
© 2024 JETIR February 2024, Volume 11, Issue 2                                                     www.jetir.org (ISSN-2349-5162) 

 

JETIR2402295 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org c806 
 

 BaTiO3 BASED FERROELECTRICS: HISTORY, 

CURRENT STATUS, PERSPECTIVES 

1Salunkhe S. R., 2Patil S. A., 3Jadhav L. D. 
1Research Student, 2Assistant Professor, 3Professor      

1 Department of physics 
1Government College of engineering 

Karad 415124, India. 

 

Abstract :  we present a critical review of lead-free barium titanate-based piezo-electrics. Ferroelectric materials refer to the group 

of dielectrics that holds spontaneous polarization. Lead-free BaTiO3 (Barium Titanate) plays a very important role in industrial 

areas because of its different type of applications due to its better ferroelectric properties and large dielectrics constant. Barium 

titanate is better ferroelectric material and its structural, dielectric, and electric properties can be alternated by replacing dopants 

or ions In this review paper BaTiO3-based ferroelectric materials were deliberated, and recapped the resolution of different studies 

by changing various synthesis methods such as spray pyrolysis, solution growth technique, solid state reaction method, mixed 

oxide technique, sol gel method, magnetron sputtering, and ceramic method and so on. And ranging shape of nanomaterial’s.  By 

replacing dopant like Ca, Zr, Fe and La etc. because of doping in BaTiO3, materials achieve good electrical and dielectric 

properties compared to pure BaTiO3  these properties observed, velocity of the longitudinal ultrasonic waves (VL= 5980.9 m/s), 

velocity of transverse ultrasonic waves (VT = 3550.6 m/s), Young’s modulus(E =163.88 GPa) and the shear modulus ( G = 66.73 

GPa) Then by changing sintering temperature such as 1350℃ to 1400℃ of BZT sample indicates the good values of remnant 

polarization like 35µC/cm2 and better dielectric constant like 1700 were observed. BCT-BZT composite it shows the good elastic, 

mechanical and dielectric properties such as residual stress of 1.66 GPa, remnant polarization value (Pr = 10 µC/cm2), coercive 

field value (VC = 5V), dielectric permittivity is 265 at 1 kHz and the dielectric loss value 0.2.  (XRD) X-Ray Diffraction and SEM 

(Scanning Electron Microscope) indicates the average crystallite size ranging from 40 nm to 80 nm and TG-DTA (Thermo-

gravimetric – Differential Thermal Analysis) is measured total weight loss of about 1.73% . These results will give a brief 

knowledge of the existing literature on the few literatures published so far in this field. 

 

Keywords - BaTiO3, Nanomaterial, XRD, TG – DTA,   Dielectric constant, Nanoparticles. 

1. History 

    1.1 Ferroelectric Ceramics 

 Ceramic materials with better ferroelectric properties have been developed and utilized for a different type of 

applications. Among these, the perovskite family having a structure of the type ABO3 is the most famous type in 

ferroelectric materials. Many ferroelectric ceramics materials such as; Barium Titanate (BaTiO3), Lead Zirconate Titanate 

(PZT), Lead Titanate (PbTiO3) and Lead Lanthanum Zirconate Titanate (PLZT) [1,2]. Brief information of all these 

materials is given in the following. 

           1.2 (PbTiO3, PT) Lead Titanate 

Ferroelectric material such as Lead Titanate having a similar structure as BaTiO3 with a higher Curie point (450°C). 

The paraelectric to the ferroelectric Phase transition takes place because of decreasing the temperature through the Curie 

point. Lead titanate ceramics are very very difficult to fabricated in the bulk form because of a larger volume change on 

cooling below the Curie point that why the original PbTiO3 crack and fracture during fabrication process [1,2].  

      1.3 {Pb (ZrxTi1-x) O3, PZT} Lead Zirconate Titanate 

Lead zirconate titanate (PZT) is a binary solid solution of these two materials one is PbZrO3 an ant ferroelectric and 

second is PbTiO3 a ferroelectric. A perovskite-type structure of PZT with Ti4+ and Zr4+ ions randomly occupying the B site. 

At high temperature, PZT has a Paraelectric that is cubic perovskite structure. When cooled below the Curie point line, a 
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phase transition occurs in the structure resulting in the formation of a ferroelectric tetragonal or rhombohedral phase. They 

can be used for applications requiring very good ferroelectric properties [1,2].  

    1.4 (PLZT) Lead Lanthanum Zirconate Titanate 

 PLZT is a ceramic material of transparent ferroelectric created by doping La3+ ions on the A sites of lead titanium 

zirconate (PZT). PLZT ceramics have the similar structure (perovskite) as BaTiO3 and PZT. PLZT has led to use in electro-

optical applications because of its transparent nature. The reduction of the anisotropy of the PZT crystal structure by La3+ 

substitution and the ability to obtain pore-free ceramics either by hot pressing or liquid phase sintering these two factors that 

are responsible for obtaining transparent PLZT ceramics. The general formula for PLZT is given by (Pb1-xLax) (Zr1-yTiy)1-

x/4O3VB0.25xO3 and (Pb1-xLax)1-0.5x(Zr1-yTiy)VA0.5xO3. The first formula shows that La3+ ions go to site A and vacancies (VB) 

are created at site B to maintain charge balance and the second formula shows that vacancies are created on site A. The 

combination of vacancies A and B indicates the actual structure of PLZT [1, 2]. 

       1.5 Barium Titanate (BaTiO3) 

BaTiO3 - crystal structure of perovskite high-performance lead-free piezoelectric      materials and their general 

formula is ABO3. This perovskite crystal structure has one anion which is O2- and two cations which are A2+ and B4+. Face 

Centered cubic lattice (FCC) is the main skeleton of this crystal structure. The "A" cations are placed in the eight corners, 

while the "B" cations are placed in the mid-point and the oxygen anions are placed in the six face centers of the crystal 

structure. The coordination number of this structure is 12 [2, 3]. 

 

 

                                                                              Figure 1 Structure of Barium Titanate 

Good-prepared lead-free piezoelectric materials have become an important topic in the field of material science. 

These are LiNbO3 (LN), LiTaO3(LT) and BaTiO3(BT). Among these barium titanate is the most generally used ferroelectric 

material and even sixty years after its discovery it has become quite significant materials for many applications like energy 

storage devices, dynamic random-access memory applications, actuators and tuneable capacitor devices because of these 

excessive dielectric constant, little loss characteristics, high permittivity, and high tunability. Lead-free material can be very 

interesting for environmentally friendly applications. BaTiO3 which is useful in numbers known to correlate with the size and 

the technical tendency to reduce dimensions due to its better ferroelectric properties and excessive dielectric constant 

correlates this when sizes are at the Nano range. In thin film formation ferroelectric materials have been extensively studied; 

therefore, it is used in the application as dynamic random-access memories (DRAM) and multilayer ceramic capacitors 

(MLCCs) [4]. 

Due to its electromechanical features in addition to its ferroelectric nature BaTiO3 has been widely studied, which 

can extensively be modified with the small amounts of variety of additives such as Sr2+, Ca2+, Sn4+ and Zr4+ that make them 

more attractive for many application [5,6,7]. In general, Zr doping to B- site (Ti) has numerous good electrical properties 

compared to pure BaTiO3 because of its large tunability, little dielectric loss, and excessive dielectric constant. Barium 

zirconium titanate (BZT) has received a better deal of attention because of its good applications used in different technologies 
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and Ca doping at A - site increase the temperature range stability of the tetragonal phase and plays a vital in achieving  the 

good electrical and dielectric properties of barium titanate. Currently, there is a great demand of multiferroic materials which 

possess the concurrently ferroelectric and magnetic ordering [8,9]. In the polymorphic phase transition, BaTiO3 plays a vital 

in the dielectric and ferroelectric properties. Ba1—xCaxTiO3 ceramics have recently been shown to have a significant 

piezoelectric/electro strictive strain and numerous functions. In this work, the effect of Ca and Zr addition on phase structural, 

piezoelectric, dielectric and microstructural properties of the lead-free BCZT ceramics will be studied systematically 

[10,11,12]. 

The recent trend in electronic devices downsizing has opened the way for various nanostructured materials. 

Depositing ferroelectric thin films may results in a controlled crystal structure enabling desired properties. BaTiO3 thin films 

were reported with good DC resistivity and good dielectric constant indicate an excessive dielectric nature. This has resulted 

significant progress in various synthesis techniques that yield more response of BaTiO3 nanocrystals (NCs) with great-

defined morphologies and controlled crystal phases. In this context, the preparation of new highly active, sustainable and 

more selective nanomaterial is of prime importance which is expected in properties of Enrichment with remarkable results in 

Nano size BaTiO3, BCT, BZT and their composites like BCT-BZT. Comparative study of various compositions and their 

different temperatures as shown in Table 4. 

 

 
                                    Figure. 2 Schematic representations of the two different crystalline structures of BaTiO3 

 

2. Current Status  

 

           2.1 Based on single phase BaTiO3  

   By using the spray pyrolysis method, we have been prepared Barium Titanate (BaTiO3) thin films. This work 

provides a study of dielectric, structural, electrical and morphological properties of the deposited BaTiO3 thin films. The XRD 

proved the nature of thin films is polycrystalline. X-ray photoelectron spectroscopy (XPS) shows the better deal of the thin film’s 

stoichiometry with BaTiO3. By using energy dispersive X-ray analysis, a presence of Ba, Ti and O in the BaTiO3 thin films was 

observed [72, 73, 74, 75].  

 

      2.2 Based on Doping like Ca and Zr in BaTiO3 

    By using the high temperature solution growth technique, single crystals of Ca doped BaTiO3 have been grown with 

12 and 20 mol% of calcium [169,170]. The values of dielectric constants from 150 to 450 K were measured and these values 

decreases with increases Ca content. The frequency increases, dielectric constant also decreases. Calcium substitution in the 

Ba site then increased the Curie temperature value [171,172]. 

    BZT nanoparticles were prepared directly from solutions and study their Microstructural analysis by using XRD 

( X- Ray Diffraction ) [13,14,15] and TEM (Transmission Electron Microscope) show that the size of material was nano-

scaled like 20 -25 nm in diameter, well crystallized and had perovskite crystal structure (Fig. 3 and Fig. 4) [16,17,18]. 
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                                                                    Figure. 3 XRD Pattern of Ba (ZrxTi1-X)O3 and “#” – BaCO3 peaks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 Figure. 4 TEM image of the powder of Ba(Zr0.5Ti0.5)O3 

 

       By using conventional solid state reaction method BaZrxTi1-xO3 ceramics were synthesized. X-Ray Powder 

diffraction technique indicates that the single phase with perovskite crystal structure. In BZT ceramics, Structural 

characteristics depend on Zr content increase and lattice parameters gradually increase as well. The BZT crystal 

structure is almost close to a cubic crystal structure when x=0.20 at room temperature [26,27,28]. The mechanical and 

Structural properties indicates that the lead free BZT possess excellent mechanical parameters than pure BT and is one 

of the most promising candidates for producing transducers, sensors and actuators which can work under load [29,30]. 

To determine the elastic properties like velocity of the longitudinal ultrasonic waves (VL= 5980.9 m/s) and transverse 

ultrasonic waves (VT = 3550.6 m/s) is shown in Fig. 5 [31,32]. The next Fig. 6 shows the dependence of the material 

constants (E, G) on zirconium concentration in BZT samples. The values of both Young’s modulus (E) and the shear modulus 

(G) are the highest for BZT30 sample (E = 163.88 GPa and G = 66.73 GPa) [33]. 
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           Figure. 5 Velocity of longitudinal (VL) and Transverse ultrasonic wave VT of sample BZT 

              

                                     Figure. 6 Elastic constant of Young’s modulus (E) and shear modulus (G) of the sample BZT 

 

The BaZr0.05Ti0.95O3 ceramics were synthesized mixed – oxide technique. In this paper, the SEM from Fig. 8 (a) 

shows that the average grain size of BZT sample is 250 nm, it means that grains have not grown in the sintering process with 

respect to the actual size of the crystallites in the BZT powders (Fig. 8 (b) [34,35,36]. X- Ray Diffraction patterns of BZT 

ceramic sintered at 1350°C and 1400°C as shown in Fig. 7.  In XRD pattern crystallite sizes was calculated in the range of 

56.3 nm to 58.9 nm from half-width of (011) peaks [37,38,39]. Fig. 9 shows the hysteresis cycle measured at room temperature 

and at frequency 50 HZ and by varying sintering temperature of BZT sample like 13500C and14000C. It indicates that the 

higher value of remnant polarization like 35µC/cm2 and at  room temperature better dielectric constant like 1700 were observed. 

The results assume that high-energy ball milling method is a practical method to prepare BZT b eca us e  o f  the good 

dielectric and ferroelectric properties [40,41,42,43]. 

 

                                                             Fig. 7 XRD pattern of BZT ceramics sintered at 1350℃ and  1400℃ 
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                                                    (a) 

 

                                                                                                               (b) 

                            Figure. 8 (a) SEM image of the BZT sample sintered at 1350 ℃  (b) HRSEM image of powder BZT by 4 h 

 

                                        Figure. 9 Hysteresis cycle of sample BZT at 50 HZ and at room temperature sintered at 1400 ℃ 
 

Ferroelectric zirconium doped barium titanate Ba (ZrxTi1-xO3) (x = 0.1, 0.2 and 0.3) was made by applying solid state 

method. To make single phase BZT ceramics, the mixed oxide method is used. In this work the crystal structure for x = 0.1 

changes from tetragonal to orthorhombic and above x = 0.2 then to cubic All the samples have grain size ranging from 90.8 to 

47.4 nm and ac conductivity was found maximum because of Zr content is increased [84]. 

In July 2018, using conventional solid-state method, the lead-free BaZr0.10Ti0.90O3 was synthesized and the sample 

can be sintered at 1150 ℃ [116,117,118]. In this research paper we studied that the dielectric properties of this low-
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temperature sintered samples are equivalent to pure BZT samples synthesized by applying  conventional solid-state method 

sintering at a high temperature [119,120]. For a sample sintered at low temperature, the Curie temperature also shifts towards 

room temperature. [121,122,123]. 

Then next paper, by using a BaZr0.5Ti0.5O3 ceramic target, radio-frequency magnetron sputtering was used to deposit 

the film. In this work, the crystal structure, phase composition, and electrical properties of the prepared thin films because of 

substrate nature is shown to have a considerable effect [124,125,126]. The maximum tunability, n = 3, was registered for The 

BZT thin films obtained at Ts = 900°C, maximum tunability n=3; because of high barium content [127,128] and that time, 

these thin films displayed a Q-factor range 30 to 80 at a frequency of 2 GHz as shown in Fig. 10 [129,130,131]. 

 

Figure. 10 Tunability and Q-factor of BZT thin films 

By using magnetron sputtering, the BaZr0.2Ti0.8O3 thin films with different thicknesses were synthesized on substrates 

[132,133,134]. Combining the theoretical and experimental methods      then dielectric properties of their bulk and interfacial 

layers are successively investigated and studied dielectric properties like dielectric constant = 891, thickness = 10.3 nm 

[135,136,137]. 

By using traditional ceramic method, BaZr1-xTixO3 ceramics were synthesized and sintered at 1200 ℃ for 2h. The 

TEM (Transmission Electron Microscope) images indicate that Nano crystallites are agglomerated with particle size range 

20 to 75.5 nm. The DC resistivity of the sample slightly decrease with increasing Ti content, whereas dielectric constant and 

dielectric loss  rise as the Ti constant increases [138]. 

The next one, BZT (Barium Zirconium Titanate) was made by using the sol–gel method and at 1100℃ and 1300℃ 

under calcination and sintering temperatures a single-phase perovskite BZT was observed [139,140]. Here, we observed the 

amount of zirconium content increases that time the curie temperature of BaTiO3 was 399 K and again increases in the 

zirconium content then decreased the Curie temperature to 331 K. At the phase transition, BZT had the largest dielectric 

constant of 19,600 [141,142]. Fig. 11 shows that XRD Pattern of BZT sample that confirm the formation of the pure 

perovskite crystal structure of BZT without second phase.  Fig. 12. Shows that the grains sizes are irregular and an average 

grain size range 10–30 µm [143,144]. Table 3 indicates that the good dielectric constant [145,146]. 
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Figure. 11 X Ray Diffraction Pattern of BZT sample  

 

            
 

Figure. 12 SEM image of the sample BZT 

 

By using a mixed oxide method, barium zirconium titanate (BaZr0.05Ti0.95O3) ceramics were synthesized and study 

their properties [147,148,149,150]. The cement based BZT piezoelectric composite modified with PVDF can enhance the 

dielectric, physical and ferroelectric properties [151,152,153]. The SEM images indicates that increasing densities =3.81 

g/cm3 and decreasing porosities =10.57 % can be obtained with increasing PVDF content [154,155,156]. 

The Pure BZT ceramics were prepared by using the ball milling method and operation has a significant influence on 

sintering conditions was observed. Single-phase BZT was obtained under sintering temperature at 1350℃ and the average 

crystallite size was determined as 79.2 nm by using the Scherrer formula [157,158,159]. The TG-DTA and DTG curves 

obtained for the samples BZT and in the TGA of BZT powder, the total weight loss of about 1.73% as shown in Fig. 

13[160,161,162]. Fig. 14 shows the FT-IR spectra at room temperature of BZT powder and the results of the FT-IR spectra 

are compatible with XRD and TGA-DTA analysis, confirming that the formation temperature of BZT powder is over 1200℃ 

[163,164,165,166]. 
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Figure. 13 TG-DTA and DTG curves of BZT sample 

 

 

 

 

 
 

                                                                                   Figure. 14 FT-IR spectrum of BZT Sample 

 

Then doping of both Ca and Zr in BaTiO3, the solid – state reaction technique is used to synthesized, (Ba1-xCax) 

(Ti0.9Zr0.1)O3 ceramics [19,20,21]. At normal temperature, XRD data in the range 0.14< x <0.18 proves that the trigonal 

and orthorhombic phases and also sample shows pure perovskite crystal structure (Fig. 15). For this sample of x=0.16, 

improved piezoelectric and dielectric properties like that piezoelectric constant (d33) =328 pC/N, the planar 

electromechanical coupling factor (kp) =37.6% and dielectric constant (ℇ’) =4800 [22,23]. Fig. 16 shows the hysteresis 

cycle of P-E field of BCZT sample. At Ca content increases then the EC(coercive fields) value increases and also 

Pr( remnant polarization) values  increases to a maximum value and then decreases of sample BCZT at x=0.12, x= 0.14, 

x= 0.16 and x=0.18 [24,25]. 

 
Fig. 15 XRD pattern of sample BCZT 
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Fig. 16 Hysteresis loop of (P – E) of the sample BCZT   at room temperature 

 

   2.3 Based on BCT-BZT composite 

                  The BZT-BCT (Barium Zirconium Titanate-Barium Calcium Titanate) thin film was made by using sol-gel 

method. With the help of the nano indentation technique and to studied their nano mechanical features, structural properties 

and nanomechanical properties [44,45,46]. The thin film of BZT-BCT sample has comparatively excessive residual stress of 

1.66 GPa and measured very good elastic properties [47,48,49]. Fig. 17 shows that hysteresis cycle (P-E) was measured the 

remnant polarization value (Pr = 10 µC/cm2) and coercive field value (VC = 5V) [50,51,52,53]. 

 

     

                                                                                 Figure. 17 Hysteresis cycle of   BZT-0.5BCT thin films 

 

The 0.5Ba(Zr0.2Ti0.8)O3- 0.5(Ba0.7Ca0.3)TiO3 thin films was made by the solid-state reaction technique. The structural 

and ferroelectric properties of 0.5BZT – 0.5BCT thin films were studied [76,77,78]. Fig.18 shows that at different pulse 

repetition rates the frequency dependence of the dielectric permittivity (ℇr) and dielectric loss (tg)of  0.5BZT-0.5BCT thin 

films were grown [79,80]. The dielectric permittivity is 265 at 1 kHz and the dielectric loss value 0.2 [81,82,83]. 
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                                            Figure.18. Diagram of dielectric permittivity and dielectric loss versus frequency  

                                                                            of  0.5BZT-0.5BCT thin   films 

 

By using electrospinning technique 0.5Ba(Zr0.2Ti0.8)O3-0.5(Ba0.7Ca0.3)TiO3 Nano composites were synthesized and 

the PVDF-based composites filled by the BT NPs or BZT-BCT NFs were produced [99,100,101]. The dielectric constant of 

the BZT-BCT NFs/PVDF composite was observed all time higher than that of BT NPs/ PVDF composite [102,103,104]. The 

X-ray diffraction and SEM techniques show the evidence that BZT- BCT NFs had a pseudo- cubic structure. The energy 

density and efficiency of 3 vol% BZT- BCT NFs/PVDF composites is 3.08 J/ cm3 at 240 kV/mm and 60.56% respectively 

[105,106]. These results also provide a simple and effective method to achieve the materials with high capacitance for energy 

storage [107,108,109]. 

By using solid-state reaction method, the lead- free ferroelectric with composition (0.55)Ba0.92Ca0.08TiO3-

(0.45)BaTi0.96Zr0.04O3 was prepared and studied there structural, dielectric, ferroelectric and piezoelectric properties [110,111]. 

By using XRD Patterns and Raman spectra analysis indicates the two ferroelectric phase’s tetragonal and orthorhombic 

crystal structure [112,113]. In the present work, the prepared lead-free solid (0.55)BCT-(0.45)BZT ceramic shows better 

properties and it can be used for different applications like permanent ferroelectric memory, piezoelectric sensor, capacitor, 

etc [114,115]. 

 

   2.4 Based on the Different composite 

The modified Pechini method and spin coating methods were used to synthesized LSMO and BaZr0.15Ti0.85O3 thin 

film heterostructures [54,55,56]. In the present work, the analysis indicates that the dielectric properties of the magneto-

dielectric (MD) heterostructures indicate the presence of electrode effect and interfacial polarization and the AC conductivity 

increases as the applied magnetic field increases, due to the negative CMR effect of LSMO [57,58]. It is obtained that the MD 

is negative at low frequencies and becomes positive for frequencies above 60 kHz [59,60,61]. 

Then the next, by using solid-state reaction technique Ceramic composites of mullite / BZT were synthesized 

[62,63,64]. In this research paper presents the effect of BZT addition on phase formation then increasing BZT content it gives 

good electrical properties, remnant polarization, dielectric constant and piezoelectric coefficient [65,66,67]. The good 

ferroelectric properties of the BZT phase were obtained [68,69]. Fig. 19 shows that the Scanning electron Microscope (SEM) 

were observed microstructure and (EDS) energy-dispersive X-ray spectroscopy detect the Ba, Ti, O and Mullite elements 

[70,71]. 
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                                                                                       Figure. 19 SEM micro image and EDS result   

                                                                                                           (M: mullite, BF: barium feldspar, R: rutile) 

 

By using the standard solid-state method (Ba0.02Ca0.08- TiO3) and Fe-doped BCT ceramics were successfully 

prepared. In the present research work XRD and SEM indicates the average crystallite size is between 40 nm and 80 nm then 

Fe – doping induced a decrease in the grain size. Because of FE-doping effect, the dielectric constant and dielectric loss 

follow the usual dielectric dispersion behavior and the Curie temperature (Tc) has been increased from 120 ◦C for BT to 135 

◦C BCT [85,86].  Fig. 20 shows that the hysteresis cycle polarization versus electric field (P-E) of BT, BCT8, and Fe-doped 

BCT8 and it confirm the ferroelectric nature of these sample [87,88,89]. Table 1 indicates that the values of the coercive 

electric field (Ec), remnant polarization (Pr) and maximum polarization (Pmax) for all the samples are determined and 

compared [90,91] and Table 2 shows the room temperature values of ɛ′ and tan δ at high frequency [92,93]. 

                                                  

                                                       Figure. 20 The hysteresis cycle (P-E) of the samples BT, BCT8, and Fe-doped BCT8 

 

       By applying the conventional solid state reaction method the (LaxBa1-x)(Ti0.8Zr0.2)O3,(x=0.01,0.02,and0.03) 

ceramics were prepared. In BZT dielectric properties suggested a diffuse phase transition. X-ray powder diffraction and 

SEM shows that predominantly single-phase microstructure [94,95,96]. In this work increase in La doping introduced relaxor 
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properties but FWHM was lowered and it can be concluded that the broadest phase transition in (LaxBa1- x)(Ti0.8Zr0.2)O3 

ceramic is obtained for a low La doping, which is important for capacitor applications [97,98]. 

 

3  CONCLUSIONS AND FUTURE PERSPECTIVES  

Piezoelectric and ferroelectric ceramics are most important and widely used in variety of technologies. Different types of 

applications like audio delay lines, sonar, high voltage amplifiers, ultrasonic cleaning, medical ultrasound applications, 

phonograph pickups, bandpass filters and oscillator frequency control in communications equipment industrial non-destructive 

inspection, watches and accelerometers are included [1]. Many new applications have arrived with the development of ceramic 

processing and thin film technology like multilayer ceramic capacitors (MLCCs), piezoelectric actuators and positive temperature 

coefficient resistors (PTCRs), ferroelectric thin films for non-volatile memories, electro-optical device and for humidity sensors 

based on nano-BaTiO3 composite material. Currently in 2011, Y.-H. Chen et al. reported that synthetic nano-BTO and nano-STO 

can be used to remove Cu2+ from aqueous solutions and thus have potential applications in environmental protection agents [3]. 

In the last eight decades, there has been hard work in the growth of Pb-free barium titanate-based piezo electrics and 

their study has been spread across basic, applied research, the future markets and the development of prototype devices where 

we estimate that this type of material offers comparable advantages. The paper thoroughly discussed the following results, 

By using the high temperature solution growth technique, single crystals of Ca doped BaTiO3 have been grown with 12 and 

20 mol% of calcium [169,170]. The values of dielectric constants from 150 to 450 K were measured and these values 

decreases with increases Ca content. The BZT (Barium Zirconium Titanate) nanoparticles - directly from solutions and 

study their (Micro) structural analysis by using TEM (Transmission Electron Microscope) and XRD ( X-Ray Diffraction) 

show that the material was Nano scaled like 20 to 25 nm in diameter, well crystallized and had a perovskite crystal structure. 

By using conventional solid state reaction method BaZrxTi1-xO3 ceramics were synthesized. To determine the elastic 

properties like velocity of the longitudinal ultrasonic waves (VL= 5980.9 m/s) and transverse ultrasonic waves (VT = 3550.6 

m/s) and The values of both Young’s modulus (E) and the shear modulus (G) are the highest for BZT sample (E = 163.88 

GPa and G = 66.73 GPa) and by varying sintering temperature of BZT sample like 13500C and14000C. It indicates that the 

higher value of remnant polarization like 35µC/cm2 and better dielectric constant like 1700 were observed. The doping of 

both Ca and Zr in BaTiO3, the solid – state reaction technique is used to synthesized, (Ba1-xCax) (Ti0.9Zr0.1)O3 ceramics. 

For this sample of x=0.16, improved piezoelectric and dielectric properties like that piezoelectric constant (d33) =328 

pC/N, the planar electromechanical coupling factor (kp) =37.6% and dielectric constant (ℇ’) =4800. The hysteresis cycle 

of P-E field of BCZT sample. At Ca content increases then the EC (coercive fields) value increases and also Pr (remnant 

polarization) values increases to a maximum value and then decreases. 

The cement based BZT piezoelectric composite modified with PVDF can enhance the dielectric, physical and 

ferroelectric properties. The SEM images indicates that increasing densities =3.81 g/cm3 and decreasing porosities 

=10.57 % can be obtained with increasing PVDF content. The Pure BZT ceramics were prepared by using the ball milling 

method and Single-phase BZT was obtained under sintering temperature at 1350℃ and the average crystallite size was 

determined as 79.2 nm by using the Scherrer formula. The TG-DTA and DTG curves obtained for the samples BZT and in 

the TGA of BZT powder, the total weight loss of about 1.73%. The Fe-doped BCT ceramics – by the solid-state reaction. 

XRD (X-Ray Powder Diffraction) and SEM (Scanning Electron Microscope) indicates the average crystallite size is between 

40 nm and 80 nm and Curie temperature (Tc) has been enhanced from 120 ◦C to 135 ◦C because of Fe – doping in Barium 

Calcium Titanate. 

These observed  properties of composite material indicate that the lead-free BaTiO3 , BZT and BCT is suitable for 

different applications like capacitor, piezoelectric sensor and ferroelectric memory device etc. Currently, the preferred choice 

for capacitor applications are barium titanate-based  materials.  
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8 Graphical Abstract  

 

 

 

9 . Tables 

Table 1: Coercive electric field (Ec), remnant polarization (Pr), maximum polarization (Pmax), strain %,converse piezoelectric coefficient (𝑑*) values of BT, 

BCT8 and Fe doped BCT8 

 

 
 

 

 

 

 

 

Table 2: Dielectric constant (ɛ′) and dielectric loss (tanδ), Curie temperature (Tc), ɛ′ at Tc for BT, BCT and Fe-doped BCT 

 

 

 

 

 

 

Table 3: Relative density, the values of the dielectric constant (ℇr) at Tm (1kHZ) , dielectric loss (tanδ) at Tm (1kHZ) , curie – Weiss temperature (T0),  curie –Weiss 

constant (C) , Curie-Weiss law temperature (Tcw),  Tm, ΔTm, and γ for all x values  

Composition EC 

(kV/CM

) 

Pr 

(µC/CM
2) 

Pmax 

(µC/CM
2) 

Strain %(Pm/

V) 

d*
33 

(pC/N) 

-ve +ve -ve +ve 

BT 2.53 6.38 20.43 0.133 0.137 335 339 

BCT 4.34 8.04 17.3 0.093 0.090 258 247 

BCT:1.25%Fe 4.88 0.99 10.8 0.077 0.077 101 98 

BCT:5%Fe 8.15 2.13 9.52 0.037 0.031 72 62 

Composition ɛ′ @ RT tanδ  

at RT 
(Tc ) ℃ (ɛ′) @ Tc 

BT 935 0.04 120 1691 

BCT 980 0.025 135 4368 

BCT:1.25%Fe 1234 0.020 Below RT 1275 

BCT:5%Fe 1835 0.012 Below RT 1939 
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Ba(ZrxTi1−x)O3 Relative 

Density 

(%) 

εr at Tm 

(1 kHz) 

tanδ at Tm 

(1 kHz) 

T0 (K) C (×105 K) Tcw (K) Tm (K) ΔTm (K) γ 

X=0.00 93.26 9,496 0.0072 357 4.04 400 399 1 1.01 

X=0.01 93.66 15,702 0.0207 366 4.08 395 392 3 1.05 

X=0.03 93.76 19,698 0.0314 353 3.92 378 370 8 1.21 

X=0.05 93.49 16,891 0.0382 335 3.79 368 353 14 1.26 

X=0.08 93.32 11,294 0.0392 312 3.36 355 331 24 1.38 
 

Table 4: Comparative study of various compositions and their different temperatures 

 

 

 

 

 

 

 

 

 

 

Composition Dopant Calcination Sintering 

Temperature 

(°C) 

Time 

(h) 

Atmosphere Temperature 

(°C) 

Time 

(h) 

Atmosphere 

Ba(Zr0.50Ti0.50)O3 Zr 100 24 Air 280 24 Air 

(Ba1-XCaX) 

(Ti0.9Zr0.1)O3   ,             x 

= 0.16 

Zr and Ca 1200 4 Air 1450 4 Air 

BaZrXTi1-XO3 Zr 1670 2 Air 1750 4 Air 

BaZr0.05Ti0.95O3 Zr 1200 2 Air 1400 2 Air 

Ba(Zr0.2Ti0.8)O3-

0.5(Ba0.7Ca0.3)TiO3 

Zr and Ca - - - 850 6 Air 

BZT/Mullite Zr 1300 2 Air 1500 2 Air 

BZT/LSMO Zr - - - 900 2 Air 

Fe – doped         (Ba – 

Ca) TiO3 

Fe and Ca 1050 5 Air 1240 5 Air 

La-doped BZT La and Zr 1473 K 4 Air 1673 K 6 Air 

BaZr0.10Ti0.90O3 Zr 1100 4 Air 1350 4 Air 

BaZr0.2Ti0.8O3 Zr - - - 1250 8 Air 
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