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1. Introduction 

Materials that retain their properties by increasing the environmental factors are termed as sustainable materials. 

These are high productive, cost efficient, sustain to store energy without changing its structure at a particular 

temperature. Piezoelectric ceramics are widely used for sensors, actuators, and transducers devices. Piezoelectric are 

the materials that convert electrical stimulus to mechanical energy [1]. Sensors, actuators, transducers are the energy 

devices that are utilized in electronic equipment, we can study the response of the materials towards different 

properties. A sensor can generate current when force is applied on it or vice versa [2]. Lead containing ceramics are 

serving good applications towards these as they contain the required properties, and it covers mostly 65 % of the 

piezoelectric materials [3]. Due to the production of lead and the byproducts obtained are carcinogenic, lead free 

ceramics are investigated and researchers have found that there are number of such variants that will give a possible 

good agreements for the lead based ceramics [4]. Recently, the studies for the lead-free ceramic based sensors are 

underway by number of scientist as lead is one of the carcinogenic material that will create environmental issues and 

human health [5-8]. Research have find out some of the alternatives that are Bi0.5Na0.5TiO3 [9], BiFeO3-BaTiO3 [10], 

0.5Ba0.8Ca0.2TiO3-0.5BaTi0.8Sn0.2O3-0.02Pr6O11 [11], and (Na0.5Bi0.5)TiO3-SrTiO3 [12]. Bismuth Ferrite (BiFeO3) 

having an extraordinary polarization 100 µC/cm2 among its group of leadfree-piezoelectric materials, having a 

rhombohedral perovskite structure with a high curie temperature of 800 ℃ [13]. The emerging problem with BiFeO3 is 

the formation of Fe+2 and Fe+3 and the formation of Bi3+ explains the volatilization. This is the way its applications are 

limited. The application of bismuth ferrite is thus limited to low temperature and low voltages [14]. 

Principally, dielectric, ferro-electric (FE), anti-ferroelectric (AFE), and relaxor ferroelectric (RF) are some of the 

categorizations of dielectric materials that can store energy and used for energy harvesting applications at high 

temperature for long times [15-17]. For the manufacturing and incorporation of electronic devices, several formations 

have been reported in literature of ABO3 type solid solutions for ceramic based materials are developed [18-20]. One of 

the classes is to make a solid solution consisting of BCZT-BFO, BZT-BFO, BT-BFO, BNT-BFO. Including BFO in the 
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ceramic will enhance its magnetic properties as findings have been reported [21]. This will play an enhance role for the 

magnetic, dielectric, and ferroelectric properties of a material and it can be utilized to make capacitors, sensors, energy 

devices and manipulated in microelectromechanical systems (MEMS). 

In the review we specify the lead-free ceramic materials with its never-ending applications that are utilized by 

number of fields. In the present study 0.98BCZT-0.02BFO (BCZT-BFO) ceramics were prepared by solid state 

method. Adding some variants of CuO will change the properties significantly. It was reported that induction of CuO 

enhances the energy storage ability of the sensors, make it achievable at low temperature, and has a great effect on the 

morphology. 

 

2. Experimental 

The conventional solid-state route was utilized to prepare the barium calcium zirconium titanate [(Ba0.85Ca0.15) 

(Zr0.1Ti0.9)O3, BCZT] and bismuth ferrite (BiFeO3, BFO). Precursors BaCO3 (Riedel-de Haën® ≥ 99.5 %), CaCO3 

(Sigma-Aldrich® ≥ 99 %), ZrO2 (UniChem® ≥ 99 %), TiO2 (AlfaAeser® ≥ 99.5 %), Bi2O3 (Merck® ≥ 99.8 %), Fe2O3 

(Riedel-de Haën® 99.5 %), and CuO (Analar® ≥ 99.8 %) were taken stoichiometrically, weighted, milled at 4h in 

aqueous inert media using methanol, dried at 80 ℃. The powdered obtained was milled to reduce the particle size 

considering the same parameters and adding CuO amounts varyingly from 8 % and 10 %. The conventional mixing of 

BCZT-BFO was also done using ball mill having zirconia balls to reduce the particle size, pressed under ~6.5 Psi 

pressure to form cylinders (thickness, t = 2 mm and diameter, Ǿ= 10 mm) sintered in range of 1070-1100 ℃ for 5 h in 

box furnace to achieve the maximum density. 

 

0.85𝐵𝑎𝐶𝑂3 + 0.15𝐶𝑎𝐶𝑂3 + 0.1𝑍𝑟𝑂2 + 0.9𝑇𝑖𝑂2 → (𝐵𝑎0.85𝐶𝑎0.15) (𝑍𝑟0.1𝑇𝑖0.9) 𝑂3 + 𝐶𝑂2(↑)                             (1) 

 

𝐵𝑖2𝑂3 + 𝐹𝑒2𝑂3 → 𝐵𝑖𝐹𝑒𝑂3 + 𝐶𝑂2(↑)                             (2) 

 

Crystalline structure of all prepared solid solutions was analyzed via (PANalytical) X–ray diffractometer (XRD) 

with Ni-filtered Cu-Kα radiation. Nature of bonding, its functional groups and molecular vibrations in solid solutions 

was studied via Fourier transform infrared spectrometer (FTIR; Agilent CaryTM 4 630). Field emission scanning 

electron microscopy (FESEM; Nova NanoSEMTM 450) was done at 5.00 kV to examine the morphology of crystalline 

structure while high temperature A.C. impedance measurements were done in the range of 100 Hz to 1 MHz via 

impedance analyzer (TonghuiTM LCR–TH–2829C). Prior to electrical measurements silver paste electrodes were 

made on both surfaces of pellets by firing at 100 °C for 30 min. 

 

3. Results and Discussion 

3.1 XRD Analysis 

Fig. 1 shows the room temperature XRD patterns of BCZT-BFO with CuO (8-10 %) optimized at angles of 26⁰-

34⁰. It was observed that solid solutions of BCZT-BFO prepared successfully and the impurities that are emerging in 

BFO are suppressed by the BCZT. While adding CuO will make an extra shift in the angles to a higher 2-theta angle. 

With the addition of CuO, the ionic radius of Cu2 + (0.57 Å / CN4, 0.65 Å / CN5, 0.73 Å / CN6) is much larger than 

the ionic radius of Asite ions (Ba2 + 1.35 Å, Ca2 + 0.99 Å and Bi2 +). Will be smaller. 1.38 Å) and close to Bsit ions 

(Ti4 +0.68 Å, Zr4 +0.79 and Fe3 +0.645). Cu2 + replaces B-site ions (Ti4 +, Zr4 +, or Fe3 +), increasing the likelihood 

of forming a stable solid solution.[22-24]. It was also observed that the phases of BFO will be depressed by the addition 

of impurity[25]. 

 

3.2 FTIR Analysis 

The molecular fingerprint regions and the functional groups can be identified by the infrared spectrum of radiation 

as presented in Fig. 2. The functional group region (FGR) from wavenumber (3500-1500 cm-1) and the fingerprint 

region (FPR) having wavenumber 1500-400 cm-1 [26,27]. BCZT peaks observed in the range of 700-500 cm-1 verifies 

the formation of metal oxide bonding (M-O) such as Ba-O, Ca-O, Zr-O and Ti-O. Fe-O stretching peaks were also 

observed from peaks 700-730 cm-1 is good agreement of the formation of Bi-Fe-O structure. Small spectral shift were 

observed by the addition of CuO in the ceramic and the confirmations of BCZT-BFO solid solutions [7,28,29]. The 

spectral shifts clearly explains that the melting point of the BCZT-BFO decreased due to the addition of the impurity 

phase that impregnate in the structure. 
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Fig. 1 - XRD patterns of sintered BCZT-BFO at 1075 ℃. The enlarged phase shift angles for the 8-10 % 

CuO can be seen sideways 

 

 
Fig. 2 - FTIR spectrum of BCZT-BFO sintered ceramics 

 

3.3 FESEM Analysis 

The prepare pellets were characterized by FESEM and it was found that CuO served as a densification agent for 

the samples. The addition of more CuO will promote the grains to be more equiaxed and the density of samples were 

increased as shown from the Fig. 3. In the Fig. 3, the grain size can easily be predicted to equiaxed with addition of 

CuO in 2(a,b) the grain size is more enlarged and the densification is much higher. The presence of liquid phase will act 

as a capillary to improve the density of the grains with additionally promoting the sintering to be done at lower agents. 

It was observed by many of the researchers that the CuO promotes the sintering to lower temperature [30,31]. It was 

clearly explained that the addition of CuO in the barium titatane based ceramics will act as a sintering aid and will 

improve the densification. It was further explained that the addition of sintering agent will produce strain on the overall 

structure of the BCZT-BT family. 
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Fig. 3 - Surface morphology of the BCZT-BFO 8%-10% CuO ceramics 

 

3.4 Impedance Spectroscopy 

To observe the phenomenon for the contribution of grain and grain boundaries effect impedance spectroscopy is 

the key tool that will explain the correlated properties of the ceramics. They usually consist randomly oriented grains 

(g), that are joined together to form grain boundaries (gb). The technique gives the results of electrical impedance 

which is the combined effect of resistance and reactance. The impedance as a function of frequency explains the 

behavior or response of the ceramic materials [17,32,33]. 

Figure shows the real (Z) and imaginary (Z’) part of the solid ceramics which behave as insulator at room 

temperature and dielectric at high temperature. The graphs were plotted from room temperature to 500 ℃ having 

frequency range from 100 Hz to 1 MHz. Two semicircles were observed, 1st for the grain and the 2nd for the grain 

boundary. The semicircle at higher frequencies explains the contribution of grains and the semicircles at lower 

frequencies give idea about the grain boundaries. The conduction mechanism for this is hopping charge mechanism 

[7,34-36]. 

 

 
                                                  (a) Grain                                                                  (b) Grain boundary 

 

Fig. 4 - Nyquist plots showing the behavior of ceramics forming two semi-circles 

 

At lower frequencies the region of semicircular arcs decreases as the temperature increases that is a good 

agreement for the negative temperature coefficient of resistance (NTCR). The relaxation phenomena can be explained 

by the graphs of frequency with the real and imaginary part of the impedance, and it was observed again, increasing 

frequencies with increasing temperature for the real part while the curves will shift towards lower values for imaginary 

part by increasing the frequency and temperatures [2,23,37]. 
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Fig. 5 - Frequency with the real part of the impedance showing that at higher temperatures all the lines 

merge 

 

 
 

Fig. 6 - Frequency with the real part of the impedance shows that the lines merge at higher temperature 

having properties of NTCR 

 

4. Conclusion 

The pure BCZT-BFO ceramics are prepared via mixed oxide solid state synthesis. XRD and FTIR measurements 

confirms the pure tetragonal structure of BCZT-BFO ceramics. and the microstructural, dielectric and impedance 

properties have been studies and it was found that the addition of CuO will enhance the densification by limiting the 

grain boundaries. The Nyquist plots explain that the grain dominates at the higher frequencies and the grain boundaries 

at the lower frequencies with temperature vice versa. The conduction mechanism for the BCZT-BFO is hopping 

conduction that can be explained with the frequency and the real and imaginary part of the impedance. As the 

temperature increases the impedance decreases with increasing frequencies predicts the negative temperature 

coefficient of resistance (NTCR). It was demonstrated that the addition of CuO improves the dielectric, microstructural, 

and impedance properties of the ceramics that are used for the capacitors, dielectrics and other applications. 
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