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Synthesis of Calcium Titanate Based on Natural 
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Abstract 

This study describes a solid-state synthesis method for calcium titanate derived 

from the purification of natural rutile from Madagascar. Purification of this raw 

ore with concentrated hydrochloric acid eliminated undesirable secondary 

phases, such as hematite and montroseite, which were detected by various 

analytical techniques, including X-ray diffraction, infrared spectroscopy, and 

Raman spectroscopy. The synthesis of CaTiO₃ at 1 100 °C from the purified 

rutile and calcium carbonate led to the formation of an orthorhombic calcium 

titanate, which was characterised by these advanced analytical methods. 

Dielectric characterisation of the synthesised CaTiO₃ revealed stable 

permittivity and low dielectric losses over a wide frequency range. 

Keywords: rutile; calcium titanate; purification; solid-state reaction; characterisation; 

dielectric properties 
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1 Introduction 

Natural rutile from Madagascar is a material with potential for studying crystallographic 

properties, structural analysis of natural TiO₂, nanomaterial synthesis, and applications 

in optics and electronics. Studies have indicated that the rutile structure is the most 

thermodynamically stable at high temperatures (up to 2 000 K) among the TiO₂ 

polymorphs [1]. In other words, rutile possesses promising thermoelectric properties 

and potential for industrial heat recovery. Natural rutile from Madagascar could 

therefore serve as a raw material for the manufacture of energy materials, thermoelectric 

devices, and high-temperature applications [2]. Furthermore, the rutile (110)TiO₂ 

surface exhibits significant photocatalytic properties being studied for nitrogen fixation, 

pollution control, and solar energy conversion. Natural Malagasy rutile can be studied 

for environmental photocatalysis, nanomaterials and solar applications [3]. 

To our knowledge, few studies have reported the synthesis of CaTiO₃ directly from 

natural rutile ore, particularly from Malagasy mineral resources. The present work 

demonstrates the feasibility of transforming locally available rutile into value-added 

dielectric ceramics via a simple solid-state route. Obtaining high-purity rutile is 

essential to its use as a raw material in the manufacture of compounds such as calcium 

titanate (CaTiO₃). A purification step is therefore necessary to make it useful for the 

synthesis of advanced materials. Calcium titanate (CaTiO₃), first identified in 1839 by 

the German mineralogist Gustav Rose, is a perovskite-type oxide widely used in 

electronics and as a component of Synroc, a synthetic rock used for the containment of 

nuclear waste [4]. Owing to its unique dielectric, optical and structural properties, it has 

attracted considerable interest for its applications in microwave technologies. This 

material exhibits a high dielectric constant, a low loss factor and a remarkable resonant 

frequency temperature coefficient, making it ideal for devices such as filters, resonators 

and antennas [5], [6]. 

The solid-state reaction synthesis method was chosen to produce CaTiO₃. This is a 

conventional technique that involves mixing calcium and titanium oxides and heating 

the mixture to a high temperature. Achieving phase purity requires prolonged heating 

and a significant energy input [7]. 

This study uses a two-step process: first, the purification of natural rutile ore from 

Madagascar by acid leaching; second, the synthesis of calcium titanate by high-

temperature solid-state reaction. This approach allows the direct use of purified natural 

rutile as a source of titanium and calcium carbonate [8], reducing production costs and 

promoting the local valorisation of Malagasy mineral resources. 

2 Experimental Details 

Natural rutile was first mechanically ground into a fine powder to facilitate subsequent 

purification. Chemical purification of this powder was carried out with 37% 

concentrated hydrochloric acid at a solid-to-liquid ratio of 1:10 (g/mL). The resulting 
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suspension was stirred magnetically at 500 rpm and maintained at a constant 

temperature of 70 °C for 3 hours. After the reaction, the suspension was cooled to room 

temperature and then filtered under vacuum using a Büchner funnel. The residue was 

thoroughly washed with distilled water to neutrality to remove all traces of acid. The 

purified solid was then dried in a ventilated oven at 70 °C for 2 hours. 

For comparison, a reference rutile sample was prepared by thermal conversion of 

commercial anatase (Alfa Aesar) by calcination. Anatase powder was placed in a muffle 

furnace and heated to 900 °C at a rate of 5 °C/min, then held at this temperature for 

8 hours under ambient air [9]. 

Purified rutile was used as a titanium source for the synthesis of calcium titanate. 

Calcium carbonate served as the calcium precursor. The reagents were mixed in 

equimolar proportions and manually ground in an agate mortar for 30 minutes. The 

formation of CaTiO₃ results from a solid-state reaction between titanium dioxide and 

calcium carbonate. Upon calcination, calcium carbonate thermally decomposes at 

700 °C according to the following process [10], [11]: 

1100

3( ) 2( ) 3( ) 2( )

C

s s s gCaCO TiO CaTiO CO+ ⎯⎯⎯→ +
 

(1) 

700

3( ) ( ) 2( )

C

s s gCaCO CaO CO⎯⎯⎯→ +
 

(2) 

The calcium oxide formed then reacts with titanium dioxide at high temperature to form 

calcium titanate according to the following overall equation [8]: 

1100

( ) 2( ) 3( )

C

s s sCaO TiO CaTiO+ ⎯⎯⎯→
 (3) 

This reaction requires a sufficient activation temperature to allow the diffusion of solid 

species and the growth of the perovskite phase. The mixture was then placed in a 

porcelain crucible and calcined in a kiln at 1 100 °C for 8 hours, with a heating rate of 

5 °C/min. After air cooling, the product was washed successively with distilled water 

and then treated with a dilute solution of acetic acid. Dielectric measurements were 

performed using a broadband dielectric spectrometer (Novocontrol Technologies’ 

Alpha-A High Performance Frequency Analyzer), which operates in the frequency 

range of 0.1 Hz to 10⁷ Hz. These measurements were carried out at temperatures of 

20 °C, 40 °C, 80 °C and 100 °C under ambient conditions. Before the measurements, 

the synthesised CaTiO₃ powder was pressed into circular pellets 10 mm in diameter and 

approximately 0.71 mm thick using a uniaxial hydraulic press under a pressure of 

5 tonnes. The pellets were then sintered at 1 100 °C for 8 hours to improve their 

densification. To ensure good electrical contact and minimise electrode polarisation 

effects, both faces of the ceramic pellets were coated with conductive gold electrodes 

by dry pressing fine gold powder. 
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The electrode surface area was precisely controlled, and the sample thickness was 

measured using a digital micrometer before dielectric characterisation. The complex 

permittivity (ε* = ε’ − jε″) was obtained directly from the measured capacitance and 

dielectric loss using the instrument’s software. To quantitatively analyse the material’s 

behaviour as a function of frequency, the experimental data for ε′ and ε″ were fitted to 

the Cole–Cole model [12] according to equations (4)–(7), using Python software 

containing the matplotlib, numPy, and sciPy libraries, with custom functions defined 

for the real and imaginary components of the complex permittivity. 
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where εS is the static permittivity, ε∞ the high-frequency permittivity, ɷ = 2πƒ the 

angular frequency, τ the relaxation time and α the distribution parameter (0 ≤ α < 1). 

3 Results and Discussion 

3.1 Characterisation of Rutile 

X-ray diffraction (XRD) analysis in Figure 1(a) revealed that the dominant crystalline 

phase is rutile TiO₂ (approximately 73.92%), accompanied by secondary phases 

identified as hematite (Fe₂O₃, approximately 4.97%) and montroseite (VO(OH)₂, 

approximately 21.09%). These results confirm the multiphase nature of the natural ore. 

After purification, the Rietveld-refined X-ray diffractogram of the purified rutile in 

Figure 1(b) revealed characteristic peaks at angles 2θ corresponding to the 

crystallographic planes, therefore confirming the exclusive presence of the rutile phase 

[13]. The absence of secondary signals testifies to the effectiveness of the acid treatment 

in eliminating unwanted phases. Rietveld refinement confirmed a tetragonal structure 

in Figure 2 with space group P4₂/mnm, characteristic of rutile. The lattice parameters of 

this rutile phase are a = 4.5995 Å and c = 2.9627 Å [14]. The Rietveld refinement is 

presented in Tables 1 and 2. 
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Table 1: Lattice parameters of purified rutile after Rietveld refinement 

Crystal 

system 

Space 

group 

a (Å) b (Å) c (Å) Cell 

volume 

(Å³) 

Crystallite 

size (Å) 

Microstrain 

(ε) 

Tetragonal P4₂/mnm 4.5995 4.5995 2.9626 62.6758 1 889.09 4.822 × 10⁻⁴ 

Rwp (%) = 8.4053; Rb (%) = 6.3909; Rexp (%) = 5.7880 

Table 2: Rietveld analysis of atomic positions in purified rutile 

Atom Oxidation 

state 

Wyckoff 

position 

x y z Biso (Å²) Occupancy 

Ti +4 2a 0 0 0 0.01270 1 

O1 −2 4f 0.3033 0.3033 0 0.4723 1 

O2 −2 4f 0.3033 0.3033 0 0.4723 1 

 

For natural rutile in Figure 1(a), characteristic Ti-O stretching vibrations were observed 

between 500 and 750 cm⁻¹, corresponding well to the rutile structure [15]. An additional 

absorption band, located between 950 and 1 025 cm⁻¹, was attributed to montroseite, 

Figure 1: (a) X‑ray diffraction pattern of natural rutile; (b) X‑ray diffraction pattern of 

purified rutile; (c) tetragonal structure of purified rutile 
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confirming the presence of vanadium-containing impurities [16]. Broad bands between 

3 000 and 3 400 cm⁻¹ were associated with adsorbed water, indicating the presence of 

surface hydroxyl groups [17]. Overall, these results indicate that the raw ore is primarily 

composed of TiO₂ in the form of rutile, but contains significant amounts of iron and 

vanadium impurities. For purified rutile, the Fourier transform infrared spectroscopy 

(FTIR) spectrum in Figure 2(b) shows stretching bands characteristic of Ti-O-Ti bonds, 

particularly around 500 cm⁻¹ and 700 cm⁻¹, and a band around 1 630 cm⁻¹ associated 

with the adsorption of water molecules (δHOH) on the surface [13], [18]. Furthermore, 

the signals corresponding to V-O bonds around 950–1 025 cm⁻¹ have disappeared, 

indicating efficient rutile purification. 

Raman spectroscopy in Figure 2(c) confirmed the rutile structure of titanium dioxide, 

revealing characteristic peaks around 143, 240, 450 and 610 cm⁻¹. 

Titanium dioxide, in the form of rutile, has a tetragonal crystal structure belonging to 

the space group P4₂/mnm. Analysis of its vibrational properties, based on group theory, 

Figure 2: (a) IR spectrum of natural rutile; (b) IR spectrum of purified rutile; 

(c) Raman spectrum of purified rutile; (d) UV-Vis reflectance spectrum rutile; 

(e) determination of band gap energy of rutile by the Tauc method 
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allows us to identify the normal vibrational modes at the centre of the Brillouin zone, 

represented by the following expression: 

1 2 2 1 1 2 2vibration g g u g u g g uA A A B B B E E = + + + + + + +  (8) 

Among these modes, only three are infrared active: the A₂u mode and two Eu modes. 

The others are Raman active or optically inactive. The A₂u and Eu modes involve 

relative displacements between the Ti⁴⁺ cations and the O²⁻ anions, inducing variations 

in the dipole moment necessary for the absorption of infrared radiation. 

The A₂u mode corresponds to a polar longitudinal vibration along the c-axis, while the 

two Eu modes are degenerate and manifest as vibrations in the plane perpendicular to 

this axis. These corresponding absorption bands generally appear in the 235 – 450 cm⁻¹ 

region for Eu modes, and around 500–700 cm⁻¹ for the A₂u mode [15]. These spectral 

features constitute a vibrational signature of rutile. 

In Raman spectroscopy, only vibrational modes that induce a change in the 

polarisability of the crystal lattice are active. Among the vibrational modes decomposed 

according to group theory, only the A₁g, B₁g, B₂g and Eg modes are Raman active [19], 

[20]. The Eg mode is associated with symmetrical bending vibrations in the basal plane, 

while the A₁g mode corresponds to symmetrical stretching vibrations of oxygen atoms 

along the c-axis. The B1g and B2g modes correspond to angular deformations of oxygen 

atoms [21]. Moreover, these results agree with the spectra published for titanium 

dioxide in the form of rutile, obtained by thermal transformation of anatase at 900 °C 

[22]. 

The UV-Vis absorption spectrum (Figure 2(d)) of the purified rutile shows strong 

absorption in the ultraviolet region, with an abrupt absorption edge around 400 nm. The 

Tauc method was used to estimate the band gap energy of the purified rutile. The 

reflectance was transformed into an absorption coefficient using the Kubelka–Munk 

function: 

( )
( )

2
1

2

R
F R

R

−
=  (9) 

( ) ( )
n

gFh B h E = −  (10) 

Where R represents the reflectance and B is a constant characteristic of the material. 

Then, (F*hv)2 was plotted as a function of the photon energy . The value of n = 2 

corresponds to a direct band gap transition [23]. The linear portion was extrapolated to 

(F*hv)2 = 0. The intersection of the line with the abscissa axis provides an estimate of 

the band gap energy. The analysis of the UV-Vis spectrum by the Tauc method in 
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Figure 2(e) allowed evaluating the band gap width of the purified rutile at around 

3.00 eV [24], [25]. 

Scanning electron microscopy (SEM) in Figure 3(a) of the natural rutile powder 

revealed a heterogeneous morphology with an average particle size of approximately 

8.25 µm. In contrast, the morphology of the purified rutile particles revealed a relatively 

homogeneous particle size distribution, with irregularly shaped particles and an average 

size of approximately 3.87 µm. 

Energy-dispersive X-ray spectroscopy (EDX) analysis in Figure 3(b) confirmed the 

presence of titanium and oxygen as the major elements, corresponding to the TiO₂ 

composition of the sample. However, traces of iron, silicon and vanadium were also 

detected, indicating the presence of mineral impurities in the raw material. After 

purification, the EDX results showed a significant decrease in undesirable elements 

such as iron, silicon and especially vanadium, indicating effective removal of impurities 

through hydrochloric acid treatment. 

Figure 3: (a) SEM images of natural rutile; (b) EDX analysis of raw natural rutile; 

(c) SEM images of the purified rutile; (d) EDX spectra of the purified natural rutile 
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3.2 Characterisation of the Synthesised Calcium Titanate 

X-ray diffraction analysis of the synthesised CaTiO3 in Figure 4(a) reveals that the 

dominant crystalline phase is calcium titanate (CaTiO₃), with a calculated content of 

approximately 98.88%. Minor secondary peaks corresponding to rutile TiO₂ are also 

observed, notably around 2θ = 27.40° and 36.23°, representing approximately 1.12% of 

the crystalline composition. These residual peaks indicate a slight incomplete 

transformation of the TiO₂ precursor during synthesis. 

The XRD pattern corresponds well to that expected for the orthorhombic structure of 

CaTiO₃, as indicated in the references [4], [10] and [26] and in Figure 4(b). The lattice 

parameters determined for the CaTiO₃ phase are a = 5.3851 Å, b = 5.4429 Å and 

c = 7.6457 Å [26]. Detailed crystallographic information, including lattice parameters 

and atomic positions obtained by Rietveld refinement, is summarised in Tables 3 and 4. 

Figure 4(c) shows SEM images revealing agglomerated particles with irregular 

morphology. The typical particle size is approximately 9.02 µm. Energy dispersive X-

ray spectroscopy (Figure 4(d)) confirms the presence of calcium (Ca), titanium (Ti) and 

Figure 4: (a) XRD diagram of calcium titanate; (b) orthorhombic structure of 

synthesised calcium titanate obtained on VESTA; (c) SEM image of the synthesised 

calcium titanate; (d) EDX spectra of calcium titanate 
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oxygen (O), with an atomic Ca/Ti ratio close to 1 consistent with the stoichiometric 

composition of CaTiO₃. Additional elements detected, such as iron (Fe), silicon (Si), 

sulfur (S) and aluminium (Al), are attributed to impurities originating from the rutile 

precursors used in the synthesis. 

Table 3: Rietveld refinement of the lattice parameters of synthesised CaTiO3 

Crystal system Space 

group 

a (Å) b (Å) c (Å) Cell 

volume 

(Å³) 

Crystallite 

size (Å) 

Microstrain 

(ε) 

Orthorhombic Pbnm 5.3851 5.4428 7.6457 224.10 3 203.26 7.9564 × 10⁻⁴ 

Rwp (%) = 6.2802; Rb (%) = 4.2616; Rexp (%) = 3.2114 

Table 4: Rietveld refinement of the atomic positions of the synthesised CaTiO3 

Atom Oxidation 

state 

Wyckoff 

position 

x y z Biso 

(Å²) 

Occupancy 

Ca +2 4c 0.9933 0.0348 0.25 0.3580 1 

Ti +4 4b 0.5 0 0 0.1509 1 

O1 −2 4c 0.0717 0.4833 0.25 0.0921 1 

O2 −2 8d 0.7097 0.2911 0.0365 0.0568 1 

 

The FTIR analysis in Figure 5(a) revealed the characteristic vibrational modes of the 

CaTiO₃ crystal lattice. The absorption bands observed between 500 and 600 cm⁻¹ are 

associated with Ti-O bond stretching vibrations, while those between 800 and 900 cm⁻¹ 

are related to Ca-O bond valence vibrations. The bands between 250 and 500 cm⁻¹ 

correspond to Ti-O-Ti angular deformation vibrations. In this crystal structure, group 

theory analysis predicts a total of 25 infrared-active vibrational modes, distributed 

according to irreducible representations. 

 1 2 3 9  7  9vibration B B B = + +u u u  (11) 

These modes are primarily associated with the internal vibrations of the TiO₆ octahedra 

and the translations of the Ca²⁺ and Ti⁴⁺ ions. The B₁u modes correspond to asymmetric 

stretching vibrations of Ti-O bonds in the 500–750 cm⁻¹ region, while the B₃u modes 

correspond to Ti-O-Ti angular strain vibrations in the 250–500 cm⁻¹ range. 

The B₁u modes are related with octahedral vibrations of TiO₆ at frequencies between 

800 and 900 cm⁻¹ [27]. These results are consistent with previous studies on the 

characteristic vibrations of the CaTiO₃ perovskite structure [7]. 
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The Raman spectrum of CaTiO₃ in Figure 5(b) shows characteristic peaks in the 

150–750 cm⁻¹ range. Among the most characteristic modes are those around 157, 184, 

230, 250, 298, 337, 473 and 685 cm⁻¹, associated with Ca-O vibrations and octahedral 

rotations of TiO₆. The modes between 320 and 530 cm⁻¹ correspond mainly to bending 

and stretching vibrations of the Ti-O bonds, while the higher frequencies, from 580 to 

750 cm⁻¹ are attributed to symmetric and asymmetric internal vibrations of the TiO₆ 

octahedron. These results are consistent with published data for CaTiO₃, confirming the 

formation of the perovskite structure [28], [29], [30]. 

The UV-Vis diffuse reflectance spectrum of pure calcium titanate in Figure 5 (c) shows 

an absorption edge around 380 nm. Applying the Tauc method with the Kubelka–Munk 

function F = (kα)²/2s, where kα is the absorption coefficient, s is the scattering 

coefficient, and hν is the photon energy, we were able to determine the value of n = 2 

corresponds to a band gap transition [24], [29]. From this analysis, we estimated that 

the band gap energy of the synthesised calcium titanate is around 3.3 eV in Figure 5(d). 

This value is consistent with the data reported in the literature for calcium titanate [31]. 

Figure 5: (a) IR spectra of synthesised calcium titanate; (b) Raman spectrum of 

synthesised calcium titanate at 1 100 °C; (c) UV-Vis reflectance spectrum of the 

synthesised calcium titanate; (d) determination of the band gap energy of CaTiO3 by 

the Tauc method 
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The UV-Vis diffuse reflectance spectra of the CaTiO₃ samples synthesised from natural 

rutile and from rutile obtained by anatase calcination display optical behaviours typical 

of perovskite materials based on titanate, further confirming the successful synthesis of 

the desired compound. 

3.3 Dielectric Characterisation of Calcium Titanate 

The strong dielectric dispersion observed at low frequencies is explained by the 

Maxwell–Wagner interfacial polarisation mechanism. According to this model, the 

ceramic consists of semiconductor grains separated by highly resistive grain boundaries 

[32]. In polycrystalline CaTiO₃ ceramics, the grains are relatively conductive while the 

grain boundaries are more resistive. Under the influence of an applied electric field, 

charge carriers accumulate at grain boundaries, inducing space charge polarisation and, 

consequently, high dielectric permittivity at low frequencies. As the frequency 

increases, the charge carriers can no longer keep pace with the rapid oscillation of the 

electric field [33]. The interfacial polarisation then gradually decreases, leading to a 

reduction in both the real and imaginary parts of the permittivity. This behaviour is 

characteristic of heterogeneous dielectric materials and confirms the contribution of 

grain boundary effects to the dielectric relaxation process [34]. 

Figure 6(a) illustrates the frequency dependence of the real part of the dielectric 

permittivity of CaTiO₃ synthesised at 20 °C. These experimental data reveal a decrease 

in ε′ as the frequency increases. At low frequencies (≈ 0.1–10 Hz), the permittivity (ε′) 

reaches a maximum value of approximately 125. The dipoles then have sufficient time 

to align with the applied field, inducing a strong polarisation (ε′), reflecting the full 

response of slower polarisation mechanisms with α, an ε′ parameter of approximately 

0.15. In contrast, at high frequencies (> 10⁴ Hz), ε′ converges to a stable value. The 

high-frequency permittivity, of approximately 75, indicates the high-frequency 

permittivity limit beyond which the dipoles can no longer synchronise with the 

oscillating electric field. The transition region (≈ 1–10⁴ Hz) reveals the dielectric 

relaxation of the material. This model reproduces empirical data, suggesting a non-ideal 

relaxation process characterised by a relaxation time distribution around 0.5 s. This 

behaviour demonstrates that CaTiO₃ possesses relaxer-like dielectric properties, 

positioning it as a high-permittivity ceramic material suitable for applications in 

electronic components such as multilayer ceramic capacitors. 
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The frequency-dependent behaviour in Figure 7(a) of the imaginary part of the dielectric 

permittivity (ε″) of CaTiO₃ at 20 °C was analysed to investigate the dielectric loss 

characteristics of the material. These data reveal that ε″ exhibits high values (~80) at 

low frequencies (≈ 0.1 Hz), indicating significant energy dissipation, generally 

attributed to interfacial polarisation or charge carrier mobility. At mid-frequencies 

(≈ 1 Hz to 10⁴ Hz), the permittivity decreases sharply, reflecting dielectric relaxation. 

This means that the material’s response no longer follows the applied field, which is 

characteristic of a relaxation process in polarisable materials. As the frequency increases 

(> 10⁵ Hz), ε″ is very small (close to zero), losses are negligible, and the material 

therefore no longer accurately follows rapid changes in the field. The Cole–Cole model 

fits the experimental data well. At high frequencies, the imaginary part tends towards 

zero, indicating minimal losses, as the polarisation mechanisms cannot keep pace with 

the rapid change in the external field. These results demonstrate the complex dielectric 

behaviour of CaTiO₃, characterised by a strong frequency dependence. The other results 

obtained from this Cole–Cole fitting model for temperatures of 40 °C, 80 °C and 100 °C 

are also important. Table 5 summarises the evolution of dielectric losses and relaxation 

Figure 6: (a) Fit of eps' for CaTiO3 at 20 °C according to the Cole–Cole model; (b) fit 

for eps'' of CaTiO3 at 20 °C according to the Cole–Cole model; (c) fit of eps' for 

CaTiO3 at 40 °C according to the Cole–Cole model; (d) fit for eps'' of CaTiO3 at 40 °C 

according to the Cole–Cole model 



Rakotonjanahary et al. 

14 

behaviour as a function of temperature, highlighting changes in loss amplitude, 

relaxation time and position of the loss peak. 

Table 5: Evolution of the parameters of the Cole–Cole model (εs, ε∞, τ) as a function of 

the temperature of CaTiO3 

Temperature (°C) εs ε∞ τ (s) α 

20 125.187 77.337 0.452 0.08 

40 216.754 77.016 0.558 0.11 

80 1098.600 29.270 0.492 0.18 

100 1597.500 36.610 0.236 0.24 

 

Table 6 compares the dielectric properties of the synthesised CaTiO₃ with previously 

reported CaTiO₃ ceramics prepared by different synthesis methods reported in the 

literature. 

Figure 7: (a) Fit of eps' for CaTiO3 at 80 °C according to the Cole–Cole model; (b) fit 

for eps'' of CaTiO3 at 80 °C according to the Cole–Cole model; (c) fit of eps' for 

CaTiO3 at 100 °C according to the Cole–Cole model; (d) fit for eps'' of CaTiO3 at 

100 °C according to the Cole–Cole model 
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Table 6: Comparative table of the dielectric properties of CaTiO3 from the literature 

References Synthesis 

method 

Frequency Temperature ε′ 

(dielectric 

constant) 

Main 

dielectric 

behaviour 

[35] Solid-state 

reaction 

1 kHz  Room 

temperature 

~150 Grain-

boundary and 

Maxwell–

Wagner 

relaxation 

[36] Solid-state 

reaction 

1 kHz  Room 

temperature 

~ 180 Non-Debye 

relaxation 

[37] Nanocrystalline 

ceramic 

100 Hz–1 MHz Room 

temperature 

High ε′ at 

low 

frequency 

Grain 

boundary 

effect 

[38] Plasma spray 100 Hz–1 MHz Room 

temperature 

Stable ε′ Low dielectric 

loss 

Present 

work 

Natural rutile 

solid-state 

reaction 

0.1 Hz–10⁷ Hz 20–100 °C 125–1 597 Maxwell–

Wagner 

relaxation 

 

The dielectric permittivity of the CaTiO₃ obtained in this work is comparable to values 

reported for synthesised by conventional methods in the solid state. According to the 

Maxwell–Wagner model, the strong dielectric response observed at low frequencies is 

primarily attributed to interfacial polarisation effects related to grain boundaries. 

Compared with chemically synthesised precursors reported in the literature, the present 

approach demonstrates that natural Malagasy rutile can be successfully used as a low-

cost precursor for dielectric CaTiO₃ ceramics while maintaining competitive dielectric 

properties. 

4 Conclusion 

From natural rutile from Madagascar, calcium titanate (CaTiO₃) was successfully 

synthesised by a solid-state reaction method. Rutile was purified through a combination 

of chemical and thermal treatments, effectively removing impurities and resulting in 

high purity TiO₂ powder. X-ray diffraction analysis confirmed the orthorhombic crystal 

structure of the synthesised CaTiO₃, with lattice parameters consistent with published 

reference data [4], [24]. Infrared spectroscopy revealed the characteristic vibrational 

modes of Ti–O and Ca–O bonds, confirming the formation of the perovskite structure. 

Raman spectroscopy identified vibrational modes associated with TiO₆ octahedra and 

Ca²⁺ cations corroborating the crystalline nature of CaTiO₃. 

Dielectric characterisation demonstrated a significant increase in static permittivity with 

temperature, indicating increased dipolar polarisation, while relaxation time decreased, 

confirming a thermally activated relaxation process. These results highlight the potential 

of the synthesised CaTiO₃ for applications in solar cells [39], capacitors [35], [37], and 



Rakotonjanahary et al. 

16 

catalysts [26]. From the point of view of experimental conditions, the calcination 

temperature plays a crucial role in the formation of the perovskite phase. 

Looking forward to the future, an in-depth study of the electrical, optical and magnetic 

properties of CaTiO₃ would provide valuable information for its technological 

applications. The solid-state synthesis method used here is economical and allows for 

precise control of the composition [38], [40]. This study on the synthesis of calcium 

titanate from Malagasy rutile opens promising prospects for the economic and 

technological development of Madagascar. By using mineral resources locally, 

particularly raw rutile transformed into high value-added materials such as CaTiO₃, 

Madagascar could create jobs and stimulate its economy. Given the potential of calcium 

titanate in solar cells and photocatalysis [39], [41], investing in the research and 

development of renewable energy applications is therefore strongly recommended. 
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