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TiO2 filled Polypropylene (PP) nanocomposites were prepared with a single screw extruder and then by injection 

molding of the blends. Water absorption, density, mechanical properties, morphological characterization, FTIR analysis, 

and the thermal stabilities of the nanocomposites were investigated. The results showed that water absorption decreased 

and density increased as the amount of nano-TiO2 added increased. The mechanical properties improved for all 

formulations with the addition of nano-TiO2, except for the tensile modulus of elasticity and the izod impact strength. 

Thermogravimetric analysis (TGA) indicated that the thermal stability of the nanocomposites improved as the amount of 

nano-TiO2 increased. The melting and decomposition peaks of DTA increased as nano-TiO2 was added. The differential 

scanning calorimetry (DSC) results showed that the melting temperature (Tm) increased with the addition of nano-TiO2. 

Scanning electron microscopy (SEM) images of the nanocomposites showed uniform dispersion for 0.5, 1, and 2 % 

TiO2, but some agglomerations were found on the surfaces and in the fractured sides of the nanocomposites with 4 % 

TiO2. The agglomerates were determined by SEM mapping. The changes in the chemical structure of the 

nanocomposites were determined with Fourier transform infrared (FTIR) spectroscopic analysis. The FTIR results 

showed that the chemical structures of the composites were similar and that there were no major differences between the 

composites. 

Keywords: polypropylene, TiO2, nanocomposites, mechanical properties, thermal stability. 

 

1. INTRODUCTION 

Polymers are used in many areas, such as automotive, 

electronics, and different construction equipment. 

Generally, they are used after being reinforced with 

various nano fillers to provide unique properties, such as 

aspect ratio, low weight, and easy formability [1]. These 

kinds of composites that are reinforced with nano-scale 

fillers are called ‘nanocomposites.’ In recent years, 

nanocomposites have attracted the attention of many 

researchers because of the significant enhancements in 

many properties at low loadings [2, 3]. Many researchers 

have investigated different polymers with various fillers. 

Polypropylene (PP) is one of the most extensively used 

polymers due to its ease of processing and low cost. It is 

used in many applications, such as packaging, textiles, 

plastics, reusable boxes, laboratory equipment, automotive 

components, and others. Many types of particles have been 

used to improve PP’s properties, such as its UV resistance, 

its mechanical properties, and its stability. Titanium 

dioxide particles have been used for this purpose because 

they enhance UV stabilization, strength, and antibacterial 

activity [4, 5]. Titanium dioxide (TiO2) is an inexpensive 

and non-toxic semiconductor, and it enhances the 

properties of polymers, allowing the development of new 

nanocomposites with enhanced behaviours [6]. 

Altan and Yildirim [4] investigated the properties of 

PP/TiO2 nanocomposites, and their results indicated that 

composites with TiO2 had better mechanical properties 
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than pure PP. The mechanical properties of the composites 

varied according to the dispersion, and low loadings with 

uniform dispersion were found to produce better 

mechanical properties. Yang et al. [7] also studied the 

mechanical properties of PP/TiO2 nanocomposites, and 

their results indicated that the mechanical properties 

improved with nano-TiO2 particles in the polymer. 

Zohrevand et al. [8] worked on the thermal stability and 

mechanical properties of PP/TiO2 nanocomposites. The 

results showed that the thermal properties of the 

nanocomposites were affected significantly by the 

dispersed particles. The TiO2 particles decreased the elastic 

modulus and yield strength of the nanocomposites. 

Micromechanical analyses showed that there was enhanced 

interaction between the organic and inorganic phases of the 

nanocomposites. In other studies of polypropylene/TiO2 

blends, the mechanical properties of the blends were found 

to be improved by the addition of nano-TiO2. Incorporation 

of nanoparticles improves the thermal stability of PP. DSC 

analysis also showed that an improvement in crystallinity 

was observed when the nano-TiO2 particles were added 

[9]. In this study, it was investigated the effects of different 

loadings of hydrophilic, nano-sized titanium dioxide 

particles (nano-TiO2) on the thermal stability, mechanical 

properties, and morphological characteristics of 

polypropylene (PP) composites. 

2. MATERIALS AND METHODS 

2.1. Materials 

Polypropylene (EH241) was supplied by PETKIM, 

Inc., Turkey. The properties of the PP are listed in Table 1. 

http://dx.doi.org/10.5755/j01.ms.22.3.8217
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Nano-sized titanium dioxide (nano-TiO2) was used to 

reinforce the PP. Nano-TiO2 was supplied by Mknano, 

Inc., Canada. The nano-TiO2 was a powder with particle 

sizes ranging from 15 to 30 nm (Fig. 1). 

 

Fig. 1. TEM micrographs of TiO2 nanoparticles 

PP and nano-TiO2 were stored in plastic boxes after 

being dried in an oven at 103 ± 2 °C to obtain a moisture 

content of less than 1 percent. 

Table 1. Properties of polypropylene (PP) 

Properties Values 

Melt flow index, g/10 min (at 230 °C/2.16 kg) 5 to 20 

Density, g/cm3 0.92 

Water absorption, % 0.1 

Processing Temperature, °C 160 – 170 

Tensile modulus, MPa 35 

Flexural modulus, GPa 1.5 

Izod Impact, notched, kJ/m2 2 

2.2. Preparation of PP/TiO2 nanocomposites 

In this study, PP was used as the matrix polymer and 

TiO2 particles were used as nano fillers. The loading ratios 

of nano-TiO2 were 0.5, 1, 2, and 4 wt.%, respectively. The 

dried nano-TiO2 particles and the PP were extruded at 

50 rpm through a single-screw extruder according to 

ASTM D 638 – 03 and D 790 – 03. In extruder, the zone 

temperatures ranged from 160 to 170 °C; the screw speed 

was 50 rpm; the melt pressure at the extruder varied 

between 5 and 10 bars, depending on the blends of the 

materials; and the output of the material was 1 kg/h. 

During the extrusion mixing process, the polymer-filler 

melts were blended, and, then, the compounding was 

completed. The extrudate, in its molten state, was cooled 

and solidified in a water-cooling system while being pulled 

with an end drive conveyors. Then, the solidified extrudate 

was pelletized with a pelletizer, and the pellets were 

injection molded to obtain the test samples. The processing 

temperature and melt pressure were used to 165 °C and 

20 bar during injection molding. 

2.3. Methods of analysis 

Water Absorption (WA) for a week hours was 

determined under controlled environment according to 

ASTM D 1037. Density was measured by a water 

displacement technique according to ASTM D792-98. The 

tensile strength (TMOR) and tensile moduli of elasticity 

(TMOE) were conducted according to ASTM D 638-03 

Type I. The flexural strength (FMOR) and flexural moduli 

of elasticity (FMOE) of the composites were measured 

using a Zwick with a 5 kN load cell. The tests were 

conducted according to ASTM D 790-03 using same 

Zwick tester. Izod impact tests (IIS) were conducted 

according to ASTM D 256-06 with a Resil 50 B impact 

tester. Thermal properties were determined using a 

TGA/DTG. Degradation temperatures at 10 % weight loss 

(T%10) and 50 % weight loss (T%50), maximum degradation 

temperature in the derivative thermogravimetry peaks 

(DTGmax), and mass loss of the samples in the TGA cures 

were measured. DSC analysis was performed on a DSC 

2920 analyser. After DSC analysis, melting temperature 

(Tm), melting enthalpy (ΔHm), and crystallinity (Xc) were 

determined. Morphological properties of the samples under 

nitrogen were observed with a scanning electron 

microscope (SEM) with an accelerating voltage of 5 kV. 

Dispersion of nano-TiO2 in the matrix was determined with 

SEM mapping. FTIR Spectroscopy was used to determine 

the changes in the chemical structures of all of the  

samples. Each spectrum was recorded in the range of  

700 – 4000 cm-1 with a resolution of 2 cm-1. Statistical 

Analysis was performed with One-way analysis of 

variance (ANOVA) at the 99 % confidence level. The 

Duncan test was used to determine the difference between 

groups. The important differences between formulations 

were shown with letters, such as A, B, C, and D. 

3. RESULTS AND DISCUSSION 

Table 2 shows the WA and density of the 

nanocomposites. The WA results showed that all of the 

composites had different behaviours during water 

absorption. The neat PP was found to have the maximum 

WA value. The WA values of the composites with nano-

TiO2 were less than that of the neat PP. But the WA values 

of the nanocomposites found to increase as amount of 

nano-TiO2 was increased from 0.5 to 4 %. This can be 

explained by the fact that the nano-TiO2 had a hydrophilic 

property. Therefore, increasing the amount of nano-TiO2 

increased the water absorption of the nanocomposites. As 

seen as the densities of the composites, the densities 

increased when the amount of nano-TiO2 increased, except 

for the composite with 0.5 % nano-TiO2. The maximum 

and minimum increases in the densities were determined 

occur in the 1 % nano-TiO2 and the 4 % nano-TiO2, 

respectively. The densities have a significant effect on the 

mechanical properties, which affected many properties of 

the composites [10]. According to the variance analysis, 

the Duncan tests indicated that the differences between the 

densities of the composites were statistically significant. 

When the density values increased, the mechanical 

properties of the composites also increased. The adding 

nano-TiO2 provided some improvement in the mechanical 

properties of neat PP. When filler ratio was increased, 

tensile strength increased; but the tensile modulus of 

elasticity was determined to decrease when nano-TiO2 was 

added. The highest and lowest values of the tensile 

strength in the composite were determined to 4% nano-

TiO2 and 0.5 % nano-TiO2, respectively. The highest and 

lowest values of tensile modulus of elasticity in the 

composite occurred to 0.5 % nano-TiO2 and 4 % nano-

TiO2, respectively. The highest increase of tensile strength 

in the composite was found to be 6.7 % for the 4 % nano-

TiO2. 
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Table 2. Density, water absorption, mechanical properties of the nanocomposites 

Samples 
Density, 

g/cm3 
Water absorption, % 

TMOR, 

MPa 
TMOE, MPa 

FMOR, 

MPa 

FMOE, 

MPa 
IIS, kJ/m2 

PP 0.90 AB 1.40 BC 29.8 A 538.4 B 49.7 A 1.3 AB 2.21 A 

PP + 0.5 % TiO2 0.89 A 0.64 A 29.9 A 314.5 A 47.2 A 1.20 A 2.02 A 

PP + 1 % TiO2 0.91 AB 0.91 AB 30.3 B 351.1 A 49.4 B 1.28 B 2.13 A 

PP + 2 % TiO2 0.92 BC 1.12 B 31.2 C 352.4 A 49.5 B 1.29 B 1.72 A 

PP + 4 % TiO2 0.93 C 1.21 BC 31.8 D 533.7 B 51.2 C 1.41 C 1.81 A 

 

However, the largest decrease in the tensile modulus of 

elasticity was determined to be 41.6 % for the 0.5 % nano-

TiO2 composite. The changes in the flexural strength and 

the modulus of elasticity at the flexure were determined to 

have same change trend with tensile strength and tensile 

modulus. The addition of 4 % nano-TiO2 was found to 

increase both flexure strength and the modulus of elasticity 

at the flexure, except for 0.5 % nano-TiO2. The greatest 

increase in both the flexure strength and the modulus of 

elasticity at the flexure occurred in the 4 % nano-TiO2 

composite. The izod impact strength of all of the 

composites with nano-TiO2 was less than that of the neat 

PP. The greatest decrease in the izod impact strength was 

found to be 22.2 % for the 2 % nano-TiO2 composites. 

Based on these results, nano-TiO2 was determined to 

provide a significant improvement in the mechanical 

properties, such as tensile strength, flexure strength, and 

the modulus of elasticity at the flexure. However, the 

tensile modulus of elasticity and the izod impact strength 

decreased as the amount of added nano-TiO2 increased. 

According to the variance analysis and the Duncan 

test, the differences among the formulations were 

statistically significant with the increasing loading rates. 

The inorganic nano-particles improved the mechanical 

properties of the nanocomposites. Generally, mechanical 

properties, such as tensile strength, elastic modulus, and 

stress at break increased, but impact strength and 

elongation decreased [1, 11, 12]. In one study, it was found 

that the tensile strength and elastic modulus of the PP 

composites increased with the addition of the TiO2, but no 

improvement was observed in the impact strength due to 

the reduction of toughness [12]. The effect of nanoclays on 

the mechanical properties of PP composites was 

investigated in another study, and the results indicated that 

the mechanical properties of the composites, such as 

tensile strength, tensile modulus, flexural strength, and 

flexural modulus, increased as the particle loading 

increased [13]. In still another study that was conducted to 

investigate the mechanical properties of 

polypropylene/titanium dioxide nanocomposites, the 

mechanical properties of the composites increased when 

the TiO2 nanoparticles were added [9]. 

The thermal stability of the composites is an important 

property for various application areas due to the changes in 

the viscoelastic behaviour and viscosity [19], so the 

thermal properties of the composites were investigated by 

DSC and TGA/DTA. Fig. 2 shows the TGA/DTG curves 

of the composites. According to the TGA curves in the 

figure, the addition of nano-TiO2 slightly improved 

thermal stability of the neat PP, when TiO2 was added in 

the range of 0% to 4 %. But it was found that the TG 

curves generally were the same. The DTG curves 

identified peaks of the composites between 370 and 470 °C 

at the value of 2800 mg/min. This peak corresponds to the 

rupture of the C-C chain’s bonds along with H-abstraction 

at the site of rupture [14, 15]. PP is strongly hygroscopic in 

nature and completely depleted at 426 °C without the 

formation of any char residue [16]. Fig. 2 b shows the 

DTA curves that indicate the degradation point of the neat 

PP and the PP composites. 

 
a 

 
b 

Fig. 2. TG curves of the nanocomposites: a – TGA/DTG; b – DTA 

There were two degradation points, i.e., a melting 

point and a degradation point. The endothermic peaks at 

165 and 460 °C in the DTA curves correspond to the 

melting point and the degradation point, respectively. 

Table 3 shows T%10, T%50, DTGmax, and mass loss of the 

composites. T%10, T%50, and DTGmax increased with the 

addition of the nano-TiO2. The highest degradation 
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temperatures were determined to be 436.5 °C for T%10 and 

457.3 °C for T%50. The maximum improvement ratio of the 

degradation temperature was found to be 1 % in the 

composites with 4 % nano-TiO2 for T10% and 0.5 % in the 

composites with 4 % nano-TiO2 for T50%. The maximum 

DTGmax value was found to be 461.1 °C for the composites 

with 4 % nano-TiO2. The highest improvement ratio in the 

DTGmax value was determined to be 0.5 % for the 

composites with 4% nano-TiO2. 

Table 3. Summary of the TGA curves of the nanocomposites 

Composites 
T10%, 

oC 

T50%, 
oC 

DTGmax, 
oC 

Mass loss, 

% 

PP 432.1 454.8 458.7 99.96 

PP/0.5 % TiO2 433.2 455.5 458.9 99.95 

PP/1 % TiO2 433.5 455.7 459.2 99.94 

PP/2 % TiO2 435.4 456.3 459.4 99.86 

PP/4 % TiO2 436.5 457.3 461.1 99.56 

For good interaction, the nanoparticles are capable of 

restricting the movement of a polymer chain, which makes 

the scission of the polymer chains more difficult at lower 

temperatures. As a result, the degradation temperature of 

the composites shifted to a higher temperature [17]. Table 

3 shows that the residue value of neat PP was very close to 

0.04 %. For the nanocomposites, the residues were found 

to be about 0.05 % for 0.5 % TiO2; 0.06 % for 1 % TiO2; 

0.14 % for 2 % TiO2; and 0.44 % for 4 % TiO2. This shows 

that the thermal stability of the PP composites was 

enhanced by the addition of nano-TiO2. Increases in the 

thermal stability of PP by the addition of various fillers 

have been reported in literature [9]. Fig. 3 and Table 4 

show DSC curves and summary data of the composites 

with nano-TiO2. Fig. 3 shows that the Tm values of the 

composites changed with the addition of nano-TiO2 and 

the composites have a different Tm value. 

 

Fig. 3. DSC curves of the nanocomposites during the heating 

process 

Table 4. DSC curves of the nanocomposites 

Composites Tm,°C ΔHm, J/g Xc, % 

Control 165.39 66.39 31.8 

PP/0.5 TiO2 166.25 68.75 33.1 

PP/1 TiO2 166.55 70.15 33.9 

PP/2 TiO2 166.98 72.35 35.3 

PP/4 TiO2 165.88 69.54 34.7 

Tm of the composites did not change very much with 

the TiO2 loadings. The melting enthalpy (ΔHm) and the 

degree of crystallinity first increased with the addition of 

nano-TiO2, reached a maxima of 72.35 J/g and 35.3 %, 

respectively, and then decreased for the composite with 

4 % nano-TiO2. These results were due to the retarding 

effect of nano titanium dioxide on the PP crystals and the 

physical hindrance of the nano-TiO2 particles to the motion 

of the polymer’s molecular chains [16]. 

In a study, the crystallinity of the neat PP increased 

when the addition of nano-TiO2 was between 0.5 and 

1.5 % because the nanoparticles acted as nucleating agents 

for PP crystallization. This was probably due to the 

nucleation role of the nano-TiO2 in the crystallization of 

PP, which resulted in in a higher degree of crystallinity. 

After the addition of nano-TiO2, crystallinity for 3 % TiO2 

was found decrease because the larger particle aggregates 

prevented crystal growth. Since the addition of nano-TiO2 

is not expected to affect the molecular weight or to cause 

any chain branching in PP, only the nucleating activity of 

the nanoparticles was considered in accordance with the 

literature [13, 18]. The morphological characterization of 

the composites was investigated with SEM on both the 

surface and inside the structure of the samples. The 

pictures obtained for the surface and the inside structure 

are shown in Fig. 4. 

SEM mapping analysis was also used for the 

dispersion of nano-TiO2 and the structural analysis of the 

TiO2 particles, respectively. The SEM images of the 

surfaces of the composites showed that, generally, there 

are dispersed particles on the surfaces of the composites. 

The composites with 0.5, 1, and 2 % nano-TiO2 had fewer 

agglomerations on the surface; larger and more 

agglomerations were found on the surfaces of the 

composites with 4 % nano-TiO2. The fracture SEM images 

showed the interactions between nano-TiO2, the polymer, 

and the fillers dispersed in the PP matrix. Some 

agglomerations were determined in the inner structure of 

the nanocomposites on the fracture SEM images. It was 

also noted that there were more agglomerations on the 

surfaces when the nano-TiO2 loadings were increased. 

SEM mapping was utilized to determine the dispersion of 

the nano-TiO2 in the PP matrix (Fig. 5). The results 

indicated that the agglomerations increased similarly on 

the surface and on the fracture side as the loading 

increased from 0.5 to 4 %. When the polymer is blended 

with nano-TiO2, the blending process should be increased 

or a lower loading should be used. Mikesova et al. [5] 

studied the morphology of PP nanocomposites with 

titanate nanotubes and found that the nanoparticles were 

dispersed as the smallest crystalline aggregates of irregular 

shapes on the surfaces of the composites. 

In another study, it was found that the interactions 

between TiO2 and the PP matrix are limited because TiO2 

has a polar surface and the polymer has a non-polar 

surface. But, according to SEM evaluations, nano-TiO2 

was found to be almost completely dispersed in the matrix 

and on the surface, and they behaved like one phase, which 

shows the good compatibility of the two materials [16]. 

FTIR analyses were used to determining the chemical 

structure of the nanocomposites after extrusion (Fig. 6). 

The FTIR showed that chemical structures of the 

composites were similar and that there were no major 

changes among the composites. 
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                            e                                                   e1                                                    e                                                    f                       

Fig. 4. SEM pictures of the surfaces and fractures of the PP nanocomposites prepared with nano-TiO2: a – pure PP; b – PP + 0.5 % TiO2; 

c – PP + 1 % TiO2; d – PP + 2 % TiO2; e, e1 – PP + 4 % TiO2; f – SEM/EDX analysis 

 
                      a                                         b                                          c                                         d                                         e 

Fig. 5. Determination of dispersed particles with SEM mapping of PP nanocomposites prepared with nano-TiO2: a – pure PP;  

b – PP + 0.5 % TiO2; c – PP + 1 % TiO2; d – PP + 2 % TiO2; e – PP + 4 % TiO2 

 

The intensity of the characteristic peak of PP in the 

range 2800 cm-1 increased by the addition of TiO2.The 

broad band centered at 1000-1800 cm–1 is likely due to the 

vibration of the Ti–O bonds in the TiO2 particles. Another 

broad band between 3500 and 3000 cm-1 was observed, and 

it related to stretching hydroxyl (O-H), representing the 

water as moisture. Several peaks related to TiO2 were 

observed in all of the samples [19]. 

4. CONCLUSIONS 

In this study, we investigated the effects of nano-TiO2 

for three different loadings on the properties of 

polypropylene composites. The results indicated that there 

were increases in the density and the mechanical 

properties, such as tensile strength, flexural strength, and 

the modulus of elasticity at bending. However; the tensile 

modulus of elasticity and the izod impact strength both 

decreased. It was found that the thermal stability of the 

composites improved with the addition of nano-TiO2. The 

SEM pictures showed that there were some agglomerations 

in morphological structure of the composites.  

Specifically, the agglomerations were found to increase 

for the high loadings (4 % TiO2). Therefore, in blends 

prepared with a single-screw extruder, it can be advised 
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that a high loading of nano-TiO2 to the polymer matrix 

should be avoided. 

 
Fig. 6. FTIR spectra of PP/TiO2 nanocomposites 
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