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Abstract 
 

In recent years, scientific research showed an increasing interest in the field of 

nanotechnology, resulting in several techniques for the production of nanoparticles, 

such as methods of chemical synthesis. Among the various existing methods, the 

Pechini method has been used to obtain nanoparticles of titanium dioxide (TiO2). Thus, 

this work aims to synthesize and characterize nanoparticles of TiO2 obtained by this 

method. The technique constitutes in the reaction between citric acid with titanium 

isopropoxide, resulting as the product the titanium citrate. With the addition of the 

ethylene glycol polymerization occurs, resulting in a polymeric resin. At the end of the 

process, the resin is calcined to remove organic matter, creating nanoparticles of TiO2. 

The resulting powders were characterized by thermogravimetric analysis (TGA) and 

thermal differential analysis (DTA), X-ray diffraction, absorption spectrophotometry in 

the infrared, method of adsorption nitrogen / helium (BET method) and scanning 

electron microscopy. The results obtained in the characterization techniques showed 

that the Pechini method is promising in obtaining nanosized TiO2. 

 

Introduction  

 

Interest in research in the field of nanotechnology has grown quite intense in recent 

decades. A strong motivation for this growth is due to the fact that nanoparticles 

typically have physical and chemical properties different from those made by larger-

scale materials (such as "bulk"), which generates a variety of new potential applications 

in various fields of technology [1]. 

The development of methods for the production of nanosized powders have been of 

great relevance today, since their properties can include high surface area high 

homogeneity and stable chemical composition. Different methods have been used to 

prepare nanosized powders such as sol-gel methods, inert gas condensation, chemical 

vapor decomposition, evaporation and by plasma spray process. Particle proprieties 

depend on the method used to obtain them [2]. 

According to the various lines of production and preparation of nanoparticles, the 

Pechini method has emerged as a promising alternative procedure for the synthesis of 

nanoparticles of titanium dioxide, with nanoparticle size, high purity and chemical 

homogeneity, and presents a relatively low cost and does not require sophisticated 

equipment for its realization [2]. 
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Titanium dioxide (TiO2) is a stable compound, non-volatile, extremely insoluble and its 

low thermal conductivity has a refractory character. TiO2 is amphoteric, although more 

acidic than basic, is also polymorphic and can exist in nature in three distinct 

crystallographic forms: anatase tetragonal, brookite orthorhombic and rutile tetragonal. 

Phase brookite is generally unstable and extremely difficult to synthesize, with low 

scientific interest. The anatase and rutile phases, as also the phase brookite, occur 

naturally, but can be synthesized in the laboratory without difficulty. These two crystal 

forms represent important differences. The rutile crystan structural, begging more 

compact than the anatase form [3], presents a high refractive index, a higher density and 

is the more stable form. 

Typically, the TiO2 is considered a non-toxic material chemically inert and has been 

used in various industrial applications, such as white pigment, gas sensor, corrosion 

protective and optical layers [4], solar cells [5], the purification of the environment [6], 

high dielectric constant and high electrical resistance [7,8], the decomposition carbon 

dioxide and because of their catalytic activities, is used in the generation of hydrogen 

gas [9]. Besides these, it can be applied as coatings on glass, forming self-cleaning glass 

[10]. 

 In this context, considering the importance of understanding the behavior of nano-sized 

particles, this study aims to synthesize and characterize nanoparticles of titanium 

dioxide. 

 

Materials and Methods 

  

The reagents used for the preparation of TiO2 were titanium IV isopropoxide (Ti[OCH 

(CH3)2]4) 97% PA (Aldrich), citric acid (C6H8O7) 99.5% PA (Qhemis) and ethylene 

glycol (C2H6O2) 99.5% PA (Synth). 

For the preparation of TiO2 powder, it was first prepared titanium citrate through the 

reaction between citric acid and isopropoxide titanium (IV) with molar ratio fixed at 

3:1. Citric acid was dissolved in water, under stirring and heating on the hotplate at 

about 70 ° C. In aqueous solution of citric acid the titanium isopropoxide was dissolved 

slowey, gradually addeding shares of 10 mL, maintaining the same conditions of 

temperature and agitation for the formation of a clean and stable solution of titanium 

citrate. After several hours stirring, the solution was filtered. The amount of titanium 

was determined gravimetrically as TiO2. 

For the gravimetric analysis, an alumina crucible that was previously cleaned and dried 

in an oven was used and transferred to an oven at a temperature of 1000 °C for heat-

treatment. After treatment, the crucible was left cooling and was duly weighed. Soon 

after, 5 mL of citrate solution of titanium was added, with the help of a pipette. 

Completing this step, the crucible was taken to a hot plate to evaporate large amounts of 

solvent. When dry, the crucible was roasted in muffle furnace to evaporate the organic 

material with a heating rate of 10 °C / min and the following heat treatment: 900 °C - 

120 min. After this calcination, the crucible was weighed again and made the 

stoichiometric calculation to obtain the concentration of titanium in the solution of 

titanium citrate. 

After the synthesis of citrate, ethylene glycol was added to promote polymerization, 

which occurs at a temperature of 120 °C under constant agitation, with the 

polyesterification reaction between of titanium citrate and ethylene glycol. When the 

solutions reached approximately 50% loss of volume, a clear and very viscous 

polymeric resin was formed. The molar ratio between citric acid and ethylene glycol 

was set at 60-40 % by weight. 
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The prepared resin was brought to the furnace at a temperature of 300 °C for 3 hours at 

a heating rate of 10 °C / min for the formation of the "puff" (polymer pyrolysate),a rich 

material organic matter, making it a solid black mass. After this step, the material was 

grinding in a mortar and pestle of agate. The material was then calcined from 400 to 900 

°C for 3 hours on plates of alumina sintered at a heating rate of 10 °C / min under 

ambient atmosphere furnace MAITEC type furnace, for the complete elimination of 

organic matter and oxidation of metal cation. 

The calcinations were performed in three steps: (1ª) rise in temperature to 300 ºC with a 

heating rate of 10 C.min
-1
 and stay for 2 hours, (2ª) raising the temperature to desired 

values, ranging from 400 to 900 °C with a heating rate of 10 ºC.min
-1
 and stay for 3 

hours, (3ª) cooling to room temperature with a cooling rate of 10 º C.min
-1
. 

The resulting powders were characterized by the following techniques: 

thermogravimetric analysis (TGA) and thermal differential analysis (DTA) to verify the 

changes that the sample undergoes during its heating, absorption spectroscopy in the 

infrared region to identify the functional groups, X-ray diffraction to identify the 

crystallographic phases present in the samples,  method of adsorption nitrogen / helium 

(BET method) for determining surface area and particle size and scanning electron 

microscopy to study the morphology of the samples. 

 

Results and Discussion  

 

The thermal decomposition of the powder of titanium dioxide (TiO2) was followed by 

thermogravimetric analysis. Fig. 1 shows the thermo gravimetric analysis (TGA) and 

thermal differential analysis (DTA). We note that the TGA curve shows two main 

stages of mass loss. The first, about 6 to 8 %, between 25 °C and 180 ºC, corresponding 

to the loss of adsorbed water on the surface of the material and the second and main 

stage, around 35 % between 250 °C and 480 ºC, attributed to loss of organic matter 

remaining after the pyrolysis (rupture of the polymer chain). It can be observed that the 

DTA curve of TiO2 calcined at 300 ºC showed exothermic peaks at the same 

temperature ranges corresponding to the loss of mass quoted for TGA. These peaks 

confirm the output of water and break the polymer chain. It is observed that there was 

no mass loss after 500 °C, in other words, the mass of the material remains constant, 

indicating the onset of oxide formation and expected changes in the crystal. Above this 

temperature the TGA and DTA curves no longer exhibit any peak. 

 

Seventh International Latin American Conference on Powder Technology, November 08-10, Atibaia, SP, Brazil

451

451



 

Fig. 1: DTA / TGA curves of TiO2 calcined at 300 ° C. 

 

Fig. 2 shows the infrared spectra of TiO2 powder obtained by the Pechini method. In the 

range between 3200 and 3600 cm
-1
 there are connections stretches of C-H and O-H at 6 

different temperatures (A to F), in the range from 2300 to 2350 cm
-1
 connections stretch 

of C=O, in the range between 1650 to 1680 cm
-1
 connections stretch of C-C and 1350 

cm
-1
 connections stretch of C-O. It is observed that with increasing calcination 

temperature the bands of links stretch will decrease, ie, the organic part is degraded with 

increasing temperature. Between 400 and 1000 cm
-1
 the links stretch metal-oxygen (Ti-

O) are obtained. The formation of bands below 800 cm
-1
 corresponds to the formation 

of titanate, ie, the desired phase. Thus, it appears that all the organic part of the TiO2 

powder was degraded in calcination between 400 and 900 °C. 

 

 
Fig. 2: Infrared spectrum of TiO2 powder obtained by the following annealing 

temperatures: A (400 °C), B (500 °C), C (600 °C), D (700 °C), E (800 °C), F (900 °C). 
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Fig. 3 shows the XRD ( X-ray diffraction) pattern of the TiO2 obtained by Pechini 

method, calcined between 400 °C and 900 ºC / 3 h. We can observe for the calcination 

of 400 °C the formation of single phase and crystalline anatase. However, from the 

calcination of 500 °C on rutile phase was formed and increasing the calcination 

temperature it can be seen that the rutile phase increases the intensity of their peaks, 

while the anatase phase will lose its intensity. It can observe that for the calcinations of 

800 °C and 900 ºC the formation of anatase phase stop, with only the formation of rutile 

phase. The diffraction peaks showed considerable enlargement, thereby indicating the 

presence of nanoparticles of TiO2 powder.  

 

 

Fig. 3: X-ray diffraction of TiO2 calcined at the following temperatures: A (400 °C), B 

(500 °C), C (600 °C), D (700 °C), E (800 °C), F (900 °C). 

 

The morphology of the TiO2 powder was evaluated by analysis of scanning electron 

microscopy. Fig. 4 shows micrographs of TiO2 calcined at 400 °C, 500 °C, 700 °C and 

800 °C. The images revealed the formation of clusters in the form of irregular, 

disordered and heterogeneous plates consisting of fine particles. We can observe a wide 

distribution cluster sizes. Usually, clusters larger than 10 micrometers present 

characteristics of hard clusters - consisting of primary forces. However, it was observed 

experimentally that the clusters of TiO2 obtained by the Pechini method have soft 

agglomerates - formed by weak forces of van der Waals forces - they are easily broken 

in agate mortar. In image (a) we also observed the emergence of the fraction of organic 

material in the sample, however, with increasing calcination temperature the 

disappearance of the organic material can be observed, a fact that can be seen in infrared 

spectra. 
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              (a)                                 (b)                              (c)                               (d) 

 

Fig. 4: Micrographs obtained for the powder of TiO2 in: (a) 400 °C, (b) 500 °C, (c) 700 

°C and (d) 800 °C. 

  

Table 1 shows the values of surface areas, together with the particle size [11], for the 

TiO2 powder calcined from 400 °C to 900 °C calculated from the BET method. It can be 

observed that the TiO2 powder produced by the Pechini method showed a decrease in 

surface area and an increase in particle size as the temperature increases. This result is 

usually expected since the particles tend to agglomerate with increasing temperature. 

 

Table 1: Surface areas of powder of TiO2 synthesized by the Pechini method. 

Temperatures of calcination (°C) 400 500 600 700 800 900 

Surface areas (m
2 
/g) 61,59 23,89 9,38 8,84 7,10 6,25 

Particle size (nm) 25 64 165 174 217 246 

 

Conclusions 

 

The Pechini method was efficient to obtain crystalline pure TiO2 nanoparticles. The 

results of thermo gravimetric analysis, thermal differential analysis and infrared analysis 

showed the degradation of the polymer and the formation of the phases of anatase and 

rutile TiO2 crystal. The analysis of X-ray diffraction showed the formation of anatase 

and rutile phases and the enlargement of peak proved the presence of nanoparticles of 

TiO2 powder. The micrographs of TiO2 powder showed the formation of clusters with 

heterogeneous disordered structure without structural definition. The surface area of 

TiO2 particles calculated by the BET method showed the expected results, the higher the 

calcination temperature the lower the value of the area and the larger the particle size, 

since they tend to clutter. 
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