formulation of TiO2/PBT composite materials. 

 

Sample Name Materials Filler PBT (%W/W) TiO2 (%W/W) 

A - TiO2 - 100 

B PBT - 100 - 

C1 PBT TiO2 99 1 

C2 PBT TiO2 97 3 

C3 PBT TiO2 95 5 

C4 PBT TiO2 90 10 

 
2.4. Characterization 

 
The morphology of TiO2/PBT nanocomposite fibers were examined using scanning electron microscope (SEM) 

model SEM-JSM-5410LV from JEOL, Japan. All of the samples were coated with palladium prior used. The XRD 
patterns were recorded on PANalytical X´Pert Pro MPD with Cu-Kα source model pw3040/60 from PANalytical, 
the Netherlands. The diffraction angle (2θ) was scanned from 5° to 80°. Thermal properties were conducted using 
differential scanning calorimetry (DSC) model 200 F3 from Netzsch, Germany. The scan was performed from 30°C 
to 300°C under nitrogen atmosphere. The heating rate was set at 10°C/min and the cooling rate was set at 10°C/min. 
The tensile tests of the nonwoven fiber composite were recorded on Instron 5569 universal testing machine. The 
cross head speed was 20 mm/min. The self-cleaning properties of TiO2/PBT nonwoven fiber were studied by 
monitoring the decolorization of staining agent on the nonwoven fiber under UV irradiation. The methylene blue 
and methyl orange was used as staining agents. The concentration of staining agents was prepared at 15 ppm. 
Stained samples were irradiated under UV-A lamp with wavelength 365 nm (Philips, the Netherlands). The light 
intensity was 11.6 mW/cm2. The self-cleaning property was determined based on the methylene blue and methyl 
orange stain removal from the nonwoven fiber. 

 
3. Results and discussion 

 
3.1. X-ray diffraction 

 
X-ray diffraction pattern of pristine PBT, TiO2 and TiO2/PBT nonwoven fibers were demonstrated in Fig.1. 

These polymeric samples studied here are widely used materials falling in the class of majority of polymeric 
material that consists of crystalline and amorphous region in different proportions of nano TiO2 in the polymer 
matrix. Therefore, the XRD pattern of pristine PBT was found at 2θ = 16°, 17.4°, 20.3°, 22.8°, and 24.8° (Fig.1 
(sample B)) [11]. Prominent peak at 2θ = 22.8° is the characteristic peak of pristine PBT. As seen in Fig.1, the peaks 
of TiO2 (sample A) are presented at 2θ = 27°, 36° and 55°. This was corresponding to the titania rutile structure. The 
X-ray spectrum of the TiO2 in PBT nonwoven fibers was found at 2θ = 27°, 36° and 55° from 1wt%-10wt% of 
TiO2. However, it hardly seen at 1wt% TiO2 in PBT nonwoven fibers due to the low amount of TiO2. Moreover, 
TiO2 pattern in the XRD spectra were clearly seen with respected to the contents of TiO2. Furthermore, the overall 
decrease in intensity and broadening of peak showed an relationship with the contents of TiO2 in the polymer matrix 
which resulted the amorphous phase of TiO2/PBT nonwoven fibers [12]. Therefore, these XRD results confirmed 
the presence of TiO2 in PBT nonwoven fibers and intensity of TiO2 pattern also increased with raising contents of 
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TiO2 (sample C1-C4). These XRD pattern showed that the TiO2 in PBT did not change the crystal structure of the 
pristine of PBT [13]. 
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Fig. 1. XRD Spectra of TiO2, pristine PBT and TiO2/PBT nonwoven fiber containing 1wt%-10wt% TiO2. 

 
3.2. Scanning electron microscope images 

 

 
Fig. 2. SEM images ( 350X and 1500X) of pristine PBT nonwoven ( A-B) , 5wt% TiO2/ PBT nonwoven ( C-D) and 10wt%  TiO2/ PBT 
nonwoven (E-F). 

 
Scanning electron microscope was employed to investigate the morphology of pristine PBT and TiO2/PBT 

nonwoven fibers with various contents of TiO2. Fig. 2(A) and 2(B) show the surface of pristine PBT fibers and 
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TiO2/PBT nonwoven fibers containing 5wt%TiO2 and 10wt%TiO2 are presented in Fig. 2(C)-2(D) and 2(E)-2(F), 
respectively .The results showed that TiO2 were well-dispersed in the nonwoven fibers, as seen in Fig. 2(D) and 
2(F). As, presented in Fig. 2(B), the pristine PBT had a smooth surface and free roughness. In the presence of TiO2, 
however, the surface roughness of the nonwoven fiber increased when raised the contents of TiO2, as seen in Fig. 
2(D) and 2(F). Moreover, the agglomeration of TiO2 might be occurred at high content of TiO2 (10wt%) [2]. It was 
indicated that 5wt% TiO2/PBT nonwoven fibers gave smooth surface with well dispersed of TiO2 in PBT nonwoven 
matrix. 

 
3.3. Tensile strength 

 
The tensile strength of the pristine PBT and TiO2/PBT nonwoven fibers are shown in Fig. 3. It was found that 

tensile strength of the TiO2/PBT nonwoven fiber increased linearly when raised the TiO2 contents from 1wt% to 
3wt%. Tensile strength of 1wt% TiO2 and 3wt% TiO2 were increased from 116% to 138%, respectively. Moreover, 
tensile strength dramatically increased to 200cN/cm2 (218%) at 5wt% of TiO2. The tensile strength was increased 
due to the well dispersed of TiO2 in the nonwoven fiber, as seen in Fig. 2C and 2D. However, the tensile strength of 
nonwoven fiber decreased (147%) when raised the content of TiO2 to 10wt%. This could be explained by the 
agglomeration at high content of TiO2 in nonwoven fiber. It notices that the at 5wt% TiO2/PBT nonwoven fibers 
showed that best mechanical property. 

Fig. 3. Tensile strength of pristine PBT and TiO2/PBT nonwoven with various contents of TiO2. 
 

Fig. 4. %Elongation at break of pristine PBT and TiO2/PBT nonwoven with various contents of TiO2. 

The %elongation is demonstrated in Fig. 4. The %elongation linearly increased with raising the TiO2 contents in 
PBT nonwoven from 1wt% to 3wt%. On the other hand, they were decreased linearly when increased the TiO2 from 
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5wt% to 10wt%. It seems that the amount of TiO2 effected the %elongation at high contents (5wt% to 10wt%) of 
TiO2 in PBT nonwoven. Moreover, 3wt% TiO2 offered the best result of %elongation. 

 
3.4. Thermal Properties 

 
In further investigation, the differential scanning calorimetry was employed to determine the thermal propert ies 

TiO2/PBT nonwoven. Fig. 5 presents the DSC thermogram of pristine PBT and TiO2/PBT nonwoven. The results of 
melting temperature (Tm), crystallization temperature (Tc) and percent of crystallinity were summarized in Table 2. 
As seen in Fig. 5a and Table 2, the melt temperature (Tm) did not affect by the addition of TiO2 in PBT nonwoven 
fiber. Furthermore, the incorporation of TiO2 into PBT matrix were affected the crystalline temperature (Tc). The 
crystalline temperature increased to 195.6°C when 1wt% TiO2 was added into PBT, as demonstrated in Fig. 5b and 
Table 2. However, it was slightly decreased to 192.5°C at 10wt% TiO2, as shown in Fig. 5. The crystalline 
temperature still higher than pristine PBT. The % crystalline was slightly increased when raised up the contents of 
TiO2 to 10wt%. This was due to the factor that nanoparticles encourage the crystalline alignment of polymer chain 
[1, 12]. 

 

 
3.5. Self-cleaning 

 
The self-cleaning property was investigated by monitoring the decolorization of methylene blue and methyl 

orange on the nonwoven fibers under UV radiation. Methylene blue and methyl orange were employed as staining 
agents. Under UV irradiation, the TiO2 generate powerful oxidizing agents which are hydroxyl radical (•OH) and 
super oxide anion (•O2

). After the staining agents reacted with TiO2/PBT nonwoven fibers under UV, they were 
decomposed to colorless. Fig. 6 shows the decolorization of the methylene blue and methyl orange staining on the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. DSC thermogram of pristine PBT and TiO2/PBT nonwoven with various contents of TiO2 (a) heat cycle and (b) cool cycle. 

Table 2 Thermal properties of PBT and TiO2/PBT nonwoven. 

Sample Name Tm )°C( Tc )°C( %Crystallinity )Xc ) 

B 221.3 191.0 36.35 

C1 222.4 195.6 36.20 

C2 222.1 194.5 39.13 

C3 222.4 194.9 42.71 

C4 221.9 192.5 45.88 

50 75 100 125 150 175 200 225 250 275 300

B

C1

C2

C4

C3

 

 

D
S

C
 (

m
W

/m
g

)

Temperature (°C)

Endo

100 125 150 175 200 225 250 275

C4

C3

C2

C1

B

 

 

 D
S

C
 (

m
W

/m
g

)

Temperature (°C)

Endoa b 



   9664 Tanapak Metanawin and Siripan Metanawin / Materials Today: Proceedings 5 (2018) 9658–9665 
 

pristine PBT and 5wt% and 10wt% TiO2/PBT nonwoven fibers. Both of stains were gradually decomposed when 
increased amount of TiO2 in PBT nonwoven. Most of stains were completely removed at 10%wt TiO2/PBT 
nonwoven fiber at the radiation time of 30min. Moreover, it was found similarly at 5%wt TiO2/PBT nonwoven fiber 
at the radiation time of 40min. It notices that the self-cleaning characteristic increased with raising the contents of 
TiO2 in PBT nonwoven. 

 

B C3 C4 B C3 C4 

 
 

Fig. 6. Digital photographs (2.4cm x 2.4cm) of the self-cleaning test of the pristine PBT and TiO2/PBT nonwoven fibers containing 5% wt-10wt% 
of TiO2 stained with methylene blue and methyl orange under UV radiation. 

 
4. Conclusion 

 
The nonwoven fibers were successfully produced by mixing PBT and nano TiO2 in the polymer extruder 

equipped with sponbond machine. The XRD spectra showed an increase of the TiO2 peak with respected to the 
contents of TiO2 in nonwoven fibers. Moreover, SEM images demonstrated the well-dispersed at 5wt% of TiO2 in 
the nonwoven. The tensile strength was maximium at 5wt% TiO2 which correspond to SEM images. Therefore, the 
%crystalline was also increased with amount of TiO2. At high content of TiO2, tensile strength was dropped due to 
the agglomeration of TiO2. The self-cleaning efficiency of TiO2 in PBT nonwoven was observed by the 
decolorization of methylene blue and methyl orange at 10%wt TiO2/PBT nonwoven fiber at the radiation time of 
30min. 
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