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Abstract-- Bismuth layer-structured piezoelectric (BLSP) calcium bismuth titanate (Ca0.25Bi0.5TiO3) piezoelectric ceramics have been 

prepared via a conventional sol gel reaction method by mixing the desired chemicals in stoichiometric amounts. Calcium bismuth 

titanate (CBT) samples were characterized by means of XRD, SEM and FTIR spectroscopy. X-ray diffraction (XRD) analysis revealed 

that CBT ceramics exhibit a single phase orthorhombic structure. The SEM images confirm its morphological size ranging from 1.00 to 

2.75 µm. FTIR analysis reveals that calcium bismuth titanate has been prepared successfully, and the ratio of calcium, bismuth and 

titania was found to be 0.25:0.50:1.00, respectively. The photocatalytic removal of Methylene Blue, cadmium (Cd2+) and other toxic 

heavy metals will be carried out using CBT materials.  
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I.  INTRODUCTION 

HE PbZrO3–PbTiO3 based ceramics are the most widely 

used piezoelectric materials, due to their superior 

properties. Whereas, lead based ceramics are highly toxic and 

cause environmental and human health hazards. Therefore, 

lead-free piezoelectric materials are of great interest due to their 

environment friendliness [1]. Such materials are attracting the 

attention of research scholars because of their possible usage in 

cars, sound generators and solar cells. Therefore, it is very 

necessary to synthesize lead-free piezoelectric ceramics with 

excellent electrical properties [2]. As such, there is a common 

method to enhance the properties of piezoelectric materials 

which is to introduce electron donor atoms. By this way, the 

activation energy may be enhanced due to lack of charge 

carriers. On the other hand, some acceptor ions with variable 

valences should be imported in order to trap loosely bond 

electrons in order to minimize leakage, and increase resistivity 

[3]. 

The function of the piezoelectric materials can be increased 

by substitution of B-site of Ti4+ by Co2+ ion. The cation presents 

at the center of oxygen octahedral structure may play a major 

structural role in the polarization process which might be due to 

slight change in B-site of the cationic radius [4]. Many 

researchers have worked to overcome these problems and 

improve their piezoelectric properties [5,6]. Bismuth sodium 

titanate (Bi0.5Na0.5TiO3) was discovered by Smolensky in 1960 

[7]. Bismuth sodium titanate (BNT) is very significant lead-free 

piezoelectric material which has perovskite crystal structure 

and strong ferroelectric properties. BNT has very large 

remanent polarization (Pr) and coercive field (Ec) at room 

temperature [8,9]. 

In addition, BNT is a very important precursor for lead-free 

piezoelectric ceramics with excellent electrical properties. 

Researchers are working to improve the properties of BNT 

based piezoelectric ceramics [10]. Takenaka et al. (1997) 

further reported relatively low dielectric constant and high 

electromechanical properties for Bi0.5Na0.5TiO3 and 

Bi0.5K0.5TiO3 systems. Yu et al. (2000) reported that 

BaTi0.95Zr0.05O3 ceramics showed fairly satisfactory 

piezoelectric response. The BLSFs show comparatively low 

aging rate, low dielectric constant, low temperature coefficient 

of resonant frequency and very strong anisotropic 

electromechanical coupling factors [11]. The study was 
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conducted to find out formulation ratio of calcium and bismuth 

with titania. In this study calcium bismuth titanate was 

synthesized and characterized by means of various techniques. 

II.  MATERIAL AND METHODS 

A.  Materials 

Calcium Bismuth Titanate (CBT) was synthesized by sol gel 

method. Calcium acetate 99.0 % (CAS: 62-54-4), bismuth 

nitrate 99.9 % (CAS: 1304-85-4), titanium dioxide 99.9 % 

(CAS: 13463-67-7) were used as raw materials. Whereas, 

stearic acid was used as a precursor. All the chemicals are 

analytical grade and purchased from sigma Aldrich. 

B.  Synthesis of CBT 

Sol gel method was adopted to synthesize CBT. Calcium 

acetate of 0.713 g, 1.420 g of bismuth nitrate and 2.839 g of 

titanium oxide were added to 3.000 g of stearic acid. Stearic 

acid was used as reaction medium. The mixture was heated on 

a hot plate upto 50 °C tell the appearance of yellowish mass 

(gel). The gel was calcined at 800 °C for 2 hours. Stearic acid 

was removed during calcinations [12]. The color of the product 

was appeared as off-white.   

C.  Characterization 

The dry powders form of the CBT materials was subjected 

to Rietveld-XRD analysis for evaluation of their structure. The 

phase composition of the CBT materials was determined using 

an X-ray diffractometer (JDX-3532). Scans were taken at 2θ 

values ranging from 5° to 80°. Whereas, the crystallites size was 

determined from Debye-Scherrer equation of the X-ray 

diffraction pattern [13]. 

( )1
cos

k
D =  

where λ is the radiation wavelength (1.54 Å), k is the shape 

factor = 0.9, β is the full width of a diffraction line at one half 

of maximum intensity in radian. Morphological investigations 

of the CBT materials were carried out using Scanning Electron 

Microscope (JSM5910, JEOL, Japan). The samples were dried 

and coated onto gold film, and observed in the microscope 

under reduced pressure. The FT-IR spectrum of CBT 

materials was obtained using Perkin Elmer Spotlight-200 

instrument. In addition, the Attenuated Total Reflection (ATR) 

technique was used to obtain the spectra. The background 

spectrum was collected before scanning the samples. The 

samples were scanned from 450 to 4500 cm-1. Scanning 

resolution and number of scans were adjusted 4 cm-1 and 16, 

respectively. 

III.  RESULTS AND DISCUSSIONS 

 

The X-rays diffraction analysis is an effective tool for 

determining the crystallite size and phase composition of 

materials. XRD analysis refer to the diffraction effects caused 

when electromagnetic radiations (X-ray) impact on crystal 

lattice of spacing d at an angle θ to the incident radiation beam. 

Wavelength λ of the incident beam interacts with the atoms of 

the crystalline material, in the result, atoms of the target 

materials start to oscillate with the same frequency. The 

reflected beam to be directed with an angle of 2θ to the 

transmitted beam [14,15]. 

The XRD pattern of the synthesized CBT at 2θ values 

ranging from 5°–80° is shown in Figure 1. The Miller indices 

of the XRD data are shown in Table 1. The XRD data of the 

CBT samples calcined at 800 
o
C showed quite sharper peaks 

indicating good crystallinity. In addition, the crystallite size and 

phase compositions are significantly affected. 

 
Fig. 1. XRD pattern of the CBT sample 

 
TABLE 1 

Miller indices of the XRD spectrum 

2θ h k I Intensity(%) 

27.45 1 1 7 313 

37.20 1 0 15 265 

38.80 1 2 5 268 

40.60 1 1 15 386 

44.20 0 0 20 267 

49.15 2 0 16 222 

50.20 2 2 8 297 

53.60 3 1 1 275 

54.30 2 2 12 301 

55.90 3 1 7 238 

66.4 1 1 27 305 

69.15 3 0 29 273 

69.15 3 2 13 268 

 

A.  Scanning Electron Microscopy (SEM) Analysis 

The SEM image of CBT sample calcined at 800 °C is shown 

in the Figure 2. The image clearly shows that the CBT gained 

spheroid shape ranging from 1.00 to 2.75 µm. As such, doping 

process of metals increases surface roughness. Similarly, 

loosely bounded spheroid particles are restricted in more 

agglomerated manners. Choi et al. (2009) reported that doping 

of metals increases aggregation of particles and roughness of 

the surfaces [16]. Previous findings also showed that the doping 

TiO2 with silver increased its aggregation [17,18]. 
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Fig. 2. Scanning Electron Micrograph (SEM) of CBT sample 

B.  Particle Size Distribution of CBT 

The particles size distribution of CBT samples are shown in 

Figure 3. The maximum size of the particles were found to be 

2.75 µm while the minimum size was observed as 1.00 µm. 

Whereas, the average particle size was found to be 1.60 µm, as 

shown in Table 2. 

 
Fig. 3. Particle size distribution of the CBT 

 

Table 2 

Particle size distribution of CBT 

Max. (Size) 

Min. (Size) 

Mean (Size) 

2.75 (µm) 

1.00 (µm) 

1.60 (µm) 

No. Particle Size (µm) 

1 1.87 

2 1.47 

3 1.54 

4 2.75 

5 1.76 

6 1.54 

7 1.00 

8 1.76 

9 1.32 

10 1.01 

C.  Fourier Transform Infrared Spectra 

Rahimi et al., (2015) reported that the broad intense peak 

lower than 700 cm-1 corresponding to Ti-O-Ti vibration bands 

[19]. Rahim et al., (2016) reported that the weak absorption 

bands at 1620-1635 cm-1 and 3350-3450 cm-1 correspond to the 

bending and stretching vibrations of O−H, respectively [20]. 

According to Hamadaian et al. (2009), the intensity of O−H 

bending and stretching vibrations decreases with the increase in 

calcination temperature which indicate removal of absorbed 

water molecules [21]. 

The FT-IR spectrum of the CBT materials is shown in 

Figure 4. A well defined absorption band at around 1094 cm-1, 

and one broad band in the range 520 cm-1 to 541 cm-1 were 

observed in the spectrum of CBT samples. The Broad 

absorption band at around 520 cm-1 to 541 cm-1 has been 

assigned to the stretching vibration Ti-O. Whereas, weak 

absorption band at 403 cm-1 to 415cm-1corresponds to the 

bending vibration of Ti-O [16]. 

 
Fig. 4.  Fourier Transform Infrared (FTIR) Spectra for CBT 

IV.  CONCLUSIONS 

The piezoelectric ceramic materials Ca0.25Bi0.5TiO3 

(CBT) was synthesized successfully by sol-gel method. 

Samples were characterized by the XRD, SEM and FT-IR 

techniques. XRD analysis confirmed that CBT exhibit a single 

phase orthorhombic structure with an irregular morphology. 

The formulation ratio of calcium and bismuth with titanium was 

found to be 0.25:0.50:1.00 respectively. SEM images confirm 

the CBT layered structure sizing from 1.00 µm to 2.75 µm. FT-

IR analysis indicated an absorption band at around 1094 cm-1, 

and one broad band in the range of 520 cm-1 to 541 cm-1 were 

observed in the spectra of CBT materials. The Broad absorption 

band at around 521 cm-1 to 541 cm-1 is assigned to Ti–O 

stretching vibration and weak absorption band at 403 cm-1 to 

415cm-1 was assigned to the Ti–O bending vibration [16]. The 

FT-IR spectrum confirms the chemical combination of calcium 

and bismuth with the titania.  

The photocatalytic removal of Methylene Blue, cadmium 

(Cd2+) and other toxic heavy metals will be carried out using 

CBT materials by our research group. 
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