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ABSTRACT. Thermal and dielectric characteristics of Fe2O3 doped TiO2 (FDT) nanopowder is 

investigated. Formation of FDT was prepared using the formula [1-x] TiO2 + [x] Fe2O3 by solid 

state reaction method. The Surface morphology was studied using atomic force microscopy (AFM) 

technique; it reveals the average particle size in the range of 180 to 200 nm. FT-IR analysis reveals 

weak transmittance bands between 1020 to 1650 cm
-1

 and 2800 to 3500 cm
-1

 which show a gradual 

decrease in peak intensities with an increase of Fe concentration. Thermal stability was assessed by 

Thermogravimetric analysis (TGA). Results of TGA profiles indicate that all FDT nanopowder was 

found to be thermally stable between 400˚C to 600˚C. The dielectric behavior of the said composite 

has been investigated as a function of frequency (20 Hz - 1 MHz) at room temperature and it is 

observed that the dielectric constant decreases with increasing frequency indicating dispersion 

behavior. 

INTRODUCTION 

Thermal properties of the materials have been studied extensively to understand the nature of 

mechanism involved in products and decompositions. There are several characterization procedures 

to examine thermal properties, here TGA has been used to studying the path of thermal 

decomposition. The dielectric relaxation with extremely high permittivity has been reported in many 

materials, in which the contribution of conduction mechanism (electrons, holes, ions, and protons) 

to dielectric polarization is one amongst many mechanisms and it plays an important role in the 

capacitor, ionic batteries, and electrochemical sensor fabrication. Titanium dioxide and ferric oxide 

were used as a photocatalyst in a wide range of environmental processes due to their unique 

properties. These semiconductors have the band gap about 3.2 eV and 2.1 eV respectively and 

possess strong oxidative ability and non-toxicity [1]. Some of the metal ions like Ag
+
 and Fe3

+
, 

when used as additives, have provoked an additional antibacterial activity of the titanium 

photocatalyst [2, 3]. From the last few decades, many researchers studied the dielectric and 

conduction behavior of ceramic composites and these shows interesting electrical and dielectric 

properties [4]. Recently these composite materials were used in Dye-sensitized solar cells (DSSC) 

[5] to enhance the photoelectric conversion efficiency. Here in the thermal properties of FTD were 

carried out for the decomposition and the dielectric constants as a function of the frequency of FTD 

were also studied. 

EXPERIMENTAL  

The metal oxides with the general formula [1-x] TiO2 + [x] Fe2O3 (in which x = 0.00, 0.05, 

0.10) were prepared by solid state reaction method. High purity AR grade materials such as titanium 

dioxide (TiO2), ferric Oxide (Fe2O3) were used to prepare the composites. These metal oxides were 

taken according to stoichiometric proportion and mixed in liquid medium (acetone medium) to 

obtain a homogeneous mixture. The composite was grounded in an agate mortar for a longer 

duration to reduce the particle size. The finely grounded powder is then pre-sintered at 800
0
C for 8 
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hours in a programmable muffle furnace and cooled to room temperature. The pre-sintered powder 

is grounded again and mixed 2-3 drops of PVA (Polyvinyl alcohol) as a binder and pressed into the 

form of pellets using a hydraulic press. These pellets were finally sintered at 1150
0
C for 12 hours 

and cooled to room temperature to complete the solid state reaction. Surface morphology and 

average particle size of the composite was studied by AFM (Model: Nanosurf AG-easy scan2). IR 

studies were used to get information about the position of the ions in the crystal lattice through the 

crystal vibrational modes with FTIR spectrophotometer in the range 4000 – 400 cm
-1

 (Model: 

NICOLET-6700). TGA is a technique used to study the thermal stability and decomposition of 

composites (Model: SDT Q600). The dielectric behavior of the composite has been investigated as a 

function of frequency in the range 20 Hz – 1 MHz at room temperature (Model: PSM1700 LCR 

Meter). 

RESULTS AND DISCUSSION 

The particle size of the composite was measured using AFM technique and it was found in 

the range from 180 to 200 nm. The AFM images for x = 0.00, x = 0.05 and x = 0.10 are shown in 

Fig. 1, Fig. 2 and Fig. 3 respectively. The characteristic stretching and bending modes of vibration 

for the chemical bonds of samples can be effectively evaluated by a spectroscopic method. FT-IR 

spectra reveal some weak transmittance bands between 1020 to 1650 cm
-1

 and 2800 to 3500 cm
-1

 

and it also shows a gradual decrease in peak intensities with increasing Fe concentration. These 

bands are attributed to the stretching vibration of O-H groups and bending vibration of absorbed 

water molecules [6]. Further, the bands Between 500 to 830 cm
-1

 may be due to different vibrational 

modes of TiO2, the broad intense band at 1200 cm
-1 

may be due to Ti-O-Ti vibration as shown in 

Fig. 4.  

 

 

Fig. 1: Colour map and 3D View of AFM image for x = 0.00. 
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Fig. 2: Colour map and 3D View of AFM image for x = 0.05. 

 

 

Fig. 3: Colour map and 3D View of AFM image for x = 0.10. 

 

The thermogram of FDT is presented in Fig. 5. A close look at this figure reveals that all the 

weight losses occurred may be due to their corresponding thermal events from ambient to 400˚C. 

After 400˚C, none of the materials underwent greater than 5% weight loss. Furthermore, with an 

increase of Fe content in TiO2, it appears that there was a gradual increase in the weight loss and the 

corresponding endothermic nature below 400˚C. These results suggest that Fe doping causes the 

increased absorption of moisture by TiO2 powder. Thus, it may be unequivocally concluded that the 

FDT powder is thermally quite stable between 400˚C to 600˚C. 

The variation of dielectric constant (ε) as a function of frequency is shown in Fig. 6. The 

decrease in dielectric constant with increasing frequency shows dielectric dispersion behavior for all 

the three composites. The maximum dielectric constant was observed for x = 0.00 i.e. pure TiO2 

nanopowder shows maximum as compared to other two volume fractions. The dielectric constant 

was strongly dependent on the composition and here in decreased with the addition of ferric oxide. 

Therefore, increasing of Fe ions content causes a decrease in the polarization, which is 

accomplished by a decrease in dielectric constant, which is attributed to the fact that the electron 

exchange between Fe
2+

 and Fe
3+

 ions cannot follow the change of the external field beyond a certain 

frequency. 

International Letters of Chemistry, Physics and Astronomy Vol. 67 11



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4: IR spectra for various composites. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

  

 

As frequency increases, the dielectric constant attains a constant value and remains 

independent beyond higher frequencies. These results suggest that composites exhibit dispersion 

due to Maxwell–Wagner [7,8] type interfacial polarization which may be in agreement with Koop’s 

phenomenological theory [9]. The higher values of dielectric constant observed at lower frequencies 

may be explained on the basis of space charge polarization as a result of the inhomogeneous 

dielectric structure. The inhomogeneities in the present composites may be attributed to impurities, 

porosity and grain structure presence [10,11]. But at higher frequencies, the dielectric constant 

remains independent of frequency may be due to the inability of electric dipoles to follow the fast 

variation of alternating applied electric field and accordingly the friction between them will 

increase. A quantity of heat will thus be generated and internal viscosity of system, as well as 

dielectric constant, may decrease [12]. It is evinced from Fig. 6 that the values of dielectric constant 

for the constituent phases along with their composites vary in a random fashion at lower 

frequencies. 

 

 

 

Fig. 5: TGA plots for composites.  

 

Fig. 6: Variations of dielectric constant as a 

function of frequency for the composites. 
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CONCLUSIONS 

From the study, the formation of FDT nanopowder for different volume fractions has been 

successfully prepared by solid state reaction method. The samples have been characterized by AFM 

and FTIR. AFM analysis indicates particle sizes were in the range 180 to 200 nm, suggesting nano 

nature of the composites. FTIR analysis mainly reveals the gradual decrease in peak intensities with 

increasing Fe concentration. The TGA analysis may unequivocally suggest that FDT composites 

were thermally stable as compared to pure TiO2. Variation of dielectric constants with respect to 

frequency shows that the dielectric dispersion behavior occurs at lower frequencies and the 

dielectric constants were found to decrease with increase in frequency. It is proposed to study the 

solar energy harvesting property of the said composites.  
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